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Abstract: A combination of tacrine and tryptophan led te ttevelopment of a new family of heterodimers
as multi-target agents with potential to treat Alwher’'s disease. Based on tinevitro biological profile,
compoundS-K1035 was found to be the most potent inhibitor of huraaatylcholinesterasén/&AChE) and
human butyrylcholinesteraseBChE), demonstrating balanceds¢alues of 6.3 and 9.1 nM, respectively.
For all the tacrine-tryptophan heterodimers, fatstganhibitory effect ohAChE as well as ohBChE was
coined to the optimal spacer length ranging fromwe fito eight carbon atoms between these two
pharmacophore$&-K1035 alsoshowed good ability to inhibit A, self-aggregation (58.6 £ 5.1% at pBI)

as well ashAChE-induced 440 aggregation (48.3 £ 6.3% at 1QM). The X-ray crystallographic analysis
of TCAChE in complex withS-K1035 pinpointed the utility of the hybridization strategpplied and the
structures determined with the td.035 enantiomers in complex withBChE could explain the higher
inhibition potency ofS-K1035. Otherin vitro evaluations predicted the ability &K1035 to the cross
blood-brain barrier and revealed a moderate inbibijpotency against neuronal nitric oxide synth&sesed

on the initial promising biochemical data and aesaf vivo toxicity compared to tacrin€&-K1035 was

administered to scopolamine-treated rats and itakésto dose-dependently revert amnesia.
Introduction

Alzheimer’s disease (AD) is an age-related neurederative disease and the most common cause
of dementia associated with selective loss of dognability and behavioral disturbances ultimatelgding
to death [1]. The progressive impairment of neugmal conditions of patients with AD produces
devastating problems on the patients themselvesvand high economic burden for their families and
society [2]. Unfortunately, the etiology of AD isllknot fully understood. To date, several factbese been
demonstrated to be responsible for AD developmadt@ogression, thus playing an eminent role in the
pathogenesis of AD [3,4]. These distinct neuropiatioal hallmarks include depositions of extrackalfys-
amyloid (Af) into plaques and intracellular neurofibrillarynghes composed of hyper-phosphorylated tau
protein. Both of them are suspected to be involvedhe pathophisology of AD, however, their exact
mechanism rather remains unclear. The differentedmn the plagues and tangles lies in their stracnd
effect on the nerve cells in the brain tissues PBésides, the most pronounced hypothesis for AD
development stems from low levels of acetylcholiA€h), oxidative stress and bio-metal dyshomeostasi
[6-8]. Low levels of ACh resulting from neuronal afle are associated with cognitive and memory
deterioration. Based on these observations, enh@nteof cholinergic neurotransmission and recowdry
ACh levels may alleviate AD symptoms [9]. The adistiration of cholinesterase inhibitors (ChEls) Dsil
upon the cholinergic hypothesis, and representnibst prominent agents exerting beneficial therapeut
option in AD therapy [10]. Acetylcholinesterase (W& E.C. 3.1.1.7) and butyrylcholinesterase (BChE,
E.C. 3.1.1.8) represent two types of cholineste(@&) enzymes which are able to hydrolyze ACh ti@n
other hand BChE is also able to hydrolyze bulkidrssrates like butyrylcholine (BCh). AChE has arhea
20 A deep and narrow gorge with two major bindiitgss At the bottom of the gorge, catalytic aniosiie

(CAS) resides whereas peripheral anionic site (Pi&Spcated near the cavity entrance. Experimental



evidence showed that AChE inhibitors (AChEIs) atolesimultaneously bind CAS and PAS may have a
higher beneficial effect in AD therapy by their irett anti-aggregating action [11]. Indeed, affnaf
AChEls for PAS confers ability againspfAaggregation by preventing assembly gfAonomers into fibrils
and other highly toxic complexes withA12,13]

Increasing evidence on the role of the two type€luE in the AD brain pointed out a gradual swit¢hhe
hydrolyzing activity, from AChE to BChE, along withe disease progression. In fact, AChE levels were
reported to gradually decrease, while BChE levelsain unaltered or significantly increase in the
hippocampus and temporal cortex [14,15]. Furtheemoortical BChE accumulation has been shown to be
associated with the formation of neuritic plaques aeurofibrillary tangles [16]. Considering all tfe
above mentioned observations, AChE/BChE inhibitoesy provide beneficial therapeutic effects in AD

treatment.

In line with the multifactorial nature of this patogy, it is now recognized that several pathalabi
features coexist in AD and play a role in a stiltlafined cause-effect circle. In this scenariona¥several
factors have been hypothesized to contribute top&ihogenesis, /Adyshomeostasis is one of the most
studied therapeutic targets. The pathological mee® related to AD correlate well with the misfoldgs
peptide, which leads to the formation of amyloidjoiners and aggregates [17]3 Af variable length (from
39 to 43 residues) is generated by a sequentiavatge of the amyloid precursor protein (APP) by the
subsequent action gt andy-secretases. /A, tends to aggregate more rapidly thafygand displays higher
neurotoxicity [18,19]. & aggregates trigger a cascade of biochemical psesgsvhich ultimately lead to
neuronal dysfunction [20]. Many efforts are beingda to develop appropriate treatment strategibereiid

decrease the /Aproduction or enhance thgfA&learance [21].

Current therapy of AD is mainly limited to admimation of three AChEIls, namely donepezil,
rivastigmine and galantamine, and oNemethyl-D-aspartate (NMDA) receptor antagonist, raatme.
Unfortunately, these drugs do not effectively addréhe multifactorial nature of AD, exerting only a
palliative effect [22,23].

Tacrine 8, THA, Figure 2) was the first ChEl approved in 298y the Food and Drug
Administration (FDA) for the AD therapy and withava from clinical use in 2003 because of the
hepatotoxic and gastrointestinal side effects [2§,Zhe ongoing research aiming at finding novetl an
presumably more potent THA analogues with suppcet®dcity led to the discovery of 7-methoxytacrine
(1, 7-MEOTA, Figure 2), a centrally active AChEI emded with a limited toxicity compared to THA, due
to a distinct metabolic fate [26]. Furthermore, TeA derivative 6-chlorotacrine2( 6-CI-THA, Figure 2)
showed better AChE inhibitory profile and seledtivihan THA [27,28]. Thanks to the easy accessybili
and the low molecular weight, THA and 6-CI-THA &asgll widely used as starting fragments for the
development of hybrid molecules with additional phacological properties beyond ChE inhibition [29].



Over the last decades, the field of tacrine-basetti-target directed ligands (MTDLs) has grown
enormously [30-33]. Early encouraging results wartained when THA dimer bis(7)-tacring Figure 1),
was rationally designed to contact both AChE céramnal peripheral site, thus acting as a dual bodite
AChEI. Indeed,4 showed improved AChE inhibition, as well as a ¢argrray of anti-AD activities,
including neuroprotection against glutamate-mediagxcitotoxicity [34,35]. The latter is presumably
associated td inhibition potency of neuronal nitric oxide synsea(nNOS) [36]. Indeed, excessive nitric
oxide generated by nNOS mediates the downstreamalgiginsduction of the NMDA receptors thus leading
to excitotoxic neuronal cell death [37]. Thdshas spurred the development of several MTDLs feaju
either homo- and hetero-dimeric structures andetarg different pathological pathways intertwined t
oxidative stress, mitochondrial dysfunction, madgshomeostasis, amyloid aggregation and tau protein

hyper-phosphorylation [3,38-40].

Figure 1. Chemical Structure of bis(7)-tacrind) ( First Dual Binding Site AChEI.

Design of novel tacrine-tryptophan heterodimers

As part of our efforts in identifying MTDLs as dywcandidates for AD, we became interested in
hybrids obtained by linking THA and tryptophan (Yfpagments. Our starting point was the biological
profile of THA-based [41-45], melatonin-based [44,4nd Trp-based [48-50] hybrids, which are endowed
with a wide spectrum of potential disease-modifyaagvities against AD.

Recently, we have reported on a series of tacrapdioquinone (THA-NQ) hybrids possessing a
multifunctional character, which included cholir@sise inhibition related to the THA scaffold, anti-
amyloid properties conveyed by the NQ moiety, addiant properties, the ability to cross blood-brain
barrier (BBB) and, more importantly, lower hepatatdy if compared to THA. The most prominent THA-
NQ hybrid, in terms of the most balanced and matept activity towards all the selected targetss wa
(Figure 2) [51].

L-Tryptophan (L-Trp, Figure 2) is an essential amicid acting as serotonin (5-HT) precursor.
Studies on patients with AD have shown that aneacatuction of L-Trp intake impairs learning and
memory [52,53] and that an increased L-Trp intakereases intraneuronal accumulation ¢f iA the
hippocampus in a transgenic mice model of AD [#]ditionally, thanks to the key involvement of Trp
residues of amyloidogenic proteins in the misfajdprocess [55], L-Trp possesses strong potentia as

fragment for the development of targeted anti-amlyéments [48]. On this basis, Segal’'s and Gagittaips



synthesized and investigated 1,4-naphthoquinor2tyyptophan 6, L-NQ-Trp, Figure 2) as a promising
inhibitor of Af aggregation [56]6 was able to inhibit A aggregation, decreases Aytotoxicity, reduce the
amount of amyloid brain burden in a transgenic Dpbsla model for AD, thereby prolonging lifespardan
completely abolishing the defective locomotion [S8fudies from the same group also showed that the
NQ-Trp analogue, CI-1,4-naphthoquinone-2-yl-L-tgphan 7, CI-L-NQ-Trp, Figure 2), can inhibit tau
aggregationn vitro andin vivo [49]. Computer simulations investigations have pied further insights
into AB4/L-NQ-Trp interaction mode [57]. Another reason fmking THA with Trp stems from the
structural similarity of the designed molecusand 9 with the THA-melatonin hybrids developed by
Rodrigues-Franccet al. as MTDLs against AD. HybridB showed a multifaceted profile combining
cholinergic and antioxidant properties togethethwdw toxicity (Figure 2) [46]. In 2009, the sameogp
developed 6-CI-THA-melatonin hybrids [47]. The bastlass compound® (Figure 2) exhibited good
cholinergic inhibitory activity, antioxidant and tsamyloid properties and excellent neuroprotect¥fects
against A& and oxidative stress. Thus, it is feasible ®and 9 could similarly span AChE gorge, inhibit

amyloid self-aggregation and exert similar benafiproperties.

Based on all aforementioned considerations, heveindescribe the synthesis and biological profile
investigation of a novel multi-target hybrids fagjndombining a Trp moiety with a THA scaffold tethdr
by aliphatic linkers of varying length. The chascation of the biological profile of the synthesil THA-
Trp heterodimers includes amvitro evaluation of (i) the inhibitory activity againstiman AChE AChE)
and human BChEhBChE), (ii) crystallographic analysis of the mosbmising compound in complex with
Torpedo californiceAChE (TCAChE), (iii) anti-amyloid properties (inhibition &/, self-aggregation and
of AChE-induced £40 aggregation), (iv) prediction of BBB penetratiosing parallel artificial membrane
permeation assay (PAMPA) , () vitro effect on the cell viability, (vi) inhibitory actity against neuronal
nitric oxide synthase (nNOS), and (vii) vivo behavioral studies using a scopolamine-inducechitiog

deficit rat model.
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Results and discussion




Chemistry. The general synthetic procedure for tacrine-trybsop hybridsS-K1024-K1044 is shown in
Scheme 1. The starting 9-chlorotacririé®s12 were prepared according to the previous reports tha
spectral data were in good agreement with liteeateports [58,59]. The treatmentidi-12with appropriate
1,o-diaminalkanes in the presence of phenol yielded désired intermediatel9-39 (70-90%) [60].N-
[(tert-Butoxy)carbonyl]-L-tryptophan1®) was prepared in high yield (87%) from commergiaiailable
L-tryptophan {3) via protection of the amino group using triettglae (TEA) and diert-butyl
dicarbonate. Spectral data were in good agreemigmiiterature reports [61]. Finally, the intermat#s19-

39 with different linker sizes were coupled with Bpmtected L-tryptophat6 in the presence of TEA and
benzotriazol-1-yloxytris(dimethylamino)phosphoniuraxafluorophosphate (BOP) to afford Boc-protected
tacrine-tryptophan heterodimef€-62 in low-to-excellent yields (191%). The deprotection and the final
conversion into dihydrochloride salts took placeoire pot to obtain the desired tacrine-tryptophgorids
SK1024-K1044 in moderate-to-excellent yields (38-99%). Moreove+Cl-THA-containing derivatives
bearing arR-isomer R-K1035) and a racemic mixturegc-K1035) from D-tryptophan and DL-tryptophan,
respectively, were synthesized for comparative psep following an analogous procedure. Structural
determination and signal assignments of the firmmhmounds were accomplished by the application of
standard NMR experimentsH, *°C, *H-'H COSY, 'H-*C HSQC, HMBC, DEPT). The structural
characterization also involved melting point assesd and liquid chromatography-high-resolution mass
spectrometry (LC-HRMS). The absolute configuratdrs-K1035, as the most promising compound in the
series, has been validated via electronic ciratilgiiroism (Supporting information).
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Scheme 1General Procedure for the Synthesis of Tacringg{bpghan Hybrid$s-K1024-K1044 R-K1035
andrac-K1035

Cholinesterase inhibitory activity

Three series of THA-Trp conjugates underwent ihitielogical screening for their inhibitory poteaiti
againsthAChE andhBChE (Table 1). All data for 7-MEOTA-tryptophan hds S-K1024-K103Q 6-Cl-
THA-tryptophan heterodimer§-K1031-K1037 and THA-tryptophan derivativeS-K1038-K1044 were
determined using the spectrophotometric methodlloyda et al, using 7-MEOTA, 6-CI-THA, and THA as
reference compounds (Table 1) [62,63].

In each series, the pharmacophores were combieakyl chains of different length (n =8). The length
of the chain is considered a crucial factor affegtihe inhibitory activity against both ChEs aswhdor
many previously reported THA hybrids previously agpd [29,41,42,51,59,60,64—66]. This characteristi
feature stems from the optimal anchoring of eacletyd THA and Trp) to specific enzyme binding sjtes
which are located in a spatially defined area oECH has been previously shown that AChE sharés 54

homology of BChE [67]. However, some distinct diéfleces between these twif hydrolases are present,



such as in the gorge dimension; indeed, the buB{&nE active gorge grants a lower substrate spégifi
compared to AChE [68]. Hence, it is expected tmaoptimal chain-length and activity may differ beem
each THA-containing subset for AChE and BChE. Ineggel, the presence of longer methylene tethers was
associated with a favorable inhibitory effectlohChE as well as ohBChE, and the optimal length of the
spacer was found to lie between five to eight caratmms for both ChEs in all the families beariither
THA, 6-CI-THA or 7-MEOTA scaffolds.

All novel hybrids (except for derivativB-K1026) turned out to be potent inhibitors AChE with 1G5
values ranging from micromoles to nanomoles. DéreaS-K1035 (ICsp = 6.3 nM) bearing 6-CI-THA
moiety and a six-methylene spacer showed singlg damomolar inhibitory potency againsAChE. S-
K1035 was 1585-, 51- and 3-times a more potehChE inhibitor than 7-MEOTA, THA and 6-CI-THA,
respectively. Among hybrids bearing the 7-methoswytee fragment, the most promising derivative #as
K1027 (ICso = 620 nM), which exhibited a 16.2-fold increasahibitory activity againshAChE with
respect to the single fragment 7-MEOTA. All hybrickrying the 6-CI-THA (except for hybrig-K1031)
displayed inhibitory potency toward\ChE in the same order of magnitude of the parentpound 6-CI-
THA. These findings are congruent with previousorgpunveiling that the hydrogen replacement by
chlorine at position 6 of the THA scaffold leadsam enhancement of the binding affinity towards &Ch
[69]. Similarly to the observations for 6-CI-THA rilatives, hybrids containing THAS(K1038-K1043
showed inhibitory activities towardAChE comparable to that of the reference compoudé.TThe only
exception to this trend was hybi$K1044, which exhibited a 4.2-fold higher inhibitory potsncompared
to that exerted by THA.

Concerning the inhibition diBChE, all 23 hybrids were potent inhibitors withs¢@alues ranging from the
micromoles to nanomoles. All hybrids carrying thmé&thoxytacrine template were bett®ChE inhibitors
than 7-MEOTA with inhibitory activities in the suhicromolar range. All 6-CI-THA heterodimers
displayed higher inhibitory potency towardBChE than the parent compound 6-CI-THA. Among hgbri
from the THA family, the most potent derivative wa&1042 (ICso = 3.9 nM), which exhibited a 20.3-fold
increased inhibitory activity compared to THA. Calesing all series, the most pronounced inhibilese
the heterodimers bearing a six-methylene linkemeig S-K1035 (bearing a 6-CI-THA fragment) arfst
K1042 (bearing a THA fragment), which were endowed wigmamolar BChE inhibitory potency (d¢=
9.1 and 3.9 nM, respectively).

Table 1. In vitro anticholinesterase activity, inhibition &g, self-aggregationand prediction of BBB

crossing for THA-Trp derivatives and reference compls

Inhibition
ALy, self-
hAChE IG,+ hBChE IGy+ Slfor aggregation BBB
Cmpd n R RR R SEM(Mf SEM(nMf} hAChE® %SO assa§




S-K1024 2 H OCH; H 5700 %370 480 + 15 0.08 54.7+0.7 CNS-
S-K1025 3 H OCH; H 1300 £ 50 1800 = 70 140 51615 CNS-
S-K1026 4 H OCH; H 12000770 520 + 22 0.04 47.0+7.0 CNS-
S-K1027 5 H OCH; H 620 + 21 190 +6.7 0.3 51.9+1.4 CNS-
S-K1028 6 H OCH; H 940 + 61 55+1.2 0.06 58.0+5.7 CNSz*
S-K1029 7 H OCH; H 980 + 47 78+ 2.7 0.08 57.9+2.3 CNSz
S-K1030 8 H OCH; H 1300 + 80 130+ 4 0.10 545+6.2 CNS+
S-K1031 2 CI H H 160 + 8 340 + 17 209 18.7+7.0 CNSt
S-K1032 3 CI H H 70+4 140 +6.2 199 199+21 CNS#t
S-K1033 4 CI H H 62+22 120+ 3.9 195 289+1.4 CNSt
S-K1034 5 CI H H 76+1.8 74+1 0.97 50.6+6.6 CNSt
S-K1035 6 CI H H 6.3+0.2 9.1+0.3 143 58.6+51 CNS+
R-K1035 6 CI H H 6.9+0.3 1405 19.7 60.7+25 CNS+
rac-K1035 6 CI H H 7.4+04 13+0.6 177 57.2+15 CNS+
S-K1036 7 CI H H 19+0.5 52+1.1 2.76 59.0+3.8 CNS+
S-K1037 8 CI H H 50+1.3 140+ 2.8 289 594+6.2 CNS+
S-K1038 2 H H H 730 + 32 56 +2.1 0.08 44.0+53 CNS-
S-K1039 3 H H H 580 + 33 40+ 1.0 0.07 46.4+6.2 CNS-
S-K1040 4 H H H 1300 £ 93 123+2.4 0.10 59.1+2.6 CNS+
SK1041 5 H H H 320+ 16 23+0.7 0.07 543+55 CNS-
S-K1042 6 H H H 120+ 3.8 39+0.1 0.03 555+52 CNS-
S-K1043 7 H H H 120+ 3.5 25+1.0 0.22 60.9+4.4 CNS-
S-K1044 8 H H H 76+1.1 64 +1.7 0.84 63.6+2.1 CNSt
1 H OCH3 H 10000 + 97 18000 £ 80 1.76 <5 CNS+
2 Cl H H 20+1.0 1800 + 97 89 <5 CNS+
3 H H H 320+13 80+1.0 0.25 <5 CNS+
5 (tacrine-
naphthoquinone)[5.1] Cl H H 0.72+0.06 540 + 16 752.7 375+%9nd
8 (tacrine- 0.008 +
melatonine)[46] Cl H CI 0.0004 7.8+0.4 975 nd nd
9 (tacrine-
melatonine)[47] Cl H H 0.730+0.03 180 +5 241 nd CNS+
D,L-NQ-TRP - - - - nd nd nd 25.4+3.2 nd
6 - - - - nd nd nd 285+36 nd

2Results are expressed as the mean of at leastekpeeiments® Selectivity forhAChE is determined as a
ratio of hBChE IGy/hAChE IGse; % Inhibition of AB4, self-aggregation at [I] = 50M. The [AB42)/[I] ratio

was equal to 1/1. Values are the mean from twootxr independent experiments each performed in
duplicate + SD? Inhibition of AB4, self-aggregation at [I] = 1AM ®Prediction of BBB penetration by the

PAMPA-BBB assay. “nd” stands faot determined, CNS stands for central nervous.



The selectivity index (SI) was calculated for ahgpounds within the study by comparing theolzalue for
hBChE inhibition with that achieved fanAChE inhibition. Most 7-MEOTA and THA hybrids were
hBChE-selective (Sk 1.0) or non-selective (SI 1.0) ChE inhibitors, while 6-CI-THA hybrids showed
weak preference for AChE. This is in agreement withselectivity profile of the implemented tacroue.
Hence, whereas all the tacrine hybrids were BCH&cBee in agreement with the higher affinity foCBE

of THA, higher preference fdiIAChE was exhibited by hybrids bearing the 6-CI-THaAgment. However,
if compared with the selectivity profile of 6-CI-Rd(SI = 100.7), all 6-CI-THA hybrids showed a much
smaller SI with values ranging from 0.97 (non-steg to 2.90 (slightly selective fatAChE).

Due to the increasing interest for dual AChE/BCHihibition [70], this finding makes these hybrids
particularly appealing. Indeed, it has been obskthat levels of BChE in the brain increase witingg
while those of AChE decrease. This points out thpartance of BChE inhibition in moderate to severe
stages of AD [71]. The correctness of this idea hhsady been proved with the development of
bisnorcymserine, a BChE-selective inhibitor, whistcurrently under evaluation in a Phase 1 clinidal
(ClinicalTrials.gov identifier: NCT01747213).

On the basis of anticholinesterase activity resthis best ChE inhibitd8-K1035 was chosen as a prototype
for investigating of the importance of the steremulstry in ChE inhibition. For this purpose, tResomer
(R-K1035) and the racemic mixturealc-K1035) were synthesized. In this regard, we have presketive 6-
CI-THA scaffold and six-methylene tether and usétee D-Trp to yield theR-isomerR-K1035, or the
racemic Trp to afford the optically inactivac-K1035. The stereochemistry of the Trp fragment does not
seem to have any significant influence on the inioib of hAChE as demonstrated by similar inhibitory
activities of R-K1035, rac-K1035 and S-K1035. However, and very surprisingly, a stereoselective
interaction was highlighted f&iBChE, withS-enantiomer being t®ld more potent than thie-isomer (9.1

nM vs. 140 nM).

In comparison with the previously reported THA-N@dalrHA-melatonin derivatives, the THA-Trp hybrids
reported herein retained excellé®ChE inhibitory potency and showed increased agtisawardshBChE.
This makes them balanced dual AChE/BChE inhibitaith) potentially greater clinical efficacy and few

side-effects.

Propidium displacement studies

The presence of a 6-methylene-tether chaiaiK1035 makes this hybrid in principle able to span theggo
and likely reach the enzyme’s PAS. Hence, to continis hypothesis and get deeper understandinigeof t
mechanism of inhibition and to investigate theigbof S-K1035 to interact with PAS, displacement studies
using propidium were carried out [72,73]. Propidjumchemically 3,8-diamino-5-{3-
[diethyl(methyl)ammonio]propyl}-6-phenylphenanthindum diiodide, selectively associates with the PAS
of AChE exhibiting an eight-fold enhancement ofoflescence [72,74]. Back-titration experiments vaith



increasing concentration db-K1035 showed a concentration-dependent decrease in |tloeescence
intensity associated with the propidium—AChE compleollowing the method of Taylor and Lappi [73] a
dissociation constant of 4.8aM (Figure 3, Sl) was calculated. This value shohat the interaction of
S-K1035 with PAS is about 6.9-fold weaker than that ofgadaum [74].
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Figure 3: Determination of I§ value at the PAS for the most active derivat$/K1035 by displacement

studies. K value is calculated from the antilog of the Y-ne&pt value. P stands for propidium iodide and |

stands for the tested inhibitor; Fe is the initiabrescence intensity when enzyme sites are gatlivaith P,

Fp is the fluorescence intensity when propidium isptetely displaced from the enzyme, and F dendies t

fluorescence intensity after adding a determineduwarh of the displacing agent during the titration

experiment.
X-ray Crystallography of TCAChE — S-K1035 Complex

In order to gain insights into the molecular det@ants responsible for the high AChE inhibitoryieity of
SK1035, the crystal structure of the inhibitor-bouf@AChE (Figure 4) was determined by X-ray
crystallography at a 2.50 A resolution (summaryGojstallographic Data of th@ AChE — S-K1035
complex in Supporting Information, Table S2).

The position and orientation &K1035 with respect to the key residues in t(r@AChE active-site gorge
confirmed the critical role of the 6-CI-THA fragnmtemhich binds at the CAS.

The conformation of Phe330 in tAeAChE — S-K1035 complex {1 = 145.4° x, = 63.1°) was found to be
significantly different than those observed in 8 TCAChE structure [75] — PDB ID 1EAY{ = -126.6°,
y2 = -48.9°), in theTCAChE- tacrine-benzofuran hybrid complex [76] — PIB4W63 (1 = 92.6°,y2 =
110.3°), and in either of the two alternative canfations observed in thiEcAChE — NF595 [(N-(1,2,3,4-
tetrahydroacridin-9-yl)-8-[(1,2,3,4-tetrahydroacdnid-yl)thioJoctan-1-amine)] [77] - PDB ID 2CEK
complex §1 = 76.1°x, = 83.1°%y1 = 96.9°,y> = 80.4°)

In the TCAChE- S-K1035 complex, the swinging gate residue Phe330 closeliches the conformations
observed in th8 cAChE — tacrine [78] — PDB ID 1ACJ« = 157.1°y, = 61.8°),TCAChE - bis(5)-tacrine
[79] — PDB ID 2CMF {; = 160.6°, = 67.1°) andTcAChE —4,[79] — PDB ID 2CKM ; = 143.9° v, =
66.1°) andTcCAChE -5,[51] — PDB ID 4TVK {1 = 141.5°y, = 62.5°) complexes, respectively.



The 6-chloroquinoline substructure &K1035 is embedded in a pocket lined with several aramnati
residues (Trp233, Phe288, Phe330, Phe331, and)I'pi@d central aromatic ring of the 6-CI-THA'is ifag
Trp84 while the lateral aromatic ring is facing B&e.

The endocyclic nitrogen is hydrogen bonded to ttenmshain carbonyl oxygen of the catalytic residue
His440 (2.89 A). It can be inferred, from this diste and from theka = 9.8 of tacrine [80], that the
6-chloroquinoline moiety 08-K1035is protonated.

The contribution of the electron withdrawing effést the chlorine atom to the AChE inhibitory adiyvof
SK1035 (hAChE 1G5 = 6.3 nM) with respect to the un-substituted lig&@K1042 (hAChE IG5, = 120
nM) may stem from non-specific close spatial cotstazith neighboring amino acid residues. Indeed, th
chlorine atom 0f5-K1035is nested in a hydrophobic pocket delimited by330e Trp432, Met436, 1le439,
and Tyr442.

The chlorine atom exhibits the strongest interactigth Trp432 (min. and max. distances of 3.4 A 4R
A, respectively). Hence, it is plausible that sharige dispersion forces are responsible for thienapfit of
the 6-chloroquinoline fragment in the binding pdckm principle, the observed increase in affinity
conferred by the chlorine atom may be due eithelirect interactions with neighboring amino acidsthe
modulation of thet—= stacking interaction of the tetrahydroacridineggofS-K1035.

Conversely, the presence of the electron donatiethoxy group at position 7 of the quinoline fragnien
S-K1028, very significantly reduce the inhibitory activityward AChE (IGy = 940 nM) with respect to the
un-substituted ligan®&-K1042 (IC5o = 120 nM). The observed significant drop of the W&Cinhibitory
activity can likely be attributed to a steric hiadce effect occurring between the methoxy groujs-of
K1042 and () and the hydroxyl group of Tyr334. This segmerdludesTCAChE Asp72, an important
residue in the catalytic pathway that is positionedr a constriction, at the boundary between ¢hnipiperal

and anionic binding sites, and that is primarilgaged in hydrogen bonding with Tyr334 [81].

Interestingly, in theTCAChE-S-K1035 complex, the Nkl group of S-K1035 is not involved in hydrogen
bonding with otherwise structurally conserved watelecules belonging to the active site water ngtwo
The orientation of the L-Trp moiety is stabilizey & weak hydrogen bonding interaction of 4.4 A tesw
the indole NH of the L-tryptophan moiety and the GCAsn280. The likely protonated NHnoiety of the
L-tryptophan fragment (0, = 9.4) is, in turn, engaged in a catmonnteraction with Trp279 (distances
ranging between 3.2 A and 4.3 A) and in a weak tgein bonding interaction (4.1 A) with the OH of
Tyr70.

In addition, the positions of the backbone atomsIqf279 do not significantly differ from their neé
positions (PDB ID 1EAS5), the {atom being departed by 0.2 A.

Likewise, in the structure of th€cAChE-S-K1035 complex the side chain of Trp279 adopts a close
orientation §; = -64.5°,y» = 87.8°) with respect to that observed in theuweaficAChE structure (PDB ID
1EA5) (1 = -62.3°,42 = 96.7°). Conversely, a dramatic re-orientatidnthee Trp279 side chain was



observed in the crystal structures ©€AChE-tacrine (PDB ID 1 ACJ)y{ = -53.6° y» = 31.2°),
TCAChE-NF595 (PDB ID 2CEK); =-118.2°y, = -131.9°), TcCAChE-bis(5)-tacrine (PDB ID 2CFM)({
=-76.3°y2 = 95.2°),TCAChE—4 (PDB ID 2CKM) (1 = -121.4°, = -132.8°),TCAChE—-tacrine-benzofuran
hybrid (PDB ID 4W63) {1 = 51.3°,x2 = -82.0°), andfTcAChE-5 (PDB ID 4TVK) (1 = -71.4°,x2 = 100.7°),

respectively.

His440

Figure 4. Close-up view of the active site ®tAChE in complex withS-K1035. The final 2k - K oa-
weighted electron density map, carved aro@id1035, is contoured at 1) The S-K1035 inhibitor is
rendered as a stick model with carbon, oxygen, rattdgen atoms colored yellow-orange, red, and ,blue
respectively. Selected key protein residues (wétban atoms colored in green) in the vicinity33K1035
are rendered in stick format and labeled approgsiat The figure was created using PyMOL
(http://www.pymol.org).

X-ray Crystallography of hBChE —S-K1035 andhBChE — R-K1035 complexes

Positions of botls- and R-K1035 are almost similar in human BChE, mainly stabdizey hydrophobic
interactions (Figure 5 and S4). The chlorotacrineiety of S- and R-K1035 interacts throughr-n
interactions with Trp82, their centroids being msjvely at 3.7 A and 3.8 A distances. This intéoacis
similar to that observed in the structure of hurB&hE in complex with THA (PDB entry 4BDS). Their



endocyclic nitrogen of THA scaffold is hydrogen ked to the backbone carbonyl oxygen of His438,
respectively at 2.8 A and 2.9 A distances, $orand R-K1035. The chlorine atom is accommodated in a
pocket formed by residues Ala328, Trp430, Met434t437 and Tyr440. Surprisingly and contrarily to
TcAChE, the tryptophan moiety of both and R-K1035 folds back toward the chlorotacrine moiety in
human BChE. This behavior can be explained by dhgel active site gorge of BChE compared to AChE
(500 vs 300 A) and the lack of aromatic residues able to stbilhe indole moiety at the gorge entrance.
For example, Trp279 iMcAChE which interacts with the indole moiety (seewad) is replaced by the
aliphatic residue Ala277 in human BChE. The primanyine ofS-K1035 forms a hydrogen-bond with the
backbone carbonyl oxygen of Ser287 (2.9 A), whiletheR- enantiomer it forms a similar hydrogen-bond
with the backbone carbonyl oxygen of Pro285 (2.4A%)ditionally, the amide nitrogen &K1035 forms a
hydrogen bond with the backbone carbonyl oxygeRroR285 (2.7 A). More interestingly, the orientatimn
the indole rings of the tryptophan moiety is thestgignificant difference betweé&h andR-K1035hBChE
structures. In thék- conformation, the indole group does not make gmscific interaction apart from
hydrophobic ones with the surrounding residues.ti@ncontrary, in the&s- conformation, in addition to
similar hydrophobic interactions, the nitrogen atoftthe indole group is engaged in a hydrogen baeitlal

a water molecule of the structural water network ), the latter being bridged toy@f Thr120 (2.5 A)
and a second water molecule (3.0 A). These diftenand additional interactions specific to e

enantiomer plausibly account for the lowegd@easured compared to tReenantiomer.



Figure 5. Comparative binding of the different enantiomers K035 in human BChE.Cartoon
representations of human BChE in complex vw#tK1035 (top, PDB entry 610B) oR-K1035 (bottom,
PDB entry 610C). Key residues are representediglsssvith carbon atoms in grey. Ligands are represe

as stick models with carbon atoms represented angar forS-K1035 or beige forR-K1035. Nitrogen,
oxygen and chlorine atoms are represented in bhgeand green, respectively. The pocket accommuglati
the chlorine atom is represented as a grey surfédeger molecules are shown as red spheres. Théispec
interactions such as hydrogen bondstar interactions are represented as yellow dashed.liflee dark
grey meshes represent omit polder maps of &addB5 ligand contoured at 5 sigmas. The figure was

created using PyMOL (http://www.pymol.org).

Inhibition of A Baggregation



Despite the ongoing debate about the role gfiltAthe onset and progression of AD, new linesvafl@nce
support the concept that accumulation ¢f @nd its oligomerization may act as a triggerincidain AD.
Therefore, there is a high interest in understamdind inhibiting this process. Amyloid is a nucdieat
dependent phenomenon which, is triggered by peptadormational change [82]. Aromatic residues,
including tryptophan, seem to play a role in th#-aggregation process by favoring the stabilizatodf
amyloid structures through the formation mftacking interactions [83—-86]. Based on this oles#on,
inhibitors bearing aromatic residues capable tgetathese aromatic recognition residues might reduc
amyloid aggregation and act as disease modifyirgtagIn 2009, the D-tryptophamaminoisobutyric acid
dipeptide was shown to be able to interact with-towlecular-weight soluble Aoligomers and inhibit their
toxicity [87]. Furthermore, D. Segal and E. Gaasearch groups have recently shown éhatas able to

strongly reduce both amyloid oligomerization andykma fibril formation [56].

Based on these findings, in order to define thactiral elements important for amyloid inhibitioal)
tacrine-tryptophan hybrids were assayed (at arbitaniAg ratio of 1/1) for their ability to inhibit the
spontaneous aggregation of the most amyloidogaoioim of A3, namely A4, by using a ThT-based
fluorescence assay, which allows the monitoringaofyloid fibril formation [88,89]. Since amyloid
aggregation is a very delicate process during whaleral different oligomeric isoforms are in etpitm

and thein vitro inhibitory activity may be strongly influenced ltlye assay condition§, and its racemate
1,4-naphthoquinon-2-yl-DL-tryptophan (D,L-NQ-Trp) eve synthesized and assayed for comparative
reasons as reference compounds under the samecasghtyons. To the best of our knowledge, the affe

of chirality of Trp heterodimers on amyloid recagmi has never been studied before.

An analysis of the results listed in Table 1 resetilat all hybrids were able to significantly iniib
ApBsrself-aggregation and that most of them, excludAg1031, S-K1032 and S-K1033, were endowed
with inhibitory potencies in a narrow range, i@ 44.0% $-K1038) to 63.6% §K1044). The presence
of higher molecular complexity given by the presen€ the Trp moiety and the spacer chain seem&to b
important for the inhibitory activity, since THA dnts analogues 7-MEOTA and 6-CI-THA were not able
to significantly inhibit amyloid aggregation.

The length of the spacer chain plays a differehd for the three series of hybrids. Indeed, theilam
inhibition percentage provided by all of the 7-ME®&nd THA hybrids points to the conclusion that the
length of the spacer is not relevant for the irtityi activity towards A&, self-aggregation. Conversely, it
seems to influence the inhibitory activity in thase of the 6-CI-THA derivatives, since an increese
potency was observed when the length between @leTd1A and Trp fragments was increased from two to
six methylene units (from 18.7 to 58.6%). The imfoity potency remained almost unchanged for a &irth
increase of the spacer length from s&K1035) to eight methylene unitsS{K1037). Thus, for the 6-ClI-
THA-Trp hybrids six/eight methylenes represent tmtimal spacer length. This behavior may suggest a

possible different mode of interaction for the 63GA hybrids compared to the other two series dirids



and may be beneficial to further investigation. @anng the inhibitory potencies of hybrids from theee
series bearing a space chain with six/eight mettedeonly slight differences can be observed. ¢ncthse
that the chain length is optimal, the maximum intoity activity can be achieved independently frdme t
type of the THA fragment. It might also be furthheasoned that the methoxy substituent in positiamd
the chlorine in position 6 do not significantly lunce the inhibitory activity towards amyloid self
aggregation. Finally, the stereocenter of the Tagrent does not play any critical role (compahehition
by S-K1035, R-K1035 andrac-K1035).

Weaker inhibition was observed férand its racemate assayed under the same expesmentitions with
inhibition percentages (25.4% and 28.5%, respdg)iwensiderably lower than those expected on
of the published data (Kkg= 50 nM) [56]. This difference might be ascribedhe different peptide used for
the assay (B42 in our study and Ay in the study of Scherzer-Attadt al. [56]). Alternatively, since
guenching phenomena were excluded and concentrdépendence was confirmed, inhibition ®&ynight

be strongly affected by the type of oligomeric see@nd kinetics of their formation, which are eiéint
under different assay conditions. In the assay itiond used in this work, the newly synthesized

tryptophan-tacrine hybrids performed significariitter tharé and its racemate.

Besides self-aggregation,/Aaggregation can be also triggered by moleculapetwmes. AChE is listed

among the ,AG pathological chaperones® due to its ability to rpode the conformational changes in
amyloid monomers and to triggergPoligomerization [13,90]. Furthermor& vitro study showed that

AChE was able to form stable complexes witli that were more toxic than/faggregates alone [91]. Due
to this non-classical role, AChE has gained mud¢énébn in the last decades. The chaperone actofity

AChE towards A is thought to be mediated by the PAS, throughtedstatic interactions with the cationic
area of AG[92].

Therefore, as5-K1035 is able to interact with the AChE PAS (shown byaX- studies on th&K1035
AChE complex), we assayed the inhibitory activitySsK1035, in comparison with that dR-K1035 and
rac-K1035, using a previously developed and validated prdttxoerify whether the ability 065-K1035 to
interact with PAS translates into an inhibitiontleé molecular chaperone activity of AChE towargs[80]
Because of high costs of the assay, only the mashiging derivative and its enantiomer were evadat
The results were compared with those of the know@hBls THA, donepezil, galantamine, rivastigmine,
which were previously tested using the same exmaratl conditions [90,93]. The achieved data atedis
in Table 2. THA was re-assayed as a negative dortras well known that THA, galantamine, and
rivastigmine are not able to significantly inhiB{ChE-induced A& aggregation, while donepezil acts as a
quite weak inhibitor [90] Due to structural simitgrand known activity towards AChE-induced amyloid
aggregation4 was selected as a positive reference compounthitioh percentage concurs with previous
data [94].



The inhibitory activity of novel compounds at th&eening concentration was weaker than thad bfit
significantly higher than reference drugs @ drhe weaker activity, compared 49 is in agreement with
results from the crystal structure analysis [79je Tore and the less energetically favamed “sandwich”
and “T shaped” stacking configurations betweeneeithe outer THA moiety of or the indole ring o&
K1035 and the Trp279 indole ring have been observedadtAChE-4 (PDB ID 2CKM) andTcAChE- S
K1035 complexes, respectively. The average distancestlandilting angles between the planes of the
above-mentioned rings are of 4.0 A and 1.0 ° inTtb&ChE- 4 complex and of 4.9 A and -49.2 ° in the
TcAChE- S-K1035 complex. These represent key molecular determirthatsnicely support the observed
lower percentage ah vitro inhibition of hAChE-induced 44, aggregation of 48 + 6.3% §K1035 vs
66.7 £ 4.3% byl (Table 2).

Interestingly, the stereochemistry seems to plawle, although to a very limited extent. Indeede th
compounds bearing the L-Trp unit, iK1035 and6, are slightly more active than those bearing tRErp
(48.3%vs 36.7% for thes andR-enantiomer of the 6-CI-THA derivative, respectiel

This inhibitory activity toward AChE-induced amwbiaggregation, together with the direct action on
amyloid self-aggregation, may have a synergic noléhe reduction of the neurotoxic effects of anylo
aggregates in the brain of AD patients.

Table 2.1n vitro inhibition of A S, aggregationnduced byhAChE

Cmpd Inhibition hAChE-inducedAf40aggregation (% + SEM)
SK1035 48.3£6.3
R-K1035 36.7£4.7

rac-K1035 45.3+4.0

D,L-NQ-Trp 342+3.4

6 29.4+0.6

THA 81+21

4 66.7 +4.3
Donepezil 22

Galantamine 17.9+0.1
Rivastigmine <5°

2% inhibition of hLAChE-induced 48, aggregation at [I] = 100M. The AB4/hAChE ratio was equal to
100/1. Values are the mean of two experiments gamfiormed in duplicate + SEM’ Data from
reference[90f Data from reference[93]

In vitro blood-brain barrier permeation assay
Penetration across the blood-brain barrier (BBBJngssential property for compounds targetingémeral

nervous system (CNS). The brain permeability visspee diffusion of the novel THA-Trp hybrids hashe
predicted through a parallel artificial membranenpeation assay of the BBB (PAMPA-BBB) described by



Di et al [95,96]. The analysis allowed us to obtain prelany data prior to the administration of the

compounds to animals. The permeability is expresséd (Pe x 10° cmrs™) with the following limits:Pe >
4.0 for compounds with high prediction of BBB peatien (CNS +),P. < 2.0 for compounds with low
BBB permeation (CNS -), and 4.0R; > 2.0 for compounds with uncertain BBB permeat{@NS =).
Based on the results (Table 1), seven tested THARTYbrids exhibited the potential to cross the BB&
passive diffusion. Two basic patterns for BBB peatran can be found. In detail, i) BBB permeabilisy
inferred by tacrine scaffolds with more to lessnpeable hybrids as follows 6-CI-THA > 7-MEOTA >
THA, ii) chain elongation leads to increased BBBrpeability with the exception of the THA subsetislt
generally accepted that LBgas well as loD are important factors for the prediction of passiiffusion.
However, it has been reported that donor/acceptstesis better predict the permeability than Rand
logD values as other factors, such as ionization skgidrogen bonding, and molecular size influence the
permeability. This might explain why analogues witinger alkyl chain, i.e. with higher lipophilicity
represented by higher Log D value showed lower fpatien potential than their analogues having svort
alkyl chain in THA subset [97].

In vitro cell viability

Safety of novel tacrine-tryptophan derivatives #melr parent compounds (THA, 7-MEOTA, 6-CI-THA, L-
Trp) was assessed on the Chinese hamster ovary{Chl@nd human liver carcinoma (HepG2) cell lines
using the standard 3-(4,5-dimethylthiazol-2-yl)-8jphenyltetrazolium bromide (MTT) cell viabilitysaay
[98]. HepG2 cell line were purposely selected teestigate the preliminary hepatotoxicity profiladeed, it

is well-known that hepatotoxicity is a critical igs that needs to be addressed when dealing with THA
derivatives. In this regard, while all derivativesre assayed for cytotoxicity on CHO-K1 cells, Hybrids
tested on HepG2 cells were selected on the basiheofanticholinesterase inhibitory activities. High
hybrids, i.e.SK1028, S-K1029, S-K1035 S-K1036, S K1042, SK1044, R-K1035, rac-K1035 (two
hybrids from each family), were inspected and #sults are summarized in Table 3. Using CHO-K1 cell
line, THA ranked as the compound with the lowedbtxic effect. Only one compound from the novel
series,S-K1043 also showed similar cytotoxicity in the same ordemagnitude as THA towards the CHO-
K1 cell line. However, these data reflect only theect effect on isolated cell lines omitting theugl
metabolism. Accordingly, it has been shown that thetabolism of3 plays a crucial role on its
hepatotoxicity [99]. In a similar way, 7-MEOTA cd&® considered as a relatively non-hepatotoxic nacri
derivative because of a different metabolic pathwayich further ensures its straight eliminatioonfr the

organism [26].

Concerning each subset of tacrine-Trp hybrids, scomelusions can be drawn based on the obtained dat
The order of toxicity is as follows: THA derivativec 7-MEOTA analogues < 6-CI-THA derivatives. 6-ClI-
THA hybrids are presumably the most toxic because¢he highest lipophilicity and thus easiest cell

permeation disturbing cell viability. Furthermoiacreasing the number of methylene units in th&din



chain exacerbates the cytotoxicity. This featurgo atorrelates well with compound lipophilicity [65]
Reference compounds 7-MEOTA, and 6-CI-THA were tbthe least toxic on HepG2 cells, while all novel
hybrids were more hepatotoxic than Trp, THA, 7-MEOdnd 6-CI-THA with the Trp precursor being the
least toxic. InterestinglyR-K1035 andrac-K1035 showed IG, values comparable to that $fK1035 that

allowed us to conclude that chirality is not the kactor for hepatotoxicity.

Table 3.Cell viability evaluation of tacrine-tryptophan hyds and reference compounds

CHO-K1 cytotoxicity HepG2 cytotoxicity

Cmpd
ICs0(uM) = SEM* ICs0 (uM) + SEM?
SK1024 131+3 nd
SK1025 95+ 11 nd
SK1026 73+ 18 nd
SK1027 46 + 3 nd
SK1028 23+3 16 £ 0.5
S-K1029 14 +1 5.6 +0.5
S-K1030 43 +12 nd
SK1031 26+6 nd
S-K1032 29+5 nd
SK1033 16 £ 1 nd
S-K1034 21+3 nd
SK1035 212 49+0.4
S-K1036 24 +5 6.0 +0.5
S-K1037 65 + 10 nd
SK1038 200 + 20 nd
S-K1039 116 + 4 nd
S-K1040 34+3 nd
SK1041 83x1 nd
SK1042 90 + 4 26+1.1
SK1043 248 + 6 nd
SK1044 47 +3 9.3+1.2
R-K1035 15+ 2 42 +0.6
rac-K1035 21+3 5.1+0.3
1 63+4 120 + 3
2 71+2 71+1.1
3 248 +11 190+ 7.5

13 nd 17000 + 900




#Values are the mean + SEM of three independentumemasnts. “nd” stands foiot determined.

In vitro effects of compounds on the activity on neuronalitnic oxide synthase

NMDA receptors are associated with particular N@&arms through a postsynaptic density protein. The
excessive stimulation of the receptors activatesheggis of nitric oxide (NO) especially via nNOSfam -

NO pathway is involved in the neuropathology of snasurodegenerative diseases, including AD [100]. |
addition to NMDA receptor antagonists, such as mieme, the reduction of excessive NO generation by
inhibiting the activity of nNOS could be the vialitleerapeutic approach for AD [101]. Particular i in

this field has been turned to dimeric compouhd@Figure 1) acting synergisticallyia the blockade of
NMDA receptors and inhibition of nNOS. Besidés other well-known nNOS inhibitors with potential
implication in AD treatment, such &¢°-monomethyl-L-arginine (L-NMMA) and 7-nitroindazol@-NI)
(Figure 5) showed inhibition potency in the sameéeorof magnitude with 165 values in the micromolar
concentration [102]. In then vitro experiment, we evaluated all THA-Trp hybri8sK1024-K1044 R-
K1035 andrac-K1035 showing moderate inhibition ability against nNOShMCs, values in the range of
18-45uM (Table 4). Note that all of the reference commhure. THA, 6-CI-THA, 7-MEOTA andl3 were
ineffective proposing that nNOS inhibition potenisyan unique feature delivered by a combination of
different tacrine scaffolds with L-Trp. Our datadicates that the length of aliphatic linkers orraliiy
(comparison of effects d3-K1035, R-K1035 andrac-K1035) do not play a significant role in the nNOS
inhibition. To conclude, all of the new heterodimeesulted to be only slightly less effective intals of
NNOS in comparison with bis(7)tacrine, L-NMMA.

NH 0

\
H3C\N)J\N/\/\‘)J\O/CH3 N
H H N

NHz  CcH,COOH NO,

L-NMMA 7-NI
Figure 5. Structures of NOS inhibitofd®-monomethylt-arginine {-NMMA) and 7-nitroindazole (7-NI).

Table 4.Effect of the compounds on the nNOS activity

NNOS I1Go (uM) %

Cmpd
SEM)
S-K1024 19+1
S-K1025 307
S-K1026 27+ 3
S-K1027 26+9
S-K1028 2717

S-K1029 26+9



S-K1030 45 + 10

SK1031 39+ 10
SK1032 31+12
SK1033 26 +8
SK1034 27 +10
SK1035 26+ 11
SK1036 27+ 4
SK1037 43+ 11
SK1038 33+4
SK1039 32+ 10
S-K1040 18 +1
SK1041 26+ 12
SK1042 33+2
SK1043 32+8
S-K1044 37+8
R-K1035 26+ 4
rac-K1035 33+9
4° 2.9+0.21
L-NMMA ® 4.1+0.17
7-NI° 0.7 +0.19

aValues are the mean = SEM of three independentumements® Data from reference[102].
I n vivo toxicity and behavioral studies

In order to predict then vivo toxic effect ofS-K1035, the assessment of acute toxicity upon intrapeeab

(i.p.) administration (fixed dose procedure) wadgrened in adult Wistar rats. The maximum toleradede

(MTD) of S-K1035 was determined to be 70 rkg™. At this dose, only mild to moderate signs of
intoxication occurred, including partial piloerawti persistent oculonasal discharge, intermittémioemal
breathing pattern, intermittent tremors and praéistina diminishing spontaneously within approximgt2lh.
No weight loss was observed in rats administeret thie dose corresponding to MTD within 24 and 48 h
For comparative purposes but using intramuscular.iadministration, THA revealed a toxicity exmzed

at the MTD of 34 mdkg* [103].

Knowing the tolerated dose, the therapeutic effjoaictested drugs was assessed in the animal moélels
the disease. Namely, the effect ®K1035 in scopolamine-induced model of cognitive defigit adult
Wistar rats was investigated. Scopolamine, a coithgetmuscarinic ACh receptor antagonist, causes

deficits in multiple cognitive domains and it isnsidered as an appropriate model for assessingffibacy



of various procognitive compounds [104]. DiffereR€hEls including THA [105], donepezil [104] and
phenserine [106], were found to have therapeutecein modifications of scopolamine model in rats.

The effect ofSSK1035 on cognition was tested in the Morris water mag®V(M; long-term memory
version), which represents one of the most comnasts tof spatial cognition of laboratory rodentse Th
MWM task designed by Jackson and Soliman was nemtléind used [105]. The rats underwent 3 days of
intact training and on the 4th day before MWM, drwgere applied. The effect of drugs was assessed by
comparing the performance of the group on MWM daygBup baseline, without drugs) with the
performance of the same group on day 4 (with dri®&1035 was applied intracerebroventricularly (i.c.v.;

at two concentrations:10 nM and 100 nM), scopolan(8COP) was applied intraperitoneally (i.p.; Skgg
1, saline (SAL) was applied i.c.v and i.p.. Thererevfive treatment groups: (1) SAL i.c.v. + SAL.j.(2)
SALi.c.v. + SCOP i.p.; (3p-K1035100 nM i.c.v. + SAL i.p.; (45-K103510 nM i.c.v. + SCOP i.p.; (5
K1035100 nM i.c.v. + SCOP i.p. (Figure 6).

In our experimentS-K1035 was applied i.c.v. and its effect was observed adifred MWM. The MWM
design containing only one application of the téstaig and scopolamine was chosen, because iitabku
for the i.c.v. application (in comparison with reped i.c.v. applications, which can represent anessed

risk of the head implant damage by repeated maatipuis). This MWM design involving the applicatioh

scopolamine after intact training in MWM requiresetatively high dose of scopolamine (5 4w, used in

our study and in the work of Jackson and Solim&5s][iL

It should be also mentioned that the lower conediotn of S K1035 administered (10 nM) mimics the
administration ofS-K1035 at a concentration close to itss§Gralues towards cholinesterase enzyme, i.e.
6.3 NnM forhAChE. The higher dose &K1035 administered (100 nM) is more than ten-times highée
need of this high dose is related to the ratheh kigse of scopolamine used in the experimentaliz€as
mentioned above). Indeed, it is worth mentioningf ih the study of Jackson and Soliman who stuthied
effect of THA upon scopolamine-induced cognitivepairment in a similar modification of MWM

(application of 5 mdkg ™ of scopolamine preceded by intact training in MWIslso a high dose of THA (8

mgkg?) was used to overcome the effect of this dose@pslamine.

The results showed that there was no significaifiérénce between groups on day 3 (baseline, béfmre
treatment) in any of the four studied parameterstqdce moved, escape latency, average distange fro
platform, time in target sector). In salitreated animals (SAL i.c.v. + SAL i.p.), no sigodnt difference
between day 3 and day 4 performance in any of petersm measured was found, showing that the

manipulations during the injections alone had rieatfon rat performance.

Administration of scopolamine (SAL i.c.v. + SCOB.).caused a significant increase of distance m¢ped

= 0.0043), escape latency (p = 0.0194), averagarais from platform (p = 0.0152), and a considerabl



decrease in time spent in the target sector (p041Q). These findings indicate cognitive deficitdan

therefore confirm the validity of the modificatiom the model used.

In control group ofS-K1035 (higher dose) treated animalS-K1035 100 nM i.c.v. + SAL i.p.) only, no
significant change in any of parameters measuresdfaand. The i.c.v. application &K1035 alone thus
did not have any detrimental effect on rat perfaroga In addition, in th&K1035 treated animals, we did

not observe any evident cholinergic effects likiévation or tremors.

In the group treated with the lower doseSaiK1035 and with scopolamines(K1035 10 nM i.c.v. + SCOP
i.p.), there was a significant increase betweerdib&ance moved on day 3 and day 4 (p= 0.0411)istgp
that the lower dose d5-K1035 was not sufficient to alleviate the increase atalice moved caused by
scopolamine. On the other hand, concerning es@prdy, average distance from platform, time igear
sector, there were no differences between day 3lapd}, indicatings-K1035 was able to ameliorate these
parameters even at a lower dose. Therefore, thiapbetic effect of the lower dose $K1035 was only
partial. Most importantly, in th&-K1035 (higher dose) and scopolamitreated rats $K1035 100 nM
i.c.v. + SCOP i.p.), we did not find any signifitahifference between day 3 and day 4 performana@nin
parameter studied, demonstrating the beneficiacefdf S-K1035 in the scopolamine-induced cognitive

deficit rat model.

In summary, we proved a dose-dependent benefiffedteof S-K1035 in scopolamine-induced cognitive
deficit rat model. This favorable result is consmtwith the AChE inhibiting action &-K1035, as some
other AChEIs were found to be effective in modificas of the scopolamine model in MWM in rats. THA
was effective in a similar modification of MWM, iwhich it completely alleviated escape latency
impairment caused by scopolamine. Similar effectcognitive improvement was observed for THA,
however, direct comparison of their action is inglbke since THA was administered i.p. [105].
Additionally, we are also displaying other benefigoroperties 0fS-K1035, that are not conveyed to the
action of THA, like inhibition of A-self/AChE-induced aggregation and inhibition of @8l as showm
vitro. From a long-term view point of view of AD therg@+K1035 may deliver much appreciable effect

not only to reduce the symptoms of AD but also thigate pathological signs of the disease.
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Figure 6. Effects ofS-K1035 in the scopolamine-induced model of cognitive defn Morris water maze
comparing group performance on days 3 and 4. distance moved to reach the platform—Bescape

latency, G- average distance from the platform, and fime in the target sector.

The performance of the group on MWM day 3 (groupetiae, without drugs) was compared with the
performance of the same group on day 4 (with drdgs3copolamine treated rats (SAL i.c.v. + SCQ@P)i.
the distance moved (Figure 6 A) was increased @@843). In rats treated with scopolamine and 10hM
K1035 (S5K103510 nM i.c.v. + SCOP i.p.), the distance was atswaased (p = 0.0411), whereas there was
no significant change in the distance moved fos tedated with scopolamine and 100 81035 (S
K1035 100 nM i.c.v.+SCOP i.p.). This indicate the thenatic effect of the higher dose $fK1035 in this
parameter. Scopolamine (SAL i.c.v. + SCOP i.p.)sedua significant impairment of rat performance in
parameters of escape latency (Figure 6 B, p = @)Herage distance from the platform (Figure ® G,
0.0152) and time in the target sector (Figure 635 0.0411). Both the loweiS{K1035 10 nM i.c.v. +



SCOP i.p.) and higheiS{K1035 100 nM i.c.v. + SCOP i.p.) doses $K1035 were able to alleviate the
effect of scopolamine in all considered paramefgmificant differences between day 3 and day dewet
found). Saline (SAL i.c.v.+SAL i.p.) or the highdose ofS-K1035 alone §-K1035 100 nM i.c.v.+SAL
i.p.) did not have any detrimental effect on anyapaeter of the rat performance in MWM. All values
represent mean = SEM, * p < 0.05, * p < 0.01.

Conclusions

This study describes the design, synthesisyitro and in vivo evaluation of new tacrine-tryptophan
heterodimers. The synthesis of both enantiomersR-¢§1035 and rac-K1035 has allowed to assess
differences in potency with respect to the multipdsted biological activitiesS-K1035 was found to
demonstrate the highest levelshd®{ChE andhBChE inhibition if compared to reference standartis\, 7-
MEOTA and 6-CI-THA. Moreover, the crystal structw@nfirmed the ability 06-K1035 to target both the
CAS and PAS of AChE. All the new hybrids also siigaintly inhibited A84, self-aggregation and the
hAChE-induced A, aggregation. Most of them were predicted to c®B8 via passive diffusion and
exhibited moderate inhibitory activity against nNGEK1035 as distinctivenAChEhBChE inhibitor was
selected in order to determinate its toxic prof8&1035 showed higher HepG2 and CHO-K1 cytotoxicity
than tacrine-based analogues, however, these dgikayed only the direct effect on isolated cetiek
omitting the drug metabolism and behavior undevivo conditions. Assessment of the acute toxicitysof
K1035 was performed on rats. In agreement with a moreptaxfate of a drug in a whole body compared
to isolated cells, the safety behaviorK1035, compared to THA, was reversed. Indeed, the MT[3-of

K1035 was found to be 70 rigg?, a value which is two times higher than that fofmdTHA, meaningS-
K1035 can be considered safer than THA when administeredts. Based on these results, the therapeutic
effect of S-K1035 in a scopolamine-induced cognitive deficit rat moalas investigated using Morris water

maze that confirmed pro-cognitive potential.

All of these results suggested that the newly dmed tacrine-tryptophan derivatives represent alnov

promising MTDLs that deserve further investigationtheir potential use against AD.
Experimental section

Chemistry. General Methods.All reagents were reagent grade quality and obtafnean Sigma-Aldrich
(Prague, Czech Republic). Solvents for synthesimafine-tryptophan hybrids were obtained from Rent
Chemicals Co. (Czech Republic). All experimentsevesirried out under nitrogen atmosphere. Thin layer
chromatography (TLC) was performed on aluminiumeshegrecoated with silica gel 60 F254 (Merck,
Prague, Czech Republic) and then visualized by B¥. £Zolumn chromatography was performed at normal
pressure on silica gel 100 (particle size of 0.0680 mm, 70-230 mesh ASTM, Fluka, Prague, Czech
Republic). Mass spectra were recorded using a amatibn of high performance liquid chromatographg an
mass spectrometry. The analytical system Dionekrldie 3000 LC-MS was connected with a Orbitrap Q



Exactive Plus hybrid spectrometer (Thermo Fishéergific, Bremen, GermanyfH-NMR and**C-NMR
spectra were recorded with a Varian Mercury VX BB Joperating at 300 MHz fdH and 75 MHz for
13C) or on a Varian S500 spectrometer (operatingd@tMHz for'H and 126 MHz for*C; Varian Comp.,
Palo Alto, CA). Chemical shifts are reported intpgoer million (ppm,s) relative to tetramethylsilane
(TMS). The assignment of chemical shifts is basedtandard NMR experimentdH( °C, *H-'H COSY,
'H-*c HSQC, HMBC, DEPT). All of the final compounds sheml >95% purity by analytical UHPLC
(uncalibrated compound purity was determined atwtheelength of 254 nm as a percent ratio between th
peak area of the compound and the total area pkaks in the chromatogram; see Supporting infoompat
Electronic circular dichroism (ECD), a chiropticakthod, was used to determine the absolute coatigar

of the newly prepared hybrids. Our assumption thethybrids adopt the same configuration corresjpgnd
with L-tryptophan has been confirmed. For more rimfation, see Supporting information. Melting points
were measured on a microheating stage PHMK 05 (WBBbinant Nagema, Radebeul, Germany) and are

presented as uncorrected.

Pan assay interference compounds (PAINS) analy¥es.have analyze®-K1024-K1044, R-K1035 and
rac-K1035 for known classes of assay interference compoudd¥]] These compounds were not
recognized as PAINS according to the Free ADME-Tetering Tool (FAF-Drugs4) program
(http://fafdrugs4.mti.univ-paris-diderot.fr/) or aaggregators according to the software “Aggregator
Advisor” (http://advisor.bkslab.org/).

General Procedure for Synthesis of N-[(tert-butaaybonyl]-L-tryptophan(16).

The reaction mixture of L-tryptopharl3 4.89 mmol), triethylamine (9.79 mmol) and tdrt-butyl
dicarbonate (Ba©, 6.36 mmol) was stirred in methanol (10 mL) unither nitrogen at room temperature for

24 hours. After the evaporation of methanol untergressure, the final product was isolated in i€l
General Procedure for Synthesis of N-[(tert-butaayponyl]-D-tryptophan(17).

The reaction mixture of D-tryptopharl4, 4.89 mmol), triethylamine (9.79 mmol) and tdit-butyl
dicarbonate (Ba©, 6.36 mmol) was stirred in methanol (10 mL) unither nitrogen at room temperature for

24 hours. After the evaporation of methanol untergressure, the final product was isolated in §&6l.
General Procedure for Synthesis of N-[(tert-butaaybonyl]-DL-tryptophan(18).

The reaction mixture of DL-tryptopharli, 4.89 mmol), triethylamine (9.79 mmol) and tdit-butyl
dicarbonate (Ba©, 6.36 mmol) was stirred in methanol (10 mL) uniber nitrogen at room temperature for
24 hours. After the evaporation of methanol untergressure, the final product was isolated in §&896l.

General Procedure for Synthesis of N-(7-methoxy8M4zetrahydroacridin-9-yl)alkane-d;diamines(19-
25), N-(6-chloro-1,2,3,4-tetrahydroacridin-9-yl)alkanesidiamines 26-32 and N-(1,2,3,4-
tetrahydroacridin-9-yl)alkane-a;diamines 83-39.



The reaction mixture of phenol (18 mmol) and appedp 9-chlorotacrinel0-12 2.01 mmol) was heated at
90 °C to form a liquid. To this mixture was addggrpriate diamine (12 mmol) and refluxed at 1306C

4 hours. Then, the mixture was cooled to the roemperature and 20% aqueous solution of sodium
hydroxide was added. The solution was extracted dithloromethane. The organic layer was washeld wit
brine and water and dried with sodium sulphate. &ppropriate intermediate was purified by column

chromatography using mobile phase ethylacetateanethriethylamine (8:1:0.2). Yield: 70-90%.
General Procedure for Synthesis of Tacrine-TrypsaopHybrids(S-K1024-K1044).

N-[(tert-Butoxy)carbonyl]-L-tryptophan1, 0.89 g, 2.95 mmol) was dissolved in dimethylformide (10
mL) and stirred with triethylamine (1.22 mL, 8.8%nwol) at room temperature under nitrogen. Benzadtiaz
1-yloxytris(dimethylamino)phosphonium hexafluoroppbate (BOP, 1.30 g, 2.95 mmol) was added to the
reaction mixture after 30 minutes. Then, appropriét(1,2,3,4-tetrahydroacridin-9-yl)alkanestdiamine
(19-39 0.8 g, 2.95 mmol) was added to the mixture 1 hlater. This mixture was stirred at room
temperature for 24 hours. The solution was extdaeigh ethylacetate/water (1:1) (3 x 100 mL:100 mL)
and organic layer was dried overJS&, and then evaporated under the pressure. The pnodieict was
purified by column chromatography using mobile ghashloroform/methanol (50:1). Finally, an
intermediate tert-butyl 1-(2-(N-(1,2,3,4-tetrahydroacridin-9-ylamino)ethylcarba)&+(1H-indole-3-yl)
ethylcarbamate4(0-62 was dissolved in methanol (20 mL). 4 M HCI (20 mas added to the mixture.
This reaction mixture was stirred at room tempeemafar 24 hours. Then, all the solvents were evatgor
under the pressure to obtain required dihydroctiori

Tertbutyl 1-(2-(7-methoxy-1,2,3,4-tetrahydroacriding@mino)ethylcarbamoyl)-2-f-indole-3-yl)
ethylcarbamate4(). Yield 44%."H NMR (500 MHz, DMSOds) 5 10.77 (m, 1H), 8.08 (] = 5.7 Hz, 1H),
7.64 (d,J=9.1 Hz, 1H), 7.53 (d] = 7.9 Hz, 1H), 7.40 (d) = 2.7 Hz, 1H), 7.29 (d] = 8.0 Hz, 1H), 7.22
(dd,J=9.1, 2.7 Hz, 1H), 7.09 (d,= 2.4 Hz, 1H), 6.98 (m, 2H), 6.73 @@= 8.1 Hz, 1H), 4.13 (m, 1H), 3.88
(s, 3H), 3.29 (m, 2H), 2.98 (m, 1H), 2.87 (m, 3R)71 (m, 2H), 2.49 (m, 2H), 1.98 (m, 2H), 1.80 @Hl),
1.28 (s, 9H)X*C NMR (126 MHz, DMSOdg) 6 172.82, 170.52, 155.75, 155.34, 155.17, 149.96,213
129.10, 127.49, 123.75, 120.97, 120.88, 120.55,6018118.29, 116.73, 111.40, 110.33, 101.83, 78.16,
59.94, 55.62, 55.41, 47.50, 32.89, 29.17, 28.2999725.23, 22.88, 22.49, 20.94. HRMS [M +"H]
558.3078 (calculated for fgH4oNs04]": 558.3075).

Tertbutyl 1-(2-(7-methoxy-1,2,3,4-tetrahydroacridind@mino)propylcarbamoyl)-2-f@-indole-3-yl)
ethylcarbamate4(l). Yield 15%; mp 83.3-87.6 °CH NMR (500 MHz, Methanotl) & 7.66 (d,J = 9.2 Hz,
1H), 7.53 (dJ = 7.9 Hz, 1H), 7.47 (m, 1H), 7.30 (m, 1H), 7.26 J& 8.1 Hz, 1H), 7.07 (s, 1H), 6.98 (m,
2H), 4.27 (m, 1H), 3.90 (s, 3H), 3.42 (m, 2H), 3(&Q 3H), 3.19 (m, 3H), 2.95 (m, 2H), 2.73 (m, 2H)39

(m, 2H), 1.67 (m, 2H), 1.34 (s, 9HY'C NMR (126 MHz, Methanot}) 5 176.36, 175.37, 158.12, 157.55,
154.47, 154.05, 137.97, 128.76, 126.34, 124.55,412322.38, 121.08, 119.73, 119.37, 112.23, 111.38



110.96, 103.27, 80.64, 61.53, 57.33, 56.35, 4534436, 31.75, 29.20, 28.61, 26.22, 23.76, 22.110722
20.86. HRMS [M + HI: 572.3225 (calculated for jgH.NsO.]*: 572.3232).

Tertbutyl 1-(2-(7-methoxy-1,2,3,4-tetrahydroacridingamino)butylcarbamoyl)-2-H-indole-3-yl)
ethylcarbamate4@). Yield 79%."H NMR (500 MHz, Methanobl) & 7.66 (d,J = 9.2 Hz, 1H), 7.53 (d] =
7.7 Hz, 1H), 7.34 (d) = 2.7 Hz, 1H), 7.27 (d] = 8.1 Hz, 1H), 7.23 (dd] = 9.2, 2.7 Hz, 1H), 7.05 (s, 1H),
7.02 (m, 1H), 6.96 (m, 1H), 4.25 &= 7.1 Hz, 1H), 3.88 (s, 3H), 3.38 (m, 2H), 3.13 @Hl), 3.00 (m, 2H),
2.92 (t,J = 6.1 Hz, 2H), 2.70 (t] = 6.0 Hz, 2H), 1.93 (s, 9H), 1.87 (m, 4H), 1.45 @H), 1.18 (m, 2H)>*C
NMR (126 MHz, Methanot,) 6 176.34, 174.69, 172.96, 157.68, 156.20, 152.70,5% 137.97, 128.69,
124.55, 123.26, 121.30, 119.57, 117.66, 112.19,981102.99, 80.59, 61.51, 57.18, 56.13, 48.48)739.
33.40, 29.37, 28.62, 27.63, 26.17, 24.00, 23.53)&20.85. HRMS [M + H} 586.3380 (calculated for
[C34H44N504] " 586.3388).

Tertbutyl 1-(2-(7-methoxy-1,2,3,4-tetrahydroacridindamino)pentylcarbamoyl)-2-f-indole-3-yl)
ethylcarbamate4@) Yield 28%; 72.7-75.4 °C‘H NMR (500 MHz, DMSOds) 5 10.77 (m, 1H), 7.83 (1] =

5.7 Hz, 1H), 7.63 (d) = 9.1 Hz, 1H), 7.55 (d] = 7.9 Hz, 1H), 7.40 (d] = 2.7 Hz, 1H), 7.30 (d] = 8.1 Hz,
1H), 7.18 (dd,J = 9.1, 2.7 Hz, 1H), 6.99 (m, 2H), 6.66 (b= 8.4 Hz, 2H), 4.12 (m, 1H), 3.85 (s, 3H), 3.00
(m, 2H), 2.86 (tJ = 6.4 Hz, 3H), 2.71 (t) = 6.2 Hz, 2H), 2.50 (m, 3H), 1.80 (m, 2H), 1.75, @), 1.49
(m, 2H), 1.40 (m, 2H), 1.28 (s, 9HPC NMR (126 MHz, DMSOds) & 171.68, 170.53, 155.74, 155.60,
149.61, 142.76, 136.21, 129.93, 127.54, 123.75,3821120.96, 120.10, 118.67, 118.28, 117.22, 111.40
110.44, 101.72, 78.10, 59.95, 55.58, 55.36, 4738435, 33.37, 28.31, 28.14, 26.76, 25.46, 23.00/122
22.69, 22.28, 20.95. HRMS [M + H]600.3546 (calculated for fgH4eNsO4] ": 600.3545).

Tertbutyl 1-(2-(7-methoxy-1,2,3,4-tetrahydroacriding&mino)hexylcarbamoyl)-2-{@-indole-3-yl)
ethylcarbamate4d) Yield 74%."H NMR (500 MHz, DMSOdg) § 10.79 (m, 1H), 7.78 (] = 5.7 Hz, 1H),
7.63 (d,J = 9.1 Hz, 1H), 7.55 (d) = 7.9 Hz, 1H), 7.41 (d] = 2.8 Hz, 1H), 7.30 (d] = 8.0 Hz, 1H), 7.18
(dd,J=9.1, 2.7 Hz, 1H), 7.10 (d,= 2.0 Hz, 1H), 6.98 (m, 2H), 6.69 @@= 8.3 Hz, 1H), 4.12 (m, 1H), 3.85
(s, 3H), 3.31 (m, 6H), 3.01 (m, 3H), 2.87 (m, 3R)71 (m, 2H), 2.49 (m, 2H), 1.78 (m, 6H), 1.289Kl).
¥C NMR (126 MHz, DMSOdg) 6 171.87, 155.76, 155.56, 149.61, 142.86, 136.10,0P3 127.52, 126.11,
124.37, 123.73, 121.47, 120.94, 118.64, 117.27,3B11110.42, 101.68, 78.05, 59.93, 55.53, 47.7(4738
33.42, 32.46, 30.81, 30.78, 29.18, 28.29, 26.365®525.11, 23.00, 22.75, 20.93. HRMS [M +"H]
614.3692 (calculated for fgHasNs04]": 614.3701).

Tertbutyl 1-(2-(7-methoxy-1,2,3,4-tetrahydroacriding@mino)heptylcarbamoyl)-2-@-indole-3-yl)
ethylcarbamate46) Yield 86%.'"H NMR (500 MHz, DMSOdg) & 10.79 (s, 1H), 7.77 (f] = 5.7 Hz, 1H),
7.63 (dd,J =9.1, 1.6 Hz, 1H), 7.56 (d,= 7.9 Hz, 1H), 7.41 (d] = 2.6 Hz, 1H), 7.30 (d] = 8.0 Hz, 1H),
7.18 (m, 1H), 7.10 (d] = 2.2 Hz, 1H), 6.99 (m, 2H), 6.68 (@= 8.3 Hz, 1H), 4.13 (m, 1H), 3.85 (s, 3H),
3.31 (m, 8H), 3.00 (m, 4H), 2.87 (m, 2H), 2.71 @hl), 2.49 (m, 2H), 1.79 (m, 6H), 1.29 (s, 9LFC NMR
(126 MHz, DMSO€g) 6 171.83, 170.50, 155.70, 149.69, 142.77, 136.19,9%2 127.53, 123.72, 121.40,



121.37, 120.93, 120.06, 118.64, 118.26, 117.19,3B11110.42, 101.73, 78.05, 59.93, 55.53, 55.34 347
38.62, 33.37, 30.81, 29.07, 28.76, 28.30, 28.1(q72626.42, 25.46, 22.98, 22.73, 20.94. HRMS [M]+:H
628.3846 (calculated for fgHsoNs04]": 628.3858).

Tertbutyl 1-(2-(7-methoxy-1,2,3,4-tetrahydroacridind@mino)octylcarbamoyl)-2--indole-3-yl)
ethylcarbamate4@) Yield 40%."H NMR (500 MHz, Methanobl,) & 7.65 (ddJ = 9.2, 1.1 Hz, 1H), 7.60 (d,
J=2.5Hz, 1H), 7.52 (d] = 7.9 Hz, 1H), 7.48 (m, 1H), 7.28 (@~ 8.2 Hz, 1H), 7.04 (s, 1H), 7.01 @=

7.7 Hz, 1H), 6.94 (t) = 7.5 Hz, 1H), 4.25 (m, 1H), 3.93 (s, 3H), 3.87, @Hl), 3.14 (m, 2H), 2.98 (m, 2H),
2.68 (m, 2H), 1.93 (s, 16H), 1.78 (m, 2H), 1.35gsl). **C NMR (126 MHz, Methanot) & 176.37,
174.61, 158.47, 157.15, 150.50, 137.94, 134.50,7228.25.38, 124.51, 122.31, 121.70, 119.68, 119.32
118.51, 112.87, 112.22, 110.94, 104.96, 80.62,6658.47, 49.28, 48.74, 40.80, 40.26, 31.80, 3B0M0,
29.39, 29.14, 28.60, 27.55, 27.23, 25.28, 23.00)&21.79. HRMS [M + H} 642.4010 (calculated for
[C3gH52Ns04] 2 642.4014).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-agnino)ethylcarbamoyl)-2-{@-indole-3-yl)
ethylcarbamate4(?) Yield 91%.H NMR (500 MHz, Methanotk) § 8.13 (d,J = 9.2 Hz, 1H), 7.66 (d] =

2.2 Hz, 1H), 7.47 (dt) = 7.7, 1.1 Hz, 1H), 7.39 (dd,= 9.2, 2.2 Hz, 1H), 7.15 (d,= 8.0 Hz, 1H), 7.07 (s,
1H), 6.84 (m, 2H), 4.29 (11 = 6.9 Hz, 1H), 3.68 (m, 2H), 3.45 (m, 2H), 2.88 @Hl), 2.46 (s, 2H), 1.93 (s,
9H), 1.35 (s, 6H)*C NMR (126 MHz, Methanotl) & 176.36, 172.99, 157.20, 155.73, 143.20, 138.22,
137.76, 128.71, 127.99, 125.99, 124.56, 122.25,7821119.67, 119.17, 116.84, 114.67, 112.11, 110.60
80.73, 61.52, 57.09, 40.62, 31.12, 29.02, 28.6102523.19, 22.34, 22.06, 20.85. HRMS [M +"H]
562.2573 (calculated for fgH37CINsO3]": 562.2580).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-8agnino)propylcarbamoyl)-2-{@-indole-3-yl)
ethylcarbamate4@) Yield 83%.H NMR (300 MHz, Methanot) & 8.04 (d,J = 9.2 Hz, 1H), 7.68 (d] =

2.2 Hz, 1H), 7.53 (m, 1H), 7.32 (dd= 9.1, 2.2 Hz, 1H), 7.24 (d,= 7.9 Hz, 1H), 7.06 (s, 1H), 6.97 (m,
2H), 4.26 (tJ = 7.0 Hz, 1H), 3.37 (m, 1H), 3.16 (m, 2H), 2.92 @), 2.66 (M, 2H), 1.92 (s, 9H), 1.88 (m,
3H), 1.34 (m, 6H)*C NMR (75 MHz, Methanotl;) & 175.32, 172.96, 157.53, 154.11, 146.30, 137.95,
136.49, 128.74, 126.82, 125.56, 124.82, 124.57,3622119.73, 119.38, 118.55, 116.23, 112.21, 110.92
80.62, 61.52, 57.32, 46.01, 37.35, 33.10, 31.42228.60, 25.78, 23.69, 23.11, 22.06. HRMS [M[+:H
576.2728 (calculated for fgHz9CINsOs]": 576.2736).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-fasnino)butylcarbamoyl)-2-@-indole-3-yl)
ethylcarbamate4@) Yield 91%.*H NMR (500 MHz, Methanot) & 8.13 (d,J = 9.2 Hz, 1H), 7.66 (d] =

2.2 Hz, 1H), 7.47 (dt) = 7.7, 1.1 Hz, 1H), 7.39 (dd,= 9.2, 2.2 Hz, 1H), 7.15 (d,= 8.0 Hz, 1H), 7.07 (s,
1H), 6.84 (m, 2H), 4.29 (11 = 6.9 Hz, 1H), 3.68 (m, 2H), 3.45 (m, 2H), 2.88 @Hl), 2.46 (s, 2H), 1.93 (s,
9H), 1.35 (s, 6H)*C NMR (126 MHz, Methanotl;) & 171.98, 170.49, 157.15, 155.28, 151.59, 136.19,
133.52, 127.51, 126.02, 125.13, 123.93, 123.75,9412(118.63, 118.25, 117.86, 115.23, 111.38, 110.41



78.07, 59.92, 55.37, 47.66, 38.33, 32.61, 28.29.®&7.87, 24.94, 22.68, 22.51, 22.04, 20.93. HRMS
+ H]™: 590.2889 (calculated for fgH,1CINsO;] ™ 590.2893).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-gagnino)pentylcarbamoyl)-2-f-indole-3-yl)
ethylcarbamatesQ) Yield 46%."H NMR (500 MHz, DMSO#g) & 10.76 (dJ = 2.3 Hz, 1H), 8.20 (d] = 9.1

Hz, 1H), 7.79 (t) = 5.7 Hz, 1H), 7.71 (ddl = 2.3, 0.9 Hz, 1H), 7.53 (d,= 7.9 Hz, 1H), 7.40 (m, 1H), 7.29
(d,J=8.1Hz, 1H), 7.09 (d] = 2.3 Hz, 1H), 6.97 (m, 2H), 6.67 (@= 8.2 Hz, 1H), 4.11 (m, 1H), 3.50 (m,
2H), 3.01 (m, 3H), 2.87 (m, 3H), 2.65 (m, 2H), 1(#8 4H), 1.75 (m, 2H), 1.58 (m, 2H), 1.34 (m, 2HR8

(s, 9H).»*C NMR (126 MHz, DMSOdg) § 171.92, 171.63, 155.28, 152.36, 136.20, 134.19.512 126.37,
124.18, 124.02, 123.93, 123.75, 120.94, 118.62,2618117.24, 114.68, 111.39, 110.40, 78.08, 59.93,
55.38, 47.98, 38.50, 30.13, 28.85, 28.30, 28.0%44£3.65, 22.68, 22.32, 21.77, 20.93. HRMS [M+:H
604.3045 (calculated for fgH43CINsOs] " 604.3049).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-agnino)hexylcarbamoyl)-2-(-indole-3-yl)
ethylcarbamate5(l) Yield 41%; mp 77.5-81.9 °CH NMR (300 MHz, Chlorofornd) & 8.72 (m, 1H), 7.87
(m, 2H), 7.63 (dJ = 7.6 Hz, 1H), 7.26 (m, 1H), 7.11 (m, 2H), 7.01J& 2.3 Hz, 1H), 4.38 (m, 1H), 3.44
(t, J = 7.2 Hz, 2H), 3.07 (m, 6H), 2.65 (m, 3H), 1.89 Ghl), 1.55 (m, 2H), 1.41 (s, 9H), 1.21 (m, 4HC
NMR (75 MHz, Chloroformd) 6 171.57, 158.81, 155.41, 151.11, 147.32, 136.24,308 127.33, 126.65,
124.73, 124.28, 123.16, 122.07, 119.54, 118.81.,971215.38, 111.19, 110.50, 80.01, 55.28, 49.93,13
33.47, 31.41, 29.05, 28.53, 28.25, 26.31, 26.2U242.74, 22.41. HRMS [M + H]618.3209 (calculated
for [CasH4sCINsO3] - 618.3206).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-famino)heptylcarbamoyl)-2-@-indole-3-yl)
ethylcarbamate5) Yield 74%.*H NMR (500 MHz, Methanot) § 8.08 (d,J = 9.1 Hz, 1H), 7.69 (d] =

2.2 Hz, 1H), 7.53 (dJ = 7.9 Hz, 1H), 7.31 (dd] = 9.2, 2.2 Hz, 1H), 7.27 (d,= 8.1 Hz, 1H), 6.99 (m, 3H),
4.26 (m, 1H), 3.56 (m, 2H), 3.30 (m, 2H), 3.12 @#l), 2.93 (m, 3H), 2.65 (m, 2H), 1.87 (m, 4H), 1(62,
2H), 1.35 (s, 9H), 1.27 (m, 5H), 1.11 (m, 2fC NMR (126 MHz, Methanotl) & 174.57, 158.82, 157.46,
154.03, 147.18, 137.98, 136.22, 128.78, 126.90,3125.25.24, 124.50, 122.33, 119.70, 119.38, 118.71
116.06, 112.20, 110.97, 80.59, 61.52, 57.13, 483310, 32.02, 29.95, 29.89, 29.44, 28.63, 27.752
25.70, 23.74, 23.23, 22.05, 20.85. HRMS [M +:H§32.3359 (calculated for fgH47CINsOs]": 632.3362).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-agnino)octylcarbamoyl)-2-H-indole-3-yl)
ethylcarbamate5@) Yield 43%.*H NMR (500 MHz, Methanot) & 8.14 (d,J = 9.1 Hz, 1H), 7.69 (d] =

2.2 Hz, 1H), 7.53 (d) = 7.9 Hz, 1H), 7.35 (dd] = 9.1, 2.2 Hz, 1H), 7.27 (d,= 8.1 Hz, 1H), 7.00 (m, 3H),
4.26 (m, 1H), 3.63 (m, 2H), 3.13 (m, 2H), 2.93 @hl), 2.66 (m, 2H), 1.93 (m, 10H), 1.89 (m, 4H), 7L (én,
2H), 1.35 (s, 9H), 1.10 (m, 2H}*C NMR (126 MHz, Methanotl) & 174.58, 172.98, 157.66, 154.69,
146.01, 137.98, 136.89, 128.78, 127.21, 125.50,5024124.23, 122.33, 119.70, 119.37, 118.17, 115.64
112.21, 110.98, 80.58, 61.52, 57.14, 40.28, 323491, 30.14, 30.09, 29.43, 28.63, 28.32, 27.7BR7
25.53, 23.59, 22.98, 22.06, 20.85. HRMS [M +:Hj§46.3510 (calculated for fgH4sCINsOs]*: 646.3519).



Tertbutyl 1-(2-(1,2,3,4-tetrahydroacridin-9-ylamind)gicarbamoyl)-2-(H-indole-3-yl) ethylcarbamate
(54) Yield 28%.*H NMR (500 MHz, Methanoti,) § 8.04 (d,J = 8.6 Hz, 1H), 7.73 (m, 1H), 7.57 (m, 1H),
7.52 (d,J = 7.8 Hz, 1H), 7.37 (m, 1H), 7.24 @@= 8.1 Hz, 1H), 7.05 (s, 1H), 6.95 (m, 2H), 4.28 (tHl),
3.51 (m, 2H), 3.30 (m, 2H), 2.93 @,= 6.1 Hz, 2H), 2.62 (1) = 6.2 Hz, 2H), 1.87 (m, 4H), 1.34 (s, 9H),
1.17 (m, 2H)**C NMR (126 MHz, Methanotl) & 176.35, 175.80, 157.82, 157.52, 153.59, 137.96,413
128.75, 126.57, 125.07, 124.72, 124.54, 122.37,4820119.75, 119.33, 116.33, 112.21, 110.83, 80.67,
57.20, 49.51, 41.16, 33.35, 29.20, 28.62, 25.8587233.33, 22.06, 20.85. HRMS [M + 1]528.2972
(calculated for [GiH3gN505]*: 528.2970).

Tertbutyl 1-(2-(1,2,3,4-tetrahydroacridin-9-ylaminodprylcarbamoyl)-2-(H-indole-3-yl) ethylcarbamate
(55) Yield 23%; mp 88.3-92.7 °CH NMR (500 MHz, Methanob,) & 8.05 (d,J = 8.5 Hz, 1H), 7.74 (m,
1H), 7.54 (m, 2H), 7.36 (m, 1H), 7.26 = 8.1 Hz, 1H), 7.06 (s, 1H), 6.98 (m, 2H), 4.28 (), 3.16 (M,
2H), 2.95 (t,J = 6.0 Hz, 2H), 2.69 () = 5.9 Hz, 2H), 1.92 (m, 4H), 1.88 (m, 2H), 1.60, @K), 1.34 (s,
9H), 1.18 (m, 2H)}*C NMR (126 MHz, Methanotk) & 175.18, 172.95, 158.45, 157.52, 153.39, 147.02,
137.97, 130.11, 128.77, 127.18, 125.02, 124.55,382120.96, 119.74, 119.41, 116.74, 112.22, 110.96
80.62, 61.51, 57.28, 46.10, 37.52, 33.71, 31.651286.12, 23.97, 23.49, 22.06, 20.85. HRMS [M+:H
542.3134 (calculated for fgH4oNs03]": 542.3126).

Tertbutyl 1-(2-(1,2,3,4-tetrahydroacridin-9-ylaminojplcarbamoyl)-2-(H-indole-3-yl) ethylcarbamate
(56) Yield 42%.*H NMR (500 MHz, Methanot,) & 8.02 (d,J = 8.5 Hz, 1H), 7.74 (dd] = 8.5, 1.2 Hz,
1H), 7.52 (m, 2H), 7.33 (m, 1H), 7.26 = 8.0 Hz, 1H), 7.05 (s, 1H), 6.98 (m, 2H), 4.26 (H), 3.38 (M,
2H), 3.14 (m, 2H), 2.94 (] = 6.1 Hz, 2H), 2.67 () = 5.8 Hz, 2H), 1.86 (m, 4H), 1.33 (m, 13H), 1.%8 (
2H). 1*C NMR (126 MHz, Methanoty) & 174.65, 172.94, 159.10, 157.46, 153.03, 147.90,983 129.70,
128.82, 127.94, 124.73, 124.37, 122.37, 121.27,7%#19119.46, 116.80, 112.20, 110.98, 80.58, 61.51,
57.18, 39.95, 34.17, 29.39, 28.63, 28.32, 27.541®624.07, 23.66, 22.06, 20.85. HRMS [M +"H]
556.3275 (calculated for fgH4NsO3] " 556.3283).

Tertbutyl 1-(2-(1,2,3,4-tetrahydroacridin-9-ylaminojpglcarbamoyl)-2-(H-indole-3-yl) ethylcarbamate
(57) Yield 25%; mp 73.3-76.8 °CH NMR (300 MHz, Methanotl) § 8.04 (m, 1H), 7.75 (m, 1H), 7.52 (m,
2H), 7.33 (m, 1H), 7.24 (dl = 7.9 Hz, 1H), 6.97 (m, 3H), 4.25 (m, 1H), 3.39, @h), 3.11 (m, 2H), 2.94
(m, 4H), 2.69 (m, 2H), 1.95 (m, 2H), 1.87 (m, 6H)50 (m, 2H), 1.34 (s, 9H)°C NMR (75 MHz,
Methanold,) 6 174.58, 172.92, 159.07, 157.44, 153.17, 147.97,963 129.71, 128.79, 127.93, 124.70,
124.42, 122.35, 121.30, 119.71, 119.42, 116.78,181210.96, 80.55, 61.50, 57.14, 40.14, 34.16)131.
29.83, 29.42, 28.63, 26.09, 25.01, 24.07, 23.68)&220.85. HRMS [M + H} 570.3434 (calculated for
[C34H44N503] " 570.3439).

Tertbutyl 1-(2-(1,2,3,4-tetrahydroacridin-9-ylamino}ytcarbamoyl)-2-(H-indole-3-yl) ethylcarbamate
(58) Yield 25%.'H NMR (500 MHz, DMSOdg) § 10.77 (s, 1H), 8.13 (dl = 8.6 Hz, 1H), 7.75 (m, 1H),
7.70 (ddJ=8.5, 1.2 Hz, 1H), 7.54 (m, 1H), 7.35 (m, 1HRY(d,J = 8.0 Hz, 1H), 7.09 (d] = 2.3 Hz, 1H),



6.99 (m, 1H), 6.66 (dJ = 5.4 Hz, 6H), 4.11 (m, 1H), 3.43 (m, 2H), 3.00, @H), 2.89 (tJ = 6.2 Hz, 2H),
2.68 (t,J = 6.0 Hz, 2H), 2.49 (m, 2H), 1.79 (m, 4H), 1.75, @), 1.53 (m, 2H), 1.28 (s, 9H’C NMR
(126 MHz, DMSOes) & 171.61, 170.49, 156.68, 155.25, 151.29, 136.18,712 127.52, 127.09, 123.71,
123.62, 123.50, 120.93, 119.74, 118.62, 118.26,318.11.37, 110.41, 78.06, 59.92, 55.35, 48.0%H68
32.87, 30.67, 29.10, 28.29, 26.21, 26.16, 25.087222.32, 20.92. HRMS [M + F]584.3593 (calculated
for [CasHaeNs03] ' 584.3596).

Tertbutyl 1-(2-(1,2,3,4-tetrahydroacridin-9-ylaminojtglcarbamoyl)-2-(H-indole-3-yl) ethylcarbamate
(59) Yield 52%.'"H NMR (500 MHz, Methanot,) § 8.08 (d,J = 8.6 Hz, 1H), 7.75 (m, 1H), 7.54 (m, 2H),
7.35 (m, 1H), 7.28 (dJ = 8.0 Hz, 1H), 7.00 (m, 3H), 4.26 (m, 1H), 3.51J(t 7.2 Hz, 2H), 3.10 (m, 2H),
2.96 (m, 2H), 2.72 (m, 2H), 1.89 (m, 4H), 1.60 @), 1.36 (s, 9H), 1.27 (m, 10HYC NMR (126 MHz,
Methanol€,) 6 174.55, 172.96, 158.90, 157.48, 153.40, 147.78,013 129.85, 128.82, 127.74, 124.73,
124.47, 122.36, 121.20, 119.73, 119.42, 116.66,211211.00, 80.59, 61.52, 57.13, 40.27, 34.09)&33.
32.22, 30.74, 29.97, 29.46, 28.64, 27.80, 27.591®624.07, 23.66, 20.85. HRMS [M + 1]598.3749
(calculated for [GgHagNsO5]*: 598.3752).

Tertbutyl 1-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)gicarbamoyl)-2-(H-indole-3-yl) ethylcarbamate
(60) Yield 83%.*H NMR (500 MHz, DMSOdg) & 10.78 (s, 1H), 8.33 (dl = 8.7 Hz, 1H), 7.78 (m, 2H),
7.53 (m, 2H), 7.43 (d) = 7.1 Hz, 1H), 7.29 (d] = 8.0 Hz, 1H), 7.09 (d] = 2.2 Hz, 1H), 6.98 (m, 1H), 6.68
(d, J = 8.3 Hz, 1H), 4.12 (m, 1H), 3.77 (m, 2H), 3.03, @H), 2.95 (M, 2H), 2.64 (m, 2H), 2.52 (m, 6H),
1.82 (m, 6H), 1.69 (m, 2H), 1.29 (s, 9H), 1.17 ¢Hl). **C NMR (126 MHz, DMSOdg) & 171.85, 155.26,
151.50, 139.03, 136.19, 132.37, 127.51, 125.00,2624123.71, 120.92, 120.31, 118.60, 118.24, 116.18
111.99, 111.87, 111.38, 110.41, 78.06, 55.36, 44502, 38.63, 36.64, 36.61, 30.05, 29.11, 28852,
28.30, 28.09, 26.29, 26.20, 24.16, 21.73, 20.73VIBRM + H]": 612.3901 (calculated for fgHsNsO3]
612.3903).

Tertbutyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-8amino)hexylcarbamoyl)-2-@-indole-3-yl)
ethylcarbamate6() Yield 15%. 1H NMR (500 MHz, Methanal;) 6 8.31 (d, J = 9.3 Hz, 1H), 7.82 (d, J =
8.4 Hz, 1H), 7.70 (d, J = 8.3 Hz, 1H), 7.66 (d, 4.2 Hz, 1H), 7.50 (m, 2H), 7.45 (m, 1H), 7.27 & 8.1
Hz, 1H), 7.05 (s, 1H), 6.98 (dt, J = 40.3, 7.4 PH), 4.26 (t, J = 7.0 Hz, 1H), 3.86 (t, J = 7.3 Bl&l), 3.21 —
3.11 (m, 2H), 3.04 (m, 2H), 2.92 (t, J = 6.0 Hz,)2R161 (t, J = 5.8 Hz, 2H), 1.94 (m, 4H), 1.76 @Hhl),
1.36 (s, 11H), 1.22 (m, 4H). 13C NMR (126 MHz, Matbl-d,) 5 174.64, 157.62, 151.85, 140.40, 139.99,
137.92, 128.69, 127.90, 126.92, 126.69, 124.50,3022119.68, 119.31, 119.05, 118.57, 115.32, 113.23
112.19, 111.49, 110.94, 80.61, 79.43, 57.16, 4B02X9, 31.13, 29.91, 29.39, 29.22, 28.61, 27.44&,
22.76, 21.67. HRMS [M + H] 618.3209 (calculated for gH4sCINsOs]*: 618.3207).

Tert-butyl 1-(2-(6-chloro-1,2,3,4-tetrahydroacridin-8amino)hexylcarbamoyl)-2-@-indole-3-yl)
ethylcarbamate6) Yield 60%.*H NMR (500 MHz, Methanot) § 8.30 (d,J = 9.3 Hz, 1H), 7.68 (d] =
8.3 Hz, 1H), 7.66 (dJ = 2.2 Hz, 1H), 7.53 (m, 2H), 7.42 (m, 1H), 7.26 J&= 8.1 Hz, 1H), 7.04 (s, 1H),



6.97 (dt,J = 40.8, 7.4 Hz, 2H), 4.26 3,= 7.0 Hz, 1H), 3.85 (t] = 7.3 Hz, 2H), 3.16 (m, 2H), 3.06 (m, 2H),
2.91 (t,J = 6.0 Hz, 2H), 2.60 (t) = 5.8 Hz, 2H), 1.92 (m, 4H), 1.76 (m, 2H), 1.361&H), 1.24 (m, 4H).
13C NMR (126 MHz, Methanady) & 174.63, 157.59, 151.83, 140.39, 139.95, 137.98,612 127.53,
126.69, 124.49, 122.29, 119.67, 119.04, 118.56,3015113.22, 112.18, 111.58, 110.93, 80.60, 57.16,
49.84, 40.13, 40.00, 31.12, 29.91, 29.38, 29.21612827.12, 24.46, 22.75, 21.66. HRMS [M +"H]
618.3209 (calculated for fgH4sCINsOs]": 618.3205).

N-(2-(7-methoxy-1,2,3,4-tetrahydroacridin-9-ylamiath)yl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1024) Yield 99%; mp 97.1-99.2 °C. Purity: 98%4 NMR (500 MHz, DMSOds) &
11.05 (d,J = 2.4 Hz, 1H), 9.29 () = 5.6 Hz, 1H), 8.38 (d] = 5.5 Hz, 3H), 7.96 (d] = 9.2 Hz, 1H), 7.82
(d,J=2.6 Hz, 1H), 7.62 (dl = 7.9 Hz, 1H), 7.49 (dd} = 9.2, 2.4 Hz, 1H), 7.28 (d,= 8.2 Hz, 1H), 7.20 (d,

J = 2.4 Hz, 1H), 6.94 (m, 2H), 3.93 (s, 3H), 3.37, @Hl), 3.11 (m, 2H), 2.99 (m, 2H), 2.71 (m, 2H} 2.
(m, 2H), 1.77 (m, 5H)**C NMR (126 MHz, DMSOds) 5 169.39, 156.85, 154.96, 150.05, 136.33, 132.63,
127.22, 124.91, 124.18, 121.16, 118.63, 118.47,7¥17111.51, 111.30, 107.09, 103.74, 56.53, 53.07,
45.97, 34.20, 28.08, 27.17, 25.10, 21.98, 20.417618HRMS [M + H[: 458.2549 (calculated for
[Co7H3NsO,]": 458.2551).

N-(2-(7-methoxy-1,2,3,4-tetrahydroacridin-9-ylamipmpyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1025) Yield 61%; mp 97.2-101.4 °C. Purity: 99.9%1 NMR (500 MHz, DMSOds) &
11.08 (d,J = 2.5 Hz, 1H), 9.06 (m, 1H), 8.35 (@= 5.2 Hz, 3H), 7.98 (d] = 9.2 Hz, 2H), 7.84 (d] = 2.6
Hz, 1H), 7.66 (dJ = 7.9 Hz, 1H), 7.49 (dd] = 9.2, 2.4 Hz, 1H), 7.31 (d,= 8.1 Hz, 1H), 7.23 (d] = 2.4
Hz, 1H), 6.97 (m, 2H), 3.93 (m, 4H), 3.76 (m, 2B)15 (m, 4H), 3.00 (m, 2H), 2.71 (m, 2H), 1.75 GH).
¥C NMR (126 MHz, DMSOdg)  168.87, 157.11, 155.12, 150.21, 136.62, 132.87,582 125.19, 124.36,
121.42, 121.25, 119.01, 118.74, 117.95, 111.78,501107.50, 103.88, 56.76, 43.77, 36.05, 30.4B28
27.61, 25.33, 23.06, 22.21, 20.70. HRMS [M +:H{72.2702 (calculated for fgHz4NsO,] ": 472.2708).

N-(2-(7-methoxy-1,2,3,4-tetrahydroacridin-9-ylamibodyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1026) Yield 96%. Purity: 99%'H NMR (500 MHz, Methanot) & 7.75 (dd,J = 9.2,

1.7 Hz, 1H), 7.65 (t) = 2.2 Hz, 1H), 7.60 (df] = 7.3, 1.2 Hz, 1H), 7.49 (di,= 4.7, 2.0 Hz, 2H), 7.21 (d,

= 1.8 Hz, 1H), 7.00 (m, 2H), 4.08 (m, 1H), 3.953#Hl), 3.81 (tJ = 7.2 Hz, 2H), 3.20 (m, 2H), 2.99 (m, 2H),
2.73 (m, 2H), 1.92 (m, 6H), 1.61 (m, 2H), 1.40 @4).*C NMR (126 MHz, Methanotl) & 170.01,
158.64, 157.04, 150.75, 138.06, 134.40, 128.41,6825125.40, 122.67, 121.79, 120.09, 119.34, 118.73
112.90, 112.46, 108.12, 104.95, 56.78, 55.25, 48081, 29.26, 29.10, 28.81, 27.14, 25.77, 232184.
HRMS [M + HJ": 486.2682 (calculated for pgHzsNsO,] *: 486.2864).

N-(2-(7-methoxy-1,2,3,4-tetrahydroacridin-9-ylamipeityl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1027) Yield 73%; mp 155.0-157.7 °C. Purity: 99.9%t NMR (500 MHz, DMSO#)
8 11.13 (dJ = 2.5 Hz, 1H), 8.75 () = 5.6 Hz, 1H), 8.32 (d] = 5.5 Hz, 3H), 7.97 (d] = 9.2 Hz, 1H), 7.84
(d,J=2.6 Hz, 1H), 7.64 (d] = 7.9 Hz, 1H), 7.51 (s, 2H), 7.30 (@= 2.7 Hz, 3H), 7.20 (d] = 2.4 Hz, 1H),



6.97 (m, 2H), 3.92 (s, 3H), 3.75 (m, 2H), 3.10 @H), 2.99 (m, 3H), 2.70 (m, 2H), 2.49 (m, 3H), 1("8
4H), 1.60 (m, 2H), 1.35 (m, 2HY’C NMR (126 MHz, DMSQds) 5 169.39, 156.85, 154.96, 150.05, 136.33,
132.63, 127.22, 124.91, 124.18, 121.16, 118.63,4r18117.77, 111.51, 111.30, 107.09, 103.74, 56.53,
56.21, 53.07, 45.97, 40.20, 39.20, 34.20, 28.08]172725.10, 21.98, 20.41, 18.76. HRMS [M +*H]
500.3021 (calculated for fgH3gNsO2]*: 500.3021).

N-(2-(7-methoxy-1,2,3,4-tetrahydroacridin-9-ylamiheXyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1028) Yield 99%: mp 132.4-135.6 °C. Purity: 96%1 NMR (500 MHz, Methanob,)

8 7.73 (d,J = 9.2 Hz, 1H), 7.64 (d] = 2.4 Hz, 1H), 7.59 (d] = 7.8 Hz, 1H), 7.47 (ddl = 9.1, 2.3 Hz, 1H),
7.32 (d,J = 8.0 Hz, 1H), 7.19 (s, 1H), 7.01 (m, 2H), 4.07J(t 7.3 Hz, 1H), 3.95 (s, 3H), 3.87 {t= 7.2

Hz, 2H), 3.30 (m, 2H), 3.18 (m, 2H), 2.99 (m, 2R)73 (m, 2H), 1.91 (m, 4H), 1.74 @{,= 7.5 Hz, 2H),
1.31 (m, 4H), 1.17 (m, 2H}3C NMR (126 MHz, Methanotl;) & 169.87, 158.54, 157.06, 150.60, 138.05,
134.41, 128.36, 125.51, 122.67, 121.76, 120.08,2B19118.60, 112.78, 112.48, 108.09, 104.93, 56.68,
55.20, 53.83, 40.44, 31.81, 29.73, 29.23, 28.83827.31, 25.67, 23.15, 21.85, 21.66. HRMS [M]+:H
514.3176 (calculated for fgHsoNsO2]": 514.3177).

N-(2-(7-methoxy-1,2,3,4-tetrahydroacridin-9-ylamiheptyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1029) Yield 85%; mp 125.1-128.9 °C. Purity: 9691 NMR (500 MHz, DMSO#dg) &
11.11 (d,J = 2.5 Hz, 1H), 8.61 (s, 1H), 8.30 @= 5.3 Hz, 3H), 7.98 (d] = 9.2 Hz, 1H), 7.81 (d) = 2.5

Hz, 1H), 7.63 (dJ) = 7.9 Hz, 1H), 7.50 (dd] = 9.2, 2.5 Hz, 1H), 7.33 (d,= 8.1 Hz, 1H), 7.20 (d] = 2.4

Hz, 1H), 6.99 (m, 2H), 3.92 (s, 3H), 3.78 (m, 2BY18 (m, 2H), 3.01 (m, 3H), 2.69 (m, 3H), 1.78 &hi),
1.67 (m, 2H), 1.22 (m, 6H), 1.12 (m, 2H}C NMR (126 MHz, DMSOd;) & 168.24, 156.66, 154.92,
149.78, 136.35, 132.74, 127.31, 124.85, 123.95,1421120.98, 118.70, 118.46, 117.46, 111.54, 110.97
107.25, 103.90, 56.31, 53.05, 46.63, 38.84, 3@BKY, 28.47, 28.01, 27.43, 26.32, 26.17, 24.9921
20.47. HRMS [M + HJ: 528.3335 (calculated for fgH4:Ns0,]": 528.3334).

N-(2-(7-methoxy-1,2,3,4-tetrahydroacridin-9-ylamiaolyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1030) Yield 79%:; mp 163.5-166.2 °C. Purity: 97%1 NMR (500 MHz, Methanob,)

0 7.75 (d,J = 9.2 Hz, 1H), 7.65 (d] = 2.4 Hz, 1H), 7.60 (d] = 7.9 Hz, 1H), 7.49 (m, 1H), 7.33 (@~ 8.1
Hz, 1H), 7.19 (s, 1H), 7.03 (m, 2H), 4.06J& 7.5 Hz, 1H), 3.95 (s, 3H), 3.89 Jt= 7.2 Hz, 2H), 3.18 (m,
2H), 3.00 (m, 4H), 2.73 (m, 2H), 1.92 (m, 4H), 1(M, 2H), 1.39 (m, 2H), 1.25 (m, 8HC NMR (126
MHz, Methanold,) 6 169.85, 158.55, 157.14, 150.61, 138.08, 134.48,3I2 125.52, 125.37, 122.71,
121.79, 120.14, 119.21, 118.61, 112.83, 112.51,100804.98, 58.31, 56.64, 55.23, 40.62, 31.941480.
30.11, 29.82, 29.24, 28.84, 27.67, 25.62, 23.1872121.35. HRMS [M + H} 542.3483 (calculated for
[C33H44N50;] *: 542.3490).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylaminthy-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1031) Yield 56%; mp 65.1-68.5 °C. Purity: 97%4 NMR (300 MHz, DO) & 7.63 (d,
J=9.4 Hz, 1H), 7.35 (d] = 2.1 Hz, 1H), 7.14 (m, 3H), 6.72 @= 7.9 Hz, 1H), 6.26 (m, 1H), 3.51 (m, 2H),



3.29 (m, 2H), 2.67 (d] = 7.9, 4.1 Hz, 2H), 2.01 (m, 6H), 1.67 (m, 2 NMR (75 MHz, DO) § 171.34,
154,92, 150.15, 138.59, 138.43, 135.68, 127.25,886125.54, 121.66, 119.30, 117.90, 117.77, 113.93
111.98, 111.28, 105.97, 53.73, 39.50, 30.83, 3®@3(®3, 26.55, 23.06, 21.77. HRMS [M +'H%62.2052
(calculated for [GgH2oCINsO]™: 462.2056).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylaminopyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1032) Yield 53%; mp 82.2-85.3 °C. Purity: 98%4 NMR (500 MHz, DO) & 7.56 (d,
J=9.3 Hz, 1H), 7.32 (d] = 2.1 Hz, 1H), 7.18 (m, 3H), 6.83 (@= 8.0 Hz, 1H), 6.62 (m, 2H), 4.13 (m, 1H),
3.17 (m, 2H), 3.11 (m, 2H), 2.74 (m, 2H), 2.22 @hl), 1.81 (m, 4H), 1.41 (m, 2H}*C NMR (126 MHz,
D,0) 6 169.05, 154.72, 149.89, 137.89, 135.32, 126.42,9K) 124.50, 124.46, 121.18, 121.06, 118.62,
117.57, 117.30, 112.87, 111.51, 110.91, 106.109®3A44.63, 36.37, 30.23, 28.68, 27.66, 26.53, 22.85
21.02. HRMS [M + HJ: 476.2210 (calculated for pgH3:CINsO]": 476.2212).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylaminajil-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1033) Yield 83%; mp 88.5-91.7 °C. Purity: 97%4 NMR (500 MHz, DMSOds) &
11.09 (d,J = 2.3 Hz, 1H), 8.75 () = 5.6 Hz, 1H), 8.44 (d] = 9.3 Hz, 1H), 8.30 (d] = 5.5 Hz, 3H), 8.11
(d,J = 2.2 Hz, 1H), 8.01 (s, 1H), 7.63 (@= 7.9 Hz, 1H), 7.56 (ddl = 9.3, 2.2 Hz, 1H), 7.30 (m, 1H), 7.21
(d,J=2.3Hz, 1H), 7.01 (dd] = 8.2, 6.9 Hz, 1H), 6.93 (m, 1H), 3.94 (m, 1H)YB(m, 2H), 3.12 (m, 3H),
3.00 (m, 1H), 2.98 (m, 2H), 2.49 (m, 2H), 1.79 @nl), 1.62 (m, 2H), 1.37 (m, 2H}C NMR (126 MHz,
DMSO-ds) 6 168.38, 155.55, 151.21, 138.80, 137.09, 136.33,842 127.26, 125.38, 124.87, 121.13,
118.69, 118.46, 118.03, 114.30, 111.70, 111.50,2B053.06, 46.89, 38.32, 34.19, 28.07, 27.43,85.8
24.21, 22.67, 21.54. HRMS [M + H]490.2367 (calculated for fgH3sCINsO]": 490.2369).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylaminejpyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride §-K1034) Yield 74 %; mp 83.4-87.8 °C. Purity: 98%4 NMR (500 MHz, DMSOds) &
11.12 (d,J = 2.4 Hz, 1H), 8.69 (t) = 5.6 Hz, 1H), 8.45 (d] = 9.3 Hz, 1H), 8.31 (d] = 5.5 Hz, 3H), 8.12
(d,J = 2.2 Hz, 1H), 8.05 (s, 1H), 7.63 @@= 7.9 Hz, 1H), 7.56 (ddl = 9.2, 2.2 Hz, 1H), 7.44 (m, 1H), 7.30
(m, 2H), 7.20 (dJ = 2.4 Hz, 1H), 6.97 (m, 2H), 3.94 (m, 1H), 3.78, @), 3.13 (m, 3H), 2.98 (m, 3H),
2.63 (m, 2H), 1.78 (m, 4H), 1.67 (m, 2H), 1.33 @hl), 1.22 (m, 2H)**C NMR (126 MHz, DMSOdg) &
168.31, 155.53, 151.40, 138.86, 137.10, 136.36,8827127.30, 125.39, 124.87, 121.15, 118.73, 118.49
118.05, 114.27, 111.67, 111.55, 107.26, 56.21,63.0.26, 34.21, 29.54, 28.36, 28.07, 27.46, 22544,
20.35. HRMS [M + HJ: 504.2524 (calculated for fgH3sCINsO]": 504.2525).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylamine}yl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1035) Yield 75%; mp 141.1-143.5 °C. Purity: 99.9%t NMR (500 MHz, DMSO#)

6 11.12 (dJ = 2.5 Hz, 1H), 8.65 (t) = 5.6 Hz, 1H), 8.46 (d] = 9.2 Hz, 1H), 8.32 (d] = 5.5 Hz, 3H), 8.15
(d,J = 2.2 Hz, 1H), 7.62 (d] = 7.9 Hz, 1H), 7.55 (dd] = 9.2, 2.2 Hz, 1H), 7.20 (d,= 2.4 Hz, 1H), 6.97
(m, 2H), 3.95 (m, 1H), 3.80 (m, 2H), 3.17Jt 6.3 Hz, 2H), 2.99 (m, 4H), 2.63 (m, 2H), 1.79 @Hl), 1.66

(m, 2H), 1.22 (m, 6H)**C NMR (126 MHz, DMSOds) 5 168.23, 155.49, 151.17, 138.82, 137.04, 136.32,



127.80, 127.29, 125.33, 124.79, 121.09, 118.68,4B18118.02, 114.29, 111.62, 111.50, 107.24, 56.16,
53.03, 47.16, 29.78, 28.63, 28.05, 27.38, 25.97872524.20, 22.66, 21.53, 20.34. HRMS [M +"H]
518.2681 (calculated for fgHz7CINsO]": 518.2682).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylaminejtyl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1036) Yield 84%; mp 121.8-125.9 °C. Purity: 9691 NMR (500 MHz, DMSO#g) &
10.82 (dJ = 2.3 Hz, 1H), 8.39 (d] = 9.3 Hz, 1H), 8.01 (d] = 2.2 Hz, 1H), 7.89 (s, 1H), 7.82 {t= 5.7 Hz,
1H), 7.55 (m, 2H), 7.29 (d,= 8.1 Hz, 1H), 7.08 (d] = 2.3 Hz, 1H), 6.97 (m, 2H), 6.68 (@= 8.2 Hz, 1H),
4.12 (m, 1H), 3,81 (m, 2H), 3.67 (m, 2H), 3.00 @#ni), 2.60 (m, 2H), 1.79 (m, 4H), 1.70 (m, 2H), 1(88
8H). 13C NMR (126 MHz, DMSOdg) 6 171.87, 155.58, 155.25, 151.10, 138.80, 137.18,113 127.74,
125.34, 123.70, 120.88, 118.58, 118.20, 114.20,661111.37, 110.36, 78.04, 55.39, 48.75, 47.43129
29.02, 28.44, 26.24, 26.17, 23.97, 22.66, 21.46320HRMS [M + HI: 532.2829 (calculated for
[C31H39CINSO]™: 532.2838).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylaminoyg-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride $-K1037) Yield 76%; mp 151.9-154.3 °C. Purity: 95%1 NMR (500 MHz, Methanot,)

8 8.36 (d,J = 9.2 Hz, 1H), 7.82 (d] = 2.2 Hz, 1H), 7.59 (d] = 7.9 Hz, 1H), 7.51 (m, 2H), 7.32 (m, 1H),
7.01 (m, 2H), 4.08 (1) = 7.3 Hz, 1H), 3.91 () = 7.3 Hz, 2H), 3.18 (m, 2H), 2.99 (m, 3H), 2.66, @H),
1.93 (m, 4H), 1.81 (m, 2H), 1.40 (m, 2H), 1.27 @h), 1.13 (m, 2H). 13C NMR (126 MHz, DMS@) 5
168.28, 155.62, 151.21, 138.89, 137.15, 136.39,8427127.34, 125.38, 124.89, 121.20, 118.72, 118.51
118.10, 114.34, 111.71, 111.57, 107.28, 67.19,0631.41, 34.36, 31.52, 29.88, 28.76, 28.11, 22286,
24.17, 22.46, 21.57, 20.40. HRMS [M +'H546.2991 (calculated for fgH4:CINsO]": 546.2995).

N-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)ethyl-2-am-3-(1H-indole-3-yl)propylamide  dihydrochloride
(S-K1038) Yield 87%; mp 192.4-195.3 °C. Purity: 969 NMR (300 MHz, DMSOsg) § 14.25 (s, 1H),
11.06 (d,J = 2.5 Hz, 1H), 9.36 (t] = 5.6 Hz, 1H), 8.44 (d] = 9.2 Hz, 2H), 8.02 (dd] = 8.6, 1.2 Hz, 1H),
7.83 (m, 2H), 7.55 (m, 2H), 7.23 (m, 2H), 6.90 @Hl), 4.26 (m, 2H), 3.99 (m, 1H), 3.85 (m, 2H), 3(b3
2H), 2.98 (m, 2H), 2.59 (m, 2H), 1.78 (m, 4H). 1B®™R (75 MHz, DMSO¢s) 6 169.65, 155.74, 150.68,
138.05, 136.28, 132.65, 127.22, 125.42, 125.20,9224121.12, 119.26, 118.60, 118.46, 115.64, 111.48
111.42, 107.05, 56.19, 53.04, 46.96, 34.17, 282¥/14, 24.09, 21.66. HRMS [M + H]428.2442
(calculated for [GgH3oNsO]": 428.2445).

N-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)propyl-&:mo-3-(1H-indole-3-yl)propylamide dihydrochloride
(SK1039) Yield 92%; mp 148.8-152.0 °C. Purity: 99.98 NMR (500 MHz, Methanot,) & 8.28 (d,J =
8.7 Hz, 1H), 7.81 (dJ = 4.0 Hz, 2H), 7.54 (m, 2H), 7.23 (d,= 8.0 Hz, 1H), 7.10 (s, 1H), 6.94 (m, 2H),
4.28 (m, 1H), 3.18 (m, 2H), 3.02 (m, 2H), 2.68 @Hl), 1.94 (m, 8H), 1.80 (m, 2H}*C NMR (126 MHz,
Methanold,) 6 175.48, 157.91, 151.69, 139.64, 137.92, 133.98,782 126.44, 126.36, 124.68, 122.30,
120.12, 119.69, 119.40, 117.05, 112.95, 112.26,851(b7.42, 45.69, 37.07, 31.27, 29.36, 28.64,25.0
23.01, 21.83. HRMS [M + H] 442.2597 (calculated for pgH3:NsO]": 442.2602).



N-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)butyl-2-gro-3-(1H-indole-3-yl)propylamide  dihydrochloride
(S-K1040) Yield 53%; mp 76.3-81.0 °C. Purity: 98%4 NMR (500 MHz, DMSOd;) 5 10.78 (d,J = 2.4

Hz, 1H), 8.10 (d,J) = 8.8 Hz, 1H), 7.83 (t) = 5.7 Hz, 1H), 7.69 (dd] = 8.3, 1.2 Hz, 1H), 7.55 (d,= 7.9

Hz, 1H), 7.50 (dddJj = 8.2, 6.7, 1.2 Hz, 1H), 7.32 (m, 2H), 7.10Jd; 2.3 Hz, 1H), 6.99 (m, 2H), 6.67 (@,

= 8.3 Hz, 1H), 4.12 (m, 1H), 3.02 (m, 2H), 2.88 @hl), 2.70 (m, 2H), 1.79 (m, 4H), 1.50 (m, 2H),& (&,
2H), 1.29 (m, 4H)*C NMR (126 MHz, DMSOds) & 171.92, 157.91, 155.26, 150.51, 146.89, 136.19,
128.25, 127.52, 123.74, 123.40, 123.23, 120.93,3120118.65, 118.25, 115.87, 111.37, 110.42, 78.05,
55.34, 47.83, 38.43, 33.57, 28.30, 26.64, 25.20®22.57. HRMS [M + H} 456.2747 (calculated for
[C2gH34N50]": 456.2758).

N-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)pentyl-&ao-3-(1H-indole-3-yl)propylamide  dihydrochloride
(S-K1041) Yield 83%; mp 118.5-121.1 °C. Purity: 95%1 NMR (300 MHz, DO) & (ppm) 7.73 (d,) = 8.6
Hz, 1H), 7.60 (m, 1H), 7.27 (m, 2H), 7.14 (m, 1A04 (m, 2H), 6.69 (m, 2H), 4.08 (m, 1H), 3.65 @Hl),
3.37 (m, 2H), 3.03 (m, 2H), 2.44 (m, 2H), 2.22 @Hl), 1.65 (m, 4H), 1.41 (m, 2H), 0.95 (m, 2H3C NMR
(75 MHz, D,O) 5 168.82, 154.52, 148.87, 136.93, 135.46, 132.26,2R? 124.58, 124.51, 124.38, 121.14,
118.60, 118.18, 117.53, 114.21, 111.05, 110.34,710%7.28, 53.42, 46.97, 39.06, 30.10, 29.26,127.1
26.77,22.93, 20.92, 19.80. HRMS [M +'H}#70.2910 (calculated for pgH3sNsO]": 470.2915).

N-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)hexyl-2-am 3-(1H-indole-3-yl)propylamide  dihydrochloride
(SK1042) Yield 63%; mp 148.7-150.8 °C. Purity: 979 NMR (300 MHz, Methanot) & 8.36 (d,J =
8.7 Hz, 1H), 7.80 (m, 2H), 7.58 (m, 2H), 7.32 (ral)17.19 (s, 1H), 7.00 (m, 2H), 4.09 (m, 1H), 3(8Q) =
7.3 Hz, 2H), 3.30 (m, 2H), 2.99 (m, 2H), 2.68 (h1)22.16 (m, 4H), 1.93 (m, 4H), 1.76 (m, 2H), 1(34,
4H). *C NMR (75 MHz, Methanob,) 5 169.86, 157.77, 151.51, 139.63, 138.02, 133.98,312 126.48,
126.30, 125.53, 122.64, 120.09, 120.06, 119.27.941412.71, 112.47, 108.08, 58.30, 55.18, 40.4(B3B
29.69, 27.28, 27.23, 24.97, 22.95, 21.80, 20.82720HRMS [M + HI: 484.3066 (calculated for
[C30H3sNs0]": 484.3017).

N-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)heptyl-&xao-3-(1H-indole-3-yl)propylamide  dihydrochloride
(S-K1043) Yield 38%; mp 148.7-150.8 °C. Purity: 98%1 NMR (500 MHz, O) & 7.78 (m, 1H), 7.55 (m,
1H), 7.24 (m, 2H), 7.11 (m, 2H), 6.94 (m, 1H), 6(A§ 2H), 3.96 (m, 1H), 3.50 (M, 2H), 2.95 (m, 2B}%9

(m, 2H), 2.11 (m, 2H), 1.63 (m, 4H), 1.55 (m, 2/)19 (m, 2H), 1.08 (m, 8H}*C NMR (126 MHz, RO) &
169.03, 157.77, 155.03, 149.12, 137.35, 135.75,4P32126.25, 124.69, 124.54, 121.57, 118.93, 118.48
117.55, 114.48, 111.41, 110.68, 105.89, 57.40,%3.8.31, 39.30, 29.45, 27.56, 27.45, 27.04, 228310,
22.79, 21.11, 20.04. HRMS [M + H]498.3225 (calculated for fgH4oNs0]": 498.3228).

N-(2-(1,2,3,4-tetrahydroacridin-9-ylamino)octyl-2-grm-3-(1H-indole-3-yl)propylamide  dihydrochloride

(S-K1044) Yield 83%. Purity: 95%'H NMR (500 MHz, DMSOdg) & 14.20 (s, 1H), 11.09 (s, 1H), 8.43 (d,
J=8.6 Hz, 1H), 8.03 (d] = 8.4 Hz, 1H), 7.83 (m, 1H), 7.58 (m, 2H), 7.32J¢& 8.1 Hz, 1H), 7.21 (s, 1H),

6.99 (m, 2H), 3.94 (m, 1H), 3.83 (m, 2H), 3.17 @hl), 3.02 (m, 2H), 2.66 (m, 2H), 1.81 (m, 4H), 1(AY,



2H), 1.20 (m, 10H).13C NMR (126 MHz, DMSOdg) 6 168.23, 155.80, 150.76, 138.06, 136.35, 132.69,
127.33, 125.25, 125.17, 124.86, 121.14, 119.30,6918118.47, 115.73, 111.54, 111.21, 107.26, 53.06,
52.57, 47.30, 36.65, 34.22, 29.99, 28.78, 28.7H7288.07, 27.42, 26.36, 24.25, 21.67. HRMS [M]+:H
512.3378 (calculated for fgH4Ns0]™: 512.3384).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylamine}yl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride R-K1035) Yield 90%; mp 257.2-260.5 °C. Purity: 95%i NMR (500 MHz, Methanob,)

6 8.37 (d,J=9.2 Hz, 1H), 7.77 (d] = 2.1 Hz, 1H), 7.59 (d] = 7.9 Hz, 1H), 7.54 (ddl = 9.2, 2.1 Hz, 1H),
7.34 (d,J = 8.1 Hz, 1H), 7.20 (s, 1H), 7.03 (m, 2H), 4.08)(t 7.3 Hz, 1H), 3.91 (t) = 7.3 Hz, 2H), 3.32
(m, 2H), 3.21 (m, 2H), 2.98 (§,= 5.9 Hz, 2H), 2.66 (m, 2H), 1.94 (m, 6H), 1.79 @Hl), 1.36 (m, 4H)=*C
NMR (126 MHz, Methanotl;) 6 169.87, 157.65, 152.00, 140.41, 140.00, 138.08,722 128.34, 126.75,
125.49, 122.71, 120.11, 119.19, 119.11, 115.36,241312.49, 108.09, 58.31, 55.20, 40.43, 31.18429
29.30, 28.87, 27.32, 27.25, 24.77, 22.84, 21.73VIBRM + H]": 518.2681 (calculated for fgH3/CINsO]":
518.2683).

N-(2-(6-chloro-1,2,3,4-tetrahydroacridin-9-ylamine}yl-2-amino-3-(H-indole-3-yl)propylamide
dihydrochloride Kac-K1035) Yield 97%; mp 227.3-229.9 °C. Purity: 999 NMR (500 MHz, Methanol-
ds) 6 8.36 (d,J =9.2 Hz, 1H), 7.77 (d] = 2.0 Hz, 1H), 7.59 (d{J = 7.9, 0.9 Hz, 1H), 7.54 (dd,= 9.2, 2.1
Hz, 1H), 7.34 (dtJ = 8.1, 0.8 Hz, 1H), 7.20 (s, 1H), 7.03 (m, 2HP&4(t,J = 7.3 Hz, 1H), 3.90 (1) = 7.3

Hz, 2H), 3.32 (m, 2H), 3.21 (ddd,= 17.1, 14.0, 7.1 Hz, 2H), 2.98 {= 6.0 Hz, 2H), 2.67 () = 5.9 Hz,
3H), 1.95 (m, 6H), 1.79 (m, 2H), 1.36 (m, 4H}C NMR (126 MHz, Methanotl) § 169.86, 157.62, 151.98,
140.38, 139.97, 138.07, 128.71, 128.33, 126.73,4925122.70, 120.10, 119.19, 119.10, 115.35, 113.23
112.48, 108.08, 58.30, 55.19, 40.43, 31.18, 2290, 28.86, 27.31, 27.24, 24.77, 22.83, 21.72M8R
[M + H]": 518.2681 (calculated for fgHs7CINsO]": 518.2685).

Inhibition of human AChE and BChE

The AChE and BChE inhibitory activities of the t$tcompounds were determined using modified
Ellman’s method [62]. Human recombinant acetylctedterasehAChE; EC 3.1.1.7), human plasmatic
butyrylcholinesterasehBChE; EC 3.1.1.8), 5,5 -dithiobis(2-nitrobenzoidddEllman’s reagent, DTNB),
phosphate buffer solution (PBS, pH 7.4), acetytthaine (ATCh), and butyrylthiocholine (BTCh) were
purchased from Sigma-Aldrich (Prague, Czech Repuldfior measuring purposes — polystyrene Nunc 96-
well microplates with flat bottom shape (Thermoleisiscientific, USA) were utilized. All of the assay

were carried out in 0.1 M KPOJ/K,HPO, buffer, pH 7.4. Enzyme solutions were preparedmactivity

2.0 unitsmL™ in 2 mL aliquots. The assay medium (100 pL) cdedi®f 40 puL of 0.1 M PBS (pH 7.4), 20
puL of 0.01 M DTNB, 10 pL of enzyme, and 20 pL 0®D.M substrate (ATCh or BTCh iodide solution).
Assayed solutions with inhibitors (10 pL, 16 10° M) were preincubated withAChE or hBChE for 5
min. The reaction was started by addition of 20qilsubstrate. The enzyme activity was determined by

measuring the increase in absorbance at 412 nim & 3n 2 min intervals using a Multimode microlat



reader Synergy 2 (Vermont, USA). Each concentratias assayed in triplicate. The obtained data were

used to compute the percentage of inhibitipiEquation 1):
I :(l—%]XlOO [%] (Eq.1)
DA,

AA indicates absorbance change provided by the adsténase exposed to AChE inhibitak#y, indicates
absorbance change caused by the intact cholinsstéphiosphate buffer was used instead of the AChE
inhibitor solution). Inhibition potency of testedorapounds was expressed as thegl@alue (the
concentration of inhibitor, which causes 50% chedterase inhibition). All calculations were perfedn
using Microsoft Excel software (Redmont, WA, USA)daGraphPad Prism version 5.02 for Windows
(GraphPad Software, San Diego, CA) (www.graphpaud)co

Propidium displacement studies.The affinity of selected inhibitors for the periplkbinding site of
E€AChE (type VI-S, Sigma-Aldrich, Milano, Italy) wdssted using propidium iodide (P) (Sigma-Aldrich,
Milano, Italy), a known specific PAS ligand, follovg the method proposed by Taykrral.[72,73]. The
complexation of propidium iodide and AChE [72] detees a shift in the excitation wavelength [72]. A
stock solution (4 mM) o65-K1035 was prepared in methan®@eAChE (2 uM) was first incubated with 8
uM propidium iodide in 1 mM Tris-HCI, pH 8.0. In tHeack titration experiments of the propidium-AChE
complex byS-K1035, aliquots of the inhibitor (8-56M) were added gradually and fluorescence emission
was monitored at 635 nm upon excitation at 535 Btanks containing propidium alone, inhibitor plus
propidium andEeAChE alone were prepared and fluorescence emisgsndetermined. Experiments were
carried out at room temperature using a Jasco §ge€trofluorometer (Cremella, Italy) and a 0.5 nulargz
cuvette. Raw data were processed following the atethy Taylor and Lappi [73] to estimatg, Kalues

assuming a dissociation constant value for propidior EGAChE equals to 0.4M [74].

Inhibition of AChE-induced A By aggregation[90]. Ao, supplied as trifluoroacetate salt, was purchased

from Bachem AG (Bubendorf, Switzerland)4 (2 mgmL™) was dissolved in 1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP) and lyophilized and redissolvedDISO to achieve a concentration of 2.3 mM. Stock
solutions of tested inhibitors were prepared inhagbl (1.5-2 mM) and diluted in the assay buffdigéots

of 2 uL A Sy peptide in DMSO were incubated in 0.215 M sodiunogphate buffer (pH 8.0) at a final
concentration of 23QuM for 24 h. For co-incubation experiments aliquél$ pL) of hAChE (final
concentration of 2.3@M, AS/AChE molar ratio 100:1) and AChE in the present@ @L of the tested
inhibitor (final inhibitor concentration of 10AM) in 0.215 M sodium phosphate buffer solution (BH9)
were added. Blanks containingig alone,hAChE alone, and By plus tested inhibitors in 0.215 M sodium
phosphate buffer (pH 8.0) were prepared. The fmoélme of each vial was 20L. Each assay was run in

duplicate. To quantify amyloid fibril formation, éhthioflavin T fluorescence method was then applied



[108]. Due tof-sheet conformation, the fluorescence intensitiesewnonitored for 300 s at,= 490 nm
(Aexc = 446 nm). We calculate the percentage of inlubitof the AChE-induced aggregation due to the

presence of tested compound .

Inhibition of A By, self-aggregation.As reported in a previously published protocol [8BFIP pretreated
Aps, samples (Bachem AG) were first solubilized withC&#;CN/0.3 mM NaCOs/250 mM NaOH
(48.4:48.4:3.2) mixture to obtain a 5QM solution. Experiments were performed by inculztine peptide
in 10 mM phosphate buffer (pH = 8.0) containingmd® NacCl, at 30 °C for 24 h (final Aconcentration 50
pHM) with and without inhibitor (5QuM, Aflinhibitor = 1/1). Blanks containing the testedibitors were
also prepared and measured. To quantify amylowddiliormation, the thioflavin T fluorescence metho
was used [108]After incubation, samples were diluted to a finalume of 2.0 mL with 50 mM
glycine-NaOH buffer (pH 8.5) containing 18M thioflavin T. A 300-second-time scan of fluoresce
intensity was carried oub .= 446 nm;A¢m= 490 nm, FP-6200 fluorometer, Jasco Europe), ahgeg at
plateau were averaged after subtracting the baakgrdluorescence of 1M thioflavin T solution. The
fluorescence intensities were compared and thesptral inhibition due to the presence of the irtbibivas
calculated by the following formula: 169(IF/IF, x 100) where IFand IF are the fluorescence intensities

obtained for AGs, in the presence and absence of inhibitor, respeyti
Determination of in vitro blood-brain barrier permeation

The parallel artificial membrane permeation assdfMPA) was used based on the reported protocol
[95,96]. The filter membrane of the donor plate waated with polar brain lipid (PBL, Avanti Polaipids,

Ins., USA) in dodecane (4 pL of 20 md_" PBL in dodecane) and the acceptor well was filétth 300 pL

of the PBS buffer (W; pH = 7.4)). Tested compounds were dissolved fi'sDMSO and the resulting
solution was subsequently mixed with PBS (pH = To4jeach the final concentration of 100 uM in the
donor well. Concentration of DMSO did not exceesl0.(V/V) in the donor solution. A volume of 300 puL
of the donor solution was added to the donor w@®lls) and the donor filter plate was carefully put be t
acceptor plate so that coated membrane was “irhtouith both the donor solution and the acceptdfdsu
The test compound diffused from the donor well tigto the lipid membrane (area = 0.28%rto the
acceptor well. The concentration of the drug irhidbe donor and the acceptor wells was assessed3aft,

5 and 6 hours of incubation in quadruplicate usirgUV plate reader Synergy HT (Biotek, VermontAYS

at the maximum absorption wavelength of each comgohe concentration of the compounds was

calculated from the standard curve and expresspdraseability Pe) according the equation (2) [97,109]:

log P, = log {C x —In (1 _ aruglacceptor )} where C = ( lld )(ECI- 2)

[druglequitibrium (Vp+V4)XAreaxtime



where, [drugdccepor iS the concentration of the drug in the acceptompartment in the certain time
and [drugdquiibrium IS the concentration of the drug in theoreticalildoium i.e. after dilution of the drug

between donor and acceptor compartment.
I n vitro effects of compounds on the activity of nitric oxide synthase

All evaluated compounds were dissolved in rededilivater. CompoundS-K1024, S-K1040, S-K1044
were also sonicated. Basic 1 mM stock solutionsewstored at 8 °C for no longer than one month.
Estimations of the activity of nitric oxide syntlea@NOS) were performed on purified cortical hommages
from a total of 5 male Wistar rats aged 3 — 5 msn#gmixture of the cortexes was homogenized (1id10)
homogenisation buffer (1 mM EGTA, 1 mM dithiothmjt20 mM HEPES, 0.32 M sucrose, 14.6 uM
pepstatin, 21 uM leupeptin, pH = 7.4), centrifuged 200 g for 10 min at 4 °C, and the resultingusits of

supernatants (2 mgL™ of proteins) were stored at -20 °C until assay@umpounds (final concentrations
in the incubation mixtures equaled 46 nM — 68 uMjl supernatants were added to the reaction buffer
(homogenisation buffer containing also 200 @vhicotinamide adenine dinucleotide phosphate, 50 uM
tetrahydrobiopterin and 2.3 pM [14C]arginine (PeBdmer, USA) and incubated for 30 min at 37°C. All
samples contained also 1 uM Ca@hd some of them 1 mM spermidine (Merck, Praguec Republic).
The reaction was terminated by adding a stop b¢#emM HEPES, 3 mM EDTA, pH = 5.5) and by rapid
cooling. DOWEX 50WX8-200 (Sigma-Aldrich) was usedseparate citrulline from arginine, in accordance
with our previous study [110].

In vivo studies
Animals

Male Wistar rats (10 — 12 week old) were obtainednf Velaz (Prague, Czech Republic) and housed in
groups of 4 — 6 in an accredited animal facilityirhals were kept in a controlled holding environtneith

a 12 h day-night cycle, access to standard rodenhi{@erea Corp., Czech Republic) and waitgdibitum

The time of acclimatization was at least 14 daysrpgo all experimental procedures. The use of afsm
was approved by the Ethics Committee of the Faafltylilitary Health Sciences (Hradec Kralove, Czech

Republic). All procedures involving animals wereaitcordance with contemporary legislation.

Assessment of maximum tolerated dose

The acute toxicity 068-K1035 was evaluated by the assessment of MTD-Kgit). Male Wistar Rats (body
weight 313 — 370 g) were randomly assigned to exmatal groups consisting of two males per one

applied dose 06-K1035. Several doses were administered to identify MTi2, starting dose being 50

mgkg’. SK1035was administeredia i.p. injection in standardized volume of 1 k™.



Treated rats were extensively observed for sign®xcity during first two hours; then periodicalfgr 48
hours. Clinical signs, such as cardiovascular, iregpy and nervous system disability, weight lass
reduction of food consumption were monitoring adaag to Laboratory Animal Science Association (UK)
guidelines. Severity of symptoms was classifiedmalsl, moderate and substantial [111]. If categofy o
substantial severity was achieved within 48 h, afsnwere immediately euthanized by £&nd a lower
dose was selected for the further group. Similaflyhere was a severe adverse effect or deathroegu
within few minutes after administration to the fiesiimal in the group, the other animal was naited and
lower dose were selected as well. Another lowehigdose followed previous dose after 48 hours,
depending on severity of symptoms. All animals sung 48 h were euthanized by G@nd subjected to
basic macroscopic necropsy. Necropsy was also npeefib in the case of mortality, examining signs of

macroscopic organ toxicity.

Behavioral studies
Animals

Thirty adult male Wistar rats (9 —12 weeks old, 3BD0 g), obtained from the Institute of Physiology
Czech Academy of Sciences, accredited breedinghgplere used for described experiments. The rats
were housed in pairs in transparent plastic cagésx(25 x 40 cm) in an air-conditioned animal room
(temperature: 22 + 1 °C, humidity: 50 —60 %, ligbts 06:00 —18:00 h). Water and standard labordtmgt
were available ad libitum. After an acclimatizatiperiod in the animal room at the Institute of Rblggyy,
Czech Academy of Sciences, the rats were habituatédiman manipulations by handling (two days, 10
minutes per day). The behavioral experiments wenelacted in the light phase of the day. All expenmts
were conducted in accordance with the guidelineghef European Union directive 2010/63/EU and
approved by the Animal Care and Use Committee eiristitute of Physiology Czech Academy of Sciences
and by the Central Committee of the Czech Acadeigaences. The Institute of Physiology Czech
Academy of Sciences possesses the National Irestinnft Health Statement of Compliance with Standards
for Humane Care and Use of Laboratory Animals.

Surgery

Surgical preparation was performed under 2% isaflaranesthesia (Abbot Laboratories, Chicago, USA).
Rats were placed in a stereotaxic frame (TSE Sygteayes were covered by medical petroleum jelly
(Vaseline®, Unilever, Rotterdam, Netherland) anolshand scalp were removed. Rats were implanteld wit
guide cannulas in both cerebral ventricles at thwrdinates relative to Bregma: AP = -0.80 mm; MIL.§
mm; DV = 3.5 mm from skull surface [112]. The calasuwere fixed to the skull with two stainless btee
screws and dental cement. After surgery animalsfieedaccess to food and water containing analgesic

Seven days after the surgery rats started the Maater maze evaluation.



Drug application

S-K1035 was prepared according to the described chemycahasis. The purity 08-K1035 was >99 %
(HPLC detected)S-K1035 was dissolved in sterile saline (0.9% NaCl) fatesired concentration of 10 and
100 nM. The freshly prepared solution was sonicé®8dmin), fractioned on low volume aliquots (20)uL
and frozen at -20 °C.

Scopolamine hydrobromide (referred to as scopolaramSCOP in group names, Sigma-Aldrich, 5kgg
) was dissolved in sterile saline one day befoee a@kperiment and stored in cold dark environmest. A
control, sterile saline (SAL) was used.

The drugs were applied on the MWM day 4. Each ras \wseudo-randomly assigned into one of five
treatment groups (N = 6): (1) SAL i.c.v. + SAL i.2) SAL i.c.v. + SCOP i.p.; (33-K1035 100 nM i.c.v.

+ SAL i.p.; (4)S-K103510 nM i.c.v. + SCOP i.p.; (3-K1035100 nM i.c.v. + SCOP i.p. Each rat received
one bilateral intracerebroventricular (i.c.v., 6Gnnprior to MWM testing,S-K1035 or saline) and one

intraperitoneal (i.p., 20 min prior to MWM testinggopolamine or saline) injection.

SK1035 or NaCl was applied into the cerebral ventriclgs @am infusion pump (TSE Systems, Bad

Homburg, Germany) with a constant flow rate 0.5mib™; and a total volume 1 pL in each injection. The

internal cannula was removed 1 min after the endhefinfusion. The volume of i.p. injections was 1

mL-kg™
Morris water maze (MWM):

The MWM apparatus consisted of a blue plastic tarcpool (180 cm in diameter) with a circular ptath

(10 cm in diameter, submerged 1 cm below the waidace, transparent plastic). The pool was filleith
water (23-24 °C, 28 cm deep) colored by a smallarmof a non-toxic grey color. MWM task designed by
Jackons and Soliman was modified and used [105.MWM was conducted during four consecutive days.
The rats were trained to find the hidden platfothe position of which was constant (in the cenfethe

NW quadrant). Every testing day each rat undenkeant swims from different starting points (N, S, &,
their order was selected randomly and it was differeach day). Animals were released into the water
facing the wall of the pool. The trial stopped whae rat found the platform. If the rat did notdithe
platform in 60 s, it was gently guided to the pdath by the experimenter. The drugs were applieg onl

day 4.

Rats were tracked during the experiment with a carsguated above the maze and connected to aldigit
tracking system (Tracker, Biosignal Group, New Y,ddSA). The acquired data were stored for an o#-li

analysis using Carousel Maze Manager 0.4.0 (hMgytstib.com/bahniks/CM_Manager_0_4_0).

Measured parameters and statistics



Following parameters were analyzed: distance mdued escape latency (s), average distance from the
platform (cm), and time in the target sector (petage of time spent swimming in the 90° sector ik
platform in the center). These parameters wereyaedlfor every swim of day 3 and day 4 MWM and mean
values were calculated for these days. The medarpence of a group on MWM day 3 (group’s baseline,
without drugs) and the mean performance of the sgroep on day 4 (with drugs) were compared using
Mann-Whitney nonparametric test (GraphPad Pris)5.This analysis was done for all MWM parameters
studied. In addition, performances of day 3 ofgalups were compared by ANOVA and Tukey post hoc
test (GraphPad Prism 5.02) to find out whetheretse any differences in group baseline. This veased

for all MWM parameters studied.
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ACh, acetylcholine; AChE, acetylcholinesterase; E@) acetylcholinesterase inhibitors; ATCh,
acetylthiocholine; ALT, alanine aminotransferas®,lzheimer’s disease; /A amyloidf; APP, amyloid
precursor protein; AST, aspartate aminotransferase; BOP, benzotriazol-1-
yloxytris(dimethylamino)phosphonium  hexafluorophloafe; BBB, blood-brain  barrier; BCh,
butyrylcholine; BChE, butyrylcholinesterase; BTGhuytyrylthiocholine; BogO, ditert-butyl dicarbonate;
CAS, catalytic anionic site; CNS, central nervoystam; COSY, correlation spectroscopy; CHO-K1,
chinese hamster ovary; DMSO, dimethylsulfoxide; DERlistortionless enhancement by polarization
transfer; DTNB, 5,5'-dithiobis(2-nitrobenzoic acgid§CD, electronic circular dischroism; FDA, Fooddan
Drug Administration; HMBC, heteronuclear multiplerid correlation; HPLC, high-performance liquid
chromatography; HSQC, heteronuclear single-quantoonrelation; HFIP, 1,1,1,3,3,3-hexafluoro-2-
propanol;hAChE, human aetylcholinesteras®8ChE, human butyrylcholinesterase; HepG2, humaer liv
carcinoma cell line; 5-HT, serotonin; 6-CI-THA, Blorotacrine; ChE, cholinesterase; ChEls, cholerese
inhibitors; IC, inhibitory concentration; i.c.v., ntracerebroventricular; i.m., intramuscular; i.p.,
intraperitoneal; LC-HRMS, liquid-chromatography-higesolution mass spectrometry; MTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium brae; MTD, maximum tolerated dose; 7-MEOTA, 7-
methoxytacrine; MTDLs, multi-target directed ligandMWM, Morris water mazel-NMMA, N°©-
monomethyl-L-arginine; NQ, naphthoquinone; nNOSyroaal nitric oxide synthase; NO, nitric oxide; 7-
NI, 7-nitroindozale; NMR, nuclear magnetic resorgnieAMPA, parallel artificial membrane permeation
assay; PAINS, pan assay interference compoundsS, PAripheral anionic site;e,Ppermeability; SAL,
saline; SCOP, scopolamine; Sl, selectivity indeXAT tacrine; ThT, thioflavin T; TLC, thin layer
chromatographyT cAChE; Torpedo californicaacetylcholinesterase; TEA, triethylamine; Trp ptigphan
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Highlights:

e Tacrine-tryptophan hybrids inhibited both cholinesterases in nanomolar concentrations

* Highlighted compound S-K1035 displayed A8, self-aggregation as well as hAChE-induced
AB,, aggregation

e Complex of TcAChE and S-K1035 was elucidated by X-ray crystallography

e Difference in activity between K1035 enantiomers was explored by conducting X-ray
crystallography with hBChE

e Invivo pro-cognitive effect of $-K1035 was confirmed in scopolamine-induced amnesia
model in rats



