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Abstract:

Eight derivatives of 4-aminoquinolines differing the substituents attached to the C(4)-
amino group and C(7) were synthesised and testethidmstors of human acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE). Both enegnwere inhibited by all of the
compounds with inhibition constant&;) ranging from 0.50 to 50 uM exhibiting slight
selectivity toward AChE over BChE. The most poteibitors of AChE were compounds
with ann-octylamino chain or adamantyl group. The shortgmmhthe chain length resulted in
a decrease in AChE inhibition by 5-20 times. Dogkstudies revealed that the quinoline
group within the AChE active site was positionedha choline binding site, while the C(4)-
amino group substituents, depending on their lidaty, could establish hydrogen bonds or
n-interactions with residues of the peripheral afuaite. The most potent inhibitors of BChE
were compounds with the most voluminous substiteen€C(4)-amino group (adamantyl) or
those with a stronger electron withdrawing the stient on C(7) (trifluormethyl group).
Based on AChE inhibition, compounds with moctylamino chain or adamantyl substituent
were shown to possess the capacity for furtherldpaeent as potential drugs for treatment of

neurodegenerative diseases.
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1. Introduction

Derivatives of 4-aminoquinoline are one of the mastd and most useful antimalarial
agents in treating erythrocytic plasmodial infecio from which chloroquine,
hydroxychloroquine and amodiaquine are considdredrost important drugs for the control
and extermination of malaria. Apart from an oridgimalication to prevent or cure malaria,
these compounds also have anti-inflammatory, immodulating, anti-infective and
antithrombotic activity, and have displayed metabeffects and antitumoral properties [1].
Many studies have demonstrated that compounds klasedquinoline structure are potent
inhibitors of both cholinesterases, acetylcholieeste (AChE) and butyrylcholinesterase
(BChE) [2, 3]. As their primary structural motiviaese compounds have tacrine or quinidine
moiety [4-9]. Furthermore, anticholinesterase aigtihas been confirmed for antimalarial
drugs chloroquine, hydroxychloroquine and primagquii0-12]. These compounds are
derivatives of 4-aminoquinolines which were recgmgbinted out as a promising starting
structural scaffold for the further design of nomalltifunctional AChE inhibitors considering
the simple structure and high inhibitory potencgiagt AChE [13].

BChE and AChE are related enzymes that share rhare34% of their amino acid
sequence and an active site located in a 20 A deege [14-16]. The active site of both
AChE and BChE is divided into two sub-sites; the&aldic site (CAS) located close to the
bottom of the gorge and the peripheral anionic (§t#%S) located at the entrance of the gorge.
CAS is composed of the catalytic triad, an oxyaniaie, an acyl-binding pocket and a
choline binding site [17-19]. The active site of I differs in six out of the 14 aromatic
residues lining AChE, which have aliphatic residoescorresponding places in BChE [16,
18, 19]. These differences lead to different inteoms with the same substrates and ligands
and defined AChE and BChE specificity and selewtii20-24].

We synthesised eight derivatives of 4-aminoquimedi differing in the substituent
attached to the C(4)-amino group and C(7) (Figyrel'he aim of this study was to test their
inhibition potency toward human AChE and BChE, ea#é their inhibition selectivity and
interpret obtained kinetic results by molecular edbdg. Moreover, we evaluated the
physicochemical properties of the tested compotm@stimate their capacity to penetrate the

blood brain barrier.
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Fig. 1. Chemical structure of the tested compounds.

2. Materials and methods

2.1. Chemicals

All of the chemicals, reagents and solvents for fireparation of 4-aminoquinoline
derivatives were purchased from commercial sourdestylthiocholine (ATCh) and 5,5 -
dithiobis(2-nitrobenzoic acid) (DTNB) were purchdsom Sigma Chemical Co., USA.
ATCh was dissolved in water and DTNB in 0.1 M sadiphosphate buffer (pH 7.4). 4-
aminoquinilines were dissolved in DMSO and all et dilutions were made in water.

2.2. Enzymes

Purified human BChE and recombinant human AChE vkardly provided by Dr Florian
Nachon (Département de Toxicologie, Armed Forcesrigidical Research Institute, France).
The concentration of the stock solution of enzyf@ShE: 5.6 uM; AChE: 0.20 uM) was
determined as described previously [25]. The ensymere diluted in a phosphate sodium
buffer 0.1 M (pH 7.4) containing 0.1% BSA.

2.3. Synthesis



The investigated compounds were synthetized asquay described [26, 27]. Briefly, the
starting 4-chloroquinolines 1 or 2 were heated2f °C in the presence of a corresponding
amine (Scheme 1, route a), or (N#CO; in phenole (Schemel, route b), for defined reactio
time. The reaction mixture was cooled at room taweupee, water was added and crude
product was filtered, rinsed with water, dried apcepare for purification by column
chromatography (dry flash). For compou@® reaction mixture in phenol was cooled to
room temperature, ethyl-acetate was added and@olwas washed with 0.1 M NaOH until
excess of phenol was removed, twice with brinedmetl over NaSO, anh. The solution was
filtered, solvent was removed under reduced pressmd crude product was purified by
column chromatography (dry flashEQAd was obtained via reductive amination starting
from adamantane-l-carbaldehyde andN-(7-chloroquinolin-4-yl)propane-1,3-diamine
(compound 3, Scheme 1). After the complete consiommif the starting 3, the solvent was
removed under reduced pressure and the final ptosas obtained after column
chromatography (dry flashChloroquine was obtained after neutralisation of commercial
drug chloroquine-diphosphate with 0.1 M NaOH. Oixai grounds were filtered of, rinsed
with water and dried. The identity and purity oétbbtained compounds were verified with

corresponding spectral and analytical data (IR, NMRMS, mp).
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Scheme 1. Synthesis of 4-aminoquinoline derivatives.




2.4. Inhibition measurements

Enzyme activity was measured spectrophotometyidajl the Ellman method using
acetylthiocholine (ATCh; 0.050-0.50 mM) as sub&tiat0.1 M phosphate buffer, pH 7.4 [28,
29]. The decrease of AChE and BChE activity towakd€h was measured in the presence
of aminoquinolines (final concentrations 0.25 - 200, depending on the compound). The
final content of DMSO in measurements was up t@8d0.Ro side interactions of the tested
compounds with ATCh or DTNB were detected. Meas@m&is were done at 25 °C on a
Tecan Infinite M200Pro plate reader (Austria).

The activities of the enzymes were measured &rdiit substrate concentratiorsy (
in the absencevf) and presencesj of a given aminoquinolines concentrationgelected to
inhibit the enzymes for 20 - 80%. At least threagamtrations of inhibitors for each substrate
concentration were used in at least two experimditte apparent inhibition constan; §,p)

was calculated using the Hunter-Downs equationtledinear regression analysis [30]:
Kiapp=Vi'l / (Vo-Vi) = Ki + Ki / Ksy's (1)

where y-intercept determines the enzyme-inhibit@satiation constantsK{), while x-
intercept determines the enzyme-substrate dissmtiabnstantKs). The equation was used
with the assumption that the substrate, due to kwbstrate concentrations used in
experiments, binds only to the catalytic site, whihe inhibitor can bind to both sites,
catalytic and peripheral site [30].

The determination of kinetic constants was caroetusing the GraphPad Prism 6.0 software
(GraphPad Software, San Diego, USA).

2.5. pK, determination
The K, values were obtained adhering to density functidgheory (DFT) based

linear regression approach [31-35]. Th& palues are computed by:
pKa=mAG +C (2)

where AG is a difference in Gibbs free energy between pratenated amine and its
conjugated acid in aqueous solution at 298.15 ke MMiear regression parametansand C
are found by a linear fit ofa,”® values for a training set of compounds and thaicutated
AG. The AG were calculated at LC-wPBE/6-31G+(d) level ofaityewith the continuum
solvation model based on density (SMD) [36] using tlefault settings in Gaussian09 [37]
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and water as a solvent. Thermal corrections tdréeenergy were computed using the ideal
gas molecular partition functions in conjunctiorttwihe quasi-harmonic entropy correction
as proposed by Grimme [38] with the GoodVibes paaogrv2.0.1 [39]. A conformational
search was done for each molecule, and the confsrmigh the lowest free energy were
selected for [, estimation. Initial conformations were generatsthg Open Babel's Confab
algorithm [40]. For symmetric diamines the statskicorrection of 2.303RTIn(2), where R is
the gas constant and T is the temperature, wasladdde calculatedG for the estimation
of the first p<zand subtracted from the calculaté® for the estimation of the secon&p
[41, 42]. At 298.15 K this correction equals 1.1#¥mol. Finally, the calculatefiG values

of investigated 4-aminoquinolines were used foreébkBmation of their I§, values applying
the equation 2. Details of applied methods, stnecoi amines used for preparing of test and

control set of compounds and graphics are giveéharSupplementary Material.

2.6. Molecular modelling

The crystal structure of human BChE and human AG#gosited in Protein Data Bank, PDB
code 2PM8 [43] and 4PQE [44], respectively, wereduShe CDOCKER protocol based on
the CHARMmM force field (Accelrys Discovery Studi®@X7R2 software, San Diego, USA)

was used for docking as described previously [45].

2.7. In silico prediction of blood-brain barrier (BBB) penetration

The BBB permeability potential was evaluated by evalar descriptors: the calculated
logarithm of the octanol/water partition coefficigiiogP), the molecular weight (MW), the
polar surface area (PSA), the number of hydrogendbdonors (HBD), the number of
hydrogen bond acceptors (HBA) and the number o&hblet bonds (RB), which were
determinedin silico using the Chemicalize 2018 platform [46]. The oi#d results were

compared to the recommendations of physicochenpecaperties for successful central

nervous system drugs [47].

3. Resultsand discussion

Eight derivatives of quinoline were synthesizedldwing procedures described
previously [27, 28] with moderate to good yieldsongpounds differ in the substituent
attached to the C(4)-amino group and C(7) of 4-acpiimoline (Fig. 1).



The K, values of 4-aminoquinolines were evaluatiedsilico to estimate their
acid/base character (Table 1). The reliability leé spplied method fork calculation was
confirmed with low Mean absolute error (MAE) 0.2R units and Maximum absolute error
(Max AE) 0.51 K, units, and both were far lower than the valueseruly targeted in the
calculation of K5 [31, 32]. According to determinedKp values, at physiological pH, the
terminal amino-group on C(M-substituent in all tested compoundsK{p cac) was
protonated. Thek, value of the aromatic nitrogen from quinoline rip a1 caic) was within
7.05 - 8.37 and both the protonated and the notopated form co-existed simultaneously.
However, at physiological pH, the majority of thested compounds existed dominantly,
within 76-90%, in a form where the nitrogen in tip@inoline ring was protonated (double
protonated form), while for compound3Q2 and TFCQ2 the nitrogen was dominantly

deprotonated (62 and 69%, respectively; mono petézhform).



Table 1. Calculated K, values for the tested compounds.

Compound (qpufgi)??rllcé) (termingrgzrri?xb-grou p)
CQ 8.33 -
CQ2 7.19 9.11
TFQ2 7.05 8.81
CQ8 8.37 10.31
TFQ8 7.90 10.41
CQAd 7.96 10.53
chloroquine 8.08 10.77
CQEtOH 8.16 -
@ ref. [48]
b ref. [49

All of the tested 4-aminoquinolines reversibly ipited the activity of both, AChE and
BChE, forming noncovalent interactions within thetiee site of the enzymes. As a measure
of their inhibition potency, we determined the digation constants (+ standard errors) of the
enzyme-inhibitor complexK; Table 2).

The AChE activity was inhibited witK; constants ranging from 0.46-11 uM (Table
2). AChE displayed the highest affinity toward camapds withn-octylamino TFQ8 and
CQ8) and adamantyl groupCQAd) substituted the C(4)-amino group, demonstrathmag t
high lipophilic substituent, represented with loalgyl chain or adamantyl-group on C(4)-
amino group, is important for achieving high intigm potency. Our observation is supported
by the fact that AChE displayed the lowest affitibyvard CQ having no substituent on the
C(4)-amino group, and which has a 2.7, 14 and f&di lower inhibition potency in
comparison taCQ2, CQAd andCQ8, respectively. Introduction of a hydroxyethyl gpoan
C(4)-amino group, as it is ICQEtOH, gave an indication about the importance of the
presence of a basic amino group for achieving adrighhibition potency. The replacement of
a terminal amino group i€Q2 with hydroxyl, as it is ICQEtOH, caused about a twofold
decrease of inhibition potency compared GQ2. Interestingly, the 2.5-fold increase in
inhibition of AChE, in comparison t€Q, was achieved witkhlor oquine although the size
and the lipophilicity of substituent ichloroquine were comparable with that 3FQ8, CQ8
and CQAd. It seems that the branching of the substituenthaen C(4)-amino group (the
methyl group on C(10) and tHé,N-diethyl terminal group) irchloroquine decreased the



inhibition potency toward AChE. The replacement aflorine with stronger electron-
withdrawing trifluoromethyl group on C(7) did ndifect the inhibition potency of the tested
4-aminoquinolines indicating a minor role of C(dbstituent on AChE inhibition. That is
illustrated with almost identicd{; values for corresponding pairs of substituenesJQ2 vs.
TFQ2, and C8 vs. TFQ8. The connection of the size of the C(4)-amino grand the
inhibition potency toward AChE was previously shover antimalarials chloroquine,
amopyroquine and amodiaquine. Amodiaquine and amgpyne, with a phenyl substituent
on the C(4)-amino group, were more potent inhikitof electric eel AChE than chloroquine
with an aliphatic substituent [10]. Thi& for chloroquine (Table 2) corresponds to a
previously reported value for human erythrocyte EGis well to that for electric eel AChE
[10, 11].

We evaluated the type of inhibition, whether is petitive, non-competitive or mixed, from
the slope at the inhibition plots and dissociatbmmstants of the enzyme-substrate complex
(Ks; Table 2). For majority of tested compounds, tlupe was higher than zero (i.;app
proportionally depended on substrate concentrataomj theKs values corresponded to
previously determined Michaelis-Menten constamiy)( [30] implying a competitive
inhibition and binding of the tested compounds he tatalytic site of AChE. For two
compounds with a trifluoromethyl group FQ2 andTFQ8), andCQ8 the slope was close to
zero indicating no binding competition with the strate in the catalytic site, and a non-
competitive type of inhibition (i.e. binding of tse@ compounds in PAS). In the cas€CqiAd

we observed a deviation from linearity suggestingniaed type of inhibition due to its
binding to both catalytic site and PAS of AChE.

To evaluate binding interactions we performed doegksimulations with mono and double
protonated form of amine group from a quinolinegrivecause no correlation betwedf, p
values (Table 1) and inhibition potency (Table Zswobserved. Indeed, docking results
confirmed these results and showed that the dquidi®nated and mono protonated form of
the compounds had a very similar orientation ofarids within the active site with
CDOCKER energies for double protonated forms abdOt kcal/mol lower than the

corresponding mono protonated forms



Table 2. Reversible inhibition of recombinant human AChEd anuman BChE by 4-aminoquinolines. The enzyme-itdnibcomplex

dissociation constanK(+ SE) was determined by linear regression fidnp, constants obtained from at least three experimen2§C. c, n

andm stands for competitive, non-competitive and miggaz of inhibition, respectively

AChE BChE

Compound Ki(BChE)Ki(AChE)

[, (uM) Ki, (HM) Ko (MM) | TI], (UM) | K, (UM) Ks (MM)
CQ 2-40 11+0.3 (c) 0.48+0.08 20-60 3147 (c 0.15+0.04 2.8
CQ2 2-10 4.1+0.2 (c) 0.78+0.14 10-40 12+ 1 (q) 0.5380.4 2.9
CQs8 0.25-10 | 0.61+0.03 (n) - 2-20 6.1+0.9 (c)  0.26+0.04 10
TFQ2 2-10 3.6+0.2 (n) - 2-10 25+0.3(¢) 0.61+0.15 0.69
TFQS8 0.25-2 0.4610.01 (n) - 1-20 1.9+0.3 (¢) 0.24+0.05 14
CQAd 0.50-1.5 | 0.77+0.09 (m] 0.45+0.10 2-8 3.2£0.4 (m) 3.1+0.4 4.2
CQEtOH 5-50 10+1 (c) 0.95+0.19 40-200 5148 (c 0.21+0.04 15
chloroquine 2-10 4.0+0.2 (c) 1.0+0.2| 5-20 7.241.7 (c)|  0.27+0.05 1.8
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Key interactions between residues in the active aitboth cholinesterases and the tested 4-
aminoquinilines are listed in Table 3. Moleculacking showed that Trp86 in AChE, and the
corresponding Trp82 in BChE, were the key residoesstabilisation of 4-aminoquinoline
moiety in the choline binding site, as shown praslg for tacrine and huprine, potent
cholinesterase inhibitors [4, 50, 51]. The orieptatbf the quinoline group within the AChE
active site was governed, along with Trp86, by fiaigninteractions with Tyr337 and/or
Tyr341 from the choline binding site. Also, all tfe tested ligands (exce@Q) were
stabilized via H-bonding and/ot-interactions with Tyr72, Tyrl24 or Trp286 from the
peripheral anionic site (Table 3, Fig. 2). It is iy of noting that molecular docking
confirmed the evaluation of dissociation constgafs Table 2), and interactions of non-
competitive TFQ2, TFQ, andCQ8), and mixed typeGQAd) inhibitors with residues from
PAS. However, the determined inhibition potencytlud tested 4-aminoquinolines can be
attributed to additional stabilisation of substitteeon the C(4)-amino group with residues in
the AChE active site. For example, substituentstien C(4)-amino group o€QAd and
chloroquine formed a salt bridge with Asp74, a residue in Pid8olved in substrate

trafficking down the gorge during hydrolytic proses (Fig. 2) [52].
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Table 3. Key interactions in the human AChE (HUAChE, acmesso. P22303) and human

BChE (HuBChE, accession no. P06267) active sitgeggewvaluated by molecular docking.

Compound AChE BChE
- -
H-bond orbitals other H-bond orbitals other
TFQ2 Tyr337, Trp86, Glu202 | Trp82, His438 Glyl16, Gly117
Serl25,GIn71, | His447 (Halogen | Glu197, (Amide stacked),
His447,Gly448, acceptor)| Tyr128, Pro285, Leu286
Asn87 Gly115, (Halogen acceptor)
Tyr72 Serl98
TFQ8 Arg291, His447| Trp86, Glu202 | Tyrl28, | Trp82 Glul97, Ser198
Gly448, Serl25, His447 (Halogen | Ser198, (Halogen acceptor)
Tyr341, Asp74, acceptor)| Thr120,
Tyrl24 His438,
Gly439,
Trp82
CQ Tyr337, His447 | Trp86, Glyl115, | Trp82
Tyr337, Glu197
His447 His438
CQEtOH Asp74, Serl25,| Trp86, Ser198, | Phe329, | Leu286
Tyrl24, His447,| His447 Glul97 | Trp231 (Hydrophobic)
Tyr341, Asn87, His438
Tyr337
CQ2 Serl25, GIn71,| Trp86, Serl98, | Trp82, Glyl16, Gly117
Tyr341, Asn87, | His447 Thr120 His438 (Amide-t stacked)
Tyr72, Tyr337 Trp231
CQs8 Asp74, Glu202,| Tyrl24, | Glu202 | Glul97, | Trp82, Ala328
Phe295, Tyr337| Trp286, | (Salt His438 His438,
Tyr341 Tyr341 bridge) Phe329,
Trp430
chloroquine | Tyrl24, Trp86,| Trp86, Asp74 His438 Trp82, Glul97 (Salt
Serl25 Tyr341 (Salt Tyr332 bridge), Pro285,
bridge) Phe329, Tyr332
(Hydrophobic)
CQAd Tyrl24, Thr83, | Trp86, Asp74, Glu197, | Trp82, Glul97 (Salt
Tyr337 Trp286, | (Salt His438, | Tyr332 bridge), Gly116,
Tyr337, | bridge) Ser198 Glyl1l7 (Amider
Tyr72, stacked), Ala328
His447 (Hydrophobic)

12



TRP86

GLL202 GLU202

Fig. 2. Orientation of ligands in the active site of ACHEDsition of ligandCQAd (A) and
ligand TFQ8 (B). Interactions are presented in green (H-bgratgnge (catiominteraction),

and purple (hydrophobic interactions).

The most potent inhibitors of BChE were compoundt whe most voluminous
substituent on the C(4)-amino group@Ad) or with an electron-withdrawing group on C(7)
(TFQ2 andTFQ8). In other words, the substitution of the trifloarethyl group inT FQ8 and
TFQ2 by chlorine, as ifCQ8 andCQ2, respectively, caused a 5 or 2-fold, decreaséaif t
inhibition potency. On the other hand, substitutioh adamantly group irCQAd with
diethylamino group, as inhloroquine, caused a 2-fold decrease in the inhibition potenc
Further reduction of the size of substituent on)@g#ine group in compoundSQ and
CQEtOH led to an additional 10 times decrease of BChiaiaff Additionally, theKs values
for all compounds (Table 2) corresponded to BChg'eviously determined Michaelis-
Menten constantK(y) [30], suggesting a competitive binding of thetéescompounds to the
catalytic site of BChE. A mixed type inhibition waketermined only folCQAd. Again,
similarly to AChE, no correlation between the alsae character of 4-aminoquinolines and
their inhibition potency towards BChE was observed.

Molecular modelling of the tested compounds in BGkEealed a general involvement of
Trp82 from the choline binding site in ligand stedaition together with Trp231 from the acyl
pocket, amide group of Gly116 and Gly117 from tkgamion hole, His438 from the catalytic
triad, and Thrl120 viar-stacking and H-bonding (Table 3). Interactionshwitro285 and
Leu286 as halogen acceptors were observed K2, CQEtOH, and chloroquine. The

13



interaction with Trp231 seems important for theoltHincreased affinity o€Q2 compared to
CQEtOH, compounds that havihe amino group versus hydroxyl group on the C(Mira
substituent, respectively (Fig. 3pimilarly, KoSak et al. demonstrated that the same
replacement of a hydroxyl group by an amino graufigands increased BChE affinity up to
picomolar range due to the interaction of an amgnoup with Trp231 [53]. Moreover,
interactions with Trp231 and Trp82 have been prot@®rbe decisive for ethopropazine
selectivity toward BChE [54], and for potent duahding inhibitors [55]. It seems that
Trp231 has a similar role in ligand stabilisatienTap286 from PAS in AChE [53].

.

VAL288 _VAL288

L%

TYR332
TRP231

LEU286
i&
\

GLY117

« PHE328

TRP82

O )
{
S D
‘ \
& y
TRA ’
o
GLU197

Fig. 3. Position of ligandCQEtOH (A) and ligandCQ2 (B) in the active site of BChE.
Interactions are presented in green (H-bonds), geraftations interaction) and purple

(hydrophobic interactions).

The inhibition selectivity of the compounds wasided with the ratio oK; constants
of AChE and BChE (Table 2). Overall, all of the qmunds had a 1.8 to 10 times higher
preference for AChE over BChE, excddtQ2, the compound with a trifluoromethyl group
on C(7) and an ethylamino substituent on the Cidia group, which exhibited a 1.4 times
higher preference for BChE. The highest selectwifis displayed bZQ8, a compound with
an n-octylamino substituent on the C(4)-amino group adorine on the C(7). The
determined selectivity was comparable to that dagamine which had about a 9 times
higher preference for human AChE over BChE [56].
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Molecular modelling of the most selective inhibjt@Q8, showed that the largest difference
in its accommodation in the active site of AChE &ChE was the positioning of quinoline
moiety (Fig 4). In AChE, it was stabilised with idhses Tyrl24, Trp286, and Tyr341, while
in BChE with aromatic residues of Trp82, Phe329 amu#t30. MoreoverCQ8 in AChE was

in extended form, and the protonated amino group stabilised with Trp86 and Glu202 (Fig
4A). Larger BChE active site allows bent conforroatiof CQ8 and the protonated amino
group is stabilised with Glu197 and His438 (Fig)4B

THR120

i GLY116
\\
PHE297 4
GLy115 ;
GLU197
- ~
“’ N\

SEB198

TRP231
~ 3

SER203
— PHE329
GLU202 \

Fig. 4. Comparison of ligan€CQ8 orientations in the active site of cholinesterag&ssition
of ligand in AChE (A) and in BChE (B). Interactiorsse presented in green (H-bonds),

orange (catione interaction) and purple (hydrophobic interactions)

Since blood brain barrier (BBB) penetration is ey kequest for the selection of
compounds for further refinement of potentially traltly active drugs, we estimated the
silico ability of the tested compounds to cross the BBigure 5 shows the radar plot of six
physicochemical properties of the tested 4-aminuajines in relation to recommended
values of CNS-active drugs, which generally haweelomolecular weight (MW<450), have
moderate hydrophobicity (logP<5), have fewer hyedrogonds donors and acceptors (HBD<
3 and HBAK<7), fewer rotatable bonds (RB<8) andlass polar (polar surface area PSA<70
A? than drugs that are not active in CNS [47]. Alltbe tested 4-aminoquinolines had
optimal values of lipophilicity (logP = 1.4 — 4.3yolecular weight (180 — 384 g/mol), polar
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surface area (up to 50.94 A2), and optimal numbétd-bond donors (max 2) and H-bond
acceptors (max 3). Molecular flexibility, as chdesized by the number of rotatable bonds (0
- 10), was favourable in five out of eight composinioreover, the K, value of the most
basic group (amine on C(4)-amino substituent) Wss eonsidered as a molecular descriptor
whose value for CNS drugs is limited to 7.5 — 1J@.B]. Accordingly the Kj cac. values cf.
(Table 1) are within or close to recommended raf@@8 — 10.5). Nevertheless, the above
results suggest that all of the tested 4-aminotjnés have potential to penetrate the BBB and
present a solid starting point for further struaturefinement in terms of developing CNS-

active drugs.

MW/100
10

PSA/10 logP --cCQ
--ca

- - TFQ2

\
=22

- - TFQ8
cas

- - CQAd

- = CQEtOH

HBD - = chloroquine

——Recommended
values

HBA
Fig. 5. Radar plot of physicochemical properties (moleculgeight, MW; lipophilicity
coefficient, logP; number of hydrogen bonds don&tBD, and acceptors HBA, rotatable
bonds, RB; polar surface area, PSA) of the testathhoquinolines. Recommended values

for the CNS-active drugs are presented by a red[4id].

4. Conclusions

Out of eight tested derivatives of 4-aminoquinolitteat differ in C(4) and/or C(7)
substituents, the most potent inhibitors of AChHpwer micromolar range, were compounds
with ann-aminooctyl chain ©Q8) or adamantyl groupQQAd), regardless of the substituent
in position C(7). For BChE, the most potent intobst wereCQ8 and derivatives with
trifluoromethyl group on C(7)TIFQ2 and TFQ8). Molecular modelling showed that one of
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the most potent inhibitors of both AChE and BChE,veell as the most selective AChE
inhibitor, CQ8, was positioned in AChE in extended form, whileB&hE it was in a bent
conformation. The studied derivatives of 4-aminoglies provided a solid starting core for
further design of novel cholinesterase inhibitoegher as peripherally active drugs for
treatment of Myasthenia gravis, or as centrallyivactdrugs for use in treatment of
neurodegenerative diseases like AD. Also, an awditiadvantage of such compounds is their
simple structure and low logP which allows furth&ructural refinement in terms of

drugability.
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Figure Legends

Fig. 1. Chemical structure of the tested compounds.

Fig. 2. Orientation of ligands in the active site of ACHEosition of ligandCQAd (A) and
ligand TFQ8 (B). Interactions are presented in green (H-bgrms)nge (catiomeinteraction),
and purple (hydrophobic interactions).

Fig. 3. Position of ligandCQEtOH (A) and ligandCQ2 (B) in the active site of BChE.
Interactions are presented in green (H-bonds), garaftations interaction), and purple
(hydrophobic interactions).

Fig. 4. Comparison of ligan€€Q8 orientations in the active site of cholinesteragassition

of ligand in AChE (A) and in BChE (B). Interactiorsse presented in green (H-bonds),

orange (catiore interaction) and purple (hydrophobic interactions)

Scheme 1. Synthesis of 4-aminoquinoline derivatives.
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Highlights
» three derivatives were nanomolar selective AChhbitdrs
» the quinoline group is primarily stabilised by ttteline binding site residues
* 4-aminoquinoline derivatives exhibit slight seleityi toward AChE over BChE

* 4-aminoquinoline derivatives have potential to fgieate the blood brain barrier
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