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Abstract

Congeneric set of thirty-eight 4-aryl-4-oxo48-aryl/cycloalkyl)butanamides has been designed,
synthesized and evaluated for acetyl- and butyofichsterase inhibitory activity. Structural
variations included cycloalkylamino group attachtedC2 position of butanoyl moiety, and
variation of amido moiety of molecules. Twelve campds, mostly piperidino and imidazolo
derivatives, inhibited AChE in low micromolar rangexd were inactive toward BChE. Several
N-methylpiperazino derivatives showed inhibitionBEhE in low micromolar or submicromolar
concentrations, and were inactive toward AChE. &twee, the nature of the cycloalkylamino
moiety governs the AChE/BChE selectivity profile cdmpounds. The most active AChE
inhibitor showed mixed-type inhibition modality,ditating its binding to free enzyme and to
enzyme-substrate complex. Thorough docking caliculat of the seven most potent AChE
inhibitors from the set showed that the hydrogendocan be formed between amide -NH-
moiety of compounds and -OH group of Tyr 124. TRen% unconstrained molecular dynamic
simulation of the AChE-compouriB complex shows that this interaction is the mossigeent.

This is, probably, the major anchoring point foe tiinding.
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1. Introduction

Acetylcholinesterase (AChE) is a carboxylesteraskichv terminates cholinergic neuro-
transmission, by hydrolyzing neurotransmitter alctigline (ACh) in a synaptic cleft. Reversible
AChE inhibition is implicated in a number of diserd, including Alzheimers disease (AD) [1],
Myasthenia gravis [2], glaucoma [3], and can bedus® a pretreatment against nerve agents’
intoxications [4,5]. Recently, AChE'’s sister enzynietyrylcholinesterase, also became
important as pharmacological target for AD. BChEcapable to compensate AChE catalytic
functions in synaptic cleft [6,7] and its activdignificantly rises during time course in A8,9].
Therefore, in designing and testing of reversilgibitors it is advisable to monitor activity

toward both enzymes.

AChE contains 20 A deep and narrow gorge, in wiiiloé regions that are involved in the
substrate, irreversible and reversible inhibitording, can be distinguished (human and electric
eel AChE numbering): (1) catalytic triad residu8gr 203, His 447, and Glu 334, [10] at the
bottom of the gorge, which directly participatecetalytic cycle, by charge relay mechanism, as
in other serine esterases; (2) oxyanion hole: iaraangement of hydrogen bond donors which
stabilize the transient tetrahedral enzyme-sulestcamplex by accommodation of negatively
charged carbonyl oxygen. This region inside thevactenter is formed by backbone -NH-
groups of amino acid residues Gly 121, Gly 122 Ated204 [11,12]; (3) the ‘anionic site’(AS),
where Trp 86 is situated. This residue is conseimeall cholinesterases and it is involved in
orientation and stabilization of trimethylammoniugnoup of AChE, by forming cation-
interactions [13-16]; (4) acyl pocket comprises tweenylalanine residues, 295 and 297, which
interact with the substrate acyl group. They fohma ¢tlamps around methyl group, and decrease
its degrees of freedom [17]; (5) peripheral aniagite (PAS)18-20], comprises residues which
are located at the rim of the active site gorge, 13, Tyr 124, Trp 286 and Asp 74. Possible
binding sites for the reversible inhibitors comprigoth AS and PAS. The so-called dimeric
(dual) inhibitors bind simultaneously to both ofes$ie sites. In BChE active site, six out of
fourteen aromatic amino acid residues in AChE (M3 Tyr 124, Trp 286, Phe 295, Phe 297 and
Tyr 337) are replaced by aliphatic ones (Asn 68 Gl9, Ala 277, Leu 286, Val 288, and Ala
328). This causes 200°3Aarger active site gorge of BChE, comparing to tb&tAChE.
Therefore, BChE is capable to hydrolyze wide vgradtesters [21].

Recently, we reported congeneric series of the tiyvdraryl-4-oxo-2-aminylbutanamides,

with variation of substitutents on the aroyl pherigl, while phenylamido moiety was retained



unchanged [22]. Alkyl substituted congeners inledbitboth AChE and BChE in micromolar
concentrations, while chloro- or methoxy- subsitltompounds were proved as inactive. The
nature of cycloalkylamino moiety of molecules goet the AChE/BChE selectivity: piperidino
and imidazolo derivatives were active toward AChilBjle morpholino derivatives were active
toward BChE.

In the present work, we investigated the influentéhe amido moiety variation on AChE
and BChE inhibition potency and selectivity. Wetsysatically changed the cyclic amine used
to obtain precursor aroylacrylic acid amides (3raethoxyaniline, 4-isopropylaniline and
cyclohexylamine), retaining the favorable alkyl stitnents (4-Pr, 2,4-di-Pr andp-tetralinyl)
on the aroyl part of the molecule. For the Michaétlition on the activated double bond, four
amines were used: piperidine, imidazole, morphaotind N-methylpiperazine. Along with this,
two more compounds were synthesized. To test fieetefof the presence of highly voluminous
moiety at position C2 of the butanoic scaffold die AChE and BChE inhibiton activity, we
synthesized addition products of 4-benzylpiperidimethe 4-(4i-Pr-Ph)-4-oxo-2-butenoic acid
phenylamide, and of 4-(®;N-di-Me-aminoethyl)-1-piperazin®n the 4-(4~Pr-Ph)-4-oxo-2-
butenoic acid 3,5-di-MeO-phenylamide. The last \ddive comprises moiety that mimick
trimethylaminoethyl group of the acetylcholine. @lg thirty-eight compounds were prepared
and their AChE and BChE inhibition activity detemad. Possible interactions of the most
potent derivatives with the AChE active site ressluwere further investigated by docking

calculations and by molecular dynamics.

2. Results and discussion

2.1. Chemistry

Synthetic path td-38 is given in Scheme 1. Friedel-Crafts acylationtlted commercially
available substituted benzends) (vith maleic acid anhydrideB]) yields aroylacrylic acidsQ)
[23]. Subsequently, acids were converted to acitbrictes in dry THF by phosphorous-
oxychloride, thenin situ reacted with equimolar amounts of primary amine5-3
dimethoxyaniline, 4-isopropylaniline and cyclohexyline) to give the corresponding amides
(D) [24]. Michael addition of the cyclic amines (pijztBne, imidazole, morpholineN-
methylpiperazine, 4-benzylpiperidine and 4NX-di-Me-aminoethyl)-1-piperazine proceeded

smoothly to give target compountis38.

Please put Scheme 1 here



2.2. Structure-activity relationships

Inhibition potency of the compounds38 toward AChE and BChE, given assivalues, are
shown in Table 1, along with potency data of thevpusly published congeners having
unsubstituted phenylamido moiet¥a9a) [22]. Due to limited solubility of some derivaés,
we were unable to obtain entire dose-response dspanning range of 20-80% of the enzyme
activity inhibition). For those compounds we repdrthe percent of the residual enzyme activity

at the highest concentration tested.

Please put Table 1 here

Twelve compounds, out of twenty that inhibited AChéivity, were active in low micromolar
concentrations. Most of the piperidino and imidazdérivatives showed inhibition of AChE in
low micromolar range, while morpholino ahNdmethylpiperazino derivatives were inactive up to
concentrations of 15-2AM. Clearly, the presence of bulkier substituentgasition C2 of the
butanoyl moiety of molecules reduces anti-AChEvagti Similar trend was also observed with
previously synthesized compounds [22].

3,5-Dimethoxy substitution at phenylamido moiety tfe imidazolo and piperidino
derivatives, in some instances (comparavith 2a, and 26 with 8a) only slightly enhanced
inhibition potency, while in others (compdk8 with 4a, 14 with 5a and25 with 7a) only slightly
diminished inhibition potency. 4-Isopropyl substéd phenylamido moiety in piperidino and
imidazolo derivatives, in most case® (7, 18, 30) slightly improved anti-AChE inhibition
potency, comparing to the unsubstituted countesd2sa 4a, 5a and8a). In some instances, i4-
Pr substitution had clearly beneficial influenceamti-AChE activity. This is especially evident
in compoundsl9 and 20, in which this type of substitution turns inactiserpholino andN-

methylpiperazino derivatives into active ones, Wik, values around 6.5M.

The change of the phenyl moiety to cyclohexyl ondanpart of the piperidino and imidazolo
derivatives 9, 10, 33, 34) reduced anti-AChE activity for at least one ordémagnitude. This
indicates that amido moiety of the molecules prbpatieracts with AChE active site residues
involving & electrons of the phenyl ring. The decrease inbitibn potency, due to the presence
of cyclohexyl moiety, was modest only for 2,4tdpr-substituted piperidino and imidazolo
derivatives21 and22, with 1Cso values of 5.44 and 5.94M, respectively.



Nineteen derivatives influenced BChE activity (eegmed as residual enzyme activity at
highest concentration tested, Table 1), but onlkedhcompounds had d4¢ values in low
micromolar (6 and24), or submicromolar concentratiori¥)j. All three compounds bear 2,4-di-
i-Pr-substituted aroyl antN-methylpiperazino moieties. We expected that, dug targer BChE
active site gorge, bulkier substituents on phenidammoiety will increase potency of
compounds comparing to unsubstituted derivativescibed earlier. Surprisingly, 2,4-dPRr
morpholino derivatives 16 and 19) with 3,5-dimethoxy or 4-isopropyl substitutents o
phenylamido moiety did not appear more potent, @anng to unsubstituted derivativga
reported in previous work (Hg = 2.48 uM). p-Tetralinyl substitutedN-methylpiperazino
derivatives28, 32 and 36, appeared moderately potent, withsgd@alues in the range of 10-20
uM. All other compounds didn’t produce significanhibition of BChE activity.

To test the effects of the presence of highly vohgus moiety at position C2 of the butanoic
moiety of molecules on the AChE and BChE inhibigativity, we synthesized derivatia?, by
the addition of 4-benzylpiperidine. We aimed ta tekether this group will cause an increase in
inhibiton potency and whether such compound hdsréiit mode of binding to enzyme active
site (to PAS instead to AS), comparing to othenvdgives. In compound8, we introduced
dimethylaminoethyl moiety, a group that mimick tethylaminoethyl group of ACh.

Unfortunately, both derivatives appeared inactivine highest concentration tested (20).

The spectrophotometric method of Ellman was usedetermine the type of inhibition and
the K for derivative 17, most active toward AChE. Compound exhibited mixgget of
inhibition. This behavior was indicated by inters&e of double reciprocal lines in the upper left
guadrant of Lineweaver-Burk plot, shown in Figurand Table S1, Supplementary information.
Generally, this type of inhibition indicates bindirto free enzyme and enzyme-substrate
complex; that is, a possible binding to the sitatt from the active site. The'&obtained were

0.52uM (binding to free enzyme) and 1.9®&1 (binding to enzyme-substrate complex).

Please put Figure 1 here

2.3. Molecular modeling

3D-QSAR model described in previous article [22]swesed to predict potency of compounds
for which we obtained 16 values in this study. Fair predictivity was obtdrfor compoundg,



6, 14, 17, 18, 21, 22, 25, 26 and30 (r*> = 0.60, sd = 0.118); while potency of the compo@dd
was overestimated in some extent. Results are givéable S2 in Supplementary Material.

Along with this, we built independent 3D QSAR modsl GRIND-2 descriptors for all
compounds for which 163 values toward AChE were obtained, reported in, gl in previous
study [22]. In this model we also included compaufar which we obtained residual enzyme
activity on defined concentration of the inhibi{dy 9-12, 19, 20 and32). For the later subset of
compounds we estimatedsiGralues. For model building all available GRID pesbwere used,
DRY (hydrophobic), N1 (HBD), O (HBA) and TIP (shapeobe). PLS coefficients plot for the
model obtained with 3LV are shown in Figure 2. Aliigh we didn’t included shape probe in the
model reported in previous work, because this maeitained structurally diverse set of
compounds, and good results were obtained usingopkidbic, HBD and HBA probes; DRY-
DRY, N1-N1 and DRY-O blocks, common for both modetsemble each other. DRY-DRY
block is filled with variables positively correlaaevith potency of compounds, implying positive
contribution of hydrophobic moieties of compounds dctivity. Although variables were
expressed for all compounds in the set, highernsitg of variables for the most potent
compounds in this block can be observed, compdarigast potent ones. This implies stronger
hydrophobic interactions that most potent compouwats make with the respective biological
target. Heatmaps of DRY-DRY block are depicted iguFe S3a in Supplementary Material. It
should be noted that we also observed rough peditend between potency of compounds and
their apolar surface areas calculated from 3D 8&iras (data not shown). In N1-N1 block
majority of variables are negatively correlatedhwibtency of compounds. Heatmaps of N1-N1
block also show higher intensity of variables asged with less potent compounds, comparing
to more potent ones, Figure S3b in Supplementarefiéh Variable O-TIP 473 (10.0-10.4 A),
has the highest positive impact on the overall rhotleis expressed for the most active
derivatives and connects MIF’'s of HBA probe (O)s@sated with amido -NH- group, and
MIF’'s of shape (TIP) probe associated with substits on the phenylamido ring i4Rr or 3,5-
di-OMe, Figure S4 and Table S5, Supplementary N&jef~or compounds with unsubstituted
phenylamido moiety TIP node is associated with swents on aroyl phenyl ring. The 5LV
PCA model explains about 55 % variability in the §Eable S6, Supplementary Material).
Statistics of the model is shown in Table 2. Regmbrf andg® values were obtained after one
cycle of the variable selection by fractional facbdesign. Experimental and calculated ggC

values, obtained with 3 LV, are shown in Table $Supplementary Material.
Please put Figure 2 here

Please put Table 2 here



To explore possible ligand-AChE interactions, seeempounds with 1§ values below 5
uM were docked into the AChE active site. Both emmamers of the each compound were
docked inmAChE (Mus musculusPDB entry 2HA2), using the latest version of Adtack 4
package [25]. Fifty binding poses were generatedaoch docking calculation. As the scoring
functions used for prioritization of the obtainedsps are still mostly inaccurate, [26], we
decided to analyse the most favorable binding gaseording to the estimated free energy of
binding, AG) along with the best pose, belonging to the npagiulated cluster, by LigPLot
program [27]. Detailed data with the list of alldind-AChE interactions are given in Table 3. It
should be noted that in both types of docking pdbest ranked pose and the most populated
one), for all compounds shown in the Table 3, th@rdgen bond between amide -NH- group of
the compounds and -OH group of Tyr 124 side chaifoimed. Also, in significant number of
poses, a hydrogen bond between Phe 295 backbonegidtp and different moieties of ligands
(phenylamido -OCklgroup, N3 nitrogen of imidazole ring, or aroyl lbanyl group) is formed.
The residues which form hydrophobic interactionthwliocked compounds, in majority of poses,
are His 447, Tyr 341, Phe 295, Phe 297 and Phe 338.

Please put Table 3 here

The overall description of the docking poses fdrcampounds is beyond the scope of this
article. In the following lines we will provide delted discussion of the obtained docking
solutions for the three most potent derivativ@s17 and 18, shown in the Figure 3. Th&
enantiomers are colored cyan and Biare colored red. Surprisingly, we found tikaand S
enantiomers of the each compound were docked intaatty very similar fashion. The RMSD
differences between atomic positions of docked pa$éwo enantiomers were less than 2.077 A
(heavy atom superposition), Table S7 in Supplemmgritaterial. In the Figure 3a and 3b the
docking solutions best ranked by the estimated éresxgy of bindingAG), for the compounds
17 and18, are shown. Both enantiomers of both compoundsr@eated within the AChE active
site gorge in the similar fashion. The aroyl mastare oriented toward the bottom of the gorge,
interacting with Trp 86 and Tyr 337 residues. Amidd¢H- groups of the compounds form
hydrogen bond with the side chain -OH group of I34. Phenylamido rings of both compounds
are directed toward the entrance of the gorge (R&8)interact with side chains of Trp 286, Phe
295 and Phe 297. The piperidine ring of compofiicdind the imidazole ring of compouid
are found in the close proximity of catalytic trie@bidues, His 447 and Ser 203. Nitrogen N3 of
the imidazole ring of both enantiomers of compod8dorms hydrogen bond with side chain

oxygen of Ser 203. Aroyl phenyl ring and the cqomesling cycloalkylamino groups are also



found in the vicinity of oxyanion hole residuesy@P1 and Gly 122. In the Figure 3c and 3d the
best docking poses, that belong to the most pagalletuster, for the compound3 and18 are
shown. The orientation of the ligands is reversemnparing to the energetically favored poses
(Fig 3a and 3b). Aroyl moieties of the ligands aceommodated at the entrance of the gorge
(PAS), interacting with aromatic side chains of &6 and Tyr 72. Phenylamido rings of the
both compounds are directed toward the bottom @AGhE active site gorge and interact with
the side chains of Tyr 337, Phe 338 and Trp 8&luves. The hydrogen bond between amido -
NH- group and the side chain -OH of Tyr 124 is iretd. The important difference between
energetically favorable and the most populated mgckoses for compounds’ and18 lies in

the fact that ligands are found closer to the etaof the gorge in the poses which belong to the
most populated cluster. The upper part of the A@hEve site gorge is wider, and can easily
accommodate voluminous diisopropyl-substituted lagrpups of17 and 18, in a variety of
slightly different, but essentially similar confoations. Most probably because of this, the
search algorithm was able to find more similar gobelonging to the same cluster. One
important consequence of this is that cycloalkylrammoieties ofLl7 and18 are found near acyl
pocket residues Phe 295 and Phe 297, instead atdytc triad residues His 447 and Ser 203,
as observed in the best ranked docking pose; tiverein the most populated pose 1 N3
nitrogen of the imidazole ring forms hydrogen bomith backbone -NH- group of Phe 295.
However, in both classes of poses, the hydroged between amido -NH- group and side chain

-OH group of Tyr 124 existed.

Docking poses of the both enantiomers of compdailage shown in Fig. 3e. Cluster which
comprised the best ranked pose (according to ttimasedAG of binding) was also the most
populated one. Both enantiomers were docked alnaasttically into the AChE active site
gorge, and established the same type of interactioth amino acid side chains of the enzyme
(see Table 2.). The estimated free energies ofifgnfbr the both enantiomers appeared very
similar, —11.15 and -11.11 kcal/mol, f& and R, respectively. Phenylamide rings of both
enantiomers are directed toward the bottom of t68&aRA active site gorge, and form hydrophobic
interactions with aromatic side chains of Phe 338,337 and Trp 86. The aroyl phenyl rings of
the bothR andS enantiomersire directed toward the entrance of the gorgejraedact with Tyr
72, Asp 74 and Trp 286 (residues that belong to)PA8ygen of the aroyl carbonyl group forms
hydrogen bond with the backbone -NH- group of P88. Zor this compound, only few poses
(out of 50) were found with the aroyl phenyl ringedted toward bottom of the gorge, but with
considerably lower estimated free energy of bindig, when there are no voluminous 2,4-
diisopropyl groups at aroyl moiety, which can ebsibimportant hydrophobic contact with the
amino acid residues in the active site of AChE, give rise to the energetically most favored



(but poorly populated) docking poses (as in caseoaipoundsl7 and18), the most populated
pose becomes also the energetically favored onih, phenylamido moiety directed toward
bottom of the gorge, and aroyl phenyl ring diredt®aard the entrance of the gorge.

Please put Figure 3 here

The docking studies provided valuable insight iptssible interactions between the three
most active derivativess(17 and18) and AChE active site residues. From exhaustiatyars
of the docking poses it can be shown that therévawgossible orientations of the ligands within
the AChE active site gorge. One with aroyl moiergcted toward the bottom of the gorge, and
the other with aroyl moiety directed toward therante of the gorge. The later one, in most of
the solutions, belonged to the most populated etusf conformations. Majority of the

derivatives, in both classes of docking poses stdwerogen bonding with Tyr 124 residue.

Protein flexibility was not accounted in our dodakistudy. The knowledge on the non-
covalent contacts between enzyme and ligand owee thay provide additional information
about most persistent interactions and the stpbdit the protein-ligand complexes. We
performed the unconstrained, 10 ns molecular dycsmimulation, starting from the most
populated docking pose of th® enantiomer of compound8. The movie, obtained from
trajectory is given as Supplementary Material. Thest important distances between AChE
active site residues and the ligand obtained frorulaition are shown in Figure 4. During the
simulation, ligand moves toward the entrance ofgbige, as can be seen by a gradual increase
of the distance between the centroid defined onrttele ring of Trp 86 and the phenylamido
ring of compound.8 (4 to ~ 12 A, Fig. 4a). After 5 ns, this distameenains stable until the end
of the simulation. We also monitored the distanesvieen aroyl ring of compouritB and Trp
286 side chain (PAS residue). A major fluctuatidrih@ distance between centroids defined on
Trp 286 indole ring and aroyl phenyl moiety is alveel during the first ns of the simulation
(from 4.5 to almost 11 A, Fig 4b, blue squares)teAtthis time, fluctuation of the distance
appeared stable, with an average value of 7.5 Aer/ ns of simulation, the ligand rotates
around the axis which passes through centroidsxegfon the aroyl and on the phenylamido
rings, so the distance gradually increases. Weratsatored the distance between methyl group
of ortho-i-Pr moiety and centroid defined on the indole riigTgp 286. The profile of this
distance (Figure 4b, violet dots) is similar to y®rp 286 distance, and suggests a stable
CH- - & interaction with an average distance of 4 A, frbirio 5" ns of the trajectory. As a result
of ligand rotation, this distance gradually incesagrom 8 ns to §' ns, and after this time,
remains stable with average value of 12 A. Docldatrulations suggested a hydrogen bond



formation between backbone -NH- group of Phe 29bthe nitrogen N3 of the imidazole ring
of compound18. We monitored this distance during simulation (Hg, green dots). This
hydrogen bond appeared persistent only at the lvegynning of the simulation, in the first 500
ps. From 1 ns to 4 ns of the simulation, the distagradually increases. After 4 ns, the hydrogen
bond between these two groups is formed again,remains stable to the end df Bs. After
this time, the bond breaks, as a result of ligastdtion. As a consequence of ligand rotation,
imidazole ring is directed toward Tyr 124, and logkn bond is formed between the N3 of
imidazole ring and the -OH group of Tyr 124 (Fig, ded dots). The existence of this hydrogen
bond is also evident from 580ps to the end of%ins of the MD trajectory, the same time
interval in which hydrogen bond of imidazole rin@ ldnd backbone -NH- group of Phe 295
cannot be observed. The distance between the bale €OH oxygen atom of Tyr 124 and the
amido -NH- of compound8 is shown in Fig 4d. This H-bond remains stabl@tlghout the
whole 10 ns of MD simulation. Only temporary inceaf this distance appeared around the 3
6™ and & ns of the simulation. Beyond that, the hydrogencbis stable, with overall occupancy
of 62.02 %. One additional hydrogen bond was oleztrbetween -OH group of Tyr 72 and
carbonyl group of the ligand, from th& s till the end of the simulation, (Fig 4e). Acding to
the results of this MD simulation, the most peesist and therefore, probably, the most
important interactions between compouf8 and the AChE active site residues involve
following hydrogen bonds: persistent H-bond betwden 124 -OH group and amido -NH-
moiety of the ligand; a fine interplay of hydrogbonds between imidazole N3 atom of the
compound and the Tyr 124-OH group, or the backbdhé group of Phe 295; as well as the
hydrogen bond between aroyl carbonyl group of campoand the Tyr 72 -OH group. Since the
ligand moves slightly toward the entrance of theggpand therefore lose interactions with Trp
86 residue, we suppose that additional, more vaioos substituents ipara-position of

phenylamido moiety will increase the inhibition oty of compounds.
Please put Figure 4 here

To explore possible binding modes for the compouacis/e toward BChE, and to reveal
possible reasons for the selectivity of compounggatd one or another enzyme, we docked both
enantiomers of compound$ and 20 into BChE active site (PDB entry 1PO0I). The resute
shown in the Figure 55 enantiomers are colored cyan ahdre colored red. The ligands occupy
the same spatial region of the active site, anetact with BChE amino acid residues primarily
through hydrophobic interactions. Ti®and R enantiomers of compountlé have slightly
different modes of binding (Fig 5a). Aroyl phenyhg of the S isomer of compound6 is
pointed toward the catalytic triad residues, Hi8 4®d Ser 198. Aroyl carbonyl group forms



hydrogen bond with Ser 198 —OH group. Phenylamidg is found near anionic site of the
enzyme, and forms close contact with Asn 83, wliile amide bond ofS enantiomer of
compoundl6 is found near Trp 82. ThH-methyl group on the piperazine ring forms CH- - -
interaction with Trp 430 side chain. The orientatiof the R enantiomer of compound6
appeared slightly different. Aroyl phenyl ring istusted near Trp 82 residue. Thé-
methylpiperazine ring is pointed toward the enteamé the gorge and does not make any
important interactions. The 3,5-dimetoxy substdufhenylamido ring is found near the Thr
120.

Both enantiomers of compoura® have similar binding modes inside BChE active &tig.
5b). Phenylamido rings are found near catalytiadtrresidues His 438 and Ser 198.
methylpiperazino ring makes van der Waals intesastiwith Tyr 332 residue. Aroyl ring is
situated in the anionic site of the enzyme, andhfhydrophobic interactions with Trp 82. The
ortho-i-Pr group of aroyl ring forms close contacts wittly @15, Gly 116 and Gly 117
(oxyanion hole residues). Any hydrogen bonding leetwenantiomers of compoufd and the
amino acid residues of BChE was not observed.

Please put Figure 5 here

The binding modes of compounés 17 and 18 in the AChE active site are significantly
different from the binding modes of compount® and 20 in the BChE active site. As is
mentioned in the introduction, six out of fourtesomatic amino acid residues in AChE (Tyr 72,
Tyr 124, Trp 286, Phe 295, Phe 297 and Tyr 337)yegpéaced by aliphatic ones (Asn 68, GIn
119, Ala 277, Leu 286, Val 288, and Ala 328) in BCH his causes 200°Aarger active site
gorge of BChE, comparing to that of AChE. Most @bly because of this, compounti and
17 are deeply buried inside of BChE active side goagel oriented in way that two rings of the
molecules are situated in the bottom of the googe, usually directed toward Trp 82 (anionic
site) and the other toward Ser 198 and His 438algat triad residues). In contrast to this,
compounds, 17 and18 are oriented in a way that one aromatic ring adty with AS and the
other one with PAS of AChE, with smaller cycloakaylino moiety accommodated in the middle
of the gorge. This binding mode is probably a cqasace of the less voluminous AChE active
site gorge comparing to BChE'’s. It is very probablat due to bulkiness &f-methylpiperazine
ring (comparing to imidazole and piperidine ringJpmpounds16 and 20 cannot be
accommodated inside AChE active site, and therefbese compounds selectively inhibit
BChE. Along with this, interactions of compound$ and 20 with BChE are primarily
hydrophobic by nature (only one hydrogen bond seobed for compound6), while compound
18 establish few important hydrogen bonds with the 7% and the Tyr 124 residues of AChE;



as perceived from MD simulation. Tyr 72 and the T4 residues are replaced with Asn 68 and
GIn 119 in BChE. Therefore the architecture of B@hE active site is slightly different,
comparing to AChE, and those residues cannot pley same role of hydrogen bond
donors/acceptors as corresponding residues in AGtdEeover, compounde, 17, 18 are less
voluminous comparing td6 and 20, and probably cannot establish necessary hydrophob

contact in sufficient extent for the effective himglto the wider BChE active site gorge.

3. Conclusions

In continuation of our work, we further investigatmfluence of structural modifications of 4-
aryl-4-oxo-2-aminylbutyramides on AChE and BChE ilmion activity. We explored the
influence of the amido part of molecules on the EMChE inhibition activity and selectivity,
changing the amido moiety from phenyl to 3,5-dinoeiyphenyl, 4-isopropylphenyl and
cyclohexyl and keeping the favorable alkyl substitis (2,4di-isopropyl, 4-isopropyl ang-
tetralinyl) on the aroyl part of the molecules. Foe Michael addition to the activated double
bond, piperidine, imidazole, morpholing;methylpiperazine, 4-benzylpiperidine and 4NMX-
di-Me-aminoethyl)-1-piperazine were used. Twelvempounds, mostly piperidino and
imidazolo derivatives, inhibited AChE in low microhar range, and were inactive toward
BChE. Three compounds inhibited BChE in low micrdemar submicromolar concentrations.
All three compounds bear 2,4-diisopropyl substdusgoyl moiety and a&-methylpiperazine
ring at position C2 of butanoic part of molecules With previous set of compounds, the nature
of cycloalkylamino moiety governed the AChE/BChHesavity of the compounds. The most
active AChE inhibitor, compountl7, exhibited mixed type reversible inhibition, indimg its
binding to free enzyme and enzyme-substrate comple& docking study, performed with the
seven derivatives having d¢values below JuM, showed that for all compounds a hydrogen
bond between amido -NH- group of compounds and IP# -OH group can be formed. The
unconstrained, 10 ns molecular dynamics simulatbénthe complex between AChE and
compoundl8, showed that most persistent ligand-protein imtéva is hydrogen bond between
Tyr 124 -OH group and amido -NH- moiety of compouRdw additional hydrogen bonds were
also found. Although moderately active, reportednpounds will be used as templates for
further structural modifications, in order to firgtructural requirements needed for higher

potency.

4. Experimental

4.1. Chemistry



All chemicals were purchased from Sigma-AldrichMerck, and were used as received. Dry
CH.Cl, was used for Friedel-Crafts acylations. Meltingng®were determined in open capillary
tubes on SMP-10 Stuart apparatus, and are uncedréet and*C NMR spectra were recorded
in CDCk on Varian Gemini 200/50 MHz or Bruker AVANCE 5008 MHz instruments. NMR
spectra of representative compounds are showgur&iS7, Supplementary Material. Chemical
shifts are reported in parts per milliopp(m relative to tetramethylsilane (TMS) as internal
standard. Spin multiplicities are given as followss:(singlet), d (doublet), t (triplet), m
(multiplet), orbr (broad). The HR ESI-MS spectra were recorded oiteAgTechnologies 6210-
1210 TOF-LC-ESI-MS instrument in positive mode. $taa were dissolved in MeOH. All
compounds prove > 98% purity, as obtained by insémntal methods of analysis.

4.2. Characterization of the compourid88

4.2.1. N-(3,5-Dimethoxyphenyl)-4-(4-isopropylphenyl)-4-d%@R,S)-(1-piperidinyl)butanamide
D).

CoeH34N204, starting from E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid (2rethoxy-
phenyl)amide (0.85 mmol) and a corresponding amotipiperidine, 0.179 g df was obtained,
48.05% yield, light yellow solid, m.p. = 111-113,%oluene)H NMR (200 MHz, CDC}))
1.28 @, 6H, J=7.59 Hz,i-PrCHs); 1.47 (, 2H, piperidinyl -CH-); 1.63 (, 4H, piperidinyl -
CHy-); 2.57 (-like, 4H,J=5.16 Hz, piperidinyl -Cht); 2.93-3.04 (overlappeah, 2H,i-PrCH and
ABX): 3.66 dd, 1H, J; =6.37 Hz,J;5=9.40 Hz, ABX); 3.77 § 6H, -OCH); 4.26 @d, 1H,
J1.5=5.16 Hz,J1 =9.41 Hz, ABX); 6.22 tlike, 1H, J; , =4.25 Hz, amidg-phenyl); 6.79 ¢ 1H,
amido-o-phenyl); 6.80 ¢, 1H, amidoe-phenyl); 7.33 4, 2H, J=8.50 Hz, aroyltphenyl); 7.97
(d, 2H, J=8.50 Hz, aroyle-phenyl); 9.47 § 1H, amido -NH-).*C NMR (50 MHz, CDC})) &
22.38; 22.58; 23.60; 23.87; 26.71; 31.85; 34.1648451.00; 55.35; 96.32; 97.36; 126.65;
128.51; 134.81; 139.61; 154.54; 161.04; 170.60;2R8SI-MS HR: 439.2587 (M +1), Calc.
439.2597.

4.2.2. N-(3,5-Dimethoxyphenyl)-4-(4-isopropylphenyl)-4-a@R,9-(1-imidazolyl)butanamide
2.

Co4H27N304, starting from [E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid (2iBrethoxy-
phenyl)amide (0.85 mmol) and a corresponding amotimhidazole, 0.249 g d was obtained,
69.55 % white solid, m.p. = 150-151 °C (toluerfe) NMR (200 MHz, CDC}) J: 1.24 {, 6H,
J=6.71 Hz,i-PrCHg); 2.93 (n, 1H,J; .=7.05 Hz,J; :=14.11 Hz,j-Pr-CH); 3.50 {d, 1H, J; .=5.64
Hz, J;=18.11 Hz, ABX); 3.66 ¢ 6H, -OCH); 4.08 @d, 1H, J; =7.29 Hz,J; :=18.11 Hz,



ABX); 5.66 ¢, 1H, J; = 6.35 Hz, ABX); 6.181(like, 1H, J; » =2.35 Hz, amidg-phenyl); 6.81
(s, 1H, amidoe-phenyl); 6.82 ¢, 1H, amidoe-phenyl); 7.16 ¢, 1H, imidazolyl-CH-); 7.21 ¢,
1H, imidazolyl-CH-); 7.26 ¢, 2H, J=8.00 Hz aroylr+phenyl); 7.64 ¢, 1H, imidazolyl-CH-);
7.84 @, 2H,J=7.86, Hz aroyl-phenyl); 10.30€ 1H, amido -NH-)!*C NMR (50 MHz, CDC}))
0. 23.49; 34.20; 41.73; 55.19; 56.75; 97.17; 98.128.04; 126.83; 128.42; 129.44; 133.57,
137.41; 139.70; 155.60; 160.86; 166.56; 195.84:MSIHR: 422.2074 (M +1), Calc. 422.2080.

4.2.3. N-(3,5-Dimethoxyphenyl)-4-(4-isopropylphenyl)-4-&«@R,S-(4-morpholinyl)butan-
amide B).

CosH3oN20s, starting from [E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid (2iBrethoxy-
phenyl)amide (0.82 mmol) and a corresponding amainimorpholine, 0.275 g 0B was
obtained, 76.01 % yield, light yellow solid, m.p.155-157 °C (toluenefH NMR (200 MHz,
CDCl3) 0: 1.27 (, 6H, J=7.46 Hz,i-PrCH); 2.64 (-like, 4H, J; .=4.00 Hz, morpholino-CH);
2.90-3.04 (overlappeth, 2H, i-PrCH and ABX); 3.64-3.86 (overlapped, 11H, morpholino-
CH,-, ABX and -OCH); 4.27 @d, 1H, J; =5.14 Hz,J; =7.14 Hz, ABX); 6.23{(like, 1H, J;»
=2.82 Hz, amidg-phenyl); 6.78 ¢, 1H, amidoe-phenyl); 6.79 ¢, 1H, amidoe-phenyl); 7.334,
2H, J=8.46 Hz, aroyltphenyl); 7.96 4, 2H, J=7.81 Hz, aroyl-phenyl); 9.22 ¢ 1H, amido—
NH-). *C NMR (50 MHz, CDC}) : 23.54; 32.10; 34.14; 49.96; 55.30; 65.02; 67 3045;
97.46; 129.69; 128.45; 134.59; 139.34; 157.74;041169.73; 197.74. ESI-MS HR: 441.2389
(M +1), Calc. 441.2389.

4.2.4. N-(3,5-Dimethoxyphenyl)-4-(4-isopropylphenyl)-4-&R,S)-[1-(4-methylpiperazinyl)]-
butanamide4).

CoeH3sN3O4, starting from [E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid (Brethoxy-
phenyl)amide (0.82 mmol) and a corresponding amotidtmethylpiperazine, 0.159 g 4fwas
obtained, 42.68 % vyield, white solid, m.p. = 12@RPZ (toluene)’H NMR (200 MHz, CDC})
0. 1.27 @, 6H,J=7.36 Hz,i-PrCH); 2.32 &, 3H, N-CHjy); 2.52 pr, 4H, piperazine-CH); 2.67
(br, 4H, piperazine-CH); 2.93-3.08 (overlappedn, 2H, ABX and i-PrCHs); 3.63-3.77
(overlapped signals, 7H, ABX and -OgH4.34 (d, 1H, J; =5.10 Hz,J; 5=6.86 Hz, ABX);
6.23 pr, 1H, amidop-phenyl); 6.79 ¢, 1H, amidoe-phenyl); 6.80 ¢, 1H, amidoe-phenyl); 7.32
(d, 2H,J=8.43, aroylm-phenyl); 7.96 ¢, 2H, J=8.43, aroyle-phenyl); 9.30¢, 1H, amido -NH-).
¥C NMR (50 MHz, CDGJ) 6: 23.58; 31.72; 34.16; 45.88; 55.33; 64.56; 96 FB43; 126.65;
128.47; 134.70; 139.49; 154.63; 161.04; 170.04,8®@ESI-MS HR: 454.2707 (M +1), Calc.
454.2706.



4.2.5. N-(4-lIsopropylphenyl)-4-(4-isopropylphenyl)-4-oxdR2;9-(1-piperidinyl)butanamide
(5).

Co7H3eN2O,, starting from  [E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic  acid (dsopyl-
phenyl)amide (0.74 mmol) and a corresponding amotipiperidine, 0.188 g d was obtained,
59.90 % vyield, light yellow solid, m.p. = 106-108 °(toluene)*H NMR (200 MHz, CDC)) &:
1.22 @, 6H,J=7.30 Hz,i-PrCH;—phenylamide); 1.2d( 6H, J=7.30 Hz,i-PrCHs-aroyl); 1.46 (n,
2H, piperidinyl —-CH-); 1.63 (n, 4H, piperidinyl —CH-); 2.57 (n, 4H, piperidinyl —CH-);
2.83-3.00 (overlapped, 3H, i-PrCH and ABX); 3.71dd, 1H, J, =6.74 Hz,J; =16.18 Hz,
ABX); 4.26 {, 1H, J; :=5.62 Hz, ABX); 7.16 ¢, 2H, J=7.86 Hz, amidan-phenyl); 7.32 d, 2H,
J=7.86 Hz, aroyk+phenyl); 7.46 4, 2H, J=8.41, Hz amida-phenyl); 7.97 ¢, 2H, J=7.86 Hz
aroyl-o-phenyl); 9.39 § 1H, amido -NH-)**C NMR (50 MHz, CDC}) §: 23.58; 23.94; 26.69;
31.87; 33.49; 34.14; 51.02; 66.78; 95.70; 119.336.61; 126.76; 128.49; 134.95; 135.55;
144.55; 154.38; 170.38; 198.37. ESI-MS HR: 421.2838-1), Calc. 421.2855.

4.2.6.N-(4-1sopropylphenyl)-4-(4-isopropylphenyl)-4-oxdR;S)-(1-imidazolyl)butanamidegy.
CosHooN3O,, starting from  E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic  acid (dsopyl-
phenyl)amide (0.74 mmol) and a corresponding amotimhidazole, 0.251 g & was obtained,
83.35 % yield, white solid, m.p. = 164-165 °C (&ne)."H NMR (200 MHz, CDCJ) §: 1.17 ¢,
6H, J=7.45 Hz, i-PrCHs-phenylamide); 1.24d 6H, J=6.09 Hz,i-PrCHs-aroyl); 2.75-3.01
(overlappedm, 2H, i-PrCH); 3.49 €d, 1H, J; =5.65 Hz,J; =18.12 Hz, ABX); 4.10dd, 1H,
J1=7.13 Hz,J; 5=17.24 Hz, ABX); 5.651( 1H, J; =6.24 Hz, ABX); 7.09 ¢, 2H, J=8.48 Hz,
amidomphenyl); 7.14 ¢ 1H, imidazolyl-CH); 7.21 § 1H, imidazolyl-CH); 7.27 d, 2H,
J=8.47, aroylm-phenyl); 7.454, 2H, J=8.48 Hz, amida-phenyl); 7.62 ¢, 1H, imidazolyl-CH);
7.85 @, 2H, J=8.47, aroyle-phenyl); 9.97 § 1H, amido -NH-)*C NMR (50 MHz, CDC)) :
22.53; 23.91; 33.50; 34.21; 41.75; 56.68; 95.738.02; 120.19; 126.76; 128.42; 129.55; 133.66;
135.50; 137.41; 145.31; 155.53; 166.36; 1958RA-MS HR: 404.2337 (M +1), Calc. 404.2338.

4.2.7. N-(4-1sopropylphenyl)-4-(4-isopropylphenyl)-4-oxdR;S-(4-morpholinyl)butanamide
(7.

CoeH34N203, starting from [E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic  acid (4epsopyl-
phenyl)amide (0.89 mmol) and a corresponding amainiorpholine,7 was obtained, in
quantitative yield, as yellow semi-solitH NMR (200 MHz, CDC}) ¢: 1.22 ¢, 6H, J=6.69 Hz,
i-PrCHs-phenylamide); 1.26d( 6H, J=7.31 Hz,i-PrCH;-aroyl); 2.64 {-like, 4H, J=4.26 Hz
morpholinyl-CH-); 2.79-3.06 (overlappenh, 3H, ABX andi-Pr-CH); 3.66-3.77 (overlapped,
5H, ABX and morpholinyl-Ck); 4.27 @dd, 1H, J; :=5.18 Hz,J; =9.44 Hz, ABX); 7.16 ¢, 2H,
J=8.83 Hz, amidan-phenyl); 7.31 4, 2H, J=7.62, aroylm-phenyl); 7.44 ¢, 2H, J=8.22 Hz,
amidoo-phenyl); 7.96 ¢, 2H, J=8.52, aroyle-phenyl); 9.16 §, 1H, amido -NH-)*C NMR (50



MHz, CDCk) ¢: 23.56; 23.93; 32.14; 33.47; 34.16; 50.00; 658A31; 95.70; 119.44; 126.69;
126.83; 128.49; 135.24; 144.89; 154.69; 169.55,8@7ESI-MS HR: 423.2642 (M +1), Calc.
423.2648.

4.2.8. N-(4-Isopropylphenyl)-4-(4-isopropylphenyl)-4-oxdR;S)-[1-(4-methylpiperazinyl)]-
butanamide §).

CoH37N3O,, starting from E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic  acid (dsopyl-
phenyl)amide (0.89 mol) and a corresponding amofirit-methylpiperazine, 0.145 g 8fwas
obtained, in quantitative yield, as yellow semiidotH NMR (200 MHz, CDG}) d: 1.22 ¢, 6H,
J=7.01 Hz, i-PrCH-phenylamide); 1.26 d( 6H, J=7.01 Hz, i-PrCHs-aroyl); 2.31 § 3H,
piperazine-CH); 2.87 , 1H, J; =6.72 Hz,J; :=13.83 Hz,i-PrCH); 2.87 (overlappedh, 2H,
ABX andi-PrCH); 2.53 pr, 4H, piperazine-CH); 2.68 pr, 4H, piperazine-CH); 3.70 @d, 1H,
J1.=7.29 Hz,J: =16.34 Hz, ABX); 4.33t(like picks,J; =7.04 Hz, ABX):; 7.16d, 2H, J=8.30
Hz, amidom-phenyl); 7.31 4, 2H, J=8.30, aroylm-phenyl); 7.45 ¢, 2H, J=8.80 Hz, amida>-
phenyl); 7.95 ¢, 2H, J=8.05, aroyle-phenyl); 9.21 ¢, 1H, amido -NH-)."*C NMR (50 MHz,
CDCls) d: 26.63; 23.99; 31.87; 33.55; 34.22; 45.94; 55.62;80; 119.40; 126.66; 126.82;
128.50; 134.87; 135.41; 144.78; 154.54; 169.81;,AB8ESI-MS HR: 436.2965 (M +1), Calc.
436.2964.

4.2.9.N-Cyclohexyl-4-(4-isopropylphenyl)-4-oxo-R;§)-(1-piperidinyl)butanamide9).

Co4H36N20;, starting from E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid cyloéxylamide
(0.83 mmol) and a corresponding amount of pipeedid160 g o was obtained, 49.74 %
yield, yellow semi-solid’H NMR (200 MHz, CDCJ) d: 1.25 €, 6H,J=6.71Hz,i-PrCH); 1.14-
1.45 (overlappedn, 8H, cyclohexyl-CH-, piperidinyl-CH-); 1.54-1.66 (overlappedn, 6H,
cyclohexyl-CH-, piperidinyl-CH-); 1.78-3.77 (br, 2H, cyclohexyl-CH); 2.50 (-like picks, 4H,
J=5.97 Hz, piperidinyl-Ch); 2.84 ¢d, 1H, J; =5.11 Hz,J; :=16.48 Hz, ABX); 2.95r, 1H,i-
PrCH); 3.63 dd, 1H, J; .=7.39 Hz,J; 5=16.19 Hz, ABX); 3.77 1y, 1H, cyclohexyl-CH-); 4.06
(dd, 1H, J; =5.69 Hz,J; 5=9.66 Hz, ABX); 7.30d, 2H,J=7.96Hz, aroylm-phenyl); 7.95¢, 2H,
J=8.24Hz, aroyle-phenyl); 6.83d, 1H, J=13.14 Hz, amido-NH-)**C NMR (50 MHz, CDC})
0. 23.58; 24.02; 24.60; 25.49; 26.60; 32.05; 323®;12; 34.14; 47.50; 50.91; 65.58; 126.56;
128.47; 135.26; 154.14; 171.06. ESI-MS HR: 385.2885 1), Calc. 385.2842.

4.2.10.N-Cyclohexyl-4-(4-isopropylphenyl)-4-oxo-R;0-(1-imidazolyl)butanamidelQ).
CooH29N30Os, starting from E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid cyloxylamide
(0.83 mol) and a corresponding amount of imidaz@/#48 g ofLO was obtained, 48.14 % yield,
orange semi-solidH NMR (200 MHz, CDC}) 6: 1.06-1.41 i, 6H, cyclohexyl-CH); 1.25 ¢,
6H, J=7.28Hz,i-PrCH;); 1.61 (n, 2H, cyclohexyl-CH-); 1.83 pr, 2H, cyclohexyl-CH-); 2.95



(m, 1H,i-PrCH); 3.49 dd, 1H, J; =6.68 Hz,J; :=17.91 Hz, ABX); 3.72r, 1H, cyclohexyl-CH-

); 4.02 dd, 1H, J; =6.67 Hz,J; :=17.90 Hz, ABX); 5.45t(like picks, 1H,J; =6.68 Hz, ABX);
6.65 @, 1H, J=7.86 Hz, amido-NH); 7.07s( 1H, imidazolyl-CH); 7.124, 1H, imidazolyl-CH);
7.30 d, 2H, J=8.50Hz, aroylrt+phenyl); 7.71 ¢, 1H, imidazolyl-CH); 7.86d, 2H, J=8.49Hz,
aroyl-o-phenyl); *C NMR (50 MHz, CDGJ) §: 23.51; 24.60; 25.24; 32.48; 34.20; 41.61; 48.82;
56.39; 117.97; 126.81; 128.36; 129.31; 133.75; 2A87155.47; 167.34; 195.67. ESI-MS HR:
368.2336 (M +1), Calc. 368.2338.

4.2.11.N-Cyclohexyl-4-(4-isopropylphenyl)-4-oxo-R;0)-(4-morpholinyl)butanamidel().

C23H34N20s, starting from E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid cyloéxylamide
(0.94 mmol) and a corresponding amount of morpleolih131 g ofL1 was obtained, 35.92 %
yield, pale orange solid, m.p. = 93-95 °C (toluefid)NMR (200 MHz, CDCJ) &: 1.09 pr, 6H,
cyclohexyl -CH-); 1.26 €, 6H, J=11.26 Hz,i-PrCHs); 1.64 pr, 2H, cyclohexyl -CH); 1.86
(br, 2H, cyclohexyl -CH); 2.58 €, 4H, J; =4.57 Hz, morpholino -CH); 2.86-2.99 (overlapped
m, 2H, i-PrCH and ABX); 3.59-3.76 (overlappeah, 6H, ABX, morpholino -CH, and
cyclohexyl -CH-); 4.07 dd, 1H, J; =5.10 Hz,J; =7.84 Hz, ABX); 7.05 ¢, 1H, J=7.84 Hz,
amido-NH-); 7.31 @, 2H, J=8.43, aroylm-phenyl); 7.94 ¢, 2H, J=8.43, aroyle-phenyl).**C
NMR (50 MHz, CDC}) ¢: 23.60; 24.66; 25.46; 32.43; 32.92; 33.21; 344074, 50.02; 64.97;
67.31; 126.67; 128.47; 135.01; 154.49; 170.20; 3BBESI-MS HR: 387.2639 (M +1), Calc.
387.2648.

4.2.12. N-Cyclohexyl-4-(4-isopropylphenyl)-4-oxo-R;6)-[1-(4-methylpiperazinyl)butanamide
(12).

Co4H37/N30;, starting from [E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid cylodxylamide
(0.83 mmol) and a corresponding amount of 1-metpghazine, 0.045 g of2 was obtained,
13.46 % vyield, yellow solid, m.p. = 101-103 °C @he).*H NMR (200 MHz, CDCJ) ¢: 1.12-
1.39 pr, 6H, cyclohexyl -CH); 1.25 ¢, 6H, J=6.97 Hz, i-PrCHy); 1.56-1.64 lor, 2H,
cyclohexyl -CH-); 1.86 pr, 2H, cyclohexyl —CH); 2.30 §, 3H, N-CH3); 2.42-2.51 lor, 4H,
piperazine -Cht); 2.60 @-like, 4H, piperazine -CH); 2.83-2.99 (overlappenh, 2H, i-Pr-CH,
ABX); 3.63 dd, 1H, J; =7.94 Hz,J; :=16.21 Hz, ABX); 3.77l§r, 1H, cyclohexyl -CH-); 4.14
(dd, 1H, J, =5.16 Hz,J15=8.44 Hz, ABX); 7.11 ¢-like, 1H, J=8.21 Hz, amido-NH); 7.30d(
2H, J=8.44 Hz, aroyl-phenyl); 7.93 4, 2H, J=8.44 Hz, aroyle-phenyl);**C NMR (50 MHz,
CDCl;) o0: 23.56; 24.58; 25.42; 31.90; 32.87; 33.14; 344281, 47.56; 55.42; 64.51; 126.54;
128.42; 135.06; 154.25; 170.40; 198.48. ESI-MS ¥B0.2959 (M +1), Calc. 400.2964.

4.2.13. 4-(2,4-DiisopropylphenyIN-(3,5-dimethoxyphenyl)-4-oxo-R(S)-(1-piperidinyl)-
butanamide 13).



GooH4oN2O4, starting from  E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic  acid3,%-
dimethoxyphenyl)amide (0.76 mol) and a correspop@mount of piperidin€l3 was obtained,
in quantitative yield, orange solid, m.p. = 99-1@l (toluene)*H NMR: (500 MHz, CDC}) &:
1.21-1.29 (overlappenh, 12H,i-PrCH); 1.52 (n, 2H, piperidino -CH); 1.66 (n, 4H, piperidino
-CHy-); 2.55 (, 4H, piperidino -CH); 2.87-2.96 (overlappenh, 2H, i-PrCH and ABX); 3.45-
3.52 (overlappedn, 2H, i-PrCH and ABX); 3.774, 6H, -OCH); 4.20 @d, 1H, J; =4.69 Hz,
J15=8.04 Hz, ABX); 6.22 f{ 1H, J=2.07 Hz, amidg-phenyl); 6.79 ¢ 2H, amidoe-phenyl);
7.26-7.27 (overlapped ands, 2H, aroylm-phenyl); 7.63 d, 1H, J=7.79 Hz, aroyl-phenyl);
9.37 6, 1H, amido -NH-).**C NMR (125 MHz, CDG)) §: 22.85; 23.16; 23.75; 23.95; 24.42;
26.73; 29.13; 34.26; 35.99; 44.50; 55.35; 66.2738697.39; 98.68; 123.16; 124.72; 127.97;
136.51; 139.64; 148.34; 152.00; 161.05; 170.57;, 2R3ESI-MS HR: 481.3075 (M +1), Calc.
481.3066.

4.2.14. 4-(2,4-DiisopropylphenyIN-(3,5-dimethoxyphenyl)-4-oxo-RB(S-(1-imidazolyl)butan-
amide (4).

G7H33N3O4,  starting  from  E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic  acid3,5-
dimethoxyphenyl)amide (0.89 mmol) and a correspagp@mount of imidazole, 0.220 g b4
was obtained, 52.94 % vyield, orange solid, m.p03-105 °C (toluene)H NMR (200 MHz,
CDCl3) 0: 1.11-1.26 (overlappenh, 12H,i-PrCHs); 2.91 (, 1H, J; =8.69 Hz,J; :=14.28 Hz,-
Pr-CH); 3.31-3.50 (overlappea, 2H, i-PrCH and ABX); 3.68¢g, 6H, -OCH); 3.98 @d, 1H,
J1=7.45 Hz,J; =18.25 Hz, ABX); 5.66 t( 1H, J; .=7.19 Hz, ABX); 6.20 ir, 1H, amidop-
phenyl); 6.81 ¢ 1H, amidom-phenyl); 6.82 ¢, 1H, amidom-phenyl); 7.01-7.10 (overlapped
signals, 2H, aroy-phenyl); 7.17 ¢, 1H, imidazolyl -CH-); 7.24g 1H, imidazolyl -CH-); 7.48
(d, 1H, J=8.39, aroyle-phenyl); 7.70 § 1H, imidazolyl -CH-); 9.85¢ 1H, amido -NH-).°C
NMR (50 MHz, CDC}) o: 23.62; 23.96; 28.99; 34.27; 45.08; 55.24; 579021; 98.30; 117.97;
123.43; 124.92; 128.38; 128.93; 134.42; 137.41;.389148.99; 153.21; 160.92; 166.44;
200.50. ESI-MS HR: 464.2532 (M +1), Calc. 464.2549.

4.2.15. 4-(2,4-DiisopropylphenyIN-(3,5-dimethoxyphenyl)-4-oxo-R(S-(4-morpholinyl)-
butanamide 15).

CogH3gNoOs, starting from [E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic  acid3,%-
dimethoxyphenyl)amide (1.00 mmol) and a correspamp@mount of morpholine, 0.235 g b
was obtained, 48.08 % vyield, orange solid, m.p26-128 °C (toluene)H NMR (200 MHz,
CDCl) 6: 1.23-1.29 (overlappeah, 12H,i-PrCH); 2.64 (-like, 4H, J; =3.90 Hz, morpholino
CH,-); 2.88-2.98 (overlappeah, 2H, ABX andi-PrCH); 3.41-3.65 (overlapped, 2H, ABX and
—-PrCH); 3.77 (overlapped picks, 10H, -O¢&hd morpholino-ChHt); 4.24 ¢d, 1H, J; =3.89
Hz, J15=7.24 Hz, ABX); 6.23 lfr, 1H, amidop-phenyl); 6.80 ¢ br, 2H, amidoe-phenyl); 7.12



(d, 1H, J=8.08, aroylmphenyl); 7.28 ¢, 1H, aroylm-phenyl); 7.65 ¢, 1H, J=7.79, aroyle-
phenyl); 9.22 ¢ 1H, amido -NH-)}*C NMR (50 MHz, CDCY) J: 23.69; 24.14; 24.33; 29.11;
34.23; 36.01; 43.72; 49.98; 55.31; 64.71; 65.66386796.50; 97.44; 103.18; 123.23; 124.77;
128.01; 136.19; 139.38; 148.42; 152.25; 161.08;869179.76; 194.87; 196.56; 202.57. ESI-
MS HR: 483.2845 (M +1), Calc. 483.2859.

4.2.16. 4-(2,4-DiisopropylphenyIN-(3,5-dimethoxyphenyl)-4-oxo-R(S)-[1-(4-methylpiper-
azinyl)]Jbutanamide 16).

CooH4iN3O4, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic  acid3,g-
dimethoxyphenyl)amide (1.00 mmol) and a correspagp@mount of 1-methylpiperazine, 0.298
g of 16 was obtained, 59.37 % vyield, orange solid, m.208-111 °C (toluenefH NMR (200
MHz, CDCbk) ¢: 1.23-1.29 (overlappenh, 12H,i-PrCH3); 2.33 ¢, 3H, N-CHy); 2.57 pr, 4H,
piperazine -Ch); 2.67 pr, 4H, piperazine -CH); 2.85-2.96 (overlappeth, 2H, ABX andi-
PrCH); 3.42-3.58 (overlappeah, 2H, ABX andi-PrCH); 3.78 §, 6H, -OCH,); 4.28 (d, 1H,
J1.=4.59 Hz,J; =8.52 Hz, ABX); 6.23 ttlike, 1H, J; =2.24 Hz, amidgs-phenyl); 6.79 ¢ 1H,
amido-o-phenyl); 6.80 ¢, 1H, amidoe-phenyl); 7.11 ¢, 1H, J=8.11, aroylm-phenyl); 7.27 &,
1H, aroylm-phenyl); 7.64 4, 1H, J=8.12, aroyle-phenyl); 9.22 § 1H, amido -NH-)*C NMR
(50 MHz, CDC4§) d: 23.71; 24.18; 24.31; 29.12; 34.21; 35.83; 4555H33; 55.50; 65.20; 96.32;
97.45; 123.31; 124.70; 128.03; 163.35; 139.49;32t8152.10; 161.04; 169.96; 202.81. ESI-MS
HR: 496.3166 (M +1), Calc. 496.3170.

4.2.17. 4-(2,4-DiisopropylphenyIN-(4-isopropylphenyl)-4-oxo-2R,S)-(1-piperidinyl)-
butanamide 17).

C3oH42N20s, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acilisopropyl-
phenyl)amide (0.79 mmol) and a corresponding amainpiperidine, 0.160 g ofL7 was
obtained, 43.46% yield, orange semi-sottd NMR (200 MHz, CDC}J) &: 1.20-1.30 (overlapped
d, 18H,i-PrCH); 1.47 pr, 2H, piperidinyl -CH-); 1.63 pr, 4H, piperidinyl -CH-); 2.56 (-like
picks, 4H,J=14.06 Hz, piperidinyl -CH); 2.83-2.95 (overlappedh, 3H, ABX andi-PrCH);
3.41-3.60 (overlappedy, 2H, ABX andi-PrCH); 4.21 dd, 1H, J; =8.96 Hz,J;3=17.91 Hz,
ABX); 7.09 d, 1H, J=8.95 Hz, aroylphenyl); 7.174, 2H, J=7.68 Hz, amidan-phenyl); 7.27
(s, 1H, aroylm-phenyl); 7.46 d, 2H, J=8.96Hz, amidm-phenyl); 7.66 d, 1H, J=8.96 Hz, aroyl-
o-phenyl); 9.32¢ 1H, amido -NH-)*C NMR (50 MHz, CDG}) §: 23.71; 23.96; 24.18; 24.36;
26.69; 29.13; 33.52; 34.21; 36.13; 51.07; 66.08,.33; 123.19; 124.63; 126.80; 128.11; 135.61,
144.58; 148.26; 151.94; 170.35; 203.B8I1-MS HR: 463.3322 (M +1), Calc. 463.3319.



4.2.18. 4-(2,4-DiisopropylphenyIN-(4-isopropylphenyl)-4-oxo-2RS)-(1-imidazolyl)-
butanamide 18).

CogH3sN30s, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acitlisopropyl-
phenyl)amide (0.79 mmol) and a corresponding amainimidazole, 18 was obtained, in
quantitative yield, orange semi-solitH NMR(200 MHz, CDC}) J: 1.12-1.25 (overlapped,
18H,iPrCH); 2.83-2.92 (overlappenh, 2H, i-Pr-CH); 3.36 {-like, 1H, J; =6.71 Hz,i-Pr-CH);
3.46 @dd, 1H, J; =5.25 Hz,J;5=17.44 Hz, ABX); 4.00dd, 1H, J; =6.15 Hz,J; =17.89 Hz,
ABX); 5.69 (or, 1H, ABX); 7.08 ¢, 1H, J=7.71Hz, aroylm-phenyl); 7.12 4, 2H, J=8.05Hz,
amidom-phenyl); 7.17 ¢, 1H, imidazolyl -CH-); 7.244 br, 1H, imidazolyl -CH-); 7.264 1H,
aroyl-m-phenyl); 7.44 4, 2H, J=7.49Hz, amidm-phenyl); 7.48 4, 1H, J=8.05 Hz, aroyl-
phenyl); 7.77 § 1H, imidazolyl -CH-); 9.32¢ 1H, amido -NH-)**C NMR (125 MHz, CDG))

0. 23.68; 23.95; 24.07; 29.08; 33.58; 34.31; 4582:18; 117.93; 120.26; 123.51; 124.93;
126.81; 128.31; 134.48; 135.17; 145.53; 148.96;11%53166.18; 200.44. ESI-MS HR: 446.2806
(M +1), Calc. 446.2808.

4.2.19. 4-(2,4-DiisopropylphenyIN-(4-isopropylphenyl)-4-oxo-2R,9-(4-morpholinyl)butan-
amide (9).

CogH4oN2Os, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoicacidébpropyl-
phenyl)amide (0.79 mmol) and a corresponding amaidinhorpholine,19 was obtained, in
quantitative yield, orange semi-solitH NMR (200 MHz, CDGJ) §: 1.23-1.30 (overlapped,
18H, i-PrCH); 2.64 (-like picks, 4H, morpholino -CH); 2.84-2.97 (overlappedh, 3H, ABX
andi-PrCH); 3.40-3.64 (overlapped, 2H,i-PrCH and ABX); 3.774r, 4H, morpholino -Cht);
4.24 dd, 1H, J; =4.43 Hz,J; =8.07 Hz, ABX); 7.09-7.13dlike signal, 1H, aroylphenyl);
7.18 @, 2H,J=8.41 Hz,J= 8.41, amidan-phenyl); 7.28¢, 1H, aroylm-phenyl); 7.46d, 2H, J=
8.41 Hz, amidm-phenyl); 7.65 ¢, 1H, J=7.84 Hz, aroyl-phenyl); 9.16 ¢, 1H, amido -NH-);
13C NMR (50 MHz, CDC)) d: 23.69; 23.94; 24.18; 24.29; 29.15; 33.50; 3424.20; 50.02;
65.44; 67.31; 119.42; 123.25; 124.70; 126.85; 1281P8.98; 135.30; 136.21; 144.89; 148.35;
152.19; 169.45; 202.7&SI-MS HR: 465.3114 (M +1), Calc. 465.3117.

4.2.20. 4-(2,4-DiisopropylphenyIN-(4-isopropylphenyl)-4-oxo0-2R,S)-[1-(4-methyl-
piperazinyl)]butanamide20).

C3oH43N30,, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoicacidigbpropyl-
phenyl)amide (0.79 mmol) and a corresponding amofifitmethylpiperazine20 was obtained,
in quantitative yield, orange semi-solftH NMR (200 MHz, CDC}) §: 1.21-1.29 (overlapped,
18H,i-PrCHg); 2.32 6, 3H, N-CHj3); 2.53 pr, 4H, piperazine -CH); 2.67 pr, 4H, piperazine -
CH,-); 2.80-2.97 (overlappeah, 3H, ABX andi-PrCH); 3.38-3.61 (overlapped, 2H, ABX and
i-PrCH); 4.28 dd, 1H,J; =4.53 Hz,J; =7.76 Hz, ABX); 7.07-7.12dlike signals, 1H, aroytr-



phenyl); 7.17 §, 2H, J=8.57 Hz, amidan-phenyl); 7.26 ¢, 1H, aroylm-phenyl); 7.46 ¢, 2H,
J=8.57, amidoe-phenyl); 7.63 d, 1H, J=8.20 Hz, aroyl-phenyl); 9.16 ¢, 1H, amido -NH-);
13C NMR (50 MHz, CDC)) d: 23.71; 23.96; 24.22; 24.29; 29.17; 33.50; 3424.00; 45.88;
55.52; 65.02; 119.39; 123.25; 124.63; 126.83; 1281B5.43; 136.39; 144.75; 148.24; 152.05;
169.75; 202.97ESI-MS HR: 478.3429 (M +1), Calc. 478.3428.

4.2.21.N-Cyclohexyl-4-(2,4-diisopropylphenyl)-4-oxoR;§)-(1-piperidinyl)butanamide(l).

Co7H42N2Os, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acigctohexyl-
amide (0.88 mmol) and a corresponding amount afrgme, 0.151 g oR1 was obtained, 40.22
% vyield, white solid, m.p. = 105-107 °C (toluen#). NMR (200 MHz, CDGJ) §: 1.09-1.46
(overlappedm, 8H, cyclohexyl -CH and piperidinyl -CH); 1.22-1.28 (overlapped, 12H,i-
PrCH); 1.54-1.70 (overlapped, 6H, piperidinyl-CH- and cyclohexyl-Ckt); 1.84 br, 2H,
cyclohexyl-CH-); 2.47 (-like, 4H, J=6.97Hz, piperidinyl -CH); 2.97 @dd, 1H, J; =4.65 Hz,
J15=16.27 Hz, ABX); 2.9116, 1H, i-PrCH); 3.35-3.53 (overlapped, 2H, ABX andi-PrCH);
3.74 fn, 1H, cyclohexyl -CH-); 4.03dd, 1H, J; =4.59 Hz,J; 5=17.91 Hz, ABX); 7.09q, 1H,
J=7.83Hz, aroylm-phenyl); 7.24 (s, 1H, aroyhphenyl); 7.66 4, 1H, J=7.83Hz, aroyle-
phenyl); 6.75 ¢, 1H, J=13.78 Hz, amido -NH-);**C NMR (50 MHz, CDC}) §: 22.31; 22.43;
23.71; 24.00; 24.18; 24.31; 24.58; 25.47; 26.5312932.88; 33.14; 34.18; 36.36; 44.43; 47.41;
50.89; 65.33; 95.73; 123.17; 124.47; 128.14; 136170.96; 203.83&SI-MS HR: 427.3323 (M
+1), Calc. 427.3325.

4.2.22 .N-Cyclohexyl-4-(2,4-diisopropylphenyl)-4-oxoR;§-(1-imidazolyl)butanamide2p).

CosH3sN3O,, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acigctohexyl-
amide (0.88 mmol) and a corresponding amount aflazwle, 0.170 g &2 was obtained, 47.17
% vyield, white solid, m.p. = 123-125 °C (toluen#). NMR (200 MHz, CDCJ) §: 1.04-1.35
(overlappedm, 6H, cyclohexyl -CH); 1.12-1.26 (overlapped, 12H,i-PrCHs); 1.53-1.69 lfr,
2H, cyclohexyl -CH-); 1.83 pr, 2H, cyclohexyl -CH); 2.91 , 1H, J; =6.67 Hz,J; :=13.34
Hz,i-Pr-CH); 3.25-3.45 (overlapped, 2H, ABX and +-PrCH); 3.73 n, 1H, cyclohexyl -CH-);
3.96 dd, 1H, J; =6.19 Hz,J; :=17.98 Hz, ABX); 5.40t( 1H, J; =6.67 Hz, ABX); 6.32 ¢ br,
1H, amido -NH-); 7.06-7.11 (overlapped 2H, aroylm-phenyl and imidazolyl -CH-); 7.241{
like, 1H, aroylmphenyl); 7.46 d, 1H, J=7.81, aroyle-phenyl); 7.57 (s, 1H, imidazolyl -CH-);
13C NMR (50 MHz, CDC)) d: 26.62; 23.94; 24.04; 24.62; 25.24; 29.01; 323@23; 45.19;
48.80; 56.64; 95.73; 117.73; 123.39; 124.85; 128188.09; 134.70; 137.43; 148.72; 153.01;
167.34; 200.7CESI-MS HR: 410.2813 (M +1), Calc. 410.2802



4.2.23.N-Cyclohexyl-4-(2,4-diisopropylphenyl)-4-oxo;9-(4-morpholinyl)butanamide2@).

CoeH4oN2Os, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acigctohexyl-
amide (1.00 mmol) and a corresponding amount ofphmme, 0.372 g oR3 was obtained,
84.55 % vyield, white solid, m.p. = 142-144 °C (&e).'H NMR (200 MHz, CDG)) : 1.11-
1.41 r, 6H, cyclohexyl -CH); 1.23-1.29 (overlappedl, 12H, i-PrCH); 1.65 pr, 2H,
cyclohexyl -CH-); 1.86 pr, 2H, cyclohexyl -CH); 2.56 (-like, 4H, J; =4.40 Hz, morpholino -
CH,-); 2.78-2.95 (overlappeah, 2H, ABX andi-PrCH); 3.35-3.58 (overlapped, 2H, ABX and
i-PrCH); 3.72 ¢-like, 4H, J; =3.64 Hz, J;3=8.80 Hz, morpholino -CH); 3.79 (m, 1H,
cyclohexyl -CH-); 4.05dd, 1H, J; =4.43 Hz,J; =8.07 Hz, ABX); 7.07-7.12 (overlapped,
aroyl-n-phenyl and amido -NH-); 7.241, 1H, aroylm-phenyl); 7.64 4, 1H, J=7.81, aroyle-
phenyl): *C NMR (50 MHz, CDCJ) d: 23.71; 24.22; 24.29; 24.64; 25.46; 29.19; 323R25;
34.21; 36.62; 47.67; 49.96; 64.78; 67.26; 123.234.97; 128.18; 136.41; 148.12; 152.03;
170.09; 203.21ESI-MS HR: 429.3123 (M +1), Calc. 429.3112.

4.2.24. N-Cyclohexyl-4-(2,4-diisopropylphenyl)-4-oxoR;9-[1-(4-methylpiperazinyl-)]butan-
amide @4).

Co7H43N30,, starting from E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acigctohexyl-
amide (1.00 mmol) and a corresponding amount ofefhgipiperazine, 0.256 g dt4 was
obtained, 56.47 % vyield, white solid, m.p. = 96°@8(toluene)H NMR (200 MHz, CDC}) :
1.15-1.39 kr, 6H, cyclohexyl -CH); 1.22-1.27 (overlapped, 12H, i-PrCH;); 1.65 br, 2H,
cyclohexyl -CH-); 1.86 pr, 2H, cyclohexyl -CH-); 2.335( 3H, piperazineN-CHs); 2.52 fr,
4H, piperazine -CH); 2.60 pr, 4H, piperazine -CH); 2.76-2.96 (overlappesh, 2H, ABX and
—i-PrCH); 3.34-3.55 (overlapped, 2H, ABX andi-PrCH); 3.76 £, 1H, cyclohexyl -CH-); 4.10
(dd, 1H, J;=4.50 Hz, J;3=9.00 Hz, ABX); 7.04-7.11(overlappedh, aroylm-phenyl and
cyclohexyl-NH); 7.24 § 1H, aroylm-phenyl); 7.64 ¢, 1H, J=8.04, aroyle-phenyl); *C NMR
(50 MHz, CDC4) d: 23.67; 24.18; 24.58; 25.42; 29.15; 32.87; 333B16; 36.36; 45.68; 47.56;
55.32; 64.31; 123.31; 124.43; 128.14; 136.54; 1471%1.81; 170.26; 203.41. ESI-MS HR:
442.3436 (M +1), Calc. 442.3428.

4.2.25. N-(3,5-Dimethoxyphenyl)-4-oxo-R(S)-(1-piperidinyl)-4-(5,6,7,8-tetrahydronaphtha-
lenyl)butanamide2b).

Co7H43N3O,, starting from [E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-buienacid
(3,5-dimethoxyphenyl)-amide (0.82 mmol) and a cgpmnding amount of piperidine, 0.239 g of
25was obtained, 64.61% vyield, pale yellow solid, nx.35 °C (toluene)H NMR (200 MHz,
CDCl) 0: 1.48 @-like signals, 2H, piperidinyl -CH); 1.65 @-like signals, 4H, piperidinyl -CH
); 1.81 pr, 4H, tetralinoyl -CH-); 2.57 (-like signals, 4H, piperidinyl -CH-); 2.82bK, 4H,
tetralinoyl -CH-); 3.00 @d, 1H, J; > = 5.06,J; 3 = 16.85, ABX); 3.68dd, 1H,J;, = 7.30,J1 3=



17.41, ABX); 3.77 ¢, 6H, -OCH); 4.25 @d, 1H, J;, = 5.06,J1 3 = 6.74, ABX); 6.22 ttlike
signals, 1H, amid@-phenyl); 6.79 ¢, 1H, amidoe-phenyl); 6.80 ¢, 1H, amidoe-phenyl); 7.15
(d, 1H, J = 8.99,aroyl-m-phenyl); 7.73 i, 2H, aroylo-phenyl); 7.74 ifn, 2H, aroyle-phenyl);
9.48 6, 1H, amide -NH-).*C NMR (50 MHz, CDC}) 6: 22.34; 22.54; 22.76; 22.89; 23.89;
26.73; 29.32; 29.55; 31.92; 44.50; 51.04; 55.3358596.34; 97.37; 125.30; 129.14; 129.31;
134.42; 137.39; 139.65; 143.16; 161.06; 170.71;,4@8ESI-MS HR: 451.2594 (M +1), Calc.
451.2591.

4.2.26. N-(3,5-Dimethoxyphenyl)-4-oxo-R(S-(1-imidazolyl)-4-(5,6,7,8-tetrahydronaphtha-
lenyl)butanamide2p).

GsH27N3O,, starting from E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-buienacid
(3,5-dimethoxyphenyl)amide (0.82 mmol) and a cgroesling amount of imidazole, 0.279 g of
26 was obtained, 78.49 % yield, white solid, m.p. 6 26.’"H NMR: (200 MHz, CDCJ) 6: 1.80
(br, 4H, tetralinoyl -CH-); 2.78 pr, 4H, tetralinoyl -CH-); 3.48 @d, 1H, J;, = 5.33,J13 =
17.69, ABX); 3.73 ¢, 6H, -OCH); 4.07 dd, 1H, J;, = 7.58,J;3 = 17.41, ABX); 5.58 ttlike
signals, 1H, ABX); 6.179b 1H, amidop-phenyl); 6.76 ¢b, 2H, amidoe-phenyl); 6.98 ¢, 1H,
imidazolyl -CH-); 7.07 4, 1H, J=8.43Hz, aroylm-phenyl); 7.17¢, 1H, imidazolyl -CH-); 7.58
(br, 2H, aroyl-o-phenyl); 7.77s( 1H, imidazolyl -CH-); 9.99¢ 1H, amido -NH-)*C NMR (50
MHz, CDCh) ¢6: 22.47; 22.62; 29.08; 29.46; 41.41; 55.10; 569895, 98.05; 117.87; 124.98;
128.80; 128.94; 129.40; 133.06; 136.94; 137.59;4(89144.27; 160.75; 196.2ESI-MS HR:
434.2084 (M +1), Calc. 434.2074.

4.2.27. N-(3,5-Dimethoxyphenyl)-4-oxo-R(S-(4-morpholinyl)-4-(5,6,7,8-tetrahydronaphtha-
lenyl)butanamideZ7).

CoeH32N20s, starting from E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-buienacid
(3,5-dimethoxyphenyl)amide (1.00 mmol) and a cgroesling amount of morpholine, 0.261 g
of 27 was obtained, 52.69 % vyield, white solid, m.p. 9181 °C (toluene)'H NMR (200
MHz, CDCk) J: 1.81 pr, 4H, tetralinoyl -CH-); 2.65 (-like, 4H, J; =4.41 Hz, morpholino -
CH,-); 2.81 pr, 4H, tetralinoyl -CH-); 3.04 @d, 1H, J; =4.99 Hz,J; 5=16.75 Hz, ABX); 3.64-
3.89 (overlapped signals, 11H, ABX, -Oghkind morpholino -CH); 4.24 (-like, 1H, J; .=5.06
Hz, ABX); 6.23 (-like, 1H, J; =2.29 Hz, amidg-phenyl); 6.78 ¢, 1H, amidoe-phenyl); 6.79
(s, 1H, amidoe-phenyl); 7.15d, 1H,J=9.00 Hz, aroyl+phenyl); 7.721fr, 2H, aroyle-phenyl);
9.22 6, 1H, amido -NH-)."*C NMR (50 MHz, CDC}) d: 22.73; 22.87; 29.32; 29.57; 32.16;
50.02; 55.35; 66.02; 67.35; 95.73; 96.48; 97.46,22, 129.14; 129.38; 134.21; 137.48; 139.40;
143.42; 161.08; 169.82; 197.86. ESI-MS HR: 453.2038%1), Calc. 453.2389.



4.2.28. N-(3,5-Dimethoxyphenyl)-4-oxo-R(S)-[1-(4-methylpiperazinyl)]-4-(5,6,7,8-tetra-
hydronaphthalenyl)butanamid2g).

Co7H3sN3O4, starting from [E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-buienacid
(3,5-dimethoxyphenyl)amide (0.82 mmol) and a cqoesling amount of 1-methylpiperazine,
0.247 g of28 was obtained, 64.42 % yield, pale yellow solid, n=pL06-108 °C (toluenejH
NMR (200 MHz, CDC}J) ¢: 1.81 fr, 4H, tetralinoyl -CH-); 2.34 (s, 3H, piperazind-CHs-);
2.55 pr, 4H, piperazine -CH); 2.69 pr, 4H, piperazine -CH); 2.81 pr, 4H, tetralinoyl -CH-

); 3.03 @d, 1H, J; =4.96 Hz,J; =17.37 Hz, ABX); 3.67dd, 1H, J; =7.14 Hz,J; =17.37 Hz,
ABX); 3.77 (s, 6H, -OCH); 4.31 @d, 1H, J; =4.96 Hz,J; :=9.31 Hz, ABX); 6.23 fr, 1H,
amidop-phenyl); 6.79 ¢, 1H, amidoe-phenyl); 6.80 ¢, 1H, amidoe-phenyl); 7.14 ¢, 1H,
J=8.57 Hz, aroylphenyl); 7.71-7.73 (overlapped signals, 2H, amphenyl); 9.29 ¢ 1H,
amido -NH-);**C NMR (50 MHz, CDGC}) 6: 22.73; 22.87; 29.30; 29.55; 31.86; 45.76; 55.35;
55.50; 64.51; 96.30; 97.50; 125.25; 129.14; 129131.30; 137.41; 139.52; 143.31; 161.06;
170.07; 198.04. ESI-MS HR: 466.2707 (M +1), Cakt2706.

4.2.29.N-(4-1sopropylphenyl)-4-oxo-2R,S)-(1-piperidinyl)-4-(5,6,7,8-tetrahydronaphthalejpyl
butanamide Z9).

CogH3eN20Os, starting from E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-buienacid (4-
isopropylphenyl)amide (0.86 mmol) and a correspoegicamount of piperidine, 0.373 g 26
was obtained, in quantitative yield, as yellow sewlid.'"H NMR (200 MHz, CDCJ) 6: 1.22 €,
6H,J = 7.09, 4-PrCHg); 1.47 @, 2H, J; » = 5.38,J1 5= 10.75, piperidine -CH); 1.64 @, 4H, J1»
= 5.37,J13 = 10.75, piperidine -CH); 1.80 pr, 4H, tetralinoyl -CH-); 2.57 ¢, 4H, J; >, = 5.07,
piperidine -CH-); 2.80 pr, 5H, tetralinoyl -CH- and 4+-Pr-CH); 2.96 dd, 1H,J; ,=5.02,J; 3=
19.07, ABX); 3.68dd, 1H, J; .= 6.91,J; 3= 16.57, ABX); 4.25% 1H, J;, = 5.56, ABX); 7.14
(d, 1H,J = 8.51, aroyl-phenyl); 7.16 d, 2H, J = 8.06, amidan-phenyl); 7.46d, 1H,J = 8.51,
amido-o-phenyl); 7.73 ¢, 1H, aroylo-phenyl); 7.76 ¢, 1H, aroyl-o-phenyl); 9.40¢, 1H, amido -
NH-). °C NMR (50 MHz, CDCJ) 6: 22.76; 22.89; 23.94; 26.69; 29.30; 29.53; 313649;
51.04; 65.71; 95.70; 119.29; 125.30; 126.76; 1291131.53; 135.57; 137.34; 143.02; 144.53;
170.44; 198.5%SI-MS HR: 433.2868 (M +1), Calc. 433.2849.

4.2.30. N-(4-Isopropylphenyl)-4-oxo-2R,9-(1-imidazolyl)-4-(5,6,7,8-tetrahydronaphthalenyl)
butanamide 30).

CaeH20N30,, starting from E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-butenacid (4-
isopropylphenyl)amide (0.86 mmol) and a correspogdamount of imidazole, 0.100 g 8D
was obtained, 28.00 % vyield, as yellow solid, M2°C.*"H NMR (200 MHz, CDCJ) ¢: 1.17
6H, J1 > = 7.31,i-PrCHg); 1.78 fpr, 4H, tetralinoyl -CH-); 2.75-2.78 (5H, overlapped signals, 4-



i-Pr-CH- and tetralinoyl -CH); 3.48 @d, 1H,J:,=5.61,J; 3= 17.97, ABX); 4.08qd, 1H,J; > =
7.30,J13 = 17.41, ABX); 5.64dd, 1H, J;» = 5.61,J13 = 7.30, ABX); 7.08 ¢, 2H, J = 8.43,
amidom-phenyl); 7.13lfr, 2H, imidazolyl -CH-); 7.20g, 1H, aroylm-phenyl); 7.444, 2H,J =
8.42, amidos-phenyl); 7.60 ifr, 1H, imidazolyl -CH-); 7.62Hr, 2H, aroylo-phenyl); 9.95 ¢,
1H, amido -NH-).}*C NMR (50 MHz, CDC)) §: 22.615; 22.761; 23.908; 29.224; 29.588;
33.503; 41.751; 56.699; 118.057; 120.169; 125.1P26.761; 129.091; 129.492; 133.279;
135.500; 137.394; 137.648; 144.185; 145.277; 165.496.130. ESI-MS HR: 416.2342 (M +1),
Calc. 416.2333.

4.2.31. N-(4-1sopropylphenyl)-4-oxo0-2R,S-(4-morpholinyl)-4-(5,6,7,8-tetrahydronaphtha-
lenyl)butanamide3l).

Co7H34N203, starting from E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-butenacid (4-
isopropylphenyl)amide (0.86 mmol) and a correspogdimount of morpholine, 0.365 g 81
was obtained, 97.28 % yield, as white solid, m2#9-131°C (toluene)’H NMR (200 MHz,
CDCl) o: 1.22 ¢, 6H, J=6.52 Hz,i-PrCHs); 1.81 pr, 4H, tetralinoyl -CH-); 2.65 (-like, 4H,

J1 =4.53 Hz, morpholino -CH); 2.81 pr, 5H, tetralinoyl -CH- andi-PrCH); 3.33 {dd, 1H,
J1=5.00 Hz,J; =16.92 Hz, ABX); 3.65-3.77 (overlapped 5H, morpholino -Ch and ABX);
4.27 dd, 1H, J; =5.72 Hz,J; 5=9.05 Hz, ABX); 7.12-7.19 (overlappetl 3H, amidoa+phenyl
and aroylm-phenyl); 7.42 4, 2H, J=8.61 Hz, amida-phenyl); 7.72 ljr, 2H, aroylo-phenyl);
9.17 6, 1H, amido -NH-)."*C NMR (50 MHz, CDC}) J: 22.73; 22.85; 23.93; 29.28; 29.53;
32.21; 33.49; 50.04; 65.09; 67.33; 119.39; 125255.81; 129.34; 134.30; 135.30; 137.43;
143.31; 144.86; 169.56; 198.02. ESI-MS HR: 435.2@84-1), Calc. 435.2648.

4.2.32. N-(4-1sopropylphenyl)-4-oxo-2R,S-[1-(4-methylpiperazinyl)]-4-(5,6,7,8-tetrahydro-
naphthalenyl)butanamide&2).

GgH37/N30,, starting from E)-4-oxo-4-(5,6,7,8-tetrahydronaphthalenyl)-2-buteracid (4-
isopropylphenyl)amide (1.15 mmol) and a correspogdmount of 1-methylpiperazine, 0.432 g
of 32 was obtained, 83.83 % vyield, as orange semi-sBid\MR (200 MHz, CDC}) 6:1.22 ¢,
6H, J=6.60,i-PrCHs); 1.81pr, 4H, tetralinoyl -CH-); 2.32 &, 3H, piperazineN-CHjy); 2.52 fr,
4H, piperazine -CH); 2.68 pr, 4H, piperazine -CH); 2.80 (br, 4H, tetralinoyl -CH); 2.96 (-
like, 1H, J;=2.73, ABX); 2.96 n, 1H, i-PrCH); 3.68 ¢d, 1H, J; =7.16 Hz,J; =16.93 Hz,
ABX); 4.33 dd, 1H, J; =5.16 Hz,J; =7.04, ABX); 7.13 ¢, 1H,J=8.11, aroylm-phenyl); 7.17
(d, 2H, J=8.52, amidoa+phenyl); 7.46 4, 2H, J=8.52, amidos-phenyl); 7.72 ¢, 1H, aroylo-
phenyl); 7.73 4, 1H, J=5.41, aroyle-phenyl); 9.24 §, 1H, amido -NH-)."*C NMR (50 MHz,
CDCl) 0:22.76; 22.91; 23.98; 29.31; 29.57; 31.88; 33.523@; 45.92; 55.59; 64.67; 119.37;



125.28; 126.83; 129.16; 129.33; 134.44; 135.44;3%7143.20; 144.75; 168.89; 198.27. ESI-
MS HR: 448.2966 (M +1), Calc. 448.2964.

4.2.33. N-Cyclohexyl-4-oxo0-2K,S)-1-piperidinyl-4-(5,6,7,8-tetrahydronaphtalenylanamide
(33):

CosH3eN2O,, starting from  E)-4-oxo-4-(5,6,7,8-tetrahydronaphtalenyl)-2-butenoacid
cyclohexylamide (0.96 mmol) and a corresponding amaf piperidine, 0.200 g 033 was
obtained, 52.35 % yield, as pale yellow solid, n7&° C (toluene)*H NMR (500 MHz, CDC})

0. 1.19 (M, 2H, ax C2, cyclohexyl -CH-); 1.36n( 2H, ax C3, cyclohexyl -CH-); 1.44n( 1H, ax
C4, cyclohexyl -CH-); 1.55n4, 4H, C3, piperidine -CH); 1.60 (n, 1H, eq C4, cyclohexyl -CH-
); 1.62 (m, 2H, C4, piperidine -CH); 1.68 (n, 2H, eq C3, cyclohexyl -CH-); 1.80ike signal,
4H, p-tetralinyl); 1.86 (n, 2H, eq C2, cyclohexyl -CH-); 2.49 and 2.54, (br, 4H, piperidine -
CH-); 2.80 (-like signal, 4H,p-tetralinyl); 2.87 (d, 1H, J; , = 5.31,J; 3 = 16.26, ABX); 3.60
(dd, 1H,J, 2= 7.19,J: 3= 16.26, ABX); 3.75d-like signal, 1H, cyclohexyl -CH-); 4.0@l¢, 1H,
J12=5.32,J13=7.04, ABX); 7.13d, 1H,J = 8.29, aroylrt+phenyl); 7.28 ¢b 1H, amido -NH-);
7.72 (overlapped ands, 2H, aroyle-phenyl ;**C NMR (125 MHz, CDGJ) &: 22.61; 22.84;
22.88; 22.96; 24.06; 24.63; 25.44; 25.54; 26.6532929.57; 32.12; 32.94; 33.16; 44.66; 47.50;
50.95; 65.45; 125.28; 129.08; 129.21; 134.82; 1®7112.78; 171.08; 199.07. ESI-MS HR:
397.2866 (M +1), Calc. 397.2849.

4.2.34. N-Cyclohexyl-4-o0x0-2R,9-1-imidazolyl-4-(5,6,7,8-tetrahidronaphtalenyl)anamide
(34):

CogH2oN3O,,  starting  from  [E)-4-oxo-4-(5,6,7,8-tetrahydronaphtalenyl)-2-butanoiacid
cyclohexyl amide (0.96 mmol) and a correspondingam of imidazole, 0.210 g &4 was
obtained, 57.64 % yield, as white solid, m.p. 98ft@uene)."H NMR (200 MHz, CDC}) §:
1.00-1.42 fn, 6H, 3,4-cyclohexyl -Cht); 1.48-1.73 in, 4H, 2-cyclohexyl -Ck); 1.79 pr, 4H,
tetralinoyl -CH-); 2.78 pr, 4H, tetralinoyl -CH-); 3.47 @d, 1H, J; > = 5.80,J; 3= 17.88, ABX);
3.61-3.83 0, 1H, 1-cyclohexyl -CH-); 4.02d¢, 1H,J; , = 8.21,J; 3 = 18.84, ABX); 5.421( 1H,
J12=5.65, ABX); 6.80 ¢-like signal, 1H, amido -NH-); 7.09( 1H, J = 7.20, aroylr+phenyl);
7.14-7.29 fn, 3H, imidazolyl -CH-); 7.62kr, 2H, aroylm-phenyl)."*C NMR (50 MHz, CDC})

0. 22.58; 22.73; 24.60; 25.22; 29.17; 29.53; 3241.59; 48.74; 56.28; 95.70; 117.89; 125.05;
128.98; 129.40; 129.64; 133.39; 137.25; 137.57;00t4167.42; 195.96. ESI-MS HR: 380.2337
(M +1), Calc. 380.2332.

4.2.35. N-Cyclohexyl-2R,S)-4-morpholinyl-4-oxo-4-(5,6,7,8-tetrahydro-2-napatenyl)butan-
amide 85):
G4H34N2O3, starting from [E)-4-oxo-4-(5,6,7,8-tetrahydronaphtalenyl)-2-butayclohexyl

amide (0.96 mmol) and a corresponding amount ofpimame, 0.250 g o85 was obtained,



65.12 % yield, as white solid, m.p. 106-108°C (évie).'H NMR (500 MHz, CDGJ) ¢: 1.14-
1.24 {m, 3H, cyclohexyl -CH); 1.32-1.40 i, 3H, cyclohexyl -CH); 1.58-1.62 in, 1H,
cyclohexyl-CH-); 1.65-1.71 fn, 3H, cyclohexyl -CH); 1.81 (n, 4H, p-tetralinyl); 1.87 (n, 2H,
cyclohexyl -CH-); 2.58 (n, 4H, morpholinyl -CH-); 2.80 (n, 4H, g-tetralinyl); 2.92 ¢{d, 1H,
Ji2 = 5.16,J;3 = 16.64, ABX); 3.63 dd, 1H, J;, = 7.08,J; 3 = 16.45, ABX); 3.68 1, 1H,
cyclohexyl -CH-); 3.741, 4H, morpholinyl -CH-); 4.06 @d, 1H, J; > = 5.16,J; 3= 7.07, ABX);
7.23 (n, 1H, amido -NH-); 7.70-7.71 (overlappsdandd, 2H, aroyle-phenyl);**C NMR (125
MHz, CDCh) d: 22.83; 22.96; 24.69; 25.50; 29.37; 29.61; 328297, 33.26; 47.74; 50.07;
64.85; 67.35; 125.27; 128.20; 129.01; 129.09; 1»9134.59; 137.38; 143.11; 170.21; 198.46.
ESI-MS HR: 399.2640 (M +1), Calc. 399.2648.

4.2.36. N-Cyclohexyl-2R,9-[1-(4-methylpiperazinyl)]-4-oxo-4-(5,6,7,8-tetnatironaphthalen-
yl)butanamide 36):

GsH37N3O,,  starting from  E)-4-oxo-4-(5,6,7,8-tetrahydronaphtalenyl)-2-butanoacid
cyclohexylamide (0.96 mmol) and a correspondingamofN-methylpiperazine, 0.130 g 86
was obtained, 32.79 % vyield, as pale orange solig, 93-94°C (toluenéH NMR (500 MHz,
CDCl) ¢: 1.18 fn, 2H, ax C2, cyclohexyl -CH-); 1.3 2H, ax C3, cyclohexyl -CH-); 1.3(
1H, ax C4, cyclohexyl -CH-); 1.58m( 1H, eq C4, cyclohexyl -CH-); 1.6"( 2H, eq C3,
cyclohexyl -CH-); 1.80d-like signal, 4H s-tetralinyl); 1.86 (, 2H, eq C2, cyclohexyl -CH-);
2.31 6, 3H, piperazineN-CHjs); 2.50 pr, 4H, piperazine -CH); 2.61 pr, 4H, piperazine -CH);
2.80 @-like signal, 4H s-tetralinoyl); 2.90 dd, 1H, J; > = 4.99,J; 3 = 16.29, ABX); 3.60dd, 1H,
Ji2=7.59,J;3=16.69, ABX); 3.751f, 1H, cyclohexyl -CH-); 4.12dd, 1H, J; , = 5.00,J; 3 =
7.25, ABX); 7.09 ¢, 1H,J=8.67 Hz, amido -NH-); 7.1Z2( 1H, J = 9.20, aroylmphenyl); 7.69
(s, 1H, aroylo-phenyl); 7.70 § 1H, aroylo-phenyl); *C NMR (125 MHz, CDG)) J: 22.83;
22.96; 24.67; 25.52; 29.35; 29.58; 32.15; 32.9623345.85; 47.64; 55.50; 125.24; 129.07,
129.23; 134.69; 137.28; 142.92; 170.43; 198.64:MSIHR: 412.2951 (M +1), Calc. 412.2964.

4.2.37. 2R,9-(4-Benzylpiperidinyl)-4-(4-isopropylphenyl)-4-oképhenylbutanamidedy):
G1H3eN20,, starting from [E)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid phiamygide
(0.7 mmol) and a corresponding amount of 4-benpglpdine,37 was obtained, in quantitative
yield, as a yellow semi-solidH NMR (500 MHz, CDC}) J: 1.26 ¢, 6H, J=7.06 Hz,i-PrCHs);
1.41 fn, 1H, piperidine -CH-); 1.72{like, 4H, J=13.63 Hz, piperidine -CH); 2.21 (-like, 1H,
J=11.68 Hz, benzyl -CH); 2.45 (-like, 1H,J=11.19 Hz, benzyl -CH); 2.56 (, 4H, piperidine
-CHy-); 2.94 (overlappedn, 2H, ABX andi-PrCH); 3.68 @d, 1H, J; =6.81 Hz,J; =16.30 Hz,
ABX): 4.29 (dd, 1H, J; =5.35 Hz,J; =6.30 Hz, ABX); 7.08 1H, J=7.50 Hz, benzyp-CH):
7.13 @, 2H,J=7.80 Hz, benzymphenyl); 7.19% 1H, J=6.37 Hz, amidg-phenyl); 7.26 4, 2H,
J=7.50 Hz, aroyk+phenyl); 7.29-7.32 (overlappenh, 4H, amidoatphenyl and benzyb-



phenyl); 7.53d, 2H, J=7.50 Hz, amida-phenyl); 7.94 ¢, 2H, J=8.35 Hz, aroyle-phenyl); 9.39

(s, 1H, amido -NH-)*C NMR (125 MHz, CDGJ) ¢: 21.42; 23.64; 30.68; 31.93; 32.85; 33.11;
34.21; 37.18; 37.57; 43.05; 45.12; 48.01; 52.75485119.29; 123.95; 12591; 126.65; 128.21;
128.50; 128.94; 129.02; 134.90; 137.77; 140.24,45470.47; 198.28. ESI-MS HR: 469.2852
(M +1), Calc. 469.2855.

4.2.38. N-(3,5-Dimethoxyphenyl)-2R,9-[4-(2-dimethylaminoethyl)-1-piperazinyl]-4-(4-
isopropylphenyl)-4-oxo-butanamidgg):

GoH42N4O4, starting fromE)-4-(4-isopropylphenyl)-4-oxo-2-butenoic acid (IBrethoxy-
phenyl)amide (0.57 mmol) and a corresponding amafn#-(2N,N-di-Me-aminoethyl)-1-
piperazine;38 was obtained, in quantitative yield, as a yell@mssolid.'H NMR (500 MHz,
CDCl3) 0: 1.27 @, 6H,J=7.33 Hz,i-PrCHs); 2.24 , 6H, N-(CHs),); 2.43 (n, 2H, linker -CH-);
2.48 fn, 2H, linker -CH-); 2.59 pr, 4H, piperazine -CH); 2.67 pr, 4H, piperazine -CH);
2.97 (M, 1H, J1 =6.60 Hz,J; =13.56 Hz,i-PrCH); 3.01 ¢d, 1H, J;=5.13 Hz,J; =17.23 Hz,
ABX): 3.68 (dd, 1H, J; =6.96 Hz,J; 5=17.23 Hz, ABX): 3.77 ¢ 6H, -OCH); 4.31 @d, 1H,
J1=4.77 Hz,J; :=7.33 Hz, ABX); 6.221( 1H,J=2.19 Hz, amidg>-phenyl); 6.78 ¢, 2H, amido-
o-phenyl); 7.32 4, 2H, J=8.14, aroylm-phenyl); 7.94 d, 2H, J=8.46, aroyle-phenyl); 9.29 ¢,
1H, amido -NH-).*C NMR (125 MHz, CDG)) J: 23.60; 31.85; 45.61; 54.16; 55.36; 56.47;
56.82; 64.55; 96.36; 97.49; 126.64; 128.15; 128¥x.96; 134.73; 139.48; 154.59; 161.04;
170.06; 197.72. ESI-MS HR: 511.3283 (M +1), Calt1.3284.

4.3. Anticholinesterase activity assay

The inhibition potency of the compounds38 toward AChE was evaluated by Ellman
procedure [28], using the enzyme fratectric eel type VI-S (Sigma) and acetylthiocholine
iodide (0.28 mM) as substrate. Four to six différeoncentrations, which produce 20-80 % of
enzyme activity inhibition, of the each compoundevased. The reaction took place in the final
volume of 2 mL of 0.1 M potassium phosphate buffe, 8.0, containing 0.03 units of AChE
and 0.3 mM 5,5’-dithibis(2-nitrobenzoic)acid (DTNB), used to produce yellamion of 5-thio-
2-nitrobenzoic acid in reaction with thiocholinde@sed by AChE. Test compound was added to
the enzyme solution and preincubated at 25 °C %om#h, followed by the addition of DTNB
(0.95 mL) and substrate (5€L). Inhibition curves were performed at least iiplicate. One
triplicate sample withouth test compound was alwargsent to yield 100 % of AChE activity.
The reaction was monitored for 3 min, and the cpl@duction was measured at 412 nm. The
reaction rates were compared, and the percent lobiiion, due to the presence of test
compounds, was calculated.syGralues were determined from inhibition curves (Iofgibitor

concentratiorvs. percent inhibiton).



The investigation of butyrylcholinesterase inhiitiwas carried out similarly, using 0.035
units of horse serum BChE (Sigma) and 0.5 mM blityigcholine iodide, in final volume of 2
mL.

For determination of inhibition type for compourdd, the Lineweaver-Burk plots were
generated by using a fixed amount of acetylcholerase and varying amounts of the substrate
(0.10-0.20 mM), in the absence or presence of riffieinhibitor concentrations. The re-plots of
the slopes and intercepts of the double reciprplcas against inhibitor concentrations gave the
inhibitor constants (K and K, for the binding to free enzyme and enzyme sutesttamplex)

as the intercepts on the x-axis.

4.4. Molecular modeling

The 3D-QSAR model for the set of the selected campde was built using Pentacle program.
Protonation state of the each compound was ascbhpélde program under pH 8.00, the same as
used in biological assay. Pentacle uses AMANDA [28jorithm to produce the second
generation of alignment-independent molecular dgses (GRIND-2). Descriptors are obtained
from GRID [30] molecular interaction fields (MIF'dperived GRID MIF minima are encoded in
the descriptors. Descriptors consist of pair of@gdncluding interaction energy (IE) of each
node and the distance between nodes. Descripterfugher processed by means of built-in
PCA/PLS (principal component/partial least squastajistical tool. For model generation all
available (DRY, O, N1 and TIP) probes were usedhwBRID resolution of 0.5 A. For the
encoding, CLAC algorithm was applied. Predictiviythe model was assessed by using leave-
one-out, leave-two-out or cross-validation usiongurf groups of compounds of the

approximately same size, in which the objects vassigned randomly, were used.

Docking is a procedure for predicting the interactiand the mode of ligand binding to
biomacromolecular targets. AutoDock 4.2 uses a wnpirical free energy force field to
evaluate conformations during docking calculatiohlse program requires pre-calculated grid
maps, one for each atom type present in the ligp@nty docked. This helps to make the docking
calculations fast. These maps are calculated by@ud. A grid map consists of a three-
dimensional lattice of regularly spaced points,r@unding (either entirely or partly) and
centered on some region of interest of the macrecubé under study. AutoDock uses one of
several conformational search algorithms to explibve conformational states of a flexible
ligand, using the maps generated by AutoGrid tduata the ligand-protein interaction at each
point in the docking simulation. In a typical doaggj the user will dock a ligand several times, to



obtain multiple docked conformations. The resultaynmbe clustered to identify similar
conformations. Docking experiments for compou6d47 and 18 were performed on thilus
musculusAChE structure, refined at 2.05 A resolution (PBigry 2HA2). Truncated residues
were properly completed by means of Swiss PDB Vid®#]. Hydrogen atoms were added to
the protein aminoacid residues, non-polar hydrogesi® merged, and Gesteiger charges were
ascribed using AutoDock Tools [32]. The lowest gyeconformations of the compounds were
generated using OMEGA software [33]. Both enanti@red the each compound were docked
into mMAChE active site gorge, using AutoDock 4.pdckage [25] Docking was carried out by
using hybrid Lamarckian genetic algorithm; 50 rwese performed with an initial population of
250 randomly placed individuals and maximum nunti&.5x16 energy evaluations. Resulting
docked poses within RMSD of 0.5 A were clusteredether. All other parameters were
maintained at their default settings. The dockiatgwuations were also performed using Glide
extra precision (XP) protocol (Schroedinger) [34].3 Due to the fact that this procedure
provided docking poses very similar to poses olethiny AutoDock, these results are not shown.
Docking of compoundsl6 and 20 were done following the same computational setasp
described for AChE, using HUBChE crystal struc{t®BB entry 1POI).

For the molecular dynamics simulations, the magputated docking pose of th&){
enantiomer of compount, retrieved by AutoDock, was usetihe system was neutralized in
VegaZZ [36] by addition of explicit sodium countans, and afterward embedded in a cluster
that surrounds the protein with a layer of 75 A evamolecules. For molecular dynamics
simulations, NAMD 2.9 [37] was used, with CHARMm2&rce field and Gasteiger's atomic
charges. The system was minimized in 30,000 s&ppg) by conjugate gradient algorithm and,
afterwards, heated to 300 K during 10,000 steppg)L0’he 10 ns of unconstrained, productive,
molecular dynamics simulations was performed, &@+30K (Langevin's algorithm), using
periodic boundary conditions. Electrostatics waated by a Particle Mesh Ewald algorithm.
Cut-offs were set to 12 A for vdW interactions, lwia switch starting at 8 A, and pair list
distance set to 13.5 A. Trajectory frames wereectdld each ps to yield 10000 frames per
trajectory. All simulations were performed on thalthanode Linux based cluster [38] equipped
with the dual Intel Xeon X5560 @ 2.8GHz process®&ssults were analyzed in VegaZZ as

GUI, in Windows environment.
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Tables:

Table 1. Arin vitro AChE and BChE inhibition assay data for compouhe8 and1a—9a.
R3
o SN
N—r, ICs0+ SEM (uM)?
R, *
0
Comp.

No. R, R, Rs AChE BChE

1 piperidine Unstable Unstable

2 3,5-di-OMe- imidazole 4.49 £0.18 > 20

3 Ph- morpholine > 20 > 20

4 N-Me-piperazine 76.65 @ 20 > 20

5 piperidine Unstable Unstable

6 . . imidazole 2.33+£0.40 > 20

7 A-pr 4--Pr-Ph- morpholine > 20 >20

8 N-Me-piperazine > 20 72.41@ 15
9 piperidine 63.10 @ 15 64.96 @ 20
10 ch- imidazole 65.31 @ 15 76.01 @ 20
11 morpholine 85.13 @ 25 46.82 @ 10
12 N-CHaspiperazine 86.24 @ 25 66.18 @ 20
13 piperidine >75 >75

14 3,5-di-OMe- imidazole 3.30+£0.35 78.37 @ 20
15 Ph- morpholine > 20 62.37 @ 10
16 N-Me-piperazine > 20 5.26 +0.24
17 piperidine 1.96 +0.22 Insoluble
18 - . imidazole 2.05+£0.06 > 20

19 24-did-Pr 4--Pr-Ph- morpholine 44.36 @ 6.5 73.56 @ 10
20 N-Me-piperazine 43.64 @ 6.5 0.74 +£0.16
21 piperidine 5.44 +0.61 7273 @ 20
22 Ch- imidazole 5.94 +£0.02 65.83 @ 20
23 morpholine >15 > 20

24 N-Me-piperazine > 15 2.25+0.23
25 i _ piperidine 6.37 £1.02 > 20

26 3.5 ﬂhOMe imidazole 3.23+0.15 > 20

27 i morpholine Insoluble Insoluble
28 N-Me-piperazine > 15 56.68 @ 20
29 piperidine Insoluble Insoluble
30 B- 44-Pr-Ph-  imidazole 2.36 £0.20 > 20

31 tetralinyl morpholine > 15 > 15

32 N-Me-piperazine 86.48 @ 8.5 10.75+1.39
33 piperidine > 20 61.46 @ 20
34 Ch- imidazole 19.99 +2.00 52.23 @ 20
35 morpholine > 15 75.22 @ 20
36 N-Me-piperazine > 20 39.10 @ 20
37 4-i-Pr -Ph 4-benzylpiperidine > 20 > 20

38 44-Pr 3,5-di-OMe- 4-(24\1,N-di-Me- . . > 20 > 20

Ph- aminoethyl)-1-piperazine

la 4-i-Pr -Ph piperidine 3.47 +£0.04 7.06 +£0.04
2a imidazole 8.22 +0.04 90.00 @ 30
3a morpholine >100 72.78 @ 40
4a - piperidine 4.86 £0.03 60.07 @15
5a 2,4-dii-Pr -Ph imidazole 1.55 +0.01 >20

6a morpholine >10 2.48 +0.01
7a 3 -Ph piperidine 5.64 +£0.02 78.50 @ 15
8a tetralinyl imidazole 6.34 £0.01 83.00 @ 40
9a morpholine >30 87.00 @ 40

Tacrine / / / 42.95 +0.01 nM 6.95 +0.01 nM

@ Concentration required to produce 50% inhibitié®GhE (electric eel) or BChE
(equine serum). I values are given as the mean of three indepemiésetminations.
® Decomposition of the compounds in the enzyme itibibassay was observed.
“Inhibition potency of the compounds was expressgueacent of residual enzyme activity at the giencentration.



Table 3. Putative interactions of the selected ammgs and AChE active site residues, obtained bkidg calculations

Comp.No | 5 g T > > > < 5 S 3 5 F2 3 5 o 2 o 2 < S o2 @ 2
F < £ 06 0 0 2 o 20 By 3 @6 = o z T e i T
2 (E, P) 1 1 Ph 0O 0O 1 HB(NHS 0 0 o0 1 Ar 1 1 1 HB(CO) 1 1 1 1 1 HB(MeO) -10.57
6 (E, P) 1 1 Ph 0O 0O 0O HB(NH) 0 0o 1 0 Al 1 1 1 HB(CO) 1 0 1 1 1 1 11.15
14 (E) 1 1 Ph 1 1 1 HB(NH) 1 0o 1 0 AN 0 0 O 1 0 1 1 0o 1 0 967
14 (P) 1 1 A 0 0 0 HB(NH) 0 0 o0 0 Ph 0 1 1 HB(m) HBY 1 HB(NH) 1 1 0 -9.66
17 (E) 0 1 A 1 1 1 HB(NH) 1 10 1 Ph 0 1 1 0 1 1 1 11 1 -1265
17 (P) 1 1 Ph 0O 0 0 HB(NH) 0 0o 1 0 A0 0 1 (! 1 1 1 11 1 1122
18 (E) 0 0 A 1 1 1 HB(NH) 1 101 0 Ph 1 1 1 1 1 1 0 11 1 -9.06
18 (P) 1 1 Ph 0O 0 0 HB(NH 0 0o 1 0 Al 0 0 1  HB(m) 0 1 101 1 1 -8.96
26 (E) 1 1 A 0 1 1 HB(NH) 1 0 0 HB(m) Ph 0 1 1 HB(MEO 1 1 0 11 1 -11.28
26 (P) 1 1 A 0 0 0 HB(NH) 0 0 o0 0 Ph 0 0 1 HB(m) 1 1 1 1 0 HB(MeO) -10.76
30 (E,P) 1 1 Ph 0 0O 0 HB(NH) 0 0 1 0 Al 1 1 1 HB(CO) 1 1 1 1 1 1 11.47
2 (E) 1 0 Ph 1 1 1 HB(NH) 1 1 0 HBUm) A 0 1 1 1 1 1 1 01 1 1 -10.39
2 (P) 1 1 Ph 0O 0O 0 HB(NH) 0 0 o 1 Ar 1 1 1 HB(CO) 1 1 1 1 1 1 -10.25
6 (E, P) 1 1 Ph 0O 0O 0 HB(NH) 0 0o 1 0 Ar 1 1 1 HB(CO) 1 0 1 1 1 1 1111
14 (E) 1 1 Ph 0O O 1 HB(NH) HB(MeO) 0 O 1 Al 0 0 1 1 0 101 1 1 HB@m)  -10.72
14 (P) 1 1 A 0 1 1 HB(NH) 1 0 o 1 Ph 0 0 1  HB(Im) 0 1 1 01 1 1 9.42
17 (E) 0 1 A 1 1 1 HB(NH) 1 10 1 Ph 0 1 0 0 0 1 1 11 1 -10.92
17 (P) 1 1 Ph 0 1 0 HB(NH) 0 0o 1 1 A0 0 1 1 1 1 1 0 o 1 -10.89
18 (E) 0 0 A 1 1 1 HB(NH) 1 101 1 Ph 1 1 o0 0 1 1 0 11 1 -1062
18 (P) 1 1 Ph 0O 0O 0 HB(NH) 0 0o 1 0 Al 0 0 1 HB(m) 0 1 1 01 1 1 -10.26
26(N,P) | 1 1 Ph 0 0O 0 HB(NH) 0 0 o 1 A1 1 1 1 1 1 1 1 1 Bfm)  -11.00
30 (E) 1 1 A 0 1 1 HB(NH) 1 0 0 HB(m) Ph 0 1 1 1 1 1 0 1 1 HB(m)  -11.62
30 (P) 1 1 A 0 1 0 HB(NH) 0 0 0 0 Ph 0 1 1  HB(Im) 0 0 1 1 0 1 -10.78

Explanations The upper part of the table corresponds to thekidg poses ofs enantiomers, while lower part corresponds to dughioses oR enantiomers. The assignation ‘0’
describes a lack of interaction between specifi€hf residue and the ligand, while by ‘1’, the preseof close contacts between ligand and AChE uesis indicated. The best
ranked pose (E) and the most populated one (PPR)(E,those poses are equalin these columns is shown which moiety of the coumls interacts with AS (Trp 86) and PAS (Trp
286), assignation Ph corresponds to phenylamidetycind Ar to aroyl moiety of the moleculesThe type of hydrogen bond (HB) that is formed bemvégand and AChE active
site residues is indicated: HB(NH) — between -Nhitde group and —OH group of Tyr 124 side chain; (M&O) — between methoxy group of the ligand and -gdélip of Ser 125
side chain, or backbone -NH- group of Phe 295; HB@ between imidazole nitrogen of the ligand aide shain —OH group of Ser 203, or backbone -NHigrof Phe 295; HB(CO)
— between aroyl carbonyl group of the ligand ared Hackbone -NH- group of Phe 295.



Table 2. PLS model

Component SSX  SSX. SDEC SDEP R? R’ Q%cLOO Q% LTO QZ%«RG

1 24.16 24.16 0.25 0.32 0.63 0.63 0.40 0.41 0.41
2 14.99 39.16 0.14 0.23 0.25 0.88 0.68 0.67 0.65
3 6.93 46.09 0.09 0.20 0.07 0.96 0.76 0.74 0.72
4 11.46 57.55 0.07 0.20 0.02 0.97 0.76 0.75 0.73
5 4.55 62.10 0.04 0.20 0.02 0.99 0.77 0.76 0.73

Abbreviations SSX, X variable explanation; SDEC, standard demiaof error of calculation; SDEP standard
deviation of error of prediction; The ‘acc’ stafes cumulative value; Validation methods used falcalation ofg?
are: leave one out (LOO), leave two out (LTO) aswadom groups (RG). Four random groups were used.

Figure captions:

Scheme 1 Synthetic path td-38. Reagents: (a) AIGICH.CIy; (b) POC}, dry THF. R = 3,5-
dimetoxyaniline, 4-isopropylaniline, or cyclohexylme; (c) toluene, C}Cl, and R =
piperidine, imidazole, morpholin&-methylpiperazine, 4-benzylpiperidine and 4NN-di-Me-

aminoethyl)-1-piperazine.

Figure 1. Lineweaver-Burk plot of AChE (0.02 U) with sulse acetylthiocholine, in the
absence and in presence of different concentratdriy. (m) No inhibitor; (o) 2 uM;(A) 4
MM; (V) 5 uM.

Figure 2. PLS coefficients plot, obtained with 3LV.

Figure 3. Compounds, 17 and 18 docked into the AChE active site. TBeenantiomers are
colored cyan an® enantiomers are colored red. (a) best ranked foose; (b) best ranked pose
for 18; (c) the most populated pose fof, (d) most populated pose fbB; (e) best ranked /most
populated pose f@.

Figure 4. The most important distances between AChE residuel compound8 moieties,

derived from the 10 ns of unconstrained MD: (a)ténise between centroids of phenylamide
ring of 18 and Trp 82 aromatic side chain; (b) Blue squaistdce between centroids of aroyl
ring and Trp 286 indole ring; violet dots — distariietween centroid of Trp 286 indole ring and
Me-group ofortho-i-Pr moiety; (c) Hydrogen bond between N3 of imidazohg and: green

dots - backbone -NH- group main chain nitrogen atdrRhe 295; red dots - -OH group oxygen
of Tyr 124 (d) Distance between side chain -Oblgroxygen of Tyr 124 and nitrogen atom of



amido -NH- group; (e) distance between oxygen apbmyr 72 —OH group and carbonyl group
of compoundL8.

Figure 5. Compounds @ (left) and 20 (right) docked into the BChE active site. Tlse
enantiomers are colored cyan ddnantiomers are colored red.

Figures:
0 0 0 ’
. ANOH = N—R,
R4 + I 0 —> R4 — R4
o] o}
A B O c D
R3
oSN
H (\N/
° NS elriclelolel
- R R3= Y E
! o ’ N N) N N N EN]
H H H H H H

1-38
Scheme 1Synthetic path t@-38. Reagents: (a) AIGICH,Cl,; (b) POC}, dry THF. R = 3,5-
dimetoxyaniline, 4-isopropylaniline, or cyclohexylae; (c) toluene, CyCl, and R =
piperidine, imidazole, morpholin&-methylpiperazine, 4-benzylpiperidine and 4NXN-di-Me-
aminoethyl)-1-piperazine.
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Figure 1. Lineweaver-Burk plot of AChE (0.02 U) with sulez® acetylthiocholine, in the
absence and in presence of different concentratibh®g. (m) No inhibitor; (e) 2 uM;(A) 4
MM; (V) SUM.
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Figure 3. Compound$, 17 and18 docked into the AChE active site. TBenantiomers are
colored cyan an®& enantiomers are colored red. (a) best ranked fpodd; (b) best ranked pose
for 18; (c) the most populated pose fof, (d) most populated pose fd8; (e) best ranked /most

populated pose fd@.
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Figure 4. The most important distances between AChE residuel compound8 moieties,
derived from the 10 ns of unconstrained MD: (a)t@ise between centroids of phenylamide
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ring and Trp 286 indole ring; violet dots — distariietween centroid of Trp 286 indole ring and
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dots - backbone -NH- group main chain nitrogen atdrRhe 295; red dots - -OH group oxygen
of Tyr 124 (d) Distance between side chain -Oblgroxygen of Tyr 124 and nitrogen atom of
amido -NH- group; (e) distance between oxygen abbrfyr 72 —OH group and carbonyl group
of compoundL8.
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Figure 5. Compounds @ (left) and20 (right) docked into the BChE active site. T®e
enantiomers are colored cyan &dnantiomers are colored red.
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Highlights:

» 4-Aryl-4-oxo-2-aminylbutanamides were evaluateddnticholinesterase activity.

» Twelve compounds exerted low micromolar inhibitmstency toward AChE.

» Three compounds inhibited BChE in low micromolasobmicromolar concentrations.
» A hydrogen bond can be formed between compounHs ¢gkbup and AChE Tyr 124 —
OH.

» The selectivity of compounds is governed by theimeaof cycloalkylamino moiety.



Supplementary material

Structural modifications of 4-aryl-4-oxo-2-aminylbutyramides and their acetyl- and
butyrylcholinesterase inhibitory activity. Investigation of AChE-ligand interactions by
docking calculations and molecular dynamics simulabns.

Maja D. Vitorovii-Todorovi®, Catherine KoukoulitSalvan O. Jurarf, Ljuba M. Mandé?,
Branko J. Drakut®

& Military Technical Institute, Ratka Resanéavil, Belgrade, Serbia

b Department of Chemistry, University of Athens, éfastimiopolis-Zografou, 15771, Greece
¢ Department of Chemistry-IChTM, University of Belge, Njego3eva 12, Belgrade, Serbia
4 Faculty of Chemistry, University of Belgrade, Smiski trg 12-16, Belgrade, Serbia

Table S1 Data of enzymatic analysis jjor the compound 7.

1/[S] x 10 V! (min/AA) for [I] ( uM)
(mol™) 0,00 | 2,00| 4,00/ 5,00
5.05 3.571] 5.102 8.064 13.888
5.618 3.676] 5555 8.338 15.625
6.329 3.789] 5814 8.62] 16.666
7.246 4111 6.25] 9.615 17.857
8.928 4.386] 6.579 10.41719.23

Table S2 Predicted potency of the compounds based on nasdetibed in reference 22, given
in the main text.
Compound N® Exp. p(ICsp)* Calc. p(ICs)

2 5.34¢ 5.47¢
6 5.63¢ 5.63¢
14 5.481 5.43¢
17 5.70¢ 5.55¢
18 5.68¢ 5.50¢
21 5.26¢ 5.08¢
22 5.22¢ 5.32¢
25 5.19¢ 5.19i
26 5.491] 5.54¢
30 5.62i 5.75¢
34 4.69¢ 5.22¢

* Recalculated from M concentrations.

" Corresponding author: mvitod@chem.bg.ac.rs
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a) b)
Figure S3 Heatmaps of: a) DRY-DRY block of variables; d)-N1 block of variables.
Compounds were arranged from the most to the é&diste one, from the top to the bottom of the
Figure.

Figure S4 Variable O-TIP 473 (10.0-10.4 A), on the exampfi¢he most active derivativis.

Table S5 Experimental/s calculatedp(ICs) values obtained with 3LV from PLS model described
the main text. In the last column, associationarfable O-TIP 473 with compounds is shown.

Compound N Exp. p(ICs)  Calc. p(ICs) (\)/;Il-rlil;blg3
la 5.46( 5.20: -
2a 5.08¢ 5.031 +
Aa 5.31: 5.37: +
5a 5.81( 5.71¢ +
7a 5.24¢ 5.36¢ +
8a 5.19¢ 5.19¢ +
2 5.34¢ 5.45] +
4 4.55¢ 4.58¢ +
6 5.63: 5.561 +
9 4.63¢ 4.657 -

10 4.60: 4.64¢



Supplementary material

11 4.39¢ 4.401 -
12 4.39¢ 4.40( —
14 5.48:2 5.50¢ +
17 5.70¢ 5.79¢ +
18 5.68¢ 5.66( +
19 5.131 5.30: +
20 5.14: 5.21¢ +
21 5.26¢ 5.18¢ +
22 5.22¢ 5.12¢ +
25 5.19¢ 5.20¢ +
26 5.491] 5.401 +
30 5.627 5.61¢ +
32 4.92] 5.01¢ +
34 4.69¢ 4.63¢ —

* (+) - Variable has a value different frdn(-) - Variable has a value 0.

Table S6 Statistics of PCA model
Component  SSX  SSX.. VarX VarX s

1 24.47 2447 21.0¢ 21.0¢
2 16.3: 40.& 14.1f 35.1¢
3 9.60 50.€0 8.0t 43.2¢
4 7.7 58.3t 6.4z 49.6¢
5 5.3t 63.6¢ 4.0t 53.7]

Abbreviations SSX — percentage of the X sum of the
squares; VarX — percentage of the X variance. Ble’ ‘states
cumulative value.

Table S7 RMSD of the atomic positions between docked po$&sandS enantiomers, for the
energetically best ranked (E), and the most popd|é®) pose of compoun@sl7 and18.
RMSD (A)

Comp(?und H atoms
\ included heavy atoms only
6 (E, P) 1.811 1.81(
17 (E 2.35( 1.48(
17 (P) 2.075 2.075
18 (E) 1.87¢ 1.22(

18 (P) 2.31: 1.44(
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Figure S7. NMR spectra of representative compounds.



