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Abstract

In this study, a new series BEN-bis(alkanol)amine aryl ester heterodimers was ggiled and
studied. The new compounds were designed basdteatrtictures of our previous arylamine ester
derivatives endowed with high P-gp-dependent muigdresistance reversing activity on a
multidrug-resistant leukemia cell line. All new cpounds were active in the pirarubicin uptake
assay on the doxorubicin—resistant erythroleukd®i2 cells (K562/DOX). Compounds bearing a
linker made up of 10 methylenes showed unpreceddnitgh reversal activities regardless of the
combination of aromatic moieties. Docking result$amed by ann silico study supported the data
obtained by the biological tests and a study delvtiesstablish the chemical stability in phosphate
buffer solution (PBS) and human plasma showeddhBta few compounds exhibited a significant
degradation in the human plasma matrix. Ten salecta-hydrolysable derivatives were able to
inhibit the P-gp-mediated rhodamine-123 efflux 0B6R/DOX cells, and the evaluation of their
apparent permeability and ATP consumption on otledirlines suggested that the compounds can
behave as unambiguous or not transported substiidtesactivity of these the compounds on the
transport proteins breast cancer resistance prd®GRP) and multidrug resistance associated
protein 1 (MRP1) was also analyzed. All tested\@dgives displayed a moderate potency on the
BCRP overexpressing cells; while only four molesulshowed to be effective on MRP1
overexpressing cells, highlighting a clear struaitwequirement for selectivity. In conclusion, we
have identified a new very powerful series of coomumts which represent interesting leads for the
development of new potent and efficacious P-gp-déeet MDR modulators.
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1. Introduction

The resistance of cancer cells to cytotoxic drugsai significant limitation to successful
chemotherapy. Multidrug resistance (MDR) is a tgpacquired drug resistance to multiple classes
of structurally and mechanistically unrelated aamicer drugs [1].

MDR is a complex phenomenon which can derive froffeeent biochemical mechanisms. In the
case of the so called classical MDR, cells accutawddower intracellular concentration of drug as
a result of an accelerated efflux of the antituragents mediated by an ATP-dependent process.
The main mechanism responsible of this transpothés overexpression of integral membrane
transporters such as P-glycoprotein (P-gp, ABCR]),) Breast Cancer Resistance Protein (BCRP,
ABCG2) [3] and Multidrug Resistance associatedgirofi (MRP1, ABCC1) [4], belonging to the
ABC (ATP Binding Cassette) protein family.

P-gp is a membrane glycoprotein present, besideecatells, in several important tissues and
blood-tissue barriers, where it regulates some mapd physiological processes such as the
secretion of lipophilic molecules and the extrusmfnexogenous agents [5]. Unfortunately, this
efflux protein is overexpressed in cancer cella assult of the upregulation of the human MDR1
gene expression and it extrudes the chemotherapmut from the cells, lowering its concentration
below that necessary for anticancer action [6].

Since its discovery and the elucidation of the naetdm of action, P-gp has been considered a
suitable target for circumventing transporter-dejgem MDR. MDR reversers (chemosensitizers)
are P-gp modulators that administered in combinatitth cytotoxic agents, which are substrates of
the efflux pump, could restore their efficacy isistant cancer cells [7,8].

Verapamil was the first compound showing P-gp maiilud) activity and, together with many other
molecules, belongs to the first generation of Pagpdulators. However, the toxicity of this first
series of compounds prevented their clinical usd, ah present, verapamil is only used as gold
standard in biological assays. Since then, mang Rrgdulators, belonging to three generations of
compounds have been identified [9,10]. Severaheft have reached pre-clinical or clinical trials
[11,12], but none of these compounds has been eggifor therapy, because of their low potency,
toxicity and inhibitory effect on isoforms of cytmmme [13], although some of the latest MDR
reversing compounds show a safer profile.

The failure of pre-clinical and clinical investigatal studies led to considerable pessimism
regarding the validity of such therapeutic appro&@hovercome MDR [14]. Nevertheless, the
search for new, safer, more potent and efficaciowdtidrug transporter modulators is still of
interest. In fact, MDR occurs also in brain disesdesuch as epilepsy, depression, and
schizophrenia: in these diseases, about 20-40 %hedfpatients develop resistance to current
therapeutic drugs [15]. Another field of investigatregards Parkinson’s and Alzheimer’s diseases:
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recent evidences suggest that a decrease in Pgpssion and function at blood brain barrier
occur in these diseases [16]. Consequently, thexes@veral reasons for medicinal chemists to
continue the search for molecules that could bd tsenodulate P-gp.

Information on the interaction site of P-gp suggdest it is a large, flexible drug binding domain
where molecules can accommodate in a plurality ioflibg modes, establishing—Tt, ion-,
hydrogen bonds and hydrophobic interactions [18].i6 the search for efficient P-gp modulating
MDR reversers, in the last years we have designddstudied several families of basic molecules
bearing suitably positioned aromatic rings, assgntivat the presence of aromatic moieties and of
one or more protonable nitrogen atoms is an impopeoperty for the P-gp interaction. In our drug
design strategy, these molecular features have baenected by linkers of different length and
flexibility [18,19]. In particular, a high structalr flexibility would allow the moleculeso choose
the most productive binding mode within the P-gpogmition site. This approach, labeled as
“polyvalency”, had been already used successfulytier researchers, who synthesized several
homodimers as MDR inhibitors [20-22].

Based on the polyvalency approach, we synthesies@ral N,N-bis(alkanol)amine aryl esters
characterized by the presence of a basic nitrogem dinked to two different aromatic ester
portions by two polymethylenic chains of varialdadth as spacers. This approach provided good
results since most of the synthesized compoundweshd@o be very potent MDR reversers in a
human leukemia cell line [18,23,24].

The first series of compounds were characterizedlifigrent combinations of aromatic residues
connected to thé&l-methylated basic portion by two identical polymad#mic chains of variable
length as spacers [18,23,24]; best results werairwat by the combination of two chains
constituted by 4 or 5 methylenes, with a spaced tehgth corresponding to 8 or 10 methylenes and
one nitrogen atom. Then, we explored the conse@sent varying the relative position of the
nitrogen in the chain, abandoning the symmetryhef linkers. These derivatives conserved two
aromatic ester portions, and a chain of nine corapts eight methylenes and one nitrogen atom,
but the position of the nitrogen atom was changedring to the length of the two linkers (3- and
5-methylenes long, structure A, Chart 1) [24]. mstway the nitrogen atom was at different
distances from the two aromatic moieties, accordintipe length of the two different spacers. The
new asymmetric compounds showed an outstanding@piecompared to the symmetric isomers;
in particular the combination of th&)-3-(3,4,5-trimethoxyphenyl)vinyl (also nhaméadns-3,4,5-
trimethoxycinnamyl) moiety with the 3,4,5-trimethgohenyl and anthracene residues (compounds
-1V, structure A, Chart 1) that were already presentthe most potent of the previously
synthesized compounds [18,23,24] gave rise to &t tesults of the series. On the bases of these
unexpected results, in the present study we decmadden the series of asymmetrical derivatives
by synthesizing all the possible isomers obtaingdhe combination of different spacers of 2-8
units, for a total length of 8, 9 and 10 methyler®=aring the aromatic moieties described above
(compoundd-28, structure B, Chart 1).
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Chart 1. Structure of the reference compoundd/ and of the derivative$-28 synthesized in this
paper.

The reversal activity of the new compourid28 was evaluated by the pirarubicin uptake assay in
doxorubicin-resistant erythroleukemia K562 cellSSGR/DOX). Moreover, a molecular docking
simulation was performed to identify the potentl@ihding poses of compounds and their
mechanism of interaction within the P-gp bindingloet. Finally, a study devoted to establishing
the chemical stability of these compounds was m@dnin fact, it is well known that the ester
group, present in the chemical structure of studmtipounds, can be susceptible to hydrolysis by
the plasma enzymes. Therefore, a series of expetsneencerning the stability of these compounds
were performed.

On the bases of the obtained results, the deremtiNsplaying the best activity on pirarubicin gssa
and a good chemical stability were tested to defimar interacting mechanisms P-gp by
evaluating their effect on P-gp mediated rhodaniig@-efflux on K562/DOX cell line. Moreover,
the activity of the same compounds was measurednother cell line overexpressing P-gp, the
transfected Madin-Darby Canine Kidney-MDR1 (MDCK-MRD) one, and on two cell lines
overexpressing the sister pumps MRP1 and BCRP, MIMR®P1 and MDCK-BCRP respectively,
to evaluate their selectivity. Finally, their apgair permeability on Caco-2 cells and their effett o
ATP cell depletion on MDCK-MDR1 cells were also brzad.

2. Chemistry

The reaction pathways used to synthesize the dasidgerivativesX-28) are reported in Schemes 1
and 2. The haloesteP9-40 were synthesized by esterification of the suitdiaalkyl alcohol (2-
bromoethan-1-ol, 3-bromopropan-1-ol, 4-chlorobutaok; 5-chloropentan-1-ol, 6-chlorohexan-1-
ol, 7-bromoheptan-1-ol and 8-bromooctan-1-ol) witte commercially availableE}-3-(3,4,5-
trimethoxyphenyl)acrylic acid, 3,4,5-trimethoxybernz acid or anthracene-9-carboxylic acid
(Scheme 1). These esters were obtained by tranasfiorm of the carboxylic acid in the
corresponding acyl chloride by reaction with S@@ ethanol-free CHGI (for details, see the
Experimental section). Derivativ@9, 30, 32, 33, 35 had already been described by our group [18,
24].

The chloroalkyl ester81- 34 were transformed in the corresponding iodo denestiil-44 with

Nal in acetone, to achieve higher yields in théofeing reaction. The bromo este?8-30, 35-40
and the iodo esterl-44 were then transformed into the secondary amddes4 by reaction with
the corresponding aminoalcohol using standard phwes (Scheme 2). These compounds were
alkylated by reductive methylation with HCOOH/HCH@give the corresponding tertiary amines
55-64. In order to obtain the (2-hydroxyethyl)methylaomsters6s-72, the appropriate haloester
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was reacted with the commercially available 2-miettynoethan-1-ol, yielding directly the desired
tertiary amine$5-72.

Final compoundd4-28 were eventually obtained by reaction5#72 with the proper carboxylic
acid using EDCI and DMAP in anhydrous &b, or by transformation of the carboxylic acid in
the corresponding acyl chloride as described befohe suitable acids are the same described
previously: E)-3-(3,4,5-trimethoxyphenyl)acrylic acid, 3,4,5at@thoxybenzoic acid and
anthracene-9-carboxylic acid.

29 Ar=a,n=2,X=Br

Ar\[(CI 30 Ar=a,n=3,X=Br

Ar O, . X 31 Ar=a,n=4,X=Cl

N1 " 0 ML 32 Ar=a,n=5,X=Cl

> (0] 33 Ar=a,n=6,X=Cl

1 34 Ar=c,n=6,X=Cl

35 Ar=a,n=7,X=Br

36 Ar=b,n=7,X=Br

37 Ar=c¢,n=7,X=Br

38 Ar=a,n=8,X=Br

--------------------------- och 39 Ar=b,n=8,X=Br

H,CO ' 40 Ar=¢,n=8,X=Br

R H;CO |

OOO ! I X=Cl 41 Ar=a,n=4
E 42 Ar=a,n=>5
c ) 43 Ar=a,n=6

________________________________

1] 4 Ar=c,n=6

Scheme 1. Reagents and condition$} SOCh, CHCE; (1) CHCIs; (111) Nal, acetone.
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Scheme 2. Reagents and conditiongl) HoN(CH2)OH (m= 3, 4, 5, 6), an. GHE&N; ()
CH3NH(CH),OH, an. CHCN; (llI) HCOOH/CHO, EtOH; (IV) AnCOCI, CHC} or EDCI,
DMAP, an. CHCl..



3. Results and discussion

3.1. Modulation of pirarubicin uptake on K562 cells

The P-gp modulating ability of compounti&£8 was evaluated on K562/DOX doxorubicin resistant
cells. K562 is a human leukemia cell line estaldslirom a patient with chronic myelogenous
leukemia in blast transformation [25]. K562/DOX Iseloverexpress almost exclusively the
membrane glycoprotein P-gp [26-29]. P-gp expressidioth sensitive K562 and K562/DOX cells
was checked by cytometric analysis with a P-gp4fipeantibody (JSB-1 monoclonal antibody);
the obtained results showed an increase in theeffeence ratio of about 3 times in the resistant
line. Moreover, application of a second methodojotpe Real-time PCR analysis, indicated a
substantial increase in MRNA expression level ef ATP binding cassette transporter ABCB1
(175 folds) in the resistant cell line comparedhwihe parental one, confirming an increased
presence of P-gp in the K562/DOX resistant cele.libetails are reported in the Experimental
Section and in the Supplementary Data (Figuresg®a4S35).

The uptake of THP-adriamycin (pirarubicin) was mead by a continuous spectrofluorometric
signal of anthracycline at 590 nm¢{ = 480 nm) after cell incubation, following the pwobls
reported in previous papers [30,31]. The P-gp nmatthgd activity of the studied compounds on the
pirarubicin uptake test is expressed Byfl] 0.5, which measures the potency of the modulator and
represents the concentration that causes a halfimbxincrease = 0.5) in the nuclear
concentration of pirarubicin, and amax Which represents the efficacy of the modulatat enthe
maximum increase in the nuclear concentration i@rpbicin in resistant cells that can be obtained
with a given compound. The value @fvaries between 0 (in the absence of the modulatm) 1
(when the amount of pirarubicin in resistant cellthe same as in sensitive cells).

The results obtained are reported in Table 1 tegetlith those of verapamil, the gold standard of
P-gp activity inhibition, used as reference commbu$4,5-Trimethoxyphenyl derivativésandl |

and their anthracene analod$é (GDEG6) andlV (FRA77) [24] have been added for comparison,
since they are the previously obtained asymmegivdtives.

All the newly synthesized compounds were able kabiih the activity of P-gp; their potencies and
efficacies were higher than those of verapamifatt, all molecules showed potency values g]

in the submicromolar or nanomolar range and in n@a®es were able to completely reverse P-gp-
dependent pirarubicin extrusioaq{x close to 1).

A thorough evaluation of the potency values indidathat both the chain length and the
combination of the aromatic residues have somaenftte on the activity of our compounds. In fact,
in the case of derivativels4, which carried a total spacer of 8-methylenes tduthe combination

of two chains of 2 and 6 methylenes, the anthrackmrative3 showed the best result, with an
[1] 05 value of 0.04uM, as it happened for the two anthracene regioissihié andlV which were
used as lead compounds. The other compounds seétlie 2 and4, had lower potencies.

In the case of a total length of 9 methylenes, Witian be obtained by three different combinations
of spacers, the presence of the anthracene resahierred excellent properties to the molecules:
all the isomers, except for compoui® showed a nanomolar activity (compourfds, 11, 12 and

15 with [l]o5 values between 0.02 and 0.p#). The corresponding derivatives carrying the
combination oftrans-3,4,5-trimethoxycinnamyl moiety with the 3,4,5rtethoxyphenyl residue
showed a similar nanomolar activity only in theeca$the two regioisomets3 and14.

The best results were obtained with the isomerk witotal spacer of 10 methylenes; remarkably,
all the compounds (the three serie&20, 21-24, 25-28) showed outstanding potencies in the
nanomolar range, regardless of the combinatiomarhatic moieties, with unprecedented results in
these series of derivatives.

As regards the efficacy values, almost all the coummgols were able to completely reverse P-gp-
dependent pirarubicin extrusiong(ax = 0.90-0.99). In a little number of derivativesyre lower
efficacies can be highlighted (compourdd, and14 with anax values of 0.77 or 0.79).



Altogether, these data seem to confirm our previmslts [23,24] that the MDR modulating
activity of this family of molecules can be related the one hand to the nature of the aromatic
moieties and on the other to two characteristictheflinker, both the position of the nitrogen and
the total length of the tether. More interestindipwever, from these results it also comes to light
that the compounds which present a total spacéf ahethylenesl{7-28) are a new series of very
potent and efficacious compounds, regardless ofdhgbination of aromatic moieties and of chain
lengths. In these series, only the total distarfabe aromatic esters seems to be the crucial facto
for the activity. Therefore, we compared the poienof these asymmetric compourids28 with

the results obtained by the corresponding symmestoimersv andVI already described by us [18].
As shown in Table 1 these two analogs, particulény 3,4,5-trimethoxyphenyl derivativé,
showed a lower potency and efficacy. This comparisonfirms the result already found in our
previous paper [24]. In fact, although the nitrog@sition has not a clear influence on the actjvity
if this atom is at the center of the spacer theviggtof the compounds decreases.

Tablel

MDR-reversing activity and predictor parametersldording free energy, drug transport properties
and lipophilicity of compounds-28.

Ar_O_ N 0
rﬁ(l)/ NCHy), (CHy)L jr

L

Ar, Ary =
oS o0
H,CO H,CO
total number of AG TPSA | logP,u°
methylenes in compd n | m Ar Ar, [1]o.s uM® O (Kcal/ | (A?)°
the spacer mol)*

If 5 3 a b 0.12+0.02 0.99 £0.01 -7 111.22 6.30

8 nf 5 3 b a 0.27+0.05 0.97+0.02 -6.2 111.22 6.26

Il GDE6' 5 3 a c 0.04+0.01 0.98 £0.02 -7.4 83.53 6.42

IV FRA77 5 3 C a 0.04+0.02 0.94+0.03 -8.3 83.53 6.38

1 6 2 a b 0.19+0.07 0.77+0.04 -6.4 111.22 6.31

8 2 6 2 b a 0.46+0.07 0.91+0.03 -6.3 111.22 6.38

3 6 2 a c 0.04+0.01 0.94+0.03 -7.9 83.53 6.30

4 6 2 C a 0.20£0.08 0.79+0.06 -6.9 83.53 5.86

5 5 4 a b 0.10+0.04 0.94+0.05 -7 111.22 6.26

9 6 5 4 b a 0.27 +0.12 0.99+0.01 -6.9 111.22 6.60

7 5 4 a c 0.03+0.01 0.99+0.01 -7 83.53 6.11

8 5 4 C a 0.04+0.01 0.94 +0.02 -7.8 83.53 6.21

9 6 3 a b 0.24+0.08 0.90+0.04 -6.8 111.22 6.53

9 10 6 3 b a 0.39+0.12 0.99+0.01 -6.5 111.22 6.56

11 6 3 a c 0.03 +0.001 0.99+0.01 -8 83.53 6.35

12 6 3 C a 0.04 +0.01 0.92 +0.03 -8.4 83.53 6.22

13 7 2 a b 0.04+0.01 0.99+0.01 -7 111.22 6.23

9 14 7 2 b a 0.07+0.02 0.79+0.04 -7.5 111.22 6.58

15 7 2 a C 0.02+0.01 0.98 +0.02 -7.5 83.53 6.31

16 7 2 C a 0.17+0.08 0.88+0.08 -7 83.53 6.11

10 17 6 4 a b 0.01+0.001 0.99+0.01 -8 111.22 6.91

18 6 4 b a 0.07 +0.002 0.99+0.01 -7.4 111.22 6.89




19 6 4 a c 0.02+0.005 0.94+0.05 -8.7 83.53 6.66

20 6 4 c a 0.01 + 0.002 0.95 +0.05 -7.7 83.53 6.74

21 7 3 a b 0.06 + 0.02 0.99+0.01 -7 111.22 6.90

10 22 7 3 b a 0.08 + 0.03 0.97+0.03 -7.4 111.22 6.95
23 7 3 a o 0.01 + 0.003 0.93 +0.04 -8 83.53 6.67

24 7 3 c a 0.04 +0.01 0.88 +0.08 -8.3 83.53 6.71

25 8 2 a b 0.02+0.01 0.93+0.03 -7.3 111.22 6.91

10 26 8 2 b a 0.04+ 0.01 0.91+0.02 -7.5 111.22 6.89
27 8 2 a o 0.05+0.02 0.99+0.01 -8.1 83.53 6.81

28 8 2 c a 0.04 +0.01 0.96 £ 0.02 -7.2 83.53 6.80

10 VE 5 5 a b 0.80+0.20 0.84 +0.09 -6.7 111.22 6.80
VI 5 5 a o 0.10+0.02 0.80+0.07 -6.9 83.53 6.90

Verapamil" 1.60+0.30 0.70+0.07 -7.8 63.95 4.50

3Concentration of the inhibitor that causes a 50@teiase in nuclear concentration of pirarubicin=(0.5). " Efficacy
of MDR-modulator and maximum increase that can ftaioed in the nuclear concentration of pirarubicimesistant
cells. Results are expressed as the nme&fk of three independent experiments done at thesst times® Predicted
binding affinity.® Predicted topological polar surface area (TPSAhe n-octanol/water partition coefficient (log.p
was obtained by using implicit log P method (iLOGBge within ref. [24]: compoundsl1, 111 andIV are labelled as
13, 12, 16, and 15 respectivehySee within ref. [18]: compoundsandV! are labelled as 11 and 12 respectivésee
ref. [24].

3.2. Molecular modeling studies

In order to elucidate the binding mode of the coomats in the P-gp interaction site, and possibly to
explain their remarkable inhibitory activity, amsilico study was performed. Therefore, since the
computational analysis provides a reliable struadtbasis to undertake structural investigations of
drug binding, we chose to study the capacity ofdmpounds to interact with P-gp usimgsilico
docking techniques. To validate and strengtherctmeputational modelling approach [32,33], we
first performed docking calculations with all ouwnepounds on the basis of thawrvitro activity.
Briefly, using Autodock Vina XB scoring function 48 we found, for all the compounds, the
binding energy for the best docking poses, whichevadl located within the inner chamber of the
protein. The good correlation between imtro and in silico calculations (Figure S33,
Supplementary Data) provided confidence for usingraodelling strategy to investigate putative
interactions with P-gp. The crystal structure ofmlamm P-gp (PDB code 6COV) was used as
Molecular docking target [35], while, to identifiye potential binding pocket of our compounds, we
referred to the 3D structure of Mus musculus Prgpdmplex with BDE-100 (PDB code 4XWK)
[36,37]. As a matter of fact, this compound showetbe a P-gp inhibitor with a g of 23.2+2.9

uM [37]. Compounds were clustered into sets “1” &2l based on the presence (set 1) or absence
(set 2) of the anthracene group. The ligand bindimogle was visually analyzed: all compounds
docked with similar poses (Figure 1), showing iattions that appeared similar to those
established by verapamil with the binding sitedases. The computation of docking energies shows
that all molecules can interact with the bindintg,sdisplaying a good thermodynamic affinity.
Nevertheless, some differences can be highligltepending on the aromatic residues and the total
length of the spacer, which modify the binding pesf The docking results showed that the more
active compounds, which show a calculated bindreg £nergyAG value) smaller than -7.8, are
decorated in most cases by the anthracene estgp;groaddition, the compounds characterized by
a linker of 10 methylenes never exhibi® higher than -7.

Also, the analyses of predicted lipophilicity (Iggkhd of the topological polar surface area (TPSA),
by using SwissADME [38] were performed. The parand@PSA is defined as the sum of surfaces
of polar atoms in the molecule and is useful tanithe the druggability of ligands, since it can ae
measure of the ability of the compounds to permeatis. Molecules with a TPSA value greater




than 140 A2 tend to be poor in permeation of cedinbranes and are considered poor drug-like
compounds [39].

These parameters may explain the differences batfigg; and efficacy values againaiG, in
particular as regard the standard verapamil. Iy Ganparing the new synthesized compounds with
verapamil, it can be observed how, despite a simia value, verapamil displays lower potency
and efficacy with respect to the derivatives désxtiin the paper. This behavior could be related to
its lower lipophilicity and permeability.

Fig. 1. Overview of the best poses of compoude28 within the P-gp binding pocket. A) The P-gp 3D
structure is shown in grey cartoon and surfaceessptation. The bilayer is reported in yellow stefa
BDE100 (red), Verapamil (black) and the studiedids (coloured) are shown inside the P-gp binding
pocket with stick models. B) and C) show a closiewvof the binding mode of set “1” and set “27,
respectively
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To gain more information on the remarkable inhijitactivity of the new compounds, we also
carried out a ligand-binding-site interaction netkvanalyses on derivatively¥ and 23, which are
two very potent compounds representative of the ¢lugters In fact, it could be interesting to
evaluate which type of interactions could be esthbd between the protein and these active
compounds, identifying the involved residues, arakimg a comparison with those formed by other
well-known inhibitors.

Crystal structure of the mouse P-gp complexed ®E-100 compound (PDB code 4XWK), was
used as reference point to study protein bindingractions [34]. BDE-100 forms hydrophobic
interactions with different aromatic residues buatyoone n-stacking bond with Tyr-303; this is
enough for its inhibitory capacity. Additionallyy & recent work a P-gp modulator was showed to
bind two sites of internal protein cavity also itead in co-crystal structures in both the inward-
open and the inward-closed transporter [40], shgviee same binding region of our docking
results.

Figure 2 shows the 3D molecular docking modelsefihteraction between P-gp and the standard
verapamil (pointed up in panel B), and the veryivactcompounds23 and 17, which are
representative of cluster “1” and “2”, respectivépanel C and D). Verapamil docked into the
human P-gp (PDB code 6C0V) [35], is surroundedédweral lipophilic or aromatic residues, but as
well as BDE-100, is able to form only onestacking interaction. On the contrary, compouhds
and 23 can form a higher number of interactions with eliéint residues of the binding site: the
presence of long polymethylenic chains allows nuwmgrhydrophobic interactions within the
binding pocket, in addition to the capability torrfo stronger aromatic interactions compared to
BDE-100 and verapamil. For instance, 8 the presence of the anthracene group favors the
formation of threer-stacking bonds between the three rings of the aticnmoiety and Phe-335,
Phe-728 and Phe-759 residues of the P-gp bindieg while both BDE-100 and verapamil can
form only onen-stacking interaction. As regard compoutj the higher number of hydrophobic
interactions of the spacers, compared to verapastabilizes its binding into the active pocket
despite the formation of only omestacking bond.

11
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Fig. 2. 3D Molecular docking models of the interaction be#w compounds and P-gp. A) The P-gp 3D
structure is shown in grey cartoon and the bilageeported as green surface. B) Verapamil in yellG)
Compound23 in purple, D) Compound? in blue. For clarity only interacting residues displayed, with
hydrophobic residues in green amdtacking in orange respectively.

In summary, the docking results supported the dhtained by the biological tests: all molecules
are able to interact with the binding site withaod thermodynamic affinity: the differences in the
activity can be related to theG values. The good activity of the compounds begaaim anthracene
ester group can be partially explained by the highember of=z-stacking bonds that these
molecules are able to establish with the protein.

3.3. Chemical stability tests

The chemical stability tests on these compoundg warried out both in phosphate buffer solution
(PBS) and in human plasma, to distinguish betwepontaneous or enzymatic hydrolysis
respectively.

The stability analyses were performed by LC-MS/M&Hmods operating in product ion scan mode,
in the appropriate m/z range to ensure the fragno@ist detection. The LC-MS/MS system and the
parameters used in this study were reported ilsthpplementary Data section.

The stability of each compound, in both reportedirites, was evaluated by monitoring the
variation of its concentration at different incubat times. By plotting these data (analyte
concentrations vs the incubation time) their respecdegradation profiles were obtained.
Generally, when the substrate concentration islemihlan its Michaelis—Menten constani(Kthe
enzymatic degradation rate is described by a dirder kinetic.
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Therefore, plotting the natural logarithm of theagtitative data versus the incubation time, a linea
function can be used, and its slope representddfjedation rate constard).(Therefore, the half-
life (t12) of each tested compound can be calculated as\®il

I M
t,, = n(050u %

The plots of the natural logarithm of the quanitatdata versus the incubation time of all the
studied compounds were analysed. The obtainedtsedeinonstrated that all the compounds were
stable in PBS and most of them also in human plagmfact, only the degradation plots léf 10,

18 and22 in human plasma showed a significant decay tatalue), and their calculated half-life
values (1» values between 39 min. and 123 min), were repartékchble 2. Furthermore, the half-
life value of ketoprofene ethylester (KEE), usedraference compound, demonstrated that the
employed human batch was enzymatically active {lifal 2 h) [30]. At the contrary, thievalues

of the other studied compounds were close to Osequmently, for these derivatives, extremely high
t1» values can be calculated. Since under the propeseerimental conditions a half-life over 240
min is not measurable, it is reasonable to consikdat their half-life values could be equal or
greater than 240 min. The human plasma degradatiofies of compoun®2 and of its stable
isomer2l are reported as an example (Figure 3); the plbteeoother compounds are reported in
the Supplementary Data section.

Table2
Half-life values of reference and studied compounds
PBS Human plasma 15 >240 >240

Comp. t 1,Eni]iﬁ;ror t 1,?;iﬁ;ror 1 5540 ST
KEE | n.d. 107 + 16 17 >240 >240
1 >240 >240 18 >240 123 £53
2 >240 >240 19 >240 >240
3 >240 >240 20 >240 >240
4 >240 >240 21 >240 >240
5 >240 >240 22 >240 45+ 13
6 >240 >240 23 >240 >240
7 >240 >240 24 >240 >240
8 >240 >240 25 >240 >240
9 >240 >240 26 >240 >240
10 >240 39+6 27 >240 >240
11 >240 >240 28 >240 >240
12 >240 >240 I >240 >240
13 >240 >240 I >240 41 +19
14 >240 >240 \ >240 >240

n.d.: not determined
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Fig. 3: Degradation profiles in PBS (blue) and humanmiagred) of compoungl (top) and compoun@?2
(bottom).

The degradation products bff, 10, 18 and 22 compounds were also investigated to establish the
possible enzyme hydrolytic mechanism. The resuligioned that these compounds were degraded
for hydrolysis of the ester group linked to theans-3,4,5-trimethoxycinnamyl moiety, with
formation of the corresponding-alkyl alcohol and of the free trimethoxycinnamicich As an
example, the chromatograms of compo@@dn human plasma at two incubation times (0 and 120
min respectively) is reported in Figure 4.
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Fig. 4: LC-MS/MS chromatographic profiles of compou2® in human plasma at the initial (up) and final
(bottom) incubation time.

Interestingly, the hydrolysis occurs only when thmans-3,4,5-trimethoxycinnamic ester is
combined with the 3,4,5-trimethoxybenzoic moietyhile the combination with the anthracene
group prevents the enzyme activity (i.e. anthracamnalogues24 and/or 12). Furthermore,
hydrolysis occurs only when tialkyl chain length of thé&rans-3,4,5-trimethoxycinnamyl portion

is of three methylenes: different values preveathidrolysis (i.e26 and/orV). Only 18, bearing a
N-alkyl chain length of four methylenes in the cinma portion, shows an appraisable degradation,
but its k value is three times lower with respect to thel@mn#es carrying a chain with three
methylene units. Compoun@, characterized by the same structural featurel&fis instead
completely stable in human plasma, indicating thatchain composed by 4 methylenes confers a
higher stability.

3.4 Inhibition of P-gp-mediated rhodamine-123 (Rhd 123) efflux on K562/DOX cells

Based on the interesting results obtained, theckefié the most active compounds was further
evaluated on the P-gp function. For this testtredlcompounds which presented a total spacer of 10
methylenes, apart from the hydrolysable derivati®8sand 22, were selected. The ability of
compoundsl7, 19-21, and 23-28 to inhibit the transport activity of the pump waseasured
evaluating the P-gp specific substrate rhodamirg-bhZacellular accumulation on the resistant
K562/DOX cell lines as described in the ExperimeBiction. Cells were loaded with rhodamine-
123 for 30 min; after this accumulation period, #fux of the fluorochrome was evaluated after
10 min more, both in the presence and in the alesehmodulators tested at JuM concentration.
The intracellular accumulation of Rhd 123 was akvmluated on the parental line K562
(Experimental Section). Because of the low levePedp present in this cell line, the rhodamine-
123 accumulated in the uptake phase was completedyned by the cell after 15 and 30 min of
efflux time (Figure S36 Supplementary Data). Themefahe inhibiting activity of the selected
compounds was not evaluated on the parental oell li

The inhibition of P-gp-mediated Rhd 123 efflux ohtpoundsl7, 19-21, and23-28 on K562/DOX
cells is reported in Figure 5. In Figure 5A, théeef of Rhd 123 alone and of the compounds added
at 1.0uM concentrations is reported, expressed as fluerestcratio value, that is the ratio between
median fluorescence intensity value acquired aetigof the efflux phase, and that acquired at the
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end of the uptake phase. The values were expreasguercentage. The calculated ratios are
reported in the Supplementary Data (Table S4). paral, tested at 3.0M concentration, was
used as reference compound. In Figure 5B, somedalyfiuorescence curves are reported, obtained
in the absence (panel a) or in the presence ofpaerd (panel b) or of two representative
compounds, the potent isomei® and20 (panels c-d). The fluorescence curves of the ddsted
compounds are reported in the Supplementary Dagar@ S37).
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Fig. 5. Inhibition of P-gp-mediated Rhd 123 efflux of geonndsl?, 19-21 and23-28 on K562/DOX cells.

(A) Fluorescence ratio values in K562/DOX cellsubated with Rhd 123 in the absence (control) artien
presence of compound3, 19-21 and23-28 tested at 1.0 uM concentration. The efflux of flkerochrome
was evaluated after 10 min as reported in Expetiahédection. The data were expressed as the m&ih +
of three independent experiments done at least times. The figure also shows the reference conghou
verapamil tested at 3.0 uM concentration. (B) Thereéscence curves were calculated after 30 min R23d
uptake and 10 min of efflux in Rhd 123-free medildach peak is identified by a fluorescence channel
number and designates the amount of intracellutar 23 in each sample in the absence and in preségnc
the tested compounds. Autofluorescence histogrdatKhine): cells incubated in media alone. Uptake
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histogram (red line): cells incubated 30 minutemigdia with 5 UM rhodamine-123. Efflux histograntuéb
line): cells incubated 30 minutes in media with B phodamine-123 in the absence (panel a) or in the
presence of verapamil (panel b), compoud8d(panel c), or20 (panel d), then washed and incubated in
rhodamine-free media in the absence (panel a)raptesence of compounds (panels b-d) for 10 minutes

The fluorescence ratio values showed that all trepounds were able to inhibit the efflux of Rhd
123, although to different extent. The most potarhpounds were in ordés, 24, 20, 21, 26, 25;
derivatives23, 27, 17 and 28 were slightly more or equally active with respeatvierapamil,
although tested at lower concentration than theresice (1 and @M, respectively).

In particular, the anthracene derivatid&sand24 showed an outstanding activity, awere able to
maintain a high Rhd 123 intracellular fluorescerstgwing an efflux of the fluorochrome of just
7.2% and 15.3% respectiveB0 the regioisomer 019, and the 3,4,5-trimethoxybenzoic derivative
21 were able to maintain 64.6% and 58.4% of the imftatar fluorescence after 10 minutes of
efflux, still showing a considerable ability in iibiting the efflux of Rhd123.

The same result is highlighted by analyzing theoriscence curves. The treatment with the
regioisomersl9 and20 caused a Rhd 123 intracellular retention highantthe untreatedample
(panel a), as evidenced by the blue curves ovedaithe red ones of the uptake. These derivatives
were able to retain almost all the Rhd 123 in thscshowing a P-gp inhibiting activity much
higher than verapamil.

3.5 Transfected MDCK cells: characterization of P-gp interacting mechanism and selectivity vs the
other MDR transporters

The effect of the most active compounds on K562/Ds@}s, already selected for the inhibition of
the P-gp-mediated rhodamine-123 efflux test, wahéu evaluated. The potency of compouhds
19-21, and 23-28 was tested on a different cell line overexpres$tagp, the Madin-Darby Canine
Kidney-MDR1 (MDCK-MDR1) cells, measuring their iddiing activity of the transport of a
profluorescent probe, Calcein-AM, that is a P-gpstrate (Table 3).

The P-gp interacting profile was also investigateumbining other two biological assays: the
apparent permeabilityPg,,) determination in Caco-2 cell monolayer, andAfi® cell depletion in
MDCK-MDR1 cells [41]. The first assay measures ttaio between two fluxes: 1) BA,
representative of passive diffusion from the basodd to apical compartments; 2) AB,
representative of active transport, from the apicddasolateral compartments. If the ratio BA/AB is
< 2, the compound is classified as an inhibitosqatonsidering the results of the ATPase activity).
If the ratio is > 2, the compound is classifiechagibstrate.

The detection of the ATP consumption in cells oxpressing P-gp measures the transport of the
tested compound. Only a P-gp unambiguous substaatansported, induces a depletion of ATP
while a P-gp inhibitor, as not transported, doesinduce ATP consumption. Moreover, another
substrate category, known as category,ItBsplaying &Papp value > 2 but not inducing an ATP cell
depletion is also reported [42]

At last, the activity of the compounds two other sister proteins, MRP1 and BCRP, wasetest
(Table 3) by evaluating the ability of the ligantsinhibit the transport of Calcein-AM (MRP1
substrate) in cells overexpressing MRP1 (MDCK-MRRbhY of the fluorescent probe Hoechst
33342 (BCRP substrate) in cells overexpressing BOWRPCK-BCRP cells).

Expression levels of P-gp, MRP1 and BCRP were daradly analyzed by immunoblotting
analysis in MDCK-MDR1, MDCK-MRP1 and MDCK-BCRP cegltespectively, as described in the
Experimental Section. Tubulin was used as contfokqual protein loading. A representative
western blot analysis is reported in the Suppleargribata (Figure S38).
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Table3

Biological evaluation of derivativekr7,19-21,23-28: inhibition activity on MDCK-MDR1, MDCK-
MRP1 and MDCK-BCRP cells overexpressing each trariep ATP cell depletion in MDCK-
MDR1 and apparent permeabilitys(,) determination (BA/AB) in Caco-2 cell monolayer.

EC50 uMa
ATP cell b
Compd P-gp MRP1 BCRP depletion Papp
17 0.20+0.03 5.08+1.01 16.0+2.9 Y 7.5
19 0.52+0.10 NA 3.8+0.72 N 11
20 0.85+0.17 NA 3.3+0.55 Y 27
21 0.21+0.11 3.0+0.60 | 8.1+1.59 N 5.2
23 0.23+0.05 NA 3.9+0.78 N 11
24 0.26+0.05 NA 3.0+£0.49 N 25
25 0.30+0.10, 4.5+0.89 3.8+0.70 N 7.1
26 0.22+0.04| 2.2+0.42| 4.5+0.87 N 6.8
27 0.34+0.07 NA 5.4+1.06 N 14.4
28 0.92+0.20 NA 5.1+1.02 N 4.6
verapamil | 0.50+0.10] 6.8+3.0 NT Y€ 18

@ Values are the mean +*SEM of two independent emparis, with samples in triplicaté Apparent
permeability estimation: values are from two indegent experiments, with samples in duplicdte.
Percentage of the effect at a concentration @11(20%). NA = not active. NT = not tested.

As shown in Table 3, on MDCK-MDR1 cells the compdsirdisplayed good activities P-gp
(ECspranging from 0.2QM to 0.92uM). More in details, compound¥, 23, 24 and26 showed the
higher potency (E§=0.20uM, 0.23uM, 0.26uM and 0.22uM respectively). The trend in potency
is slightly different from that shown in the pirdiain uptake test, but it is not surprising sinbe t
cell lines are different. However, it is interestito note that derivatives/ and23 were among the
most active compounds also in the pirarubicin uptassay. Moreover, all the compounds showed a
moderate activitys BCRP (EGpranging from 3.QuM to 16.0uM); however, in this test they were
at least 10-fold less active with respect to P-gpag. Finally, only derivative¥7, 21, 25 and 26
showed some activitys MRP1, while the other ligands were completely tivac These four
compounds share the same combination of aromaticetid® namely the H)-3-(3,4,5-
trimethoxyphenyl)vinyl residue and the 3,4,5-tribmtyphenyl one; it can be concluded that the
presence of the anthracene moiety is not favortdsl¢he activity on this pump. So, a structural
requirement for the selectiviigs MRP1 could be highlighted.

The apparent permeability determinatieg, (BA/AB) in Caco-2 cell monolayer indicated that all
compoundsad a BA/AB ratio > 2; thus, considering also tesults of the ATP consumption test,
compoundsl7 and20 can be defined unambiguous substrates while albther compounds were
classified as substrate belonging to category, lé#8 above reported.

4. Conclusions

In the present study, we designed and synthesieeedral newN,N-bis(alkanol)amine aryl ester
heterodimerdy modulating the combination of aromatic moietsl the length of the methylenic
chain. We achieved all the possible isomers obtiainethe combination of different spacers of 2-8
units, for a total length of 8, 9 and 10 methylere=aring the aromatic moieties described above.
These derivatives were as first evaluated for tRegp inhibitory activity on doxorubicin-resistant
erythroleukemia K562 cell line (K562/DOX). The neampounds showed good P-gp modulating
ability in the pirarubicin assay: all molecules skl potency values (g}) in the submicromolar or
nanomolar range and in many cases were able toletshpreverse P-gp-dependent pirarubicin
extrusion @max close to 1).
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The best results were obtained with the isomers/sigpa total spacer of 10 methylenes; in fact, all
the compounds showed outstanding potencies in theomolar range, regardless of the
combination of aromatic moieties, with unprecedéntsults in these series of derivatives. In this
group of compounds, the nitrogen position and floeeethe distance of this atom from the
combined aromatic residues have not a clear inleem the activity. So, the total distance of the
aromatic esters seems to be the crucial factothiactivity. However, comparing the potencies of
the compoundd7-28 with the activities obtained by two already ddsed symmetric isomerg
andVI [18] (Table 1), the same result already foundun grevious paper [24] was confirmed: the
nitrogen position has not a clear influence on dh#vity, but if this atom is at the center of the
spacer the activity of the compounds decreases.

To explain the remarkable activity of the new comnpads, we carried out a ligand-binding-site
interaction network analyses on all the derivatilésing a computational approach, we highlighted
that all the molecules can interact with the proteinding site, displaying a good thermodynamic
affinity. Some compounds however showed better ibgndbutlines, characterized by smallest
binding energiesAG) that showed a certain correlation with the expental activities. The good
activity of the compounds bearing an anthracener egibbup could be partially explained by the
higher number of-stacking bond that these molecules are able &bokshh with the protein.
Interesting information was obtained from the digbexperiments performed on these new series
of MDR inhibitors both in phosphate buffer soluti@@®BS) and in human plasma. The compounds,
despite the presence of two ester groups, werdesiabboth the tested matrices. Only four
compounds|{, 10, 18 and 22) exhibited a significant degradation in the hunp&sma matrix,
showing the hydrolysis of the ester group presenthe 3,4,5-trimethoxycinnamyl moiety of the
molecule. Interestingly, these compounds preseatembmmon characteristic in their chemical
structures which reasonably favors the enzymatitvinc In fact, it was observed that the
hydrolysis occurs only in the presence of the 3tdrbethoxyphenyl moiety and when thealkyl
chain linked with trans-3,4,5-trimethoxycinnamyl portion has a length ¢irele methylenes.
Therefore, the substitution of aromatic moiety (ergthe case of anthracene analogues) or the
modification of the length of thi-alkyl chain, prevents the enzymatic activity.

The compounds which present a total spacer of léhylemes, apart from the hydrolysable
derivativesl8 and22, were selected to further characterize the bioklgicofile of the series. The
chosen molecules were tested on another resisilhtlice which overexpresses P-gp, the
transfected MDCK-MDRL1 cell line. The obtained reésuwtonfirmed that our derivatives showed a
good P-gp inhibiting activity also in these cell@ deepen the evaluation of their effect on P-gp
function, three different tests were performed. @baity of the compounds of inhibiting the efflux
of rhodamine-123 was tested a1 concentration on K562/DOX cells; all the derivas were
able to inhibit the P-gp-mediated efflux with a ewbrthy efficacy, which was at least the same of
verapamil tested at @M concentration. Evaluation of apparent permeabtim Caco-2 cells and
ATP consumption on MDCK-MDR1 cell line suggestedttitompoundsl7 and 20 behave as
unambiguous substrates, while the other derivattaasbe classified as I}Bubstrates.

The selectivity profile of the compounds two sister proteins was also analyzed, evaluéatieg
effect on cells overexpressing MRP1 and BCRP (MD@RP1 and MDCK-BCRP cell lines
respectively). Our derivatives displayed a modegatency on the BCRP overexpressing cells;
since this efflux transporter BCRP is often co-egsed with MDR1, the presence of some activity
also on this pump could be an interesting propeftihese series of derivatives. On the contrary,
only four molecules showed to be effective on MDEIRP1 cell line, and a clear structural
requirement for the selectiviiygs MRP1 could be highlighted.

In conclusion, we have identified a new very powkederies of P-gp-dependent MDR inhibitors
showing aN,N-bis(alkanol)amine aryl estescaffold. Interestingly, all the compounds carryig
linker composed by 10 methylenes in different cambion showed an excellent pharmacological
profile. Docking studies confirmed that these moles can interact in a fruitful manner with the P-
gp binding pocket, and evaluation of their chemgtability in PBS and human plasma confirmed
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that these compounds are in most cases stabletlinnbedia, allowing us to predict their vivo
bioavailability. In this series, derivatives beaithe 3,4,5-trimethoxyphenyl moiety appear very
active in inhibiting P-gp both in K562/DOX and inDMK-MDR1 cell lines, but maintain a
moderate activity on BCRP and MRP1 overexpressgits;cderivatives bearing the anthracene
residue instead show a good profile of activityRegp overexpressing cells and on MDCK- BCRP
cell line but do not present any activity on MDCKRR1, highlighting interesting differences in
their selectivity profile.

5. Experimental

5.1. Chemistry

All melting points were taken on a Blchi apparatusl are uncorrected. NMR spectra were
recorded on a Bruker Avance 400 spectrometer (46 for *H-NMR, 100 MHz for'*C-NMR).
Chromatographic separations were performed oni@sgjel column by gravity chromatography
(Kieselgel 40, 0.063-0.200 mm; Merck) or flash chaetography (Kieselgel 40, 0.040-0.063 mm;
Merck). Yields are given after purification, unlegterwise stated.

ESI-MS spectra were obtained using a Varian 120{ilet quadrupole system (Palo Alto, CA,
USA) equipped by Elettrospray Source (ESI) opegaitinboth positive and negative ions.

The data were acquired in scan mode between tlge rhB0-800 m/z by introducing the sample
solution, via syringe pump at 10L min"l. The sample solution of each analyte was freshly
prepared by diluting its stock solution (1 mg ™in acetonitrile) up to a concentration of 1.0
mL™ in mixture of mQ water: acetonitrile 50:50 (v/v).

In the used instrumental conditions, the most abohdignal for the analytes showed to be the
protonated ([M+H]) or deprotonated ([M-H] molecule ion species.

Compoundsl-28 were obtained in a purity 95%. Their combustion analyses are indicated by
symbols, and the analytical results are withith4% of the theoretical values. Compounds were
named following IUPAC rules as applied by ChemBia®rUIltra 14.0 software. When reactions
were performed in anhydrous conditions, the midusere maintained under nitrogen. Free bases
1-28 were transformed into the hydrochloride by treatmeith a solution of acetyl chloride (1.1
eq) in anhydrous C#DH. The salts were crystallized from abs. ethamdifdeum ether.

5.1.1. General procedure for the synthesis of haloesters 29-40

A 1 mmol portion of the appropriate carboxylic aichns-3-(3,4,5-trimethoxyphenyl)acrylic acid,
3,4,5-trimethoxybenzoic acid or anthracene-9-caybhoxacid) was transformed into the acyl
chloride by reaction with SO&(2 mmol) in 5 mL of CHCJ (free of ethanol) at 60 °C for 4-5 h.

The reaction mixture was cooled to rt, and the esaiwas removed under reduced pressure; the
mixture was then treated twice with cyclohexane @l solvent removed under reduce pressure.
The acyl chloride obtained was dissolved in CH@ee of ethanol), and the suitable alcohol (2-
bromoethan-1-ol, 3-bromopropan-1-ol, 4-chlorobutaok; 5-chloropentan-1-ol, 6-bromoexan-1-ol,
7-bromeptan-1-ol or 8-bromooctan-1-ol) (0.9 eq) weasled. The mixture was heated to 60 °C.
After 4 h, the reaction mixture was cooled to rigddreated with CkCl,. The resulting organic
layer was washed with 10% NaOH solution, dried WSOy, and the solvent was removed under
reduced pressure. The substances obtained wefee@uny flash chromatography in the casebf

38, 39 and40, otherwise were used as such for the next readiompound£9, 30, 32, 33 and35
were already synthesized by our group with the sairaeedure [18,24].

5.1.1.1. (E)-4-chlorobutyl 3-(3,4,5-trimethoxyphenyl)acrylate 31

Pale yellow oil. Chromatographic eluent: cyclohexathyl acetate70:3ield: 68.0%.'H-NMR
(CDCl) 6: 7.60 (d, J=16.0 Hz, 1HCH=CH); 6.75 (s, 2H, CH arom.); 6.33 (d, J=16.0 HH#, 1
CH=CH); 4.24 (t, J=6.0 Hz, 2H, CJ®); 3.89 (s, 6H, OC}J; 3.88 (s, 3H, OCH); 3.60 (t, J=6.0 Hz,
2H, CH,CI); 1.98-1.82 (m, 4H, ChH ppm.*C APT NMR (CDCls) &: 153.46 (C=0); 144.90
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(CH=CH); 129.85 (C); 117.17 (CH=CH); 105.29 (CHrar)y 63.67 (CH); 60.97 (OCH); 56.18
(OCHg); 44.50 (CH); 29.23 (CH); 26.21 (CH) ppm.

5.1.1.2. 6-chlorohexyl anthracene-9-carboxylate 34

Yellow oil. Yield: 87.1 %.*H-NMR (CDCLk) &: 8.52 (s, 1H, CH arom.); 8.15-7.97 (m, 4H, CH
arom.); 7.62-7.42 (m, 4H, CH arom.); 4.63 (t, J488 2H, CHO); 3.54 (t, J=4.8 Hz, 2H, Gi&l);
1.96-1.85 (m, 2H, ChJ; 1.85-1.76 (m 2H, C}J; 1.63-1.46 (m, 4H, C§) ppm.

5.1.1.3. 7-bromoheptyl 3,4,5-trimethoxybenzoate 36

Pale yellow oil. Yield: 37.8%'H-NMR (CDCk) &: 7.28 (s, 2H, CH arom.); 4.29 (t, J=6.8 Hz, 2H,
CH,0); 3.90 (s, 6H, OCHJ; 3.89 (s, 3H, OCH); 3.39 (t, J=6.8 Hz, 2H, CiBr); 1.90-1.81 (m, 2H,
CH,); 1.80-1.70 (m, 2H, CB; 1.50-1.32 (m, 6H, Ck ppm.**C APT NMR (CDC}) &: 166.22
(C=0); 152.91 (C); 142.16 (C); 125.46 (C); 106.TH(arom.); 62.21 (C}J; 60.88 (OCH); 56.24
(OCHg); 33.80 (CH); 32.65 (CH); 28.63 (CH); 28.38 (CH); 28.02 (CH); 25.82 (CH) ppm.

5.1.1.4. 7-bromoheptyl anthracene-9-carboxylate 37

Orange oil. Yield: 41.2%'H-NMR (CDCL) &: 8.49 (s, 1H, CH arom.); 8.08 (d, J=8.4 Hz, 2H, CH
arom.); 8.05 (d, J=8.4 Hz, 2H, CH arom.); 7.60-7(40 4H, CH arom.); 4.62 (t, J=6.4 Hz, 2H,
CH,0); 3.38 (t, J=6.8 Hz, 2H, GiBr); 1.92-1.78 (m, 4H, Cp); 1.60-1.30 (m, 6H, Cy ppm.*C
APT NMR (CDCE) 6: 169.74 (C=0); 131.02 (C); 129.26 (CH arom.); 8B8(CH arom.); 128.41
(C); 129.96 (CH arom.); 125.48 (CH arom.); 125.GH(arom.); 65.81 (C}); 33.88 (CH); 32.66
(CHy); 29.13 (CH); 28.77 (CH); 28.70 (CH); 26.06 (CH) ppm.

5.1.1.5. (E)-8-bromooctyl 3-(3,4,5-trimethoxyphenyl)acrylate 38

Yellow oil. Chromatographic eluent: cyclohexaneyétlacetate70:30. Yield: 40.2%H-NMR
(CDCl3) 6: 7.55 (d, J=16.0 Hz, 1HCH=CH); 6.72 (s, 2H, CH arom.); 6.31 (d, J=16.0 H#, 1
CH=CH); 4.16 (t, J=6.8 Hz, 2H, Ci®); 3.85 (s, 6H, OC}J; 3.84 (s, 3H, OCH); 3.37 (t, J=6.8 Hz,
2H, CH,Br); 1.90-1.81 (m, 2H, ChJ; 1.76-1.65 (m, 2H, Ch); 1.44-1.24 (m, 8H, Ck ppm.*3C
APT NMR (CDCl) 6: 167.07 (C=0); 153.43 (C); 144.61 (CH=CH); 129.96; ({17.48 (CH=CH);
105.20 (CH arom.); 64.64 (GH 60.98 (OCH); 56.16 (OCH); 33.98 (CH); 32.74 (CH); 29.07
(CHy); 28.70 (CH); 28.63 (CH); 28.05 (CH); 25.87 (CH) ppm. ESI-MSm/z (%): 429 (100)
[M+H]".

5.1.1.6. 8-bromooctyl 3,4,5-trimethoxybenzoate 39

Pale yellow oil. Chromatographic eluent: cyclohetathyl acetate 80:20. Yield: 37.3%{-NMR
(CDCls) o: 7.27 (s, 2H, CH arom.); 4.28 (t, J=6.8 Hz, 2H,,0b; 3.88 (s, 6H, OC}kJ; 3.87 (s, 3H,
OCHg); 3.37 (t, J=6.4 Hz, 2H, CiBr); 1.86-1.80 (m, 2H, C}J; 1.78-1.69 (m, 2H, C}J; 1.43-1.22
(m, 8H, CH) ppm.

5.1.1.7. 8-bromooctyl anthracene-9-carboxylate 40

Yellow oil. Chromatographic eluent: cyclohexaneyétlacetate 80:20. Yield:79.6%H-NMR
(CDCl) 5: 8.50 (s, 1H, CH arom.); 8.07 (d, J=8.8 Hz, 2H, Gbna); 8.00 (d, J=8.4 Hz, 2H, CH
arom.,); 7.57-7.48 (m, 4H, CH arom.); 4.63 (t, &6z, 2H, CHO); 3.38 (t, J=4.8 Hz, 2H,
CH,Br); 1.95-1.77 (m, 4H, CB); 1.47-1.38 (m, 8H, CB ppm.**C APT NMR (CDCls) : 169.78
(C=0); 131.03 (C); 129.25 (CH arom.); 128.66 (Cmar); 128.41 (C); 126.95 (CH arom.); 125.49
(CH arom.); 125.04 (CH arom.); 70.92 (§H65.91 (CH); 33.99 (CH); 32.76 (CH); 29.16 (CH);
28.66 (CH); 28.07 (CH); 26.02 (CH) ppm.

5.1.2. General procedure for the synthesis of iodoesters 41-44

A 1 mmol portion of the suitable chloroest81{34) was dissolved in acetone. To this solution Nal
(4 eq) was added, and the resulting mixture wasitai@aed 24 h at reflux in the dark. The reaction
mixture was cooled to room temperature, and theesblwas removed under reduced pressure; the
residue was dissolved in GEl, and washed with water. The organic layer was dngd NaSO;,

and the solvent was removed under reduced pregiding a yellow oil which was used as such
for the next reaction. Compoud@ was already synthesized by our group with the saraeedure
[24].

21



5.1.2.1. (E)-4-iodobutyl 3-(3,4,5-trimethoxyphenyl)acrylate 41

Yield: 94.7%."H-NMR (CDCk) &: 7.57 (d, J=16.0 Hz, 1HGH=CH); 6.73 (s, 2H, CH arom.); 6.31
(d, J=16.0 Hz, 1H, CHESH); 4.20 (t, J=6.0 Hz, 2H, CiD); 3.86 (s, 6H, OCkJ; 3.85 (s, 3H,
OCHg); 3.21 (t, J=6.8 Hz, 2H, Ci; 1.98-1.87 (m, 2H, Ch); 1.84-1.74 (m, 2H, Ck ppm.

5.1.2.2. (E)-6-iodohexyl 3-(3,4,5-trimethoxyphenyl)acrylate 43

Yield: 95.9%.'H-NMR (CDClk) &: 7.58 (d, J=16.0 Hz, 1H, CH=CH); 6.74 (s, 2H, Qidra.); 6.33
(d, J=15.6 Hz, 1H, CH=CH); 4.19 (t, J=6.8 Hz, 2H;.0); 3.88 (s, 6H, OCkJ; 3.87 (s, 3H,
OCHg); 3.19 (t, J=6.8 Hz, 2H, Ci; 1.91-1.79 (m, 2H, ChJ; 1.86-1.68 (m, 2H, C}J; 1.50-1.38
(m, 4H, CH) ppm.*C APT NMR (CDC}) &: 166.98 (C=0); 153.44 (C); 144.66H=CH); 140.16
(C); 129.92 (C); 117.40 (CH3H); 105.28 (CH arom.); 64.61 (GH 60.95 (OCH); 56.18 (OCH);
33.13 (CH); 29.83 (CH); 26.54 (CH); 25.10 (CH); 6.79 (CH) ppm.

5.1.2.3. 6-iodohexyl anthracene-9-carboxylate 44

Yield: 90.4%.'"H-NMR (CDCk) &: 8.52 (s, 1H, CH arom.); 8.15-7.97 (m, 4H, CH argm.§5-7.42
(m, 4H, CH arom.); 4.63 (t, J=6.4 Hz, 2H, &B); 3.17 (t, J=6.8 Hz, 2H, Gif; 1.99-1.73 (m, 4H,
CHy); 1.60-1.37 (m, 4H, Ck) ppm.

5.1.3. General procedure for the synthesis of hydroxyaminoesters 45-54

The appropriate haloeste29( 30, 35-37, 41-43) (1 mmol) and the suitable aminoalkylalcohol (3-
aminopropan-1-ol, 4-aminobutan-1-ol, 5-aminoperttasi-or 6-aminohexan-1-ol) (2 mmol) were
dissolved in 1 mL of anhydrous GEIN. The mixture was heated at 80 °C for 5-10 h. fidaetion
mixture was cooled to room temperature, treateth WiH,Cl, and the organic layer was washed
with 10% NaOH solution. After drying with N8Oy, the solvent was removed under reduced
pressure and the residue purified by flash chrografihy, yielding a pale-yellow o2 was used
as such in the next reaction.

5.1.3.1. (E)-2-((6-Hydroxyhexyl)amino)ethyl 3-(3,4,5- trimethoxyphenyl)acrylate 45
Chromatographic eluent: GBI,/MeOH/NH;OH 90:10:1. Yield: 26.3%H-NMR (CDCk) &: 7.56
(d, J=16.0 Hz, 1HCH=CH); 6.71 (s, 2H, CH arom.); 6.33 (d, J=16.0 H&#, TH=CH); 4.27 (t,
J=4.8 Hz, 2H, CKOH); 3.85 (s, 6H, OC}J; 3.83 (s, 3H, OCH); 3.61-3.53 (m, 2H, CpD); 2.89 (t,
J=4.8 Hz, 2H, NCH]); 2.61 (t, J=6.4 Hz, 2H, NG 1.59-1.41 (m, 4H, C}J; 1.40-1.23 (m, 4H,
CH,) ppm.ESI-MSm/z (%): 382 (100) M+H]".

5.1.3.2. (E)-4-((5-Hydroxypentil)amino)butyl 3-(3,4,5- trimethoxyphenyl)acrylate 46
Chromatographic eluent: GBI,/MeOH/NH;OH 90:10:1. Yield: 35.6%"H-NMR (CDCk) &: 7.53
(d, J=15.6 Hz, 1HCH=CH); 6.70 (s, 2H, CH arom.); 6.29 (d, J=15.6 H&@, CTH=CH); 4.14 (t,
J=6.8 Hz, 2H, CKD); 3.83 (s, 6H, OC}J; 3.82 (s, 3H, OCH); 3.56 (t, J=6.4 Hz, 2H, CiDH);
3.21 (bs, 1H, OH); 2.64-2.57 (m, 4H, N@H1.78-1.68 (m, 2H, C}J; 1.68-1.42 (m, 6H, C}j;
1.42-1.32 (m, 2H, CBH ppm. *C APT NMR (CDC}) &: 166.95 (C=0); 153.38 (C); 144.63
(CH=CH); 140.05 (C); 129.87 (C); 117.37 (CH=CH);511® (CH arom.); 64.26 (Gi 62.19
(CHy); 60.91 (OCH); 56.12 (OCH); 49.52 (CH); 49.26 (CH); 29.53 (CH); 29.06 (CH); 28.57
(CHy); 28.24 (CH); 26.55 (CH) ppm.

5.1.3.3. (E)-5-((4-Hydroxybutyl)amino)pentyl 3-(3,4,5- trimethoxyphenyl)acrylate 47
Chromatographic eluent: abs. ethanol/;,CH/petroleum ether/NFOH 65:340:60:8. Yield: 72.5%.
'H-NMR (CDCL) &: 7.53 (d, J=16.0 Hz, 1HGH=CH); 6.71 (s, 2H, CH arom.); 6.29 (d, J=16.0 Hz,
1H, CH=CH); 4.13 (t, J=6.8 Hz, 2H, Ci®); 3.83 (s, 6H, OC}J; 3.82 (s, 3H, OC#H); 3.51 (t, J=5.0
Hz, 2H, CHOH); 3.44 (bs, 1H, OH); 2.61-2.56 (m, 4H, NgH1.72-1.48 (m, 8H, ChJ; 1.49-1.32
(m, 2H, CH) ppm.**C APT NMR (CDC}) &: 166.98 (C=0); 153.38 (C); 144.61 (CH=CH); 140.04
(C); 129.91 (C); 117.39 (CH=CH); 105.21 (CH aront3;36 (CH); 62.44 (CH); 60.90 (OCH);
56.12 (OCH); 49.64 (CH); 49.32 (CH); 32.39 (CH); 29.31 (CH); 26.59 (CH); 26.44 (CH);
23.73 (CH) ppm.

5.1.3.4. (E)-3-((6-Hydroxyhexyll)amino)propyl 3-(3,4,5-trimethoxyphenyl)acrylate 48
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Chromatographic eluent: abs. ethanol/,.CH/petroleum ether/NkFDH 65:340:60:8. Yield: 51.3%.
'H-NMR (CDCk) 5: 7.60 (d, J=16.0 Hz, 1HGH=CH); 6.74 (s, 2H, CH arom.); 6.32 (d, J=16.0 Hz,
1H, CH=CH); 4.26 (t, J=6.0 Hz, 2H, Ci®); 3.87 (s, 6H, OC}J; 3.86 (s, 3H, OCk); 3.61 (t, J=6.8
Hz, 2H, CHOH); 2.72 (t, J=7.2 Hz, 2H, NG} 2.61 (t, J=7.2 Hz, 2H, NCht 1.96-1.85 (m, 2H,
CH,); 1.83 (bs, 1H, NH); 1.61-1.58 (m, 4H, ©H1.40-1.30 (m, 4H, CH ppm.**C APT NMR
(CDCl) 6: 166.99 (C=0); 153.43 (C); 144.81 (CH=CH); 140(@C§; 129.87 (C); 117.25 (CH=CH);
105.26 (CH arom.); 62.80 (GH 62.68 (CH); 60.96 (OCH); 56.17 (OCH); 49.81 (CH); 46.61
(CHy); 32.65 (CH); 29.88 (CH); 29.22 (CH); 27.04 (CH); 25.62 (CH) ppm.

5.1.3.5. (E)-6-((3-Hydroxypropyl)amino)hexyl 3-(3,4,5-trimethoxyphenyl)acrylate 49
Chromatographic eluent: abs. ethanol/;,CH/petroleum ether/NFOH 65:340:60:8. Yield: 80.3%.
'H-NMR (CDCL) &: 7.50 (d, J=15.6 Hz, 1HGH=CH); 6.78 (s, 2H, CH arom.); 6.27 (d, J=15.6 Hz
1H, CH=CH); 4.11 (t, J=6.8 Hz, 2H, Ci®); 3.80 (s, 6H, OC}k}; 3.79 (s, 3H, OC¥H); 3.69 (t, J=5.6
Hz, 2H, CHOH); 3.51 (bs, 2H, NH+OH); 2.79 (t, J=6.0 Hz, 2HCN,); 2.56 (t, J=6.8 Hz, 2H,
NCH,); 1.69-1.57 (m, 4H, Ch); 1.52-1.41 (m, 2H, CB); 1.40-1.22 (m, 4H, Ch ppm.**C APT
NMR (CDCk) &: 166.98 (C=0); 153.35 (C); 144.57 (CH=CH); 140(@); 129.89 (C); 117.37
(CH=CH); 105.20 (CH arom.); 64.43 (GH 63.48 (CH); 60.86 (OCH); 56.10 (OCH); 49.49
(CHy); 49.37 (CH); 30.48 (CH); 29.42 (CH); 28.61 (CH); 28.81 (CH); 25.78 (CH) ppm.

5.1.3.6. (E)-4-((6-Hydroxyhexyl)amino)butyl 3-(3,4,5-trimethoxyphenyl)acrylate 50
Chromatographic eluent: GBI,/MeOH/NH;OH 90:10:1. Yield: 57.4%"H-NMR (CDCl) &: 7.50
(d, J=16.0 Hz, 1HCH=CH); 6.67 (s, 2H, CH arom.); 6.25 (d, J=16.0 H&#, CH=CH); 4.13 (t,
J=6.8 Hz, 2H, CKD); 3.80 (s, 6H, OC}J; 3.78 (s, 3H, OCH); 3.50 (t, J=6.4 Hz, 2H, CiDH);
2.57 (t, J=6.8 Hz, 2H, NCht 2.53 (t, J=7.2 Hz, 2H, NCit 2.45 (bs, 2H, OH+NH); 1.71-1.60 (m,
2H, CHy); 1.59-1.49 (m, 2H, Ch); 1.58-1.45 (m, 4H, ChJ; 1.33-1.20 (m, 4H, CH ppm.**C APT
NMR (CDCls) &: 166.92 (C=0); 153.35 (C); 144.63 (CH=CH); 140.09;(C29.85 (C); 117.29
(CH=CH); 105.20 (CH arom.); 64.28 (GH 62.24 (CH); 60.86 (OCH); 56.09 (OCH); 49.74
(CHyp); 49.40 (CH); 32.64 (CH); 29.75 (CH); 27.05 (CH); 26.55 (CH); 26.31 (CH); 25.67
(CHz) ppm.

5.1.3.7. (E)-6-((4-Hydroxybutyl)amino)hexyl 3-(3,4,5-trimethoxyphenyl)acrylate 51
Chromatographic eluent: GBI,/MeOH/NH,OH 95:5:0.5. Yield: 70.3%H-NMR (CDCk) &: 7.58
(d, J=15.6 Hz, 1HCH=CH); 6.75 (s, 2H, CH arom.); 6.34 (d, J=15.6 H&, CH=CH); 4.19 (t,
J=6.4 Hz, 2H, CKD); 3.89 (s, 6H, OC}); 3.87 (s, 3H, OCH); 3.57 (t, J=6.4 Hz, 2H, CiDH);
2.68-2.58 (m, 4H, NC}J; 1.72-1.58 (m, 6H, C§); 1.60-1.51 (m, 2H, C§J; 1.47-1.32 (m, 4H,
CH,) ppm.**C APT NMR (CDCl) &: 167.27 (C=0); 153.44 (C); 144.61 (CH=CH); 129(98;
117.48 (CH=CH); 105.27 (CH arom.); 64.52 (§H62.58 (CH); 60.97 (OCH); 56.18 (OCH);
49.66 (CH); 49.39 (CH); 32.60 (CH); 29.53 (CH); 28.83 (CH); 28.66 (CH); 26.93 (CH);
25.85 (CH) ppm.

5.1.3.8. (E)-6-((3-Hydroxypropyl)amino)hexyl 3-(3,4,5-trimethoxyphenyl)acrylate 52

Yield: 72.3%.'H-NMR (CDCk) &: 7.53 (d, J=16.0 Hz, 1HGH=CH); 6.71 (s, 2H, CH arom.); 6.29
(d, J=16.0 Hz, 1H, CHSH); 4.14 (t, J=6.8 Hz, 2H, CiD); 3.83 (s, 6H, OC}kJ; 3.82 (s, 3H,
OCH); 3.73 (t, J=5.6 Hz, 2H, CiDH); 2.91 (bs, 2H, NH+OH); 2.80 (t, J=6.0 Hz, 2HCN,); 2.55
(t, J=7.2 Hz, 2H, NCh); 1.72-1.62 (m, 4H, C§J; 1.50-1.38 (m, 2H, Ch; 1.38-1.25 (m, 6H, CH
ppm.*C APT NMR (CDCly) &: 167.05 (C=0); 153.42 (C); 144.58 (CH=CH); 140.10; ({29.95
(C); 117.48 (CH=CH); 105.27 (CH arom.); 64.61 (H64.19 (CH); 60.93 (OCH); 56.16
(OCHg); 49.87 (CH); 49.71 (CH); 30.56 (CH); 29.74 (CH); 29.12 (CH); 28.68 (CH); 27.12
(CHy); 25.88 (CH) ppm.

5.1.3.9. 6-((3-Hydroxypropyl)amino)hexyl 3,4,5-trimethoxybenzoate 53

Chromatographic eluent: abs. ethanol/,.CH/petroleum ether/NkFDH 65:340:60:8. Yield: 71.4%.
'H-NMR (CDCk) &: 7.24 (s, 2H, CH arom.); 4.24 (t, J=6.8 Hz, 2H,,0l 3.85 (s, 6H, OCH);
3.84 (s, 3H, OCH); 3.73 (t, J=5.6 Hz, 2H, Ci@®H); 3.21 (bs, 1H, OH); 2.80 (t, J=6.0 Hz, 2H,
NCH,); 2.55 (t, J=6.8 Hz, 2H, NCht 1.76-1.67 (m, 2H, CfJ; 1.67-61 (m, 2H, Ch); 1.48-1.23
(m, 8H, CH) ppm.**C APT NMR (CDC) §: 166.21 (C=0); 152.87 (C); 142.12 (C); 125.48 (C);
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106.78 (CH arom.); 65.15 (GH 64.00 (CH); 60.84 (OCH); 56.20 (OCH); 49.76 (CH); 49.70
(CHy); 30.64 (CH); 29.74 (CH); 29.30 (CH); 28.65 (CH); 27.11 (CH); 25.89 (CH) ppm.
5.1.3.10. 6-((3- Hydroxypropyl)amino)hexyl anthracene-9-carboxylate 54

Chromatographic eluent: abs. ethanol/;,CH/petroleum ether/NFOH 65:340:60:8. Yield: 48.4%.
'H-NMR (CDCk) &: 8.50 (s, 1H, CH arom.); 8.03 (d, J=8.8 Hz, 2H, &dm.); 8.00 (d, J=8.4 Hz,
2H, CH arom.); 7.55-7.40 (m, 4H, CH arom.); 4.6Q0J&6.8 Hz, 2H, ChkD); 3.78 (t, J=5.2 Hz, 2H,
CH,OH); 3.21 (bs, 1H, OH); 2.82 (t, J=5.6 Hz, 2H, N£H2.56 (t, J=7.2 Hz, 2H, NC#t 1.90-1.81
(m, 2H, CH); 1.72-1.61 (m, 2H, C§J; 1.50-1.20 (m, 8H, Ck ppm.

5.1.4. General procedure for the synthesis of (hydroxyalkyl)methylaminoesters 55-64

A 1 mmol portion of the appropriate hydroxyaminees@45-54) was dissolved in 5 mL of
anhydrous ethanol and HCOOH (17 mmol) and 37% HGd(Dtion (5 mmol) were added. The
mixture was heated to 80 °C for 4-5 h and concedran vacuo. The residue was then dissolved in
CH.Cl, and the organic layer was washed with 10% NaOHtiswl. After drying with NaSQ,, the
solvent was removed under reduced pressure, gav/pge compound as yellow oil which was used
as such for the next reaction.

5.1.4.1. (E)-2-((6-Hydroxyhexyl)(methyl)amino)ethyl 3-(3,4,5-trimethoxyphenyl)acrylate 55

Yield: 80.7%.'H-NMR (CDCk) &: 7.61 (d, J=16.0 Hz, 1HGH=CH): 6.75 (s, 2H, CH arom.); 6.37
(d, J=16.0 Hz, 1H, CHSH); 4.33 (t, J=6.0 Hz, 2H, Ci®); 3.88 (s, 6H, OC}J; 3.87 (s, 3H,
OCHg); 3.62 (t, J=6.4 Hz, 2H, CID); 2.75 (t, J=6.0 Hz, 2H, NG 2.47 (t, J=7.2 Hz, 2H, NCH
2.36 (s, 3H, NCH); 1.63 -1.48 (m, 4H, C}); 1.46-1.28 (m, 4H, Ck) ppm.

5.1.4.2. (E)-4-((5-Hydroxypentyl)(methyl)amino)butyl 3-(3,4,5-trimethoxyphenyl)acrylate 56

Yield: 92.0%.'H-NMR (CDCLk) &: 7.54 (d, J=16.0 Hz, 1HGH=CH); 6.71 (s, 2H, CH arom.); 6.30
(d, J=16.0 Hz, 1H, CHSH); 4.17 (t, J=6.8 Hz, 2H, CiD); 3.84 (s, 6H, OC}kJ; 3.83 (s, 3H,
OCHg); 3.58 (t, J=6.8 Hz, 2H, Ci®); 2.40-2.25 (m, 4H, NC§); 2.16 (s, 3H, NCh); 1.74-1.50 (m,
6H, CHy); 1.50-1.40 (m, 2H, ChJ; 1.40-1.32 (m, 2H, CH ppm.**C APT NMR (CDC}) &: 166.99
(C=0); 153.39 (C); 144.62 (CH=CH); 140.05 (C); @0.(C); 117.40 (CH=CH); 105.20 (CH
arom.); 64.43 (Ch); 62.62 (CH); 60.92 (OCH); 57.68 (CH); 57.35 (CH); 56.13 (OCH); 41.11
(NCHj3); 32.48 (CH); 28.88 (CH); 26.76 (CH); 24.14 (CH); 23.91 (CH) ppm.

5.1.4.3. (E)-5-((4-Hydroxybutyl)(methyl)amino)pentyl 3-(3,4,5-trimethoxyphenyl)acrylate 57

Yield: 85.0%.'H-NMR (CDClk) &: 7.54 (d, J=16.0 Hz, 1HGH=CH); 6.71 (s, 2H, CH arom.); 6.30
(d, J=16.0 Hz, 1H, CHSH); 4.15 (t, J=6.8 Hz, 2H, CiD); 3.84 (s, 6H, OCkJ; 3.83 (s, 3H,
OCHg); 3.51 (m, J=5.6 Hz, 2H, G@); 2.41-2.30 (m, 4H, NC}}; 2.19 (s, 3H, NCh); 1.74-1.51
(m, 6H, CH); 1.51-1.50 (m, 2H, CB); 1.48-1.32 (m, 2H, Ch ppm.*°C APT NMR (CDCl) é:
166.96 (C=0); 153.39 (C); 144.57 (CH=CH); 140.06; (£29.93 (C); 117.42 (CH=CH); 105.22
(CH arom.); 64.39 (ChJ; 62.60 (CH); 60.90 (OCH); 58.17 (CH); 57.74 (CH); 56.13 (OCH);
41.21 (NCH); 32.54 (CH); 28.62 (CH); 26.45 (CH); 26.14 (CH); 23.89 (CH) ppm.

5.1.4.4. (E)-3-((6-Hydroxyhexyl)(methyl)amino)propyl 3-(3,4,5-trimethoxyphenyl)acrylate 58

Yield: 91.1%.'H-NMR (CDClk) &: 7.54 (d, J=16.0 Hz, 1HGH=CH); 6.71 (s, 2H, CH arom.); 6.29
(d, J=16.0 Hz, 1H, CHSH); 4.19 (t, J=6.8 Hz, 2H, CiD); 3.84 (s, 6H, OC}kJ; 3.82 (s, 3H,
OCHg); 3.56 (t, J=6.8 Hz, 2H, CID); 2.42 (t, J=7.2 Hz, 2H, NG 2.30 (t, J=7.6 Hz, 2H, NC
2.18 (s, 3H, NCH); 1.89-1.77 (m, 2H, Cp); 1.54-1.49 (m, 2H, CH); 1.49-1.40 (m, 2H, C});
1.40-1.20 (m, 4H, CH ppm. *C APT NMR (CDCl) &: 166.95 (C=0); 153.40 (C); 144.68
(CH=CH); 140.11 (C); 129.88 (C); 117.31 (CH=CH);5126 (CH arom.); 63.03 (Ci 62.56
(CHy); 60.91 (OCH); 57.58 (CH); 56.14 (OCH); 54.18 (CH); 42.09 (NCH); 32.67 (CH); 27.16
(CHy); 27.08 (CH); 26.54 (CH); 25.64 (CH) ppm.

5.1.4.5. (E)-6-((3-Hydroxypropyl)(methyl)amino)hexyl 3-(3,4,5-trimethoxyphenyl)acrylate 59

Yield: 96.3%.'H-NMR (CDClk) &: 7.49 (d, J=15.6 Hz, 1HGH=CH); 6.67 (s, 2H, CH arom.); 6.26
(d, J=15.6 Hz, 1H, CHSH); 4.10 (t, J=6.4 Hz, 2H, Ci®); 3.79 (s, 6H, OC}}; 3.78 (s, 3H,
OCHg); 3.69 (t, J=5.6 Hz, 2H, CiD); 2.48 (t, J=6.0 Hz, 2H, NGI{ 2.27 (t, J=7.2 Hz, 2H, NCh
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2.14 (s, 3H, NCH); 1.68-1.58 (m, 4H, CpJ; 1.48-1.20 (m, 6H, CH ppm.**C APT NMR (CDCl)

9: 166.91 (C=0); 153.34 (C); 144.50 (CH=CH); 140(@); 129.89 (C); 117.41 (CH=CH); 105.19
(CH arom.); 64.45 (C}J; 64.42 (CH); 60.83 (OCH); 58.30 (CH); 57.97 (CH); 56.07 (OCH);
41.88 (NCH); 28.62 (CH); 27.78 (CH); 27.09 (CH); 26.91 (CH); 22.66 (CH) ppm.

5.1.4.6. (E)-4-(6-Hydroxyhexyl (methyl)amino)butyl 3-(3,4,5-trimethoxyphenyl)acrylate 60

Yield: 96.9%.'"H-NMR (CDClk) &: 7.50 (d, J=16.0 Hz, 1HGH=CH); 6.68 (s, 2H, CH arom.); 6.26
(d, J=16.0 Hz, 1H, CHEH); 4.13 (t, J=6.4 Hz, 2H, CiD); 3.80 (s, 6H, OCHJ; 3.79 (s, 3H,
OCH); 3.51 (t, J=6.8 Hz, 2H, CiD); 2.86 (bs, 1H, OH); 2.30-2.22 (m, 4H, NgH2.12 (s, 3H,
NCHz); 1.65-1.59 (m, 2H, CH; 1.54-1.44 (m, 4H, Cp); 1.43-1.33 (m, 2H, Ch); 1.32-1.18 (m,
4H, CHp) ppm.**C APT NMR (CDCl) &: 166.97 (C=0); 153.34 (C); 144.61 (CH=CH); 139.99
(C); 129.87 (C); 118.00 (CH=CH); 105.17 (CH aront3;39 (CH); 62.40 (CH); 60.87 (OCH);
57.66 (CH); 57.25 (CH); 56.08 (OCH); 42.10 (NCH); 32.66 (CH); 27.25 (CH); 27.06 (CH);
26.73 (CH); 25.67 (CH); 23.63 (CH) ppm.

5.1.4.7. (E)-6-(4-Hydroxybutyl (methyl)amino)hexyl 3-(3,4,5-trimethoxyphenyl)acrylate 61

Yield: 93.1%.'"H-NMR (CDClk) &: 7.53 (d, J=16.0 Hz, 1HGH=CH): 6.71 (s, 2H, CH arom.); 6.30
(d, J=16.0 Hz, 1H, CHSH); 4.14 (t, J=6.4 Hz, 2H, Ci®); 3.84 (s, 6H, OC}}; 3.83 (s, 3H,
OCH); 3.52-3.47 (m, 2H, CiD); 2.36-2.24 (m, 4H, NCh);, 2.17 (s, 3H, NCh); 1.70-1.55 (m,
6H, CHp); 1.54-1.44 (m, 2H, CB; 1.53-1.23 (m, 4H, CH ppm.**C APT NMR (CDCl) &: 166.96
(C=0); 153.40 (C); 144.51 (CH=CH); 140.07 (C); 29 (C); 117.47 (CH=CH); 105.23 (CH
arom.); 64.49 (Ch); 62.63 (CH); 60.88 (OCH); 58.23 (CH); 57.87 (CH); 56.12 (OCH); 41.23
(NCHz3); 32.66 (CH); 28.64 (CH); 27.09 (CH); 26.74 (CH); 26.30 (CH); 25.88 (CH) ppm.
5.1.4.8. (E)-6-((3-Hydroxypropyl (methyl)amino)hexyl 3-(3,4,5-trimethoxyphenyl)acrylate 62

Yield: 97.6%."H-NMR (CDCk) &: 7.56 (d, J=15.6 Hz, 1HGH=CH); 6.73 (s, 2H, CH arom.); 6.31
(d, J=15.6 Hz, 1H, CHSH); 4.16 (t, J=6.4 Hz, 2H, Ci®); 3.86 (s, 6H, OC}J; 3.85 (s, 3H,
OCH); 3.76 (t, J=5.2 Hz, 2H, CiD); 2.56 (t, J=5.6 Hz, 2H, NGH 2.33 (t, J=7.2 Hz, 2H, NChit
2.21 (s, 3H, NCH); 1.72-1.63 (m, 4H, Cf); 1.50-1.42 (m, 2H, ChJ; 1.42-1.25 (m, 6H, Ck ppm.
5.1.4.9. 6-((3-Hydroxypropyl)(methyl)amino)hexyl 3,4,5-trimethoxybenzoate 63

Yield: 79.8%.'H-NMR (CDCh) &: 7.26 (s, 2H, CH arom.); 4.27 (t, J=6.8 Hz, 2H,,0} 3.87 (s,
6H, OCH); 3.86 (s, 3H, OCH); 3.75 (t, J=5.4 Hz, 2H, Ci®); 2.47 (t, J=5.6 Hz, 2H, NG} 2.32
(t, J=7.6 Hz, 2H, NCh); 2.20 (s, 3H, NCH); 1.80-1.69 (m, 2H, C}); 1.68-1.62 (m, 2H, C});
1.50-1.23 (m, 8H, CK ppm.**C APT NMR (CDCl) &: 166.24 (C=0); 152.88 (C); 142.10 (C);
125.50 (C); 106.77 (CH arom.); 65.18 (g§H64.59 (CH); 60.86 (OCH); 58.50 (CH); 58.06
(CHy); 56.21 (OCH); 41.85 (NCH); 29.16 (CH); 28.67 (CH); 27.65 (CH); 27.17 (CH); 27.10
(CHy); 25.92 (CH) ppm.

5.1.4.10. 6-((3-Hydroxypropyl)(methyl)amino)hexyl anthracene-9-carboxylate 64

Yield: 87.2%.'H-NMR (CDCL) &: 8.50 (s, 1H, CH arom.); 8.03 (d, J=8.8 Hz, 2H, &dm.); 8.00
(d, J=8.4 Hz, 2H, CH arom.); 7.55-7.42 (m, 4H, Qidm.); 4.61 (t, J=6.8 Hz, 2H, GB); 3.78 (t,
J=5.2 Hz, 2H, ChD); 2.56 (t, J=5.6 Hz, 2H, NG 2.34 (t, J=7.2 Hz, 2H, NCiit 2.21 (s, 3H,
NCHz); 1.93-1.86 (m, 2H, ChJ; 1.70-1.64 (m, 2H, Cp); 1.50-1.20 (m, 8H, CH ppm.*C APT
NMR (CDCl) 6: 169.77 (C=0); 131.01 (C); 129.20 (CH arom.); 828(CH arom.); 128.39 (C);
129.92 (CH arom.); 125.46 (CH arom.); 125.02 (Cldna); 65.91 (CH); 64.61 (CH); 58.45
(CHy); 58.07 (CH); 41.85 (NCH); 29.15 (CH); 28.72 (CH); 27.65 (CH); 27.18 (CH); 27.03
(CHy); 26.03 (CH) ppm.

5.1.5. General procedure for the synthesis of (2-hydroxyethyl)methylaminoesters 65-72

The appropriate haloeste35(40, 43, 4) (1 mmol) and 2-methylaminoethan-1-ol (2 mmol) &er
dissolved in 3 mL of anhydrous GEN. The mixture was maintained at rt for 48 h. Teaction
mixture was treated with Gi&l, and the organic layer was washed with 10% NaOHitiswni. After
drying with Na&SO;, the solvent was removed under reduced pressure.

The substances obtained were used as such foregiaeaction §5, 66, 67), or were purified by
flash chromatography in the caseg8f 69, 70, 71 and72.
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5.1.5.1. (E)-6-((2- Hydroxyethyl) methylamino)hexyl 3-(3,4,5- trimethoxyphenyl)acrylate 65
Yellow oil. Yield: 91.0%.*H-NMR (CDCk) &: 7.56 (d, J=16.0 Hz, 1H;H=CH); 6.73 (s, 2H, CH
arom.); 6.32 (d, J=16.0 Hz, 1H, CBH); 4.17 (t, J=6.8 Hz, 2H, Ci®); 3.86 (s, 6H, OC}kJ; 3.85
(s, 3H, OCH); 3.55 (t, J=5.6 Hz, 2H, CI®H); 2.99 (bs, 1H, OH); 2.49 (t, J=5.6 Hz, 2H, NgH
2.37 (t, J=7.2 Hz, 2H, NCHt2.21 (s, 3H, NCH); 1.77-1.60 (m, 2H, CJ; 1.53-1.42 (m, 2H, C}};
1.41-1.26 (m, 4H, Ck) ppm.

5.1.5.2. 6-((2-Hydroxyethyl)methylamino)hexyl anthracene-9-carboxylate 66

Yellow oil. Yield: 94.9%.*H-NMR (CDCk) &: 8.48 (s, 1H, CH arom.); 8.05-7.87 (m, 4H, CH
arom.); 7.56-7.40 (m, 4H, CH arom.); 4.62 (t, J=618, 2H, CHO); 3.57 (t, J=5.6 Hz, 2H,
CH,OH); 2.50 (t, J=5.6 Hz, 2H, NG 2.39 (t, J=6.8 Hz, 2H, NCit 2.23 (s, 3H, NCh); 1.95-
1.86 (m, 2H, CH); 1.57-1.43 (m, 4H, C}J; 1.42-1.30 (m, 2H, C§J ppm.

5.1.5.3. (E)-7-((2- Hydroxyethyl)methylamino)heptyl 3-(3,4,5- trimethoxyphenyl)acrylate 67
Yellow-orange oil. Yield 93.29H-NMR (CDCL) &: 7.52 (d, J=16.0 Hz, 1HZH=CH); 6.69 (s,
2H, CH arom.); 6.28 (d, J=16.0 Hz, 1H, CEH); 4.13 (t, J=6.4 Hz, 2H, Ci®); 3.82 (s, 6H,
OCHg); 3.81 (s, 3H, OCH); 3.51 (t, J=5.6 Hz, 2H, CiDH); 2.99 (bs, 1H, OH); 2.44 (t, J=5.6 Hz,
2H, NCH,); 2.32 (t, J=7.2 Hz, 2H, NCHt 2.16 (s, 3H, NCh); 1.69-1.59 (m, 2H, C}J; 1.48-1.20
(m, 8H, CH) ppm.**C APT NMR (CDCl) &: 166.98 (C=0); 153.37 (C); 144.52 (CH=CH); 140.05
(C); 129.92 (C); 117.44 (CH=CH); 105.23 (CH aron®4.56 (CH); 60.86 (OCH); 58.86 (CH);
58.41 (CH); 57.72 (CH); 56.10 (OCH); 41.63 (NCH); 29.13 (CH); 28.66 (CH); 27.14 (CH);
25.89 (CH) ppm.

5.1.5.4. 7-((2-Hydroxyethyl)methylamino)heptyl 3,4,5-trimethoxybenzoate 68

Oil. Chromatographic eluent: GBI,/MeOH/NH,OH 95:5:0.5. Yield: 77.3%"H-NMR (CDCL) &:
7.27 (s, 2H, CH arom.); 4.28 (t, J=6.8 Hz, 2H, 0O 3.89 (s, 6H, OC}J; 3.88 (s, 3H, OCHh);
3.55 (t, J=5.6 Hz, 2H, Ci#®DH); 2.92 (bs, 1H, OH); 2.50 (t, J=5.6 Hz, 2H, N{gH2.38 (t, J=7.6 Hz,
2H, NCH,); 2.22 (s, 3H, NCh); 1.81-1.70 (m, 2H, C}J; 1.50-1.28 (m, 8H, CkJ ppm.

5.1.5.5. 7-((2-Hydroxyethyl)methylamino)heptyl anthracene-9-carboxylate 69

Pale yellow oil. Chromatographic eluent; §H,/MeOH/NH,OH 96:4:0.4. Yield: 66%™H-NMR
(CDCl) 6: 8.51 (s, 1H, CH arom.); 8.04 (d, J=8.8 Hz, 2H, aidm.); 8.05 (d, J=8.4 Hz, 2H, CH
arom.); 7.58-7.40 (m, 4H, CH arom.); 4.61 (t, J=618, 2H, CHO); 3.57 (t, J=5.6 Hz, 2H,
CH,0OH); 2.92 (bs, 1H, OH); 2.51 (t, J=5.6 Hz, 2H, NgH2.39 (t, J=7.6 Hz, 2H, NC#12.25 (s,
3H, NCHg); 1.94-1.83 (m 2H, C}J; 1.50-1.20 (m, 8H, C§J ppm.

5.1.5.6. (E)-8-(2- Hydroxyethyl)methylamino)octyl 3-(3,4,5-trimethoxyphenyl)acrylate 70

Pale yellow oil. Chromatographic eluent: gH,/MeOH/NH,OH 90:10:1. Yield: 56.1%H-NMR
(CDCl3) 6: 7.54 (d, J=16.0 Hz, 1HCH=CH); 6.71 (s, 2H, CH arom.); 6.30 (d, J=16.0 HH#, 1
CH=CH); 4.15 (t, J=6.8 Hz, 2H, Ci®); 3.84 (s, 6H, OC}J; 3.83 (s, 3H, OCH); 3.54 (t, J=5.6 Hz,
2H, CH,OH); 2.96 (bs, 1H, OH); 2.47 (t, J=5.6 Hz, 2H, NH.35 (t, J=7.2 Hz, 2H, NCit 2.19
(s, 3H, NCH); 1.70-1.59 (m, 2H, C}J; 1.47-1.38 (m, 2H, Ch); 1.37-1.19 (m, 8H, CH ppm.*C
APT NMR (CDCl) 8: 167.02 (C=0); 153.39 (C); 144.54 (CH=CH); 140.01;(€29.94 (C);
117.47 (CH=CH); 105.18 (CH arom.); 64.64 (§H60.91 (OCH); 58.81 (CH); 58.33 (CH);
57.74 (CH); 56.11 (OCH); 41.60 (NCH); 29.40 (CH); 29.22 (CH); 28.71 (CH); 27.21 (CH);
27.18 (CH); 25.91 (CH) ppm.

5.1.5.7. 8-(2- Hydroxyethyl)methylamino)octyl 3-(3,4,5- trimethoxybenzoate 71

Pale yellow oil. Chromatographic eluent: §H,/MeOH/NH,OH 95:5:0.5. Yield: 75.6%H-NMR
(CDCl) 6: 7.28 (s, 2H, CH arom.); 4.29 (t, J=6.8 Hz, 2H,,0H 3.89 (s, 6H, OC}J; 3.88 (s, 3H,
OCHg); 3.56 (t, J=5.2 Hz, 2H, CI@H); 2.50 (t, J=5.2 Hz, 2H, GMN); 2.37 (t, J=7.2 Hz, 2H,
CHzN); 2.22 (s, 3H, NCH); 1.81-1.70 (m, 2H, C}J; 1.50-1.22 (m, 10H, CHl ppm.

5.1.5.8. 8-(2- Hydroxyethyl)methylamino)octyl anthracene-9-carboxylate 72

Yellow oil. Chromatographic eluent: G8I,/MeOH/NH,OH 90:10:0.1. Yield: 32.4%.

'H-NMR (CDCH) 8: 8.50 (s, 1H, CH arom.); 8.05-8.00 (m, 4H, CH arom.p1-7.47 (m, 4H, CH
arom.); 4.61 (t, J=6.8 Hz, 2H, GH); 3.57 (t, J=5.2 Hz, 2H, GB®H); 2.50 (t, J=5.2 Hz, 2H,
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NCH,); 2.37 (t, J=7.2 Hz, 2H, NCHt 2.20 (s, 3H, NCk); 1.93-1.82 (m, 2H, C}J; 1.53-1.42 (m,
2H, CHy): 1.51-1.20 (m, 8H, CH ppm.

5.1.6. General procedures for the synthesis of diester compounds 1-28

Diester compounds were synthesized using two @iffiegeneral procedures.

General procedureA.

A solution of the suitable (hydroxyalkyl)methylarester (0.250 mmol) in 5 mL of an. @El,
was cooled at 0 °C and 0.360 mmol of the approprdrboxylic acid, 0.083 mmol of 4-
dimethylaminopiridine (DMAP) and 0.500 mmol of 1-@8nethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI) were addé&the reaction mixture was stirred for 1 h at
0 °C and 48 h at room temperature. Then,Clklwas added and the organic layer was washed
twice with a saturated solution of NaHg@\fter drying with NaSQO,, the solvent was removed
under reduced pressure. The crude product wasptefied by flash chromatography using the
appropriate eluting system, yielding the desirethpound as an oil. All the compounds were
transformed into the corresponding hydrochloridevage solid. The salts were crystallized from
abs. ethanol/petroleum ether.

General procedureB.

A 0.250 mmol portion of the appropriate carboxydicid (€)-3-(3,4,5-trimethoxyphenyl)acrylic
acid, 3,4,5-trimethoxybenzoic acid or anthracerea®oxylic acid) was transformed into the acyl
chloride by reaction with SO€(2 eq) in 3 mL of CHGI(free of ethanol) at 60 °C for 4-5 h.

The reaction mixture was cooled to rt, and the eiwas removed under reduced pressure; the
mixture was then treated twice with cyclohexane dr&solvent removed under reduce pressure.
The acyl chloride obtained was dissolved in CHQlree of ethanol), and the suitable
(hydroxyalkyl)methylaminoester (1 eq) was addece Thixture was heated to 60 °C. After 4 h, the
reaction mixture was cooled to rt, and treated WiHipCl,. The resulting organic layer was washed
with 10% NaOH solution, dried with N80, and the solvent was removed under reduced pessur
The substances obtained were purified by flash rohtography using the appropriate eluting
system, yielding the desired compound as an oil.thd compounds were transformed into the
corresponding hydrochloride as white solid. Theéssakre crystallized from abs. ethanol/petroleum
ether.

516.1. (E)-2-(Methyl-(6-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy))hexyl)amino)ethyl ~ 3,4,5-
trimethoxybenzoate 1

Procedure A, starting fro®6 and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 98:2:0.2. Yield: 69.1.%.

'H-NMR (CDCk) &: 7.52 (d, J=16.0 Hz, 1H;H=CH); 7.23 (s, 2H, CH arom.); 6.69 (s, 2H, CH
arom.); 6.28 (d, J=16.0 Hz, 1H, CBH); 4.35 (t, J=6.0 Hz, 2H, Ci®); 4.11 (t, J=6.8 Hz, 2H,
CH;0); 3.82 (s, 9H, OC}J; 3.81 (s, 6H, OCH); 3.80 (s, 3H, OCh); 2.73 (t, J=6.0 Hz, 2H, NCH
2.41 (t, J=7.6 Hz, 2H, NCht 2.29 (s, 3H, NCH); 1.65-1.58 (m, 2H, C§J; 1.50-1.40 (m, 2H,
CHy); 1.40-1.23 (m, 4H, Cp ppm.~C APT NMR (CDC}) &: 166.90 (C=0); 166.05 (C=0);
153.36 (C); 152.86 (C); 144.53 (CH=CH); 142.20 (©}0.02 (C); 129.88 (C); 125.16 (C); 117.39
(CH=CH); 106.84 (CH arom.); 105.18 (CH arom.); 84(€H,); 62.92 (CH); 60.85 (OCH); 60.81
(OCHg); 57.83 (NCH); 56.16 (OCH); 56.08 (OCH); 55.57 (NCH); 42.67 (NCH); 28.67 (CH);
27.19 (CH); 26.96 (CH); 25.86 (CH) ppm.

Hydrochloride: mp 90-92 °CAnal: C31H44CINOyg (C, H, N).

5.1.6.2. (E)-6-(Methyl-(2-((3-(3,4,5-trimethoxyphenyl)acryl oyl ) oxy)ethyl Jamino)hexyl
3,4,5-trimethoxybenzoate 2

Procedure A, starting fro®b and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,OH 98:2:0.2. Yield: 68.8.%.

'H-NMR (CDCk) &: 7.58 (d, J=16.0 Hz, 1H;H=CH); 7.26 (s, 2H, CH arom.); 6.72 (s, 2H, CH
arom.); 6.35 (d, J=16.0 Hz, 1H, CBH); 4.32-4.25 (m, 4H, CD); 3.87 (s, 6H, OC}J; 3.86 (s,
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3H, OCH); 3.85 (s, 6H, OCH); 3.84 (s, 3H, OCh); 2.72 (t, J=6.0 Hz, 2H, NCit 2.45 (t, J=7.6
Hz, 2H, NCH); 2.33 (s, 3H, NCh); 1.78-1.71 (m, 2H, Cp); 1.58-1.30 (m, 6H, Ck ppm.**C
APT NMR (CDCl) 4: 166.85 (C=0); 166.21 (C=0); 153.42 (C); 152.91 (©)4.97 (CH=CH);
142.16 (C); 140.17(C); 129.83 (C); 125.46 (C); 15/(CH=CH); 106.84 (CH arom.); 105.31 (CH
arom.); 65.07 (Ch); 61.88 (CH); 60.92 (OCH); 60.87 (OCH); 57.80 (NCH); 56.23 (OCH);
56.14 (OCH); 55.60 (NCH); 42.53 (NCH); 28.72 (CH); 27.03 (CH); 26.87 (CH); 25.92 (CH)
ppm.

Hydrochloride: mp 97-98 °CAnal: C33H44CINOsp (C, H, N).

5.1.6.3. (E)-2-(Methyl-(6-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)hexyl Jamino)ethyl
anthracene-9- carboxylate 3

Procedure B, starting froBb and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 98:2:0.2. Yield: 32.8.%.

'H-NMR (CDCL) 8: 8.49 (s, 1H, CH arom.); 8.14 (d, J=8.8 Hz, 2H, &dm.); 7.99 (d, J=8.4 Hz,
2H, CH arom.); 7.58 (d, J=16.0 Hz, 18H=CH); 7.54-7.44 (m, 4H, CH arom.); 6.73 (s, 2H, CH
arom.); 6.33 (d, J=16.0 Hz, 1H, CBH); 4.75 (t, J=5.6 Hz, 2H, Ci®); 4.14 (t, J=6.4 Hz, 2H,
CH,0); 3.87 (s, 3H, OC}J; 3.85 (s, 6H, OCH); 2.90 (t, J=5.6 Hz, 2H, NCit 2.51 (t, J=7.6 Hz,
2H, NCH,); 2.39 (s, 3H, NCH); 1.69-1.51 (m, 4H, C§J; 1.43-1.21 (m, 4H, CH ppm.*C APT
NMR (CDCl) 8: 169.45 (C=0); 167.02 (C=0); 153.42 (C); 144.5H&CH); 140.07 (C); 130.97
(C); 129.95 (C); 129.37 (CH arom.); 128.58 (CH anpmi28.47 (C); 127.86 (C); 126.91 (CH
arom.); 125.46 (CH arom.); 125.23 (CH arom.); 187(€H=CH); 105.22 (CH arom.); 64.54
(CHy); 62.98 (CH); 60.97 (OCH); 57.79 (CH); 56.14 (OCH); 55.91 (CH); 42.37 (NCH); 28.68
(CHy); 27.03 (CH); 25.90 (CH) ppm.

Hydrochloride: mp 84-86 °CAnal: C3sH42CINO; (C, H, N).

5.1.6.4. (E)-6-(Methyl-(2-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)ethyl Jamino)hexyl
anthracene-9- carboxylate 4

Procedure A, starting fro®6 and E)-3-(3,4,5-trimethoxyphenyl)acrylic acid.

Free base: chromatographic eluent: GBI,/ MeOH/NH,;OH 99:1:0.1. Yield: 39.7.%.

'H-NMR (CDCl) &: 8.47 (s, 1H, CH arom.); 8.02 (d, J=8.8 Hz, 2H, &#m.); 7.97 (d, J=8.4 Hz,
2H, CH arom.); 7.60 (d, J=16.0 Hz, 18H=CH); 7.55-7.43 (m, 4H, CH arom.); 6.72 (s, 2H, CH
arom.); 6.38 (d, J=16.0 Hz, 1H, CBH); 4.59 (t, J=6.8 Hz, 2H, Ci®); 4.29 (t, J=6.0 Hz, 2H,
CH,0); 3.85 (s, 3H, OC}J; 3.82 (s, 6H, OCH); 2.68 (t, J=5.6 Hz, 2H, NCht 2.40 (t, J=7.2 Hz,
2H, NCH,); 2.29 (s, 3H, NCH); 1.90-1.83 (m, 2H, Ch); 1.54-1.41 (m, 4H, ChJ; 1.41-1.33 (m,
2H, CH,) ppm.*3C APT NMR (CDC}) &: 169.69 (C=0); 166.93 (C=0); 153.41 (C); 144.86
(CH=CH); 140.11 (C); 130.97 (C); 129.89 (C); 129(ZH arom.); 128.62 (CH arom.); 128.36 (C);
128.15 (C); 126.92 (CH arom.); 125.45 (CH arom24.98 (CH arom.); 117.30 (CH=CH); 105.24
(CH arom.); 65.80 (ChJ; 62.15 (CH); 60.94 (OCH); 57.86 (CH); 56.11 (OCH); 55.72 (CH);
42.66 (NCH); 28.75 (CH); 27.04 (CH); 26.05 (CH) ppm.

Hydrochloride: mp 61-63 °CAnal: CzsH42CINO; (C, H, N).

5.1.6.5. (E)-4-(Methyl-(5-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)pentyl)amino)butyl ~ 3,4,5-
trimethoxybenzoate 5

Procedure B, starting froBv and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 95:5:0.5. Yield: 83.1.%.

'H-NMR (CDCL) &: 7.58 (d, J=16.0 Hz, 1H;H=CH); 7.28 (s, 2H, CH arom.); 6.74 (s, 2H, CH
arom.); 6.33 (d, J=16.0 Hz, 1H, CBH); 4.31 (t, J=6.8 Hz, 2H, Ci®); 4.19 (t, J=6.4 Hz, 2H,
CH,0); 3.89 (s, 3H, OC}J; 3.88 (s, 6H, OCH); 3.87 (s, 6H, OCH); 3.86 (s, 3H, OCh); 2.41-2.33
(m, 4H, NCH); 2.21 (s, 3H, NCH); 1.82-1.75 (m, 2H, C}J; 1.75-1.67 (m, 2H, Ch); 1.64-1.56
(m, 2H, CH); 1.55-1.48 (m, 2H, C}); 1.44-1.36 (m, 2H, CH ppm.**C APT NMR (CDCl) &:
166.96 (C=0); 166.20 (C=0); 153.41 (C); 152.90 (©)4.58 (CH=CH); 142.19 (C); 140.10 (C);
129.91 (C); 125.41 (C); 117.42 (CH=CH); 106.82 (@idm.); 105.23 (CH arom.); 65.03 (@H
64.50 (CH); 60.91 (OCH); 60.86 (OCH); 57.68 (CH); 57.30 (CH); 56.22 (OCH); 56.13
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(OCHg); 42.10 (NCH); 28.70 (CH); 26.96 (CH); 26.75 (CH); 23.95 (CH); 23.80 (CH) ppm.
ESI-MSm/z (%): 604 (100) M+H]".

Hydrochloride: mp 98-100 °CAnal: C3;H46CINO1o (C, H, N).

5.1.6.6. (E)-5-(Methyl-(4-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)butyl)amino)pentyl ~ 3,4,5-
trimethoxybenzoate 6

Procedure A, starting fro®6 and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,;OH 96:4:0.4. Yield: 89.2.%.

'H-NMR (CDCk) &: 7.55 (d, J=16.0 Hz, 1H;H=CH); 7.25 (s, 2H, CH arom.); 6.72 (s, 2H, CH
arom.); 6.30 (d, J=16.0 Hz, 1KEH=CH); 4.31-4.26 (m, 2H, C#D); 4.19-4-14 (m, 2H, C}D);
3.86 (s, 9H, OCH); 3.84 (s, 6H, OCH); 3.83 (s, 3H, OCh); 2.39-2.30 (m, 4H, NC}J; 2.19 (s,
3H, NCHs); 1.80-1.63 (m, 4H, Cp); 1.63-1.45 (m, 4H, Ch); 1.44-1.32 (m, 2H, Ch ppm.*C
APT NMR (CDCB) 4: 166.95 (C=0); 166.21 (C=0); 153.40 (C); 152.89; (T44.63 (CH=CH);
142.29 (C); 140.08 (C); 129.90 (C); 125.44 (C); .B87/(CH=CH); 106.80 (CH arom.); 105.21 (CH
arom.); 65.09 (Ch); 64.36 (CH); 60.92 (OCH); 60.87 (OCH); 57.65 (CH); 57.29 (CH); 56.22
(OCHg); 56.13 (OCH); 42.05 (NCH); 28.70 (CH); 26.91 (CH); 26.73 (CH); 23.94 (CH); 23.75
(CH>) ppm.ESI-MSm/z (%): 604.2 (100)M+H]".

Hydrochloride: mp 89-91 °CAnal: Cz,H46CINO; (C, H, N).

5.1.6.7. (E)-4-(Methyl-(5-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy) pentyl )Jamino) butyl
anthracene-9-carboxylate 7

Procedure B, starting froBv¥ and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,OH 97:3:0.3. Yield: 23.1.%.

'H-NMR (CDCk) 8: 8.51 (s, 1H, CH arom.); 8.04-8.00 (m, 4H, CH ajpm.58 (d, J=16.0 Hz, 1H,
CH=CH); 7.55-7.46 (m, 4H, CH arom.); 6.74 (s, 2H, @tdm.); 6.33 (d, J=16.0 Hz, 1H, CBH);
4.64 (t, J=6.4 Hz, 2H, CiD); 4.18 (t, J=6.8 Hz, 2H, G®); 3.87 (s, 3H, OC}J; 3.86 (s, 6H,
OCHg); 2.44 (t, J=7.2 Hz, 2H, NCHt 2.36 (t, J=7.6 Hz, 2H, NCHt 2.23 (s, 3H, NCh); 1.94-1.87
(m, 2H, CH); 1.73-1.62 (m, 4H, C}J; 1.56-1.48 (m, 2H, C}J; 1.43-1.34 (m, 2H, Ck ppm.ESI-
MS mVz (%): 614.2 (100)ji+H]".

Hydrochloride: *C APT NMR (CDC}) &: 169.36 (C=0); 166.97 (C=0); 153.46 (C); 145.04
(CH=CH); 140.18 (C); 130.96 (C); 129.81 (C); 129(B*H arom.); 128.79 (CH arom.); 128.38 (C);
127.48 (C); 127.29 (CH arom.); 125.61 (CH arom2¢.80 (CH arom.); 117.14 (CH=CH); 105.22
(CH arom.); 64.70 (C}); 63.74 (CH); 60.99 (OCH); 56.27 (OCH); 55.94 (CH); 55.62 (CH);
40.11 (NCH); 28.18 (CH); 26.24 (CH); 23.42 (CH); 20.99 (CH) ppm. mp 112-114 °CAnal:
Cs7H44CINO; (C, H, N).

5.1.6.8. (E)-5-(Methyl-(4-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy) butyl Jamino) pentyl
anthracene-9-carboxylate 8

Procedure B, starting fros6 and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBI,/ MeOH/NH,;OH 97:3:0.3. Yield: 51.3.%.

'H-NMR (CDCl) &: 8.48 (s, 1H, CH arom.); 7.99 (d, J=8.8 Hz, 2H, &idm.); 7.98 (d, J=6.8 Hz,
2H, CH arom.); 7.56 (d, J=16.0 Hz, 18H=CH); 7.52-7.43 (m, 4H, CH arom.); 6.71 (s, 2H, CH
arom.); 6.30 (d, J=16.0 Hz, 1H, CBH); 4.62-4.57 (m, 2H, C}D); 4.18-4.13 (m 2H, C}D); 3.84
(s, 3H, OCH); 3.83 (s, 6H, OCh); 2.50-2.34 (m, 4H, NC}J; 2.22 (s, 3H, NCh); 1.91-1.84 (m,
2H, CH); 1.70-1.35 (m, 8H, CH ppm.**C APT NMR (CDC}) &: 169.73 (C=0); 167.01 (C=0);
153.41 (C); 144.72 (CH=CH); 130.98 (C); 129.92 (€29.27 (CH arom.); 128.65 (CH arom.);
128.37 (C); 126.96 (CH arom.); 125.48 (CH arom24.97 (CH arom.); 117.35 (CH=CH); 105.17
(CH arom.); 65.77 (ChJ; 64.30 (CH); 60.99 (OCH); 57.46 (CH); 57.15 (CH); 56.15 (OCH);
41.89 (NCH); 28.67 (CH); 26.68 (CH); 24.02 (CH); 23.90 (CH); 23.55 (CH) ppm. ESI-MS
m/'z (%): 614.3 (100)N1+H]".

Hydrochloride: mp 70-72°CAnal: C37H44CINO; (C, H, N).

51.6.9. (E)-3-(Methyl-(6-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)hexyl)amino)propyl  3,4,5-
trimethoxybenzoate 9

Procedure A, starting fro®0 and 3,4,5-trimethoxybenzoic acid.
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Free base: chromatographic eluent: GBI,/MeOH/NH,;OH 97:3:0.3. Yield: 62.2.%.

'H-NMR (CDCk) &: 7.54 (d, J=16.0 Hz, 1H;H=CH); 7.24 (s, 2H, CH arom.); 6.70 (s, 2H, CH
arom.); 6.30 (d, J=16.0 Hz, 1H, CBH); 4.31 (t, J=6.4 Hz, 2H, Ci®); 4.14 (t, J=6.4 Hz, 2H,
CH,0); 3.85 (s, 3H, OC}J; 3.84 (s, 6H, OCH); 3.83 (s, 6H, OCH); 3.82 (s, 3H, OCH); 2.45 (t,
J=7.2 Hz, 2H, NCHh); 2.32 (t, J=7.2 Hz, 2H, NCHt 2.20 (s, 3H, NCh); 1.94-1.85 (m, 2H, C};
1.68-1.61 (m, 2H, Ch; 1.49-1.40 (m, 2H, Ch); 1.39-1.25 (m, 4H, CH ppm.™*C APT NMR
(CDCl3) 6: 166.96 (C=0); 166.14 (C=0); 153.38 (C); 152.88; (T44.55 (CH=CH); 142.15 (C);
140.03 (C); 129.91 (C); 125.36 (C); 117.42 (CH=CH)6.76 (CH arom.); 105.18 (CH arom.);
64.50 (CH); 63.52 (CH); 60.85 (OCH); 57.67 (CH); 56.19 (OCH); 56.11 (OCH); 54.16 (CH);
42.14 (NCH); 28.70 (CH); 27.18 (CH); 27.11 (CH); 26.64 (CH); 25.90 (CH) ppm.
Hydrochloride: mp 78-80 °CAnal: Cz,H46CINO; (C, H, N).

5.1.6.10. (E)-6-(Methyl-(3-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)propyl)amino)hexyl 3,4,5-
trimethoxybenzoate 10

Procedure A, starting fro®8 and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,;OH 97:3:0.3. Yield: 71.2.%.

'H-NMR (CDCk) &: 7.54 (d, J=16.0 Hz, 1H;H=CH); 7.24 (s, 2H, CH arom.); 6.70 (s, 2H, CH
arom.); 6.29 (d, J=16.0 Hz, 1H, CBH); 4.25 (t, J=6.4 Hz, 2H, Gi®); 4.20 (t, J=6.4 Hz, 2H,
CH,0); 3.85 (s, 3H, OC}J; 3.84 (s, 6H, OCH); 3.83 (s, 6H, OCH); 3.82 (s, 3H, OCH); 2.42 (t,
J=7.2 Hz, 2H, NCH); 2.31 (t, J=7.2 Hz, 2H, NC#t 2.18 (s, 3H, NCh); 1.87-1.79 (m, 2H, C}};
1.78-1.68 (m, 2H, Ch); 1.46-1.30 (m, 6H, C§ ppm.**C APT NMR (CDC}) §: 166.88 (C=0);
166.18 (C=0); 153.40 (C); 152.88 (C); 144.64 (CH3CH42.13 (C); 140.10 (C); 129.87 (C);
125.47 (C); 117.31 (CH=CH); 106.78 (CH arom.); P25(CH arom.); 65.10 (Cht 62.95 (CH);
60.89 (OCH); 60.84 (OCH); 57.63 (CH); 56.20 (OCH); 56.11 (OCH); 54.22 (CH); 42.08
(NCHz3); 28.70 (CH); 27.18 (CH); 27.10 (CH); 26.66 (CH); 25.94 (CH) ppm.

Hydrochloride: mp 95-97 °CAnal: Cz,H46CINO;p (C, H, N).

5.1.6.11. (E)-3-(Methyl-(6-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)hexyl)amino)propyl
anthracene-9-carboxylate 11

Procedure B, starting froB9 and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,;OH 98:2:0.2. Yield: 50.9.%.

'H-NMR (CDCl) &: 8.48 (s, 1H, CH arom.); 8.04 (d, J=8.8 Hz, 2H, &dm.); 7.98 (d, J=8.4 Hz,
2H, CH arom.); 7.59 (d, J=16.0 Hz, 18H=CH); 7.54-7.44 (m, 4H, CH arom.); 6.73 (s, 2H, CH
arom.); 6.34 (d, J=16.0 Hz, 1H, CBH); 4.67 (t, J=6.4 Hz, 2H, C®); 4.17 (t, J=6.8 Hz, 2H,
CH,0); 3.87 (s, 3H, OC}J; 3.84 (s, 6H, OCH); 2.53 (t, J=7.2 Hz, 2H, NCht 2.35 (t, J=7.6 Hz,
2H, NCH,); 2.24 (s, 3H, NCH); 2.08-2.01 (m, 2H, Ch); 1.69-1.63 (m, 2H, ChJ; 1.52-1.44 (m,
2H, CHp); 1.43-1.30 (m, 4H, CH ppm.**C APT NMR (CDC}) &: 169.65 (C=0); 167.02 (C=0);
153.43 (C); 144.57 (CH=CH); 130.99 (C); 129.95 (€29.25 (CH arom.); 128.62 (CH arom.);
128.39 (C); 128.09 (C); 126.91 (CH arom.); 125.481(arom.); 125.02 (CH arom.); 117.50
(CH=CH); 105.24 (CH arom.); 64.59 (GH 64.20 (CH); 60.95 (OCH); 57.80 (CH); 56.14
(OCHg); 54.18 (CH); 42.17 (NCH); 28.74 (CH); 27.24 (CH); 27.15 (CH); 26.68 (CH); 25.96

(CHy) ppm.
Hydrochloride: mp 57-58°CAnal: C37H44CINO; (C, H, N).
5.1.6.12. (E)-6-(Methyl-(3-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)propyl Jamino)hexyl

anthracene-9-carboxylate 12

Procedure B, starting froB8 and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,;OH 96:4:0.4. Yield: 51.8.%.

'H-NMR (CDCE) &: 8.50 (s, 1H, CH arom.); 8.04-8.00 (m, 4H, CH ajpm.59 (d, J=16.0 Hz, 1H,
CH=CH); 7.55-7.45 (m, 4H, CH arom.); 6.73 (s, 2H, Qldma.); 6.34 (d, J=16.0 Hz, 1H, CIgH);
4.61 (t, J=6.4 Hz, 2H, CiD); 4.24 (t, J=6.8 Hz, 2H, G®); 3.87 (s, 3H, OC}}; 3.85 (s, 6H,
OCHg); 2.45 (t, J=7.2 Hz, 2H, NCHt 2.34 (t, J=7.2 Hz, 2H, NCHt 2.22 (s, 3H, NCHh); 1.92-1.83
(m, 4H, CH); 1.54-1.47 (m, 4H, Cp); 1.46-1.35 (m, 2H, Ch ppm.**C APT NMR (CDC}) &:
169.73 (C=0); 166.96 (C=0); 153.43 (C); 144.70 (Ciy; 140.12 (C); 131.00 (C); 129.91 (C);
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129.22 (CH arom.); 128.62 (CH arom.); 128.38 (28.17 (C); 126.92 (CH arom.); 125.46 (CH
arom.); 125.00 (CH arom.); 117.36 (CH=CH); 105.2#(arom.); 65.84 (C}J; 63.02 (CH); 60.96
(OCHg); 57.63 (CH); 56.15 (OCH); 54.29 (CH); 42.11 (NCH); 28.76 (CH); 27.16 (CH); 27.11
(CHy); 26.68 (CH); 26.06 (CH) ppm.

Hydrochloride: mp 72-73°CAnal: Cz7;H44CINO; (C, H, N).

5.1.6.13. (E)-2-(Methyl-(7-((3-(3,4,5-trimethoxyphenyl)acryl oyl)oxy))heptyl)amino)ethyl  3,4,5-
trimethoxybenzoate 13

Procedure B, starting froBv and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,;OH 97:3:0.3. Yield: 69.2.%.

'H-NMR (CDCk) &: 7.55 (d, J=15.6 Hz, 1H;H=CH); 7.27 (s, 2H, CH arom.); 6.72 (s, 2H, CH
arom.); 6.31 (d, J=15.6 Hz, 1H, CBH); 4.38 (t, J=6.0 Hz, 2H, Gi@); 4.15 (t, J=6.8 Hz, 2H,
CH,0); 3.86 (s, 9H, OC}J; 3.85 (s, 6H, OCh); 3.84 (s, 3H, OCh); 2.75 (t, J=6.0 Hz, 2H, NCHit
2.42 (t, J=7.2 Hz, 2H, NCi}t 2.31 (s, 3H, NCH); 1.70-1.61 (m, 2H, CB); 1.50-1.40 (m, 2H,
CHy); 1.40-1.20 (m, 6H, C ppm.**C APT NMR (CDC}) &: 166.98 (C=0); 166.13 (C=0);
153.42 (C); 152.90 (C); 144.54 (CH=CH); 142.27 ($}0.11 (C); 129.93 (C); 125.24 (C); 117.46
(CH=CH); 106.92 (CH arom.); 105.25 (CH arom.); 64(EH,); 63.10 (CH); 60.91 (OCH); 60.86
(OCHg); 58.02 (CH); 56.20 (OCH); 56.14 (OCH); 55.66 (CH); 42.78 (NCH); 29.18 (CH);
28.69 (CH); 27.35 (CH); 27.26 (CH); 25.91 (CH) ppm.

Hydrochloride: mp 111-113 °CAnal: Cs;H46CINO4q (C, H, N).

5.1.6.14. (E)-7-(Methyl-(2-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)ethyl)Jamino)heptyl  3,4,5-
trimethoxybenzoate 14

Procedure A, starting fro®8 and E)-3-(3,4,5-trimethoxyphenyl)acrylic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,OH 98:2:0.2. Yield: 71.1.%.

'H-NMR (CDCk) &: 7.54 (d, J=16.0 Hz, 1H;H=CH); 7.23 (s, 2H, CH arom.); 6.69 (s, 2H, CH
arom.); 6.33 (d, J=16.0 Hz, 1H, CBH); 4.26-4.21 (m, 4H, C}D); 3.84 (s, 6H, OC}kJ; 3.83 (s,
3H, OCH); 3.82 (s, 6H, OCh); 3.81 (s, 3H, OCHh); 2.64 (t, J=6.0 Hz, 2H, NCHt 2.36 (t, J=7.2
Hz, 2H, NCH); 2.26 (s, 3H, NCh); 1.72-1.65 (m, 2H, Ch); 1.48-1.25 (m, 8H, CH ppm.*C
APT NMR (CDCk) 8: 166.84 (C=0); 166.16 (C=0); 153.39 (C); 152.87%; (T44.77 (CH=CH);
142.13 (C); 140.12 (C); 129.85 (C); 125.47 (C); .2¥7/(CH=CH); 106.78 (CH arom.); 105.24 (CH
arom.); 65.13 (Ch); 62.15 (CH); 60.87 (OCH); 60.82 (OCH); 57.92 (CH); 56.19 (OCH); 56.10
(OCHg); 55.69 (CH); 42.66 (NCH); 29.16 (CH); 28.65 (CH); 27.28 (CH); 27.08 (CH); 25.93

(CHy) ppm.
Hydrochloride: mp 106-108 °CAnal: C3,H46CINO1g (C, H, N).
5.1.6.15. (E)-2-(Methyl-(7-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)heptyl Jamino)ethyl

anthracene-9-carboxylate 15

Procedure B, starting froBv and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBI,/ MeOH/NH,OH 98:2:0.2. Yield: 56.4.%.

'H-NMR (CDCl) &: 8.47 (s, 1H, CH arom.); 8.15 (d, J=8.4 Hz, 2H, &dm.); 7.97 (d, J=8.4 Hz,
2H, CH arom.); 7.58 (d, J=16.0 Hz, 18H=CH); 7.53-7.44 (m, 4H, CH arom.); 6.73 (s, 2H, CH
arom.); 6.34 (d, J=16.0 Hz, 1H, CBH); 4.72 (t, J=5.6 Hz, 2H, Ci®); 4.15 (t, J=6.8 Hz, 2H,
CH,0); 3.87 (s, 3H, OC}J; 3.84 (s, 6H, OCH); 2.85 (t, J=6.0 Hz, 2H, NCht 2.46 (t, J=7.2 Hz,
2H, NCH); 2.36 (s, 3H, NCh); 1.64-1.60 (m, 2H, C}J; 1.52-1.48 (m, 2H, C}J; 1.35-1.20 (m,
6H, CH) ppm.**C APT NMR (CDC}) &: 169.51 (C=0); 167.04 (C=0); 153.42 (C); 144.56
(CH=CH); 140.04 (C); 130.97 (C); 129.96 (C); 129(8H arom.); 128.56 (CH arom.); 128.48 (C);
127.98 (C); 126.87 (CH arom.); 125.44 (CH arom25.29 (CH arom.); 117.51 (CH=CH); 105.19
(CH arom.); 64.66 (ChJ; 63.17 (CH); 60.97 (OCH); 58.00 (CH); 56.13 (OCH); 56.09 (CH);
42.47 (NCH); 29.23 (CH); 28.69 (CH); 27.32 (CH); 27.29 (CH); 25.93 (CH) ppm.
Hydrochloride: low melting solid Anal: C37H44CINO; (C, H, N).

5.1.6.16. (E)-7-(Methyl-(2-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)ethyl )amino)heptyl
anthracene-9-carboxylate 16

Procedure A, starting fro®© and E)-3-(3,4,5-trimethoxyphenyl)acrylic acid.
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Free base: chromatographic eluent: GBI,/MeOH/NH,OH 98:2:0.2. Yield: 33.8.%.

'H-NMR (CDCl) &: 8.49 (s, 1H, CH arom.); 8.03 (d, J=8.8 Hz, 2H, &dm.); 7.99 (d, J=8.4 Hz,
2H, CH arom.); 7.60 (d, J=16.0 Hz, 18H=CH); 7.54-7.45 (m, 4H, CH arom.); 6.73 (s, 2H, CH
arom.); 6.38 (d, J=16.0 Hz, 1H, CBH); 4.59 (t, J=6.8 Hz, 2H, Ci®); 4.30 (t, J=6.0 Hz, 2H,
CH,0); 3.86 (s, 3H, OC}J; 3.84 (s, 6H, OCH); 2.69 (t, J=5.6 Hz, 2H, NCht 2.41 (t, J=7.2 Hz,
2H, NCHp); 2.30 (s, 3H, NCH); 1.90-1.83 (m, 2H, CB); 1.52-1.25 (m, 8H, Ch ppm.**C APT
NMR (CDCl) 6: 169.72 (C=0); 166.95 (C=0); 153.43 (C); 144.8HLTH); 140.16 (C); 131.00
(C); 129.90 (C); 129.20 (CH arom.); 128.61 (CH anpm28.38 (C); 128.18 (C); 126.90 (CH
arom.); 125.45 (CH arom.); 125.01 (CH arom.); 137(&H=CH); 105.28 (CH arom.); 65.86
(CHy); 62.20 (CH); 60.95 (OCH); 57.98 (CH); 56.14 (OCH); 55.71 (CH); 42.68 (NCH); 29.17
(CHy); 28.73 (CH); 27.32 (CH); 27.07 (CH); 26.06 (CH) ppm.

Hydrochloride: mp 71-73 °CAnal: C3/H44CINO; (C, H, N).

5.1.6.17. (E)-4-(Methyl-(6-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)hexyl)amino)butyl  3,4,5-
trimethoxybenzoate 17

Procedure B, starting froBil and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 97:3:0.3. Yield: 65.6%.

'H-NMR (CDCL) 8: 7.56 (d, J=16.0 Hz, 1H;H=CH); 7.26 (s, 2H, CH arom.); 6.72 (s, 2H, CH
arom.); 6.31 (d, J=16.0 Hz, 1KEH=CH); 4.30 (t, J=6.8 Hz, 2H, GB); 4.16 (t, J=6.4 Hz, 2H,
CH,0); 3.87 (s, 9H, OC}J; 3.85 (s, 6H, OCH); 3.84 (s, 3H, OCh); 2.36 (t, J=7.6 Hz, 2H,
NCHy,); 2.31 (t, J=7.6 Hz, 2H, NG} 2.19 (s, 3H, NCH); 1.81-1.74 (m, 2H, C}J; 1.70-1.65 (m,
2H, CH); 1.61-1.55 (m, 2H, Ch); 1.49-1.28 (m; 6H, CB ppm.*C APT NMR (CDC}) 8: 166.98
(C=0); 166.21 (C=0); 153.42 (C); 152.90 (C); 144(&%1=CH); 142.20 (C); 140.11 (C); 129.93
(C); 125.43 (C); 117.45 (CH=CH); 106.83 (CH aromip5.24 (CH arom.); 65.05 (GH 64.55
(CHy); 60.92 (OCH); 60.87 (OCH); 57.80 (CH); 57.31 (CH); 56.23 (OCH); 56.14 (OCH);
42.14 (NCH); 28.72 (CH); 27.21 (CH); 26.77 (CH); 25.95 (CH); 23.83 (CH) ppm.
Hydrochloride: mp 64-66 °CAnal: C3sH49CINOsg (C, H, N).

5.1.6.18. (E)-6-(Methyl-(4-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)butyl)amino)hexyl  3,4,5-
trimethoxybenzoate 18

Procedure A, starting fro®0 and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,;OH 98:2:0.2. Yield: 50.3%.

'H-NMR (CDCL) §: 7.58 (d, J=16.0 Hz, 1H;H=CH); 7.28 (s, 2H, CH arom.); 6.74 (s, 2H, CH
arom.); 6.33 (d, J=16.0 Hz, 1H, CBH); 4.29 (t, J=6.8 Hz, 2H, Ci®); 4.20 (t, J=6.4 Hz, 2H,
CH,0); 3.89 (s, 9H, OC}; 3.87 (s, 6H, OCH); 3.86 (s, 3H, OCH); 2.39-2.32 (m, 4H, NC});
2.21 (s, 3H, NCHh); 1.80-1.67 (m, 4H, C}J; 1.62-1.56 (m, 2H, CkJ; 1.53-1.42 (m, 4H, C}j;
1.41-1.34 (m, 2H, CH ppm.>*C APT NMR (CDC}) &: 166.78 (C=0); 166.27 (C=0); 153.42 (C);
152.92 (C); 144.86 (CH=CH); 142.13 (C); 140.07 (€39.87 (C); 125.45 (C); 117.22 (CH=CH);
106.76 (CH arom.); 105.20 (CH arom.); 65.05 ¢;t64.05 (CH); 60.98 (OCH); 60.93 (OCH);
57.37 (CH); 56.91 (CH); 56.26 (OCH); 56.17 (OCH); 41.54 (NCH); 28.69 (CH); 27.04 (CH);
26.62 (CH); 26.35 (CH); 25.87 (CH); 23.08 (CH) ppm.

Hydrochloride: mp 79-81 °CAnal: C3sH49CINOp (C, H, N).

5.1.6.19. (E)-4-(Methyl-(6-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)hexyl Jamino) butyl
anthracene-9-carboxylate 19

Procedure B, starting froBil and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 98:2:0.2. Yield: 35.4%.

'H-NMR (CDCE) &: 8.50 (s, 1H, CH arom.); 8.04-7.99 (m, 4H, CH angm.58 (d, J=16.0 Hz, 1H,
CH=CH); 7.54-7.45 (m, 4H, CH arom.); 6.73 (s, 2H, @tém.); 6.33 (d, J=16.0 Hz, 1H, CBH);
4.63 (t, J=6.4 Hz, 2H, CiD); 4.18 (t, J=6.4 Hz, 2H, G@); 3.87 (s, 3H, OC}kJ; 3.86 (s, 6H,
OCHg); 2.41 (t, J=7.2 Hz, 2H, NCHt 2.32 (t, J=7.6 Hz, 2H, NCHt 2.20 (s, 3H, NCHh); 1.93-1.86
(m, 2H, CH); 1.72-1.63 (m, 4H, Cp); 1.51-1.31 (m, 6H, CH ppm.**C APT NMR (CDC}) §:
169.71 (C=0); 167.03 (C=0); 153.43 (C); 144.58 (Ci; 140.11 (C); 131.00 (C); 129.96 (C);
129.24 (CH arom.); 128.62 (CH arom.); 128.38 ((26.92 (CH arom.); 125.46 (CH arom.);
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125.00 (CH arom.); 117.49 (CH=CH); 105.25 (CH anon65.78 (CH); 64.60 (CH); 60.96
(OCHg); 57.70 (CH); 57.18 (CH); 56.15 (OCH); 42.13 (NCH); 28.74 (CH); 27.19 (CH); 26.81
(CHy); 25.95 (CH); 23.82 (CH) ppm.

Hydrochloride: mp 68-69 °CAnal: CzgH4sCINO; (C, H, N).

5.1.6.20. (E)-6-(Methyl-(4-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)butyl Jamino)hexyl
anthracene-9-carboxylate 20

Procedure B, starting froB0 and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 98:2:0.2. Yield: 63.4%.

'H-NMR (CDCk) &: 8.50 (s, 1H, CH arom.); 8.02 (t, J=9.2 Hz, 4H, &dm.); 7.59 (d, J=15.6 Hz,
1H, CH=CH); 7.56-7.44 (m, 4H, CH arom.); 6.73 (s, 2H, @m.); 6.34 (d, J=15.6 Hz, 1H,
CH=CH); 4.61 (t, J=6.8 Hz, 2H, CiD); 4.21 (t, J=6.4 Hz, 2H, Gi®); 3.87 (s, 3H, OC}J; 3.86 (s,
6H, OCH); 2.38-2.29 (m, 4H, NC}J; 2.20 (s, 3H, NCh); 1.93-1.84 (m, 2H, C}J; 1.73-1.66 (m,
2H, CHp); 1.62-1.46 (m, 6H, ChY; 1.43-1.37 (m, 2H, CH ppm.**C APT NMR (CDC}) 8: 169.75
(C=0); 167.01 (C=0); 153.42 (C); 144.64 (CH=CH)11® (C); 129.93 (C); 129.22 (CH arom.);
128.62 (CH arom.); 128.37 (C); 128.15 (C); 126.@H (arom.); 125.46 (CH arom.); 125.00 (CH
arom.); 117.44 (CH=CH); 105.20 (CH arom.); 65.86H{; 64.46 (CH); 60.97 (OCH); 57.76
(CHy); 57.35 (CH); 56.14 (OCH); 42.14 (NCH); 28.76 (CH); 27.19 (CH); 26.79 (CH); 26.08
(CHy); 23.83 (CH) ppm.

Hydrochloride: mp 80-81 °CAnal: C3gH46CINO; (C, H, N).

5.1.6.21. (E)-3-(Methyl-(7-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)heptyl)amino)propyl 3,4,5-
trimethoxybenzoate 21

Procedure B, starting froB2 and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBl,/MeOH/NH,OH 98:2:0.2. Yield: 72.6%.

'H-NMR (CDCk) &: 7.55 (d, J=15.6 Hz, 1H;H=CH); 7.26 (s, 2H, CH arom.); 6.72 (s, 2H, CH
arom.); 6.31 (d, J=15.6 Hz, 1H, CBH); 4.32 (t, J=6.4 Hz, 2H, Gi®); 4.15 (t, J=6.8 Hz, 2H,
CH,0); 3.87 (s, 9H, OC}J; 3.85 (s, 6H, OCh); 3.84 (s, 3H, OCh); 2.46 (t, J=7.2 Hz, 2H, NCHit
2.31 (t, J=7.2 Hz, 2H, NCht 2.20 (s, 3H, NCH); 1.94-1.87 (m, 2H, C§J; 1.67-1.60 (m, 2H,
CHy); 1.46-1.20 (m, 8H, Ch ppm.**C APT NMR (CDC}) &: 167.00 (C=0); 166.16 (C=O);
153.41 (C); 152.90 (C); 144.54 (CH=CH); 142.17 (T30.06 (C); 129.94 (C); 125.41 (C); 117.47
(CH=CH); 106.79 (CH arom.); 105.21 (CH arom.); ®&(EH,); 63.58 (CH); 60.92 (OCH); 60.87
(OCHg); 57.79 (CH); 56.21 (OCH); 56.13 (OCH); 54.20 (CH); 42.21 (NCH); 29.22 (CH);
28.69 (CH); 27.37 (CH); 27.30 (CH); 26.69 (CH); 25.93 (CH) ppm.

Hydrochloride: mp 77-79 °CAnal: Ca3H4sCINOsg (C, H, N).

5.1.6.22. (E)-7-(Methyl-(3-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)propyl)amino)heptyl 3,4,5-
trimethoxybenzoate 22

Procedure B, starting froB8 and €)-3-(3,4,5-trimethoxyphenyl)acrylic acid.

Free base: chromatographic eluent: GBI,/MeOH/NH,OH 98:2:0.2. Yield: 53.7.%.

'H-NMR (CDCk) &: 7.56 (d, J=16.0 Hz, 1H;H=CH); 7.26 (s, 2H, CH arom.); 6.72 (s, 2H, CH
arom.); 6.31 (d, J=16.0 Hz, 1H, CBH); 4.27 (t, J=6.8 Hz, 2H, Ci®); 4.22 (t, J=6.8 Hz, 2H,
CH,0); 3.88 (s, 6H, OC}J; 3.87 (s, 3H, OCH); 3.86 (s, 6H, OCH); 3.85 (s, 3H, OCH); 2.43 (t,
J=7.2 Hz, 2H, NCHh); 2.31 (t, J=7.2 Hz, 2H, NCHt 2.20 (s, 3H, NCh); 1.89-1.82 (m, 2H, C}J;
1.77-1.70 (m, 2H, CB); 1.50-1.23 (m, 8H, C§ ppm.**C APT NMR (CDC}) §: 166.91 (C=O);
166.23 (C=0); 153.43 (C); 152.91 (C); 144.65 (CH3CH42.19 (C); 140.17 (C); 129.90 (C);
125.51 (C); 117.36 (CH=CH); 106.84 (CH arom.); P&(CH arom.); 65.19 (Cht 63.03 (CH);
60.92 (OCH); 60.86 (OCH); 57.74 (CH); 56.23 (OCH); 56.15 (OCH); 54.26 (CH); 42.13
(NCHj3); 29.22 (CH); 28.69 (CH); 27.38 (CH); 27.24 (CH); 26.70 (CH); 25.97 (CH) ppm.
Hydrochloride: mp 89-90 °CAnal: Ca3H4sCINO;g (C, H, N).

5.1.6.23. (E)-3-(Methyl-(7-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy) heptyl )Jamino)propyl
anthracene-9-carboxylate 23

Procedure B, starting froB2 and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBlI,/MeOH/NH,OH 98:2:0.2. Yield: 68.5%.
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'H-NMR (CDCL) 8: 8.49 (s, 1H, CH arom.); 8.04 (d, J=8.4 Hz, 2H, &dm.); 7.98 (d, J=8.4 Hz,
2H, CH arom.); 7.59 (d, J=16.0 Hz, 18H=CH); 7.55-7.43 (m, 4H, CH arom.); 6.73 (s, 2H, CH
arom.); 6.34 (d, J=16.0 Hz, 1H, CBH); 4.67 (t, J=6.4 Hz, 2H, Gi®); 4.18 (t, J=6.8 Hz, 2H,
CH;0); 3,87 (s, 3H, OC}J; 3,84 (s, 6H, OCH); 2.52 (t, J=7.2 Hz, 2H, NChit 2.33 (t, J=7.6 Hz,
2H, NCH); 2.23 (s, 3H, NCh); 2.09-2.00 (m, 2H, C}); 1.72-1.63 (m, 2H, C}J; 1.49-1.43 (m,
2H, CH); 1.39-1.29 (m, 6H, CH ppm.**C APT NMR (CDC}) &: 169.67 (C=0); 167.04 (C=0);
153.41 (C); 144.56 (CH=CH); 140.04 (C); 130.98 (199.96 (C); 129.25 (CH arom.); 128.62 (CH
arom.); 126.38 (C); 128.10 (C); 126.92 (CH arorh25.46 (CH arom.); 125.02 (CH arom.); 117.51
(CH=CH); 105.19 (CH arom.); 64.66 (GH 64.25 (CH); 63.25 (CH); 60.96 (OCH); 57.88
(CHy); 56.12 (OCH); 54.23 (CH); 42.19 (NCH); 29.24 (CH); 28.73 (CH); 27.39 (CH); 27.29
(CHy); 26.70 (CH); 25.96 (CH) ppm.

Hydrochloride: mp 61-63°CAnal: C3gH46CINO; (C, H, N).

5.1.6.24. (E)-7-(Methyl-(3-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)propyl Jamino)heptyl
anthracene-9-carboxylate 24

Procedure B, starting froed and €)-3-(3,4,5-trimethoxyphenyl)acrylic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 98:2:0.2. Yield: 42.8.%.

'H-NMR (CDCE) &: 8.51 (s, 1H, CH arom.); 8.04-8.00 (m, 4H, CH angm.59 (d, J=16.0 Hz, 1H,
CH=CH); 7.55-7.45 (m, 4H, CH arom.); 6.74 (s, 2H, @tém.); 6.33 (d, J=16.0 Hz, 1H, CBH);
4.60 (t, J=6.8 Hz, 2H, CiD); 4.24 (t, J=6.4 Hz, 2H, G@); 3.87 (s, 3H, OC}kJ; 3.86 (s, 6H,
OCHg); 2.48 (t, J=7.2 Hz, 2H, NCHt 2.36 (t, J=7.6 Hz, 2H, NCHt 2.24 (s, 3H, NCHh); 1.93-1.83
(m, 4H, CH); 1.53-1.48 (m, 4H, CH); 1.47-1.38 (m, 2H, Ch); 1.37-1.30 (m, 2H, Ch} ppm.**C
APT NMR (CDCB) 6: 169.73 (C=0); 166.94 (C=0); 153.45 (C); 144.7HTH); 140.18 (C);
131.01 (C); 129.90 (C); 129.20 (CH arom.); 128.6H(arom.); 128.39 (C); 126.90 (CH arom.);
125.45 (CH arom.); 125.01 (CH arom.); 117.33 (CH3CH05.30 (CH arom.); 65.88 (GH 62.97
(CHy); 60.96 (OCH); 57.65 (CH); 56.17 (OCH); 54.22 (CH); 42.01 (NCH); 29.16 (CH); 28.72
(CHy); 27.35 (CH); 27.01 (CH); 26.56 (CH); 26.07 (CH) ppm.

Hydrochloride: low melting solid Anal: CzgH4sCINO7 (C, H, N).

5.1.6.25. (E)-2-(Methyl-(8-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)octyl)amino)ethyl ~ 3,4,5-
trimethoxybenzoate 25

Procedure A, starting from0 and 3,4,5-trimethoxybenzoic acid.

Free base: chromatographic eluent: GBlI,/MeOH/NH,OH 96:4:0.4. Yield: 44.5%.

'H-NMR (CDCk) &: 7.58 (d, J=16.0 Hz, 1H;H=CH); 7.29 (s, 2H, CH arom.); 6.74 (s, 2H, CH
arom.); 6.34 (d, J=16.0 Hz, 1H, CBH); 4.40 (t, J=6.0 Hz, 2H, Gi@); 4.18 (t, J=6.8 Hz, 2H,
CH;0); 3.89 (s, 9H, OC}J; 3.87 (s, 6H, OCH); 3.86 (s, 3H, OCH); 2.76 (t, J=6.0 Hz, 2H, NCH
2.42 (t, J=7.6 Hz, 2H, NCi}t 2.33 (s, 3H, NCH); 1.71-1.64 (m, 2H, CB); 1.53-1.42 (m, 2H,
CHy); 1.41-1.22 (m, 8H, Ch ppm.**C APT NMR (CDC}) &: 167.01 (C=0); 166.15 (C=0);
153.40 (C); 152.88 (C); 144.54 (CH=CH); 142.17 (€©}0.02 (C); 129.94 (C); 125.25 (C); 117.47
(CH=CH); 106.84 (CH arom.); 105.17 (CH arom.); 84(€H,); 63.14 (CH); 60.93 (OCH); 60.88
(OCHg); 58.08 (CH); 56.18 (OCH); 56.12 (OCH); 55.62 (CH); 42.82 (NCH); 29.45 (CH);
29.23 (CH); 28.72 (CH); 27.41 (CH); 27.33 (CH); 25.91 (CH) ppm.

Hydrochloride: mp 90-93 °CAnal: Ca3H4sCINO; (C, H, N).

5.1.6.26. (E)-8-(Methyl-(2-((3-(3,4,5-trimethoxyphenyl)acryloyl)oxy)ethyl)amino)octyl ~ 3,4,5-
trimethoxybenzoate 26

Procedure A, starting froml and E)-3-(3,4,5-trimethoxyphenyl)acrylic acid.

Free base: chromatographic eluent:;;,CHMeOH/NH,OH 95:5:0.5. Yield: 44.2%.

'H-NMR (CDCk) &: 7.56 (d, J=16.0 Hz, 1H;H=CH); 7.24 (s, 2H, CH arom.); 6.70 (s, 2H, CH
arom.); 6.33 (d, J=16.0 Hz, 1H, CBH); 4.28-4.22 (m, 4H, CpD); 3.85 (s, 6H, OC}kJ; 3.84 (s,
3H, OCH); 3.83 (s, 6H, OCH); 3.82 (s, 3H, OCh); 2.68 (t, J=5.6 Hz, 2H, NCht 2.39 (t, J=7.6
Hz, 2H, NCH); 2.29 (s, 3H, NCH); 1.73-1.66 (m, 2H, CB); 1.50-1.19 (m, 10H, CH ppm.**C
APT NMR (CDCB) 6: 166.87 (C=0); 166.24 (C=0); 153.41 (C); 152.89; (44.99 (CH=CH);
142.10 (C); 140.12 (C); 129.85 (C); 125.51 (C); 167/(CH=CH); 106.75 (CH arom.); 105.23 (CH
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arom.); 65.21 (Ch); 61.84 (CH); 60.95 (OCH); 60.90 (OCH); 57.90 (CH); 56.23 (OCH); 56.14
(OCHg); 55.53 (CH); 42.53 (NCH); 29.43 (CH); 29.22 (CH); 28.71 (CH); 27.32 (CH); 26.85
(CHy); 25.94 (CH) ppm.

Hydrochloride: mp 77-78°CAnal: Cz3H4sCINOyg (C, H, N).

5.1.6.27. (E)-2-(Methyl-(8-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)octyl Jamino)ethyl
anthracene-9-carboxylate 27

Procedure B, starting fro@0 and anthracene-9-carboxylic acid.

Free base: chromatographic eluent: GBIl,/MeOH/NH,OH 98:2:0.2. Yield: 47.2%.

'H-NMR (CDCk) &: 8.51 (s, 1H, CH arom.); 8.15 (d, J=8.8 Hz, 2H, &dm.); 8.01 (d, J=8.0 Hz,
2H, CH arom.); 7.59 (d, J=16.0 Hz, 18H=CH); 7.54-7.46 (m, 4H, CH arom.); 6.74 (s, 2H, CH
arom.); 6.34 (d, J=16.0 Hz, 1H, CBH); 4.72 (t, J=5.6 Hz, 2H, Gi@); 4.17 (t, J=6.4 Hz, 2H,
CH,0); 3.88 (s, 3H, OC}J; 3.87 (s, 6H, OCH); 2.86 (t, J=5.6 Hz, 2H, NChit 2.46 (t, J=7.6 Hz,
2H, NCH); 2.36 (s, 3H, NCh); 1.71-1.61 (m, 2H, C}); 1.60-1.40 (m, 2H, C}); 1.39-1.24 (m,
8H, CHy) ppm.**C APT NMR (CDC}) 8: 167.06 (C=0); 153.43 (C); 144.55 (CH=CH); 131.00
(C); 129.97 (C); 129.29 (CH arom.); 128.54 (CH anprh26.84 (CH arom.); 125.43 (CH arom.);
125.31 (CH arom.); 117.53 (CH=CH); 105.22 (CH apone4.71 (CH); 63.29 (CH); 60.98
(OCHg); 58.09 (CH); 56.16 (OCH); 56.12 (CH); 42.53 (NCH); 29.49 (CH); 29.25 (CH); 28.74
(CHy); 27.40 (CH); 25.92 (CH) ppm.

Hydrochloride: mp 64-66 °CAnal: C3gH46CINO; (C, H, N).

5.1.6.28. (E)-8-(Methyl-(2-((3-(3,4,5-trimethoxyphenyl)acryl oyl )oxy)ethyl Jamino)octyl
anthracene-9-carboxylate 28

Procedure A, starting from2and €)-3-(3,4,5-trimethoxyphenyl)acrylic acid.

Free base: chromatographic eluent: cyclohexane/ethyl acetai®ql Yield: 51.9%.

'H-NMR (CDCl) &: 8.52 (s, 1H, CH arom.); 8.03 (d, J=8.8 Hz, 2H, &idm.); 8.01 (d, J=6.8 Hz,
2H, CH arom.); 7.60 (d, J=16.0 Hz, 18H=CH); 7.55-7.46 (m, 4H, CH arom.); 6.74 (s, 2H, CH
arom.); 6.38 (d, J=16.0 Hz, 1H, CBH); 4.60 (t, J=6.8 Hz, 2H, Ci®); 4.30 (t, J=6.0 Hz, 2H,
CH,0); 3.87 (s, 3H, OC}J; 3.86 (s, 6H, OCH); 2.70 (t, J=5.6 Hz, 2H, NCht 2.40 (t, J=7.2 Hz,
2H, NCH); 2.31 (s, 3H, NCh); 1.90-1.82 (m, 2H, C}J; 1.55-1.40 (m, 4H, C}J; 1.39-1.23 (m,
6H, CH) ppm.**C APT NMR (CDC}) &: 168.28 (C=0); 166.08 (C=0); 153.44 (C); 144.81
(CH=CH); 140.09 (C); 131.01 (C); 129.93 (C); 129(2HH arom.); 128.61 (CH arom.); 128.39 (C);
126.92 (CH arom.); 125.45 (CH arom.); 125.03 (Cbha); 117.37 (CH=CH); 105.25 (CH arom.);
65.91 (CH); 62.86 (CH); 60.97 (OCH); 57.86 (CH); 56.15 (OCH); 54.72 (CH); 42.13 (NCH);
29.27 (CH); 28.76 (CH); 27.38 (CH); 27.11 (CH); 26.56 (CH); 26.05 (CH) ppm.

Hydrochloride: mp 58-60 °CAnal: CzgH4sCINO; (C, H, N).

5.2. Biology.

5.2.1. Cell lines and cultures. The K562 is an undifferentiated erythroleukemil lxee originally
derived from a patient with chronic myelogenouskizuia [29]. The K562 leukemia cells and the
P-gp over-expressing K562/DOX cells were obtainexinf Prof. J.P. Marie (Hopital Hotel-Dieu,
Paris, France). The cells were cultured followingr@viously reported protocol [30].
MDCK-MDR1, MDCK-MRP1 and MDCK-BCRP cells are a gifif Prof. P. Borst, NKI-AVL
Institute, Amsterdam, Nederland. MDCK cells werevgn in DMEM high glucose supplemented
with 10% fetal bovine serum, 2 mM glutamine, 100nU/penicillin, 100ug/mL streptomycin, in a
humidified incubator at 37 °C with a 5 % CO2 atmuse. Caco-2 cells were a gift of Dr. Aldo
Cavallini and Dr. Caterina Messa from the Labonatof Biochemistry, National Institute for
Digestive Diseases, “S. de Bellis”, Bari (Italy).

5.2.2. Drugs and chemicals.

Purified verapamil and pirarubicin were purchaseg B8igma-Aldrich (Milan - Italy).
Concentrations were determined by diluting stodkitims to approximately TOM and usincaso
= 11500 M' cm™. Stock solutions were prepared just before usdfeBsolutions were HEPES
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buffer containing 5 mM HEPES, 132 mM NaCl, 3.5 mMC}, 5 mM glucose, at pH 7.3.
Rhodamine-123 was purchased by Sigma-Aldrich (Mifattaly). Cell culture reagents were
purchased from Celbio s.r.l. (Milano, Italy). Cuk®late 96/wells plates were purchased from
PerkinElmer Life Science; Calcein-AM, bisBenzimite 33342 trihydrochloride were obtained
from Sigma-Aldrich (Milan, Italy).

5.2.3. P-glycoprotein expression

5.2.3.1. Flow cytometric P-glycoprotein expression

For flow cytometric detection of P-glycoprotein egpsion, JSB-1 (Millipore) monoclonal antibody
was used at 1 ug per 5 x°1€ells, the cells were fixed with 70% methanol fomin at room
temperature, then washed twice with PBS/BSA 1% rptm staining. Primary antibody was
incubated for 30 min at room temperature, thenaeteusing fluorescein isothiocyanate (FITC)-
conjugated anti- mouse Ig (Life Technologies, Mqntaly). Isotype control was used at identical
concentrations to the P-glycoprotein antibody.

At the end of incubation time, cells were sedimédntegashed twice with ice-cold PBS, placed on
ice, and kept in the dark until flow cytometric &rsés. Samples were analyzed on a FACScanto
flow cytometer (Becton Dickinson, San Jose CA, U®8)ipped with two lasers at 488/633 nm
and FACSDIVA software. The green fluorescence afjugate JSB-1 antibody was collected by a
530-nm band pass filter. Samples were gated onafi@hscatter versus side scatter to exclude cell
debris and at least 20,000 events were acquiresl fliibrescence curves were analyzed by software
FCS express 5. For each sample, the amount of Wagpexpressed by the fluorescence ratio
between the median fluorescence intensity valustashed sample and negative sample.
Percentage of positive cells was also calculated.

5.2.3.2. Reverse transcript and Real-Time PCR

Total RNA from the cell lines was isolated usingzdt Reagent (Life Technologies, Monza, Italy).
One pg of RNA was retro transcribed using iScrigib{Rad Milan Italy). PCR amplification was
carried out by means of SsoAdvancedTM Universal B®BGreen Supermix (Bio-Rad, USA)
according to manual instruction using the RotorG&d@0 Instrument (Qiagen Germany). Forward
and reverse specific primers for MDR1 were used:GCAATTCGAAGAGTGGGCACAAAC
and GCCTCTGCATCAGCTGGACTGTTG respectively. Ribosdri8s rRNA was used as the
normalizer, FW CGG CTA CCA CAT CCA AGG AA; RV GGBGA ATT ACC GCG GCT.
Quantitative PCR was performed using the followpngcedure: 98°C for 1 min, 40 cycles of 98°C
for 5 sec, 60°C for 10 sec. The program was set\eal the melting curve of each amplicon from
60°C to 95°C with a read every 0.5°C.

5.2.4 Modulation of pirarubicin uptake
The uptake of pirarubicin in cells was followed thonitoring the decrease in the fluorescence
signal at 590 nmAegx = 480 nm) according to the previously describedhoe [43,44].

5.2.5. Inhibition of P-gp-mediated rhodamine-123 (Rhd 123) efflux.

The inhibition of P-gp activity was evaluated by asering the efflux of the P-gp substrate
rhodamine 123 (Rhd 123) in K562/DOX cells, in thesence or in the presence of compouhds
19-21 and23-28 by a flow cytometric test. Briefly, K562/DOX celgere sedimented and diluted to
obtain a cell suspension at 5°Xlls/mL in complete RPMI 1640 medium containihgdamine-
123 at a final concentration of 5.0 uM. Cells wieaded with the fluorochrome for 30 min at 37 °C
in a humidified atmosphere with 5% CO2 in the pnegeof the tested compounds at 1.0 uM
concentration, or of the reference compound verdE3.0 uM concentration. An aliquot of cells
(control) was incubated with the fluorochrome i thbsence of inhibitors. All compounds were
added 15 min before rhodamine-123. After the acdatimn period (30 min), efflux initiated after
Rhd 123 washout by sedimentation at 1200 rpm asgspension in rhodamine-free medium with
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or without the modulators (control). The efflux weerried out at 37 °C with 5% G@or 10 min.

At the end of both the accumulation and efflux pési, cells were sedimented, washed twice in ice-
cold PBS, placed in PBS on ice, and kept in thé& datil flow cytometric analysis. Samples were
analyzed on a FACScanto flow cytometer (Becton Diein, San Jose CA, USA) equipped with
two lasers at 488/633 nm and FACSDIVA software. §heen fluorescence of rhodamine-123 was
collected by a 530-nm band pass filter. Samplegwated on forward scatter versus side scatter to
exclude cell debris and at least 20,000 events aegaired.

For each sample, the intracellular amount of Rh8@ aRer the efflux time was expressed by the
fluorescence ratio, that is the ratio between tleglian fluorescence intensity value acquired at the
end of the efflux phase and that acquired at tlieadrthe uptake phase, expressed as percentage;
the same ratio was calculated in the control sanmpilee absence of the compounds.

The histograms were generated by program GraphRsm B (GraphPad Prism software, Inc. CA).

5.2.6. Immunoblotting analysis of P-gp, MRP1 and BCRP expression in MDCK, MDCK-MDR1,
MDCK-MRP1 and MDCK-BCRP cells.

All MDCK cells were rinsed with lysis buffer (50 mNMris-HCI, 1 mM EDTA, 1 mM EGTA, 150
mM NaCl, 1% v/v Triton-X100; pH 7.4), supplementedth the protease inhibitor cocktail Il
(Cabiochem, La Jolla, CA), sonicated and claritd 3000xg, for 10 min at 4°C. Protein extracts
(20 pg) were subjected to SDS-PAGE and probed with tbkowing antibodies: anti-P-
glycoprotein (P-gp; 1:250, rabbit polyclonal, #2318, Santa Cruz Biotechnology Inc., Sanat Cruz,
CA), anti-multidrug resistant protein 1 (MRP1; 1860nouse clone MRPm5, Abcam, Cambridge,
UK), anti-breast cancer resistance protein (BCRP0Q, mouse clone BXP-21, Santa Cruz
Biotechnology Inc.), ant-tubulin (1:1000, mouse clone D10, Santa Cruz Bimelogy Inc.),
followed by the horseradish peroxidase-conjugategtorsdary antibodies (Bio-Rad). The
membranes were washed with Tris-buffered salineéS)IBveen 0.01% v/v. Proteins were detected
by enhanced chemiluminescence (Bio-Rad Laborajories

5.2.7. Calcein-AM experiments

These experiments were carried out as previousbcrieed by Teodori et al. with minor
modifications [41]. Each cell line (30,000 cellsrpeell) was seeded into black CulturePlate
96/wells plate with 10QuL medium and allowed to become confluent overniditO uL of test
compounds were solubilized in culture medium andeddo monolayers, with final concentrations
ranging from 0.1 to 10QM. 96/Wells plate was incubated at 37 °C for 30 .n@alcein-AM was
added in 10QuL of Phosphate Buffered Saline (PBS) to yield alfiooncentration of 2.56M and
plate was incubated for 30 min. Each well was wdsh@ames with ice cold PBS. Saline buffer was
added to each well and the plate was read withov3c{PerkinElmer) at excitation and emission
wavelengths of 485 nm and 535 nm, respectivelythse experimental conditions Calcein cell
accumulation in the absence and in the presencéesied compounds was evaluated and
fluorescence basal level was estimated with urgceatells. In treated wells the increase of
fluorescence with respect to basal level was medslEG, values were determined by fitting the
fluorescence increase percentage versus log[dose].

5.2.8. Hoechst 33342 experiment

These experiments were carried out as describéltebglori et al. [41]. Each cell line (30,000 cells
per well) was seeded into black CulturePlate 98émgllate with 100uL medium and allowed to
become confluent overnight. 1Q@ of test compounds were solubilized in culture medand
added to monolayers, with final concentrations magdrom 0.1 to 10QuM. 96/Wells plate was
incubated at 37 °C for 30 min. Hoechst 33342 wateddn 100ul of Phosphate Buffered Saline
(PBS) to yield a final concentration ofy8/1 and plate was incubated for 30 min. The supemata
were drained, and the cells were fixed for 20 mmdar light protection using 1Q6L per well of a
4% PFA solution. Each well was washed 3 times withcold PBS. Saline buffer was added to
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each well and the plate was read with Victor3 (ietkner) at excitation and emission wavelengths
of 340/35 nm and 485/20 nm, respectively. In thegperimental conditions, Hoechst 33342
accumulation in the absence and in the presencéesied compounds was evaluated and
fluorescence basal level was estimated with urdckatells. In treated wells the increase of
fluorescence with respect to basal level was medslEG, values were determined by fitting the

fluorescence increase percentage versus log[dose].

5.2.9. ATPlite assay

The MDCK-MDRL1 cells were seeded into 96-well midedp in 100uL of complete medium at a
density 2 x 104 cells/well. The plate was incubateernight (O/N) in a humidified atmosphere 5%
CO, at 37 °C. The medium was removed and 1Q0 of complete medium either alone or
containing different concentrations of test comptgiwas added. The plate was incubated for 2h in
a humidified 5% C@atmosphere at 37 °C. B of mammalian cell lysis solution was added to all
wells and the plate shaked for five minutes in doital shaker. 5QIL of substrate solution was
added to all wells and the plate shaked for fivautes in an orbital shaker. The plate was dark
adapted for ten minutes and the luminescence wasumed.

5.2.10. Permeability Experiments

5.2.10.1. Preparation of Caco-2 monolayer

Caco-2 cells were seeded onto a Millicell® assastesy (Millipore), where a cell monolayer is set
in between a filter cell and a receiver plate, deasity of 10,000 cells/welf. The culture medium
was replaced every 48 h and the cells kept for &fs dn culture. The Trans Epithelial Electrical
Resistance (TEER) of the monolayers was measungd bafore and after the experiment, using
an epithelial volt-ohnmmeter (Millicell® -ERS). Gemdly, TEER values greater than 10Q0for a
21 day culture, are considered optimal.

5.2.10.2. Drug transport experiment

After 21 days of Caco-2 cell growth, the medium wemoved from filter wells and from the
receiver plate, which were filled with fresh HBS&ffler (Invitrogen). This procedure was repeated
twice, and the plates were incubated at 37 °C @bm. After incubation time, the HBSS buffer
was removed and drug solutions and reference congzowere added to the filter well at the
concentration of 10QM, while fresh HBSS was added to the receiver pldtee plates were
incubated at 37 °C for 120 min. Afterwards, samplese removed from the apical (filter well) and
basolateral (receiver plate) side of the monolayeneasure the permeability.

The apparent permeability (Papp), in units of nedse, was calculated using the following
equation:

Va [drug]acceptor

Papp= S -
Area X time [drug]initia

VA = the volume (in mL) in the acceptor well;

Area = the surface area of the membrane (0.lofrthe well);

time = the total transport time in seconds (720f);se

[drug]acceptor = the concentration of the drug meas by U.V. spectroscopy;
[drug]initial = the initial drug concentration (120-4 M) in the apical or basolateral wells.

5.3. Molecular modeling

The crystal structure of human P-gp with in the Addund, outward-facing conformation (PDB
ID: 6C0V) [35], and the mouse P-gp complexed witbE.00 inhibitor (PDB code 4XWK) [37],
were downloaded from PDB database [45]. The mo&csiructures of synthetized compounds
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were optimized prior to docking procedure, by udimg Dock Prep application [46], The program
performs optimization of ligand structures and aamsion of them from 2D to 3D, also providing
correction of improper bond distances, bond ordadsling hydrogens and assigning Gasteiger
partial charges. Before Docking simulation, a Sésémlescent minimization (100 steps at 0.02 A
step size) was taken to remove highly unfavouratdshes, followed by 10 steps of conjugate
gradient minimization (0.02 A step size) to furtiemimize the energy of the structure, and the
“minimize structure UCSF Chimera tool” of UCSF Cleira package [47] was used to analyse their
molecular graphics. In order to prepare the ligarosl receptor for docking calculation,
AutoDock/VinaXB was used [34], then for each commibuthe molecular docking study was
carried out by the software. The grid box waste&0A x 20 A x 28 A with a grid space value of
1 A. The binding box was centred at the previousforted helix TM4 (W232), TM5 (R296, 1299,
1306), TM6 (Y310, F336), TM7 (F928), TM8 (F303, YBOF770) and TM12 (M986, Q990, F994),
involved in the substrate-binding region [33]. Bgfault, a maximum of 10 poses per ligand were
collected. For Autodock/VinaXB program, the paraangtused were default. Within the P-gp we
performed the Docking simulations on the compouthetsiiled in Table 1. Docking systems were
set up and the results were analysed using PyMOWL M3]. To identify the network of interaction
we used Ligplot+ v.1.4.5 [49] and Protein-Ligandehaction Profiler [50], all the sets were by
default.

5.4. Sability test

5.4.1. Chemicals

Acetonitrile (Chromasolv), formic acid and ammonifionmate (MS grade), NaCl, KCI, NdPO,
2H,0, KH,PO, (Reagent grade) and verapamil hydrochloride (aitalystandard, used as internal
standard), ketoprofen (analytical standard) werechpased by Sigma-Aldrich (Milan, Italy).
Ketoprofen Ethyl Ester (KEE) was obtained by Fighezaction from ketoprofen and ethanol.

MilliQ water 18 MQ cni* was obtained from Millipore's Simplicity system i{&h - Italy).

Phosphate buffer solution (PBS) was prepared bjngd#l01 g ! of NaCl, 0.2 g [* of KCI, 1.78

g L of NaHPO, 2H,0 and 0.27 g I of KH,PQO,. Human plasma was collected from healthy male
volunteer and kept at -80 °C until use.

5.4.2. Sample preparation

Each sample was prepared addinqulLOof working solution 1 to 10QL of tested matrix (PBS or
human plasma) in microcentrifuge tubes. The obthswutions correspond toyM of analyte.

Each set of samples was incubated in triplicattoat different times, 0, 30, 60 and 120 min. at
37 °C. Therefore, the degradation profile of eacalye was represented by a batch of 12 samples
(4 incubation times x 3 replicates). After the ibation, the samples were added with 3Q0of
ISTD solution and centrifuged (room temperatureSanin at 10000 rpm). The supernatants were
transferred in autosampler vials and dried undgzrdle stream of nitrogen.

The dried samples were dissolved in 1.0 mL of 5 wiMammonium formate and 10 mM formic
acid in mQ water: acetonitrile 70:30 (v/v) solutidrhe obtained sample solutions were analysed by
LC-MS/MS methods described in the SupplementaryBattion.
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Highlights
e A new series of N,N-bis(alkanol)amine aryl esters was designed and synthesized

*  The compounds were tested on K562/DOX cells in the pirarubicin uptake assay
In silico studies and stability testsin PBS and human plasma were a so performed

Further experiments confirmed that they are P-gp-dependent MDR reversers

A different selectivity vs sister proteins MRP1 and BCRP was highlighted.



