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Abstract

Both cholinesterases (AChE and BChE) and kinases$) as GSK-&/3, are associated with the
pathology of Alzheimer's disease. Two scaffoldsgésing AChE (tacrine) and GSKaf
(valmerin) simultaneously, were assembled, usingppeql)-catalysed azide alkyne
cycloaddition (CUAAC), to generate a new seriesnoitifunctional ligands. A series of eight
multi-target directed ligands (MTDLs) was synthesizand evaluatedh vitro and in cell
cultures. Molecular docking studies, together wihité crystal structures of three MTOIAChE
complexes, with three tacrine-valmerin hybrids wkd designing an appropriate linker
containing a 1,2,3-triazole moiety whose incorporatpreserved, and even increased, the
original inhibitory potencies of the two selectdthpmacophores toward the two targets. Most of
the new derivatives exhibited nanomolar affinity bmth targets, and the most potent compound
of the series displayed inhibitory potencies of 8M for human acetylcholinesterase (hAChE)
and 7 nM for GSK-&/B. These novel dual MTDLs may serve as suitablesldad further
development, since, in the micromolar range, thelyibéted low cytotoxicity on a panel of

representative human cell lines including the hunmauroblastoma cell line SH-SY5Y.



Moreover, these tacrine-valmerin hybrids displagedood ability to penetrate the blood-brain

barrier (BBB) without interacting with efflux pumssich as P-gp.

1. Introduction

Alzheimer’s disease (AD), the most common causseafle dementia, is a major public health
concern with devastating social impact. In 2016zh&imer's Disease International, the
worldwide federation of Alzheimer associationsjrmeated that 47 million people were affected
by this type of dementia, and predicted that 13Hliani people will be affected in 2050. Thus,
the economic impact of the disease on future lemgrtcare costs will be enormous. Already in
2018 the cost of treatment of dementia is estim&beteach US$ 1 trillion, rising to US$ 2
trillion by 2030.[1]

AD results from a neurodegenerative process octyim the central nervous system (CNS). It
is clinically characterized by loss of memory ammbmitive impairment, which parallel the
deterioration of cholinergic neurons in the basakbrain with concurrent reduced levels of the
neurotransmitter acetylcholine (ACh). The diseadaistologically characterized by extracellular
deposits of-amyloid peptide (f) and intracellular formation of neurofibrillary ngles
(NFTs).[2, 3] Other hallmarks include oxidative ests, dys-homeostasis of biometals and
calcium, inflammation and loss of synaptic conmawi[4] Current therapeutic options for
treatment of AD mostly aim at restoring physiol@ai@&Ch levels by inhibiting the enzyme
acetylcholinesterase (AChE), which is responsibletifie hydrolysis of ACh. Therefore, three
drugs approved by the Food and Drug administrati€ibA) for the management of AD are
AChE inhibitors (AChEIs), namely donepezil, rivastine and galantamine.[5] However,
treatment with AChEIs is mostly symptomatic, anfiéetive only for AD patients with mild-to-

moderate symptoms, enabling in some cases the gasign of cognitive and functional



impairments to be retarded. Memantine, which isNamethyl-D-aspartate (NMDA) receptor
antagonist, is the latest drug approved for thattnent of the disease.[6] The efficacy of
memantine is similar to that of the AChEIs amontigmés with mild-to-moderate symptoms, but
has been reported to be more useful for treatingemia at more advanced stages of the
disease.[7-9] Yet, all four drugs only provide tergry symptomatic relief, but do not provide a
cure. Despite efforts over the last few decadesboth academic research teams and
pharmaceutical companies, no curative treatmeneheesged yet.[10-12]

An attrition factor in the development of curatigrigs is the fact that the aetiology of AD is
not fully understood. It is recognized, howevegttthe processes resulting in its development
and progression are complex and multifactorial.[IB{is, it is conceivable to hypothesize that a
combination of synergetic strategies targeting Yhdous players involved in the onset and
development of the disease should be more berlefmmm should present a higher rate of
success. The “multifactorial hypothesis” has fugltee so-called multi-target-directed ligand
(MTDL) strategy, which foresees the developmenrd single molecule able to affect several key
targets/pathways.[14-22] Besides the advantagectihga simultaneously on more than one
biological target, MTDLs have the advantages ofighér patient compliance (a parameter of
paramount importance for such neurodegenerativeasgé, lower risk of drug-drug interactions,
and lower costs to perform ADMET studies.[23]

Kinases have been shown to be associated with riigrgssion of AD, and have received
increased attention during the past decade.[24S2Fje members of this family are involved in
the hyperphosphorylation of the tau protein, whielults in the production of intracellular
NFTs. GSK-3 [26] and CDK5 [27] are the two main kinases inwalvn this process, whereas

GSK-3u appears to regulate the production ¢%.[8, 29] Thus, GSK inhibitors may be useful



for treatment of AD, as well as other neurodegdneradiseases.[30, 31] A study identified
novel mechanisms linking GSK-3 with thg Adathology. The inhibition of GSK-3 reversed AD
pathogenesisia lysosomal acidification and reactivation/restamatof the mammalian target of
rapamycin (mMTOR) in a mouse model of AD.[32] Furthere, evidence has been presented that
GSK-3 inhibitors may reduce (APoligomer-induced neuronal toxicity and may promote
neurogenesis vitro andin vivo[33, 34] These various studies indicate that GSiKigbitors

should be further studied as candidates for treattimieAD.[35]

A renewed interest in AChEIs for AD treatment aregeen evidence was presented that, in
addition to AChE inhibition, certain AChEIs may blothe involvement of AChE in mediating
the aggregation and deposition of3 Aeptides.[36-38] Thus, AChE has been reported to
accelerate the formation of neurotoxid3 Aaggregatesvia a mechanism that involves its
peripheral anionic site (PAS).[39] This resultednumerous studies aimed at developing dual
binding site AChEIs interacting with both the cgtal site and the PAS.[21, 40, 41] Moreover,
recent studies have suggested a possible role @EAIn hyperphosphorylated tau (P-Tau)
dysregulation.[42] There is thus also still a gie&rest in developing MTDLs endowed with an
anti-ChE activity.

To combine the beneficial effects of ChE inhibitiand GSK-3 inhibition within a single
molecule, a tacrine scaffold was selected to peowagdtivity toward ChEs (Figure 1). This
selection was also based on the fact that thenagiharmacophore can easily be substituted on
its primary amino group while retaining a satistagtanticholinesterase activity. Consequently,
many tacrine-based MTDLs exhibiting high affinigr fAChE and/or BChE have been reported

in the past decade.[41, 43-45] However, only omnelstdescribing GSK-3/AChE bifunctional



inhibitors has appeared.[46] These MDTLs presemgiod inhibitory activities towards both
enzymes, and alleviated cognitive impairment inrtfeeise model treated with scopolamine.
Amongst the GSK-3 kinase inhibitors developed fopleation to the CNS,[47] we selected
the valmerins (Figure 1), which contain a tetralopgrido[1,2a]isoindolone core[48, 49] linked
to an heteroaryl moiety by a ureido group. The piamophore that interacts with the kinase

active site consists of the isoindolone-urea mdieked to the pyridine ring at its C-2’ position.

| 0
S |
N NJ\N o] N NJJ\N o
H H H H
N
N
| 1C50 GSK-3a/B = 170 nM Il IC50 GSK-3a/B = 22 nM
IC50 CDK5/p25 = 80 nM ICs9 CDK5/p25 = 25 nM

Figure 1. Structures of tacrine, a ChE inhibitor and valmed and I, which display potent

CDKS5 and GSK-8/f inhibition.[49]

Docking studies and SAR studies suggested thatigulmns at the pyridine C4’, C5" and C6’
positions should not adversely affect affinity fther GSK-8/p or CDKS5. Indeed, as seen in
Fig. 1, the presence of a bromine atom on C4’ #gtwmhances inhibitory capacity several
fold.[49] Thus, effective valmerin-tacrine based DS could be obtained using either of these
positions to link the two functional groups. Linlka@f the two pharmacophores could be
advantageously performed using the copper(l)-catalyazide alkyne cycloaddition (CuAAC)
(Figure 2) as an interesting convergent synthetrategy for MTDLs. Furthermore, the
introduction of a 1,2,3-triazole ring within theker connecting the two pharmacophores would

allow formation of favourable hydrogen bond intéi@es within the active-site gorge of



AChE.[50-52] The crystal structure of the compldxnmuse AChE (mAChE) with one of the

most active bifunctional AChElsnti-TZ2-PA6 (PDB 1Q84), which contains a triazole ring
attached to a tacrine moiety through a two-carbokel, revealed additional hydrogen bonds
between the triazole moiety and well identifiedistass.[50] Taking these different factors into
consideration, we designed a series of MTDLs basetthe skeleton depicted in Figure 2. These
hybrids present a single chiral centre on the hgteoisoindolone moiety. Since this moiety
could potentially interact with both of the targétenzymes, for the most promising candidate

MTDLs, each enantiomer was synthesized and evaluatiependently.
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Figure 2. Design strategy of proposed MTDLs targeting lokiiEs and GSK-3 kinases.

2. Results and discussion

2.1Design and docking studies



Before investing synthetic efforts in the prepamatiof a large number of MTDLs, we
performed modelling studies to determine the ogtieragth and chemical characteristics of the
linker connecting the two pharmacophores. Theseeftind studies took as a starting point the
crystal structure of thanti-TZ2-PA6 complex with mAChE that was referred twmwad (PDB
1Q84) [50]. The active-site gorge of AChE is knoterdisplay some conformational flexibility.
Binding of bifunctional ligands can induce someesahain rotationse.g, of Trp286, and
movement of the protein backbone at the PAS andinvthe region of the gorge between the
PAS and the catalytic site.[50, 53-55] Taking imimcount this flexibility, we modelled eight
MTDLs containing different linkers between the to& and the valmerin pyridine ring by
varying the length (0-3 methylene units) and thencical nature of the linker (a simple alkyl
chain or a chain containing an oxygen atom or #atgr amine). The docking studies were
performed with both enantiomers of the tetrahydrmoysoindolone moiety, and the linker was
attached to the pyridine C-4’ atom since it hadnbearlier reported that this position allows
substitution without altering the binding activitpr the targeted kinases.[56] The binding
energies for AChE of these MTDLs, as calculatedubg of Autodock Vina,[57] are listed in
Table 1. Low binding energies, below -15.0 kcal/maére obtained for both enantiomers of all
the tested compounds, except for the S enantiofgy which displayeda higher value, -12.8
kcal/mol. All docking poses showed a productivefoamation of the tetrahydroacridine scaffold
within the active site of AChE (Figure 3), with aptimal doubler-r stacking interaction with
Trp86 and Tyr337, and formation of a hydrogen benth the backbone carbonyl group of
His447. Furthermore, it superimposed very well witiat of anti-TZ2-PA6 (see additional

docking poses in supporting information). Moreouge lower binding energy predicted @y



relative to3, could be explained by an additionatt stacking interaction observed between

Trp286 and the valmerin pyridine ring.

Table 1 Stabilization energies calculated for MTDLs8.
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Linker Binding energy (kcal/mol)
Entry Compound position X n n’ _ _
on R enantiomer Senantiomer
pyridine

1 1 4 CH; 1 1 -14.9 -12.8
2 2 4 @] 1 1 -15.2 -15.2
3 3 4 N-Me 1 1 -14.3 -14.7
4 4 4 CH, 1 0 -14.6 -14.9
5 5 4 CH; 0 0 -15.8 -15.6
6 6 4 (] 0 0 -16.6 -16.8
7 7 5 7] 0 0 -16.0 -16.2
8 8 6’ (] 0 0 -16.3 -16.6
9 anti-TZ2-PA6 - - -

Figure 3. Molecular docking into hAChE ofR})-2 (left panel), R)-3 (centre panel) andR}-6

(right panel).



In addition, as reported for the crystal structafethe anti-TZ2PA6/mAChE complex,
molecular docking revealed potential hydrogen bobdsveen the 1,2,3-triazole moiety and
Tyrl24 and Tyr337. The lowest stabilization enesgieere obtained for the two enantiomers of
6. This could be explained by an additiomat stacking interaction of the triazole with Tyr341.
These low stabilization energies could also bearpl by hydrogen bonds formed between the
C=0 of the urea moiety of the valmerins and Tyr28&] between the backbone carbonyl group
of Tyr341 and the NH of the urea. In addition, wedelled MTDLs 7 and 8 substituted
respectively at positions C5’ and C6’ on the pyraring of the valmerins. This docking study

also showed promising binding affinity for AChE.

As a further step, MTLD4-8 were docked into the crystal structure of GSK{BDB code
5K5N).[58] The lowest binding energy, -10.6 kcallmeas obtained for th& enantiomer ob
(Figure 4). In the docked structure, the tetrahpgrimoisoindole scaffold points toward the
hinge region, forming a hydrogen bond between V&ala8d the C=0 of the isoindolone.[56] In
addition, a hydrogen bond between Lys183 and tiéalde3, and a catiome interaction between
Lys183 and the pyridine ring, were observed. A®real in our earlier SAR studies,[48, 56, 59]
better binding was predicted for compounds whaskeli is attached to C4’ of the pyridine ring.
Indeed, docking poses showed that the tacrine dddaié oriented towards the solvent, thus
minimizing interaction with the kinase. Moreovéretprincipaldocking pose seen férrevealed

a T-shaped interaction between the tacrine scafiottiTyr140.
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Figure 4. Docking of §)-6 into GSK-3.

To validate these molecular modelling studies, weided to synthesize the MTDIZs 3, 4,
5, 6, 7and 8 as racemic mixtures, as well as both enantiomér§, an order to determine
experimentally their inhibitory activities on ChEsd selected kinases. Since docking of
compoundl presenting higher binding energies, especiallytierS enantiomer, we focused our
synthetic efforts on molecules presenting bindimgrgies lower than -14 kcal/mol for both

enantiomers.

2.2Chemistry

First, the tetrahydroacridine scaffdld, bearing a clickable azide moietyas prepared from
the commercially available 2-aminobenzoic addand cyclohexanonelO (Scheme 1).
Compound14 was thus obtained in four steps, with an overadlldyiof 18%. The detailed

procedures for synthesis b4 are descried in Supporting Information.
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Scheme 1.Reagents and conditions. (i) PQEL10.0 equiv), 0 °C, then 12 h reflux, 52%; (ii)
ethanolamine (3.0 equiv), 18 h reflux, 76%; (iipSl, (21.0 equiv), 45 min reflux, 75%; (iv)

NaN; (4.0 equiv), DMF, 80 °C, 24 h, 61%.

The synthesis of the pyridine moietie@and23 (Scheme 2) started with esterification of the
commercially available 4-(hydroxymethyl)picolinicid 15 to give the corresponding methyl
ester16 in 89% yield. Preparation of compourdld involved treatment ofl6 with sodium
hydride at 0 °C in DMF followed by the addition mfopargyl bromide, givind.7 in 72% yield.
Treatment with an excess of hydrazine in metharolegthe acyl hydrazind8 in near
guantitative yield. Finally, the acyl azid® was synthesized using sodium nitrite in aqueous 12
N HCI at 0 °C in 88% yield. In conclusion, acyl @il9 was obtained in four steps frof

(hydroxymethyl)picolinic acid5in a 55% overall yield.

The first step in the preparation of compo@3dnvolved the conversion of alcohdb to the
corresponding chlorid0, followed by the nucleophilic substitution with-methylpropargyl
amine in the presence of potassium carbonate limxme§) acetonitrile, to give compourl in
74% vyield. The following step involved conversidnnoethyl este21 to the corresponding acyl
azide 23. In conclusion, derivative 23 was obtained in five steps from4-

(hydroxymethyl)picolinic acid 5, in a 50% overall yield.

12
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Scheme 2Reagents and conditions. (i) SQ@.0 equiv), MeOH, reflux, 48 h, 89%; (ii) NaH

(2.0 equiv), propargyl bromide (80% in toluene)0(2guiv), DMF, O °C to rt, 18 h, 72%; (iii)

hydrazine monohydrate (7.0 equiv), MeOH, 45 min98% for 18 and 22; (iv) NaNG, (2.0

equiv), 12 N aqueous HCI, 0 °C, 2 h, 88% (18 and 83% (for23); (v) Mesyl chloride (1.5

equiv), EsN (2.0 equiv), CHCI,, 0 °C, then 24 h reflux, 92%; (W-methylpropargylamine (1.5

equiv), KCO; (2.0 equiv), CHCN, 24 h reflux, 74%.

Curtius rearrangement between acyl azitleand23 and tetrahydropyrido[2,&}isoindolone

(¥)-24[60] in refluxing 1,4-dioxane led to the desired uregs2b and (x)26 in 74% and 91%

yield, respectively. Finally, CuAAC reaction with4 using copper sulfate (0.3 equiv) and

sodium ascorbate (0.6 equiv) in DMF for 48 h pral¢t)2 and (£)3 in 65% and 72% yield,

respectively(Scheme 3).
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N
19 (X = 0) ()25 (X = O) )2 (X = 0)
23 (X = NMe) ()26 (X = NMe) (#)-3 (X = NMe)

Scheme 3Reagents and conditions. (i) (2% (1.0 equiv), 1,4-dioxane, reflux, 24 h, 74% (for
(¥)-25) and 91% (for (£)26); (ii) 14 (1 equiv), CuSQ5H,0 (0.3 equiv), sodium ascorbate (0.6

equiv), DMF, 48 h rt, 65% (for (£, 72% (for (+)3).

We subsequently decided to synthesize several #atgmof2 in orderto determine their
structural contributions (especially those of therine and triazole scaffolds) to the inhibition of

the kinases (Figure 5). Thua/, 28A-C and29were also prepared as described below.
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Figure 5. Structures of isoindolone and tacrine-based feagmof2 that weresynthesized.

The first step in the synthesis of (2)- involved the CUuAAC reaction between
trimethylsilylmethyl azide and compoundd to furnish30in 74% yield (Scheme 4). Treatment
with TBAF yielded theN-methyl triazole31 in 76% yield. The following step was formation of
the acyl azid&3 from the methyl este81 via a similar route to that previously described Zpr
giving 33 in 24% overall yield. Then, Curtius rearrangemebetween 33 and
tetrahydropyrido[2,1a]isoindolone, ()24, resulted in the desired product @J- Thus, ()27

was synthesized in five steps frdiiin 3% overall yield.
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Scheme 4Reagents and conditions. (i) trimethylsilylmetlayide (1.1 equiv), CuS&H,0O
(0.3 equiv), sodium ascorbate (0.6 equiv), DMF h24t, 74%; (ii) TBAF (1.0 M in THF) (2.0
equiv), THF, 0 °C, then 24 h rt, 76%; (iii) hydragimonohydrate (7.0 equiv), MeOH, 45 min,
rt, 99%; (iv) NaNQ (2.0 equiv), 12 N aqueous HCI, 2 h, 0 °C, 25%;(f#}24 (1.0 equiv), 1,4-

dioxane, 24 h, reflux, 25%.

The syntheses of isoindolone-based fragm28&-C involved the CuAAC reaction between
alkyne (x)25 and azide84A,[61] 34B and34C. The latter were prepared from 3-phenylpropan-
1-ol, 4-aminopyridine and 4,7-dichloroquinoline,spectively (see supporting information).
Using 0.3 equiv of CuSf£and 0.6 equiv of sodium ascorba28A-C were obtained in 99, 41

and 47% yields, respectively (Scheme 5).
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Scheme 5Reagents and conditions. 83A-C (1.0 equiv), CuS@5H,0 (0.3 equiv), sodium

ascorbate (0.6 equiv), DMF, 48 h, rt, 99% (for 2BA), 41% (for (x)28B), 47% (for (x)28C).

Finally, the tacrine-based fragme2fd was synthesized frorh4 as shown in Scheme 6. The
CUuAAC reaction betwee4 and trimethylsilylacetylene, followed by treatmewith tetran-

butylammonium fluoride, gav&9 in two steps in 50% overall yield.

35 (R=TMS
([ e

29 (R = H)

Scheme 6Reagents and conditions. (i) trimethylsilylacetdg1.5 equiv), CuS£bH,O (0.3
equiv), sodium ascorbate (0.6 equiv), DMF, 3 h98%; (ii) TBAF (1.0 M in THF) (2.0 equiv),

THF, 3 h, reflux, 50%.

We then prepared the precursor alkynes4(&gnd (+)48 for synthesis of the MTDLs (-

and ()6, respectively(Scheme 7). Oxidation of the primary alcohdlé and 37 to the

17



corresponding aldehyd@8 and40 was performed using 2-iodoxybenzoic acid (IBXyefluxed
EtOAc in a near quantitative yield. Unfortunatebl] attempts to prepare aldehy@® by
oxidation of alcohoBB6 failed. Oxidation using IBX, Dess-Martin periodimg PCC or Swern
conditions led only to degradation, probably du¢hi low stability 0f39. We were thus unable
to synthesis the bifunctional ligarlsl Alcohols 36 and 37 were prepared in five steps from
commercially available 4-pyridineethanol and 4-giyrepropanol, respectively (see Supporting
Information). Then, Seyferth-Gilbert homologatiomsvcarried out using 1.5 equivalent of the
Ohira-Bestmann reagent to give the desired alkyfitsand 42 in 36% and 48% yield,
respectively. Conversion dfl and42 to the corresponding acyl azidésand46 was performed
in two steps in 63% and 82% yields, respectivetydascribed earlier fat9 and21. Finally,
Curtius rearrangement between acyl aziteand46 and(+)-24 gave (+)47 and (+)48in 92%

and 40% yields, respectively.

(o
n
\ ‘ X o)
R Nid N)LN o)
HoH
N
16 (n = 0) 38 (n=0) 41 (R =OMe, n=0) (2)-47 (n = 0)
36 (n = 1) 39 (n=1) 42 (R=0OMe. n=2) (2)-48 (n = 2)

= - ii
37(n=2) 40 (n=2) | 43R=NHNH, n=0)

R =NHNH, n=2)

R=N3’n=0)
R=Ns n=2)

44 (
L, 45(
46 (
Scheme 7Reagents and conditions. (i) IBX (3.0 equiv), EE)A h reflux for38, and 12 h
for 40, 99%; (ii) Ohira-Bestmann reagent (1.5 equiv)CRs (2.0 equiv), MeOH, rt, 36% (for
41), 48% (for42); (iii) hydrazine monohydrate (7.0 equiv), MeOHp #in, rt, 99%; (iv) NaN®@
(2.0 equiv), 12 N aqueous HCI, 2 h, 0 °C, 64% 4By, 83% (for46); (v) (¥)-24 (1.0 equiv)1,4-

dioxane, 24 h, reflux, 92% (for (#7), 40% (for (+)48).
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The final step in accessing the MTDLs @)and (+)6 consisted of a CUAAC reaction
between azidé4 andalkynes()-47 and(+)-48 (Scheme 8). Following this procedure, @and

(x)-6 were obtained in 19% and 18% vyields, respectively.

Q
( =Z =N M nh N
NH
|\n 9 N=N 7
— f N %
NN j A

H H
(£)-47 (n = 0) S (£)-6 (n=0)
(+)-48 (n=2) 7 ()4 (n=2)

Scheme 8.Reagents and conditions. % (1.0 equiv), CuS@5H,O (0.3 equiv), sodium

ascorbate (0.6 equiv), DMF, 48 h, rt, 18% for G@nd 19% for (4.

The syntheses of single enantiomers @fstarted with the enantioseparation of both
enantiomers of (24 by supercritical fluid chromatography (SFC) (sclee®) (see Supporting
Information). The absolute stereochemistry Bj-24 was determined by single crystal X-ray
diffraction after crystallization by vapour diffusi (CHCl/pentane) (see Supporting
Information). Then, Curtius rearrangement betweacheenantiomer o024 and acyl azidet5
gave the corresponding optically pure ure&d-47 and §-47 in 73% and 76% Yyield,
respectively. The final step consisted of a CuA&Gction between azidet and alkyne )-47
and §-47 to furnish(R)-6 and §)-6 in 56% and 45% yield, respectively. The higherdsein
the CuAAC reaction achieved in the synthesis of plnee enantiomers with respect to the
racemic mixtures suggests that the poor yieldsiddafor synthesis of (z-and (x)6 could be

improved.
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2s e ()28 — (1547 — s (1(5)6
+)-

Scheme 9Reagents and conditions. (i) Separation of enargie by SFC; (ii}5 (1.0 equiv),
1,4-dioxane, 24 h reflux, 73% for (447, 76% for (+)-§-47; (i) 14 (1.0 equiv),
CuSQ.5H,0 (0.3 equiv), sodium ascorbate (0.6 equiv), DM& h4 rt, 56% for (-)4R)-6, 45%

for (+)-(9-6.

Subsequently, we prepared both regioisomers of MT®Dkubstituted at position C-5’
(Schemes 10 and 11). The syntheses started witim@g&shira cross-coupling reaction between
the commercially available bromomethyl picolinaté8,and50, and ethynyltrimethylsilane, to
furnish alkynes1 and52 in 97% and 96% vyield, respectively. Deprotectibrtihe alkynes was
performed with potassium fluoride to give compourBsand 54 in 77% and 82% vyield,
respectively. The conversion of estéBand54 to the corresponding acyl azidé§,and58, was
performed as previously described, in two step958# and 90% overall yields, respectively.
Finally, Curtius rearrangement between acyl azieand58 and(+)-24 gave ()59 and ()60
in 65% and 50% vyield, respectively. To summarizeas (+)59 and (+)60 were prepared in
five steps from methyl picolinate® and50in 46% and 35% overall yield, respectively. The las
step consisted of the CUAAC reaction between ak#tland alkynes (xp9 and (+)60 to give

the MTDLs ()7 and ()8 in 81% and 94% yield, respectively (Scheme 11).

20



4

4
5 X3 .
B o : R——=1 v =Ty 9
SN A — AN

s "N~ "N "N 0
0 o H H N
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Scheme 10Reagents and conditions. (i) Ethynyltrimethylsdg3.0 equiv), Cul (0.1 equiv),
PACh(PPh), (0.05 equiv), BN/THF (1:1, v/v), 5 h, 60 °C, 97% f&1, 96% for52; (i) KF (3.0
equiv), MeOH/CHCI, (1:1, v/v), 12 h, rt, 77% fdb3, 82% for54; (iii) hydrazine monohydrate
(7.0 equiv), MeOH, 45 min, rt, 99%; (iv) NaN@2.0 equiv), 12 N aqueous HCI, 2 h 0 °C, 96%

for 57, 91% for58; (v) (£)-24 (1.0 equiv), 1,4-dioxane, reflux for 24 h, 65% {aj-59, 50% for

5 0] N
= i H NN H
6 N H H o i , \/\N/\\ 6| A \n/ o
N Nx Il\l:N 5' = O
(%)-59 (C-5)

(£)-60 (C-6) R

(+)-60.

Scheme 11(i) 14 (1.0 equiv), CuS®@5H,0 (0.3 equiv), sodium ascorbate (0.6 equiv), DMF,
48 h rt, 81% for (x)7, 94% for ()8.

2.3In vitro Assays

The newly synthesized MTDLst)-2-4, (+)-6-8, (R)-6 and (S)6, were evaluated for their

inhibitory potency on kinases GSK¢B and CKD5/p25, and on human AChE (hAChE) and
human BChE (hBChE) (Table 2).
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Table 2. Inhibition of ChEs and kinases by MTDLs (2}4, (+)-6-8, (R)-6 and §)-6.

hBChE

Entry Compound  hAChE (nM) (nM)? sP ﬁfgfalﬁ (C;]DM|§§ /P25
1 (%)-2 20.8+0.9 169+ 6 8.1 10 300

2 (2)-3 58.6 +3.1 206 +7 35 10 310

3 (1)-4 23.6+2.3 65.7+35 2.8 21 800

4 (£)-6 11.4+1.7 301+14 26 16 800

5 (R)-6 9.5+0.4 395+27 415 7 500

6 (S)6 13.7+1.0 254 £ 18 18.5 19 1100

7 (2)-7 0.8+0.1 185 + 47 227 >10 000 >10 000
8 (1)-8 133+6 21.1+16 0.16 4200 3100

9 Tacrine 424 + 21 335+10 0.08 >10 000 >10 000
10 Valmerin | - - > 170 80

11 Valmerin Il - - - 22 25

#Recombinant human AChE and BChE from human serura usedValues are expressed as
the meant SEM of two independent experiments each perforimédplicate.” Selectivity Index
SI: ICso (hBChE)/IGo (hAChE). “All data points for construction of dose-response/es were
recorded in triplicate. Typically, the standard id&en of single data points was below 10%.

In addition, the inhibitory activity, expressedl&g, values, toward GSKe3p and CKD5/p25
of all isoindolone-based fragments, i.e.,-8B-27, (x)-28A-C, (1)-47, (R)-47, (9)-47, (+)-48,
(¥)-59 and &)-60 and of the tacrine-based fragm@®& were determined and are displayed in

Table 3.
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Table 3. Kinase inhibition by isoindolone-based and tasfrased fragments.

ICs0 (NM)?
Entry Compound GSKdp CDK5/p25
1 (+)-25 60 150
2 (x)-26 11 90
3 (¥)-27 25 250
4 (1)-28A 8 260
5 (+)-28B 30 200
6 (¥)-28C >10 000 240
7 29 >10 000 >10 000
8 (¥)-47 41 68
9 (R)-47 33 18
10 (S)y47 90 50
11 (1)-48 15 70
12 (#)-59 >10 000 >10 000
13 (1)-60 300 80
14 Valmerin | 170 80
15 Valmerin Il 22 25

8All data points for construction of dose-responseves
were recorded in triplicate. Typically, the stardideviation
of single data points was below 10%.
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The most active inhibitor (xJ- showed very high inhibitory potency in the subrmaotar
range (IGo = 815 pM). However, all the other assayed hybwndse active against hAChE in the
nanomolar range (Table 2). In detail, the hybrigkZ4was 2.8-fold more potent than (3)-
probably due to better interaction of the pyridmmeg with Trp286 at the PAS of AChE. In
addition, as predicted by docking studies, the tehdhe linker between triazole and pyridine
ring is, the better the inhibitory potency. Fortarece, compound (#)-was 2-fold more potent
than compound (+% 1.8-fold more potent than compound @tgpnd 5-fold more potent than
compound (+)3. Regarding the enantiomers of hyb6idhe enantiomerR)-6 was only 1.5-fold
more potent than the enantiom&)-6. All MTDLSs, except ()8, showed selectivity of one order
of magnitude toward hAChE relative to hBChE, exdepttompound (£)#, which was 227-fold
more potent on hAChE. Conversely. @pgcted as a BChE selective inhibitor. Among all the
hybrids, compound (£ showed the highest potency and selectivity towdBGhE with an 1G
value of 21.1 nM and a selectivity index relatieenAChE of 6.3. As has been reported, BChE
inhibition could also be of benefit for AD patiené2]

Interestingly, compounds (8- (2)-3, (x)-4 and ()6 showed inhibitory activity in the
nanomolar range toward GSKeB3 (Table 2). As reported in previous studies, thiesstution
of the linker on pyridine position C-4' proved t@ lthe most suitable to preserve a strong
inhibitory activity toward GSK-3ua/B. In detail, compound (- was 625-fold and 262-fold
more potent than compounds (&gnd (+)8, whose linkers are attached on pyridine positions
5" and 6’, respectively. Conversely to the parestimerins (Figure 1), all new hybrids showed
low inhibitory potency toward CDKS5 kinases, andglauselectivity for GSK-8/3 (Table 2). As

far as the influence of the absolute configuratbthe stereocentre of the isoindolone scaffold is
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concerned, R)-6 exhibited a GSK-3 kinase inhibition potency ~3dfdhigher than the§-
enantiomer. This relatively small difference indesa that the shape differences of the
isoindolone scaffold related to its stereocentisobllie configuration have a limited effect.
Determination of the inhibitory activity of the isololone-based and tacrine-based fragments
(Table 3) provided additional information for theARS study, especially regarding the
contribution of the tacrine and triazole moietieskinase inhibition. Indeed, the racemic hybrid
(x)-2 was 6-fold more potent than its precursor Z5)-indicating that the triazole or/and tacrine
scaffolds contributed to the kinase inhibition. §klifference of potency was not observed for
compound ()3, or for its precursor (£26, probably due to an additional interaction of Ne
Me group within the GSK-3 active site. Addition thfe triazole ring allowed a good GSK-3
binding mode. For instance, hybrid (Z); containing a triazole ring, was 2.4-fold better
inhibitor than (£)25. In contrast, depletion of the isoindolone scaffauch as in compouri9,
led to a complete loss of activity toward GSK-35C 10 puM). These results suggested an
unexpected synergistic effect of the triazole asaindolone scaffolds in GSK-3 inhibition. The
addition of a hydrophobic moiety led to an increas#he inhibitory potency of the isoindolone.
In comparison with compound (£, the isoindolone-based fragment @§A was a 3-fold
more potent GSK-3 inhibitor. In contrast, the aidditof more polar substituents (e.g., 4-
aminopyridine and 4-aminoquinoline) decreased thdihg affinity toward GSK-3 kinase (up to
1250-fold lower potency)in vitro results confirmed the importance of the triazaiekinase
inhibition. Indeed, $-6 and R)-6 were up to 4.7-fold more potent than their preoigs®-47
and R)-47, respectively. Finally, as expected, substitutiopagition 5 or 6 on the pyridine ring
had a deleterious effect for the inhibition of GSKdnase. Only the isoindolone-based fragment

(R)-47 showed inhibition potency toward CDK5 in the namben range (IG = 18 nM). In
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conclusion, the hybridR)-6 showed the most promising MTDL profile for the iioition of
hAChE and GSK-8/p with potencies in the nanomolar range for bothyeres (e.g., 16 = 9.5
nM for hAChE and 7 nM for GSK-&/). These results also highlighted the synergidtece of
the triazole and isoindolone scaffolds in the itiob of GSK-3/p3.

The selectivity of (£)6 (10 pM) was also evaluated on a panel of 468 kmgBéscoverx,
Kinomescah"). The results showed that (&)displayed poor selectivity, with several kinases
are targeted (see supporting information). At tiaacentration (10 uM), (#-displayed weak

inhibition of GSK-3 (17%), whereas total inhibition of GSKx3vas observed.

2.4 Cell-basedassays: Cytotoxicity and Brain Penetration

The cytotoxicity of these new MTDL hybrids was ewatked against a panel of representative
human cell lines including HuH7 (liver), Caco2 @o), MDA-MB231 (breast), HCT-116
(colon), PC3 (prostate), NCIH727 (lung), HaCaT i$kiThe concentrations that produce 50%
inhibition of cell growth are reported in TablelAterestingly, the new hybrids were significantly
less cytotoxic, whereas the tacrine fragment aédebited 1G, values in the micromolar range,
and the isoindolone fragments alone in the nanamalage, thus both being quite toxic. In
general, £)-2-4, (3)-6-8, (R)-6 and (S)6 assembling the two fragmenigere, on the contrary
weakly cytotoxic, with 1Gy values in the micromolar range regardless of #lelioe. Hybrids
(¥)-7 and ()-8 presented the lowest cytotoxicity, with a doubigitdmicromolar 1G, range
(higher than 25 uM fo(t)-7), while compound+)-4 showed slightly higher cytotoxicity, with

ICsp values of 1.2 0.4 uM for colon HCT 116 cell lines.
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Table 4: Cytotoxicity of MTDLs on human cell lines

ICs0 (M) on Human cell linés

MDA- NCI-

Entry MTDL HuH7 Caco2 MB231 HCT-116 PC3 H727 HaCaT
1 (2)-2 4.0+ 0.4 20+ 3 4.0+ 0.4 4.0+ 0.4 7.0£0.1 9+ 2 4.0+ 0.4
2 (+)-3 2.0+0.3 9.0+ 0.3 2.0+ 0.1 2.0£0.1 3.0:£03 4.0£t0.6 2.0+0.1
3 (2)-4 2.9+ 0.4 4.8+ 0.6 2.0£0.1 1.1+ 0.4 1.6£01 6315 1.9+0.2
4 (+)-6 3.0+ 0.9 3.0£0.6 2.0+ 0.1 3.0:£0.5 5+ 1 2.0+0.3 5.0+0.2
5 (R)-6 3.5+0.3 8+ 1 2.0+0.2 22¢0.1  3.0£03 50+0.9 -b
6 (S)y6 2.6+0.5 10+ 1 4.0+0.3 2.7£0.1 6.060.9  7.0+0.8 -b
7 ()-7 >25 >25 >25 >25 >25 >25 b.

8 ()-8 18+ 7 24+ 3 17+ 1 17+ 2 27+ 3 >25 P

2 Values are expressed as the mean of triplie&t®e. Reference compound used (not shown) was rosaevithot determined.
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Then, the ability of compoundg)-2, (2)-3 and(£)-6 to decrease the viability of neuroblastoma
cells SHSY5Y after incubation for 24 h and 72 h whermined as a function of drug
concentrations of 0.1-100 uM. After 24 h, reductiorcell viability of SHSY5Y was observed
for all selected compounds. At the highest testedcentration (100 uM) cell viability was
decreased about 50% relative to untreated celleer A2 h, SHSY5Y cells showed a higher
sensitivity to the compounds (Figure 6) and it \wassible to determine the concentrations that
induced 50% cell death (& uM). The 1G, values of compound&)-2, (x)-3 and (x)-6 were

22+2, 252 and 132 uM, respectively.

In order to exclude any cytotoxic effect of the gmunds on MDCK-MDR1 cells during the
permeability experiments, we performed the MTT pssaMDCK-MDR1 cells after incubation
with compounds for 2 h at 75 pM. None of the commzuaffected the cell viability of the cells

under the conditions described above (data not show

100

80+ B »-2

601

404

% Cell Viability

201

24 h 72 h
[Conc. 100uM of Drug]

Figure 6. Percentage of cell viability of SHSY5Y neurobtast cells after 24 h and 72 h of co-
incubation with compounds at a concentration of 100
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Table 5: Bidirectional Transport across MDCKII-MDR1 Cell§ Gompoundg+)-2, (+)-3 and
(£)-6

Compound  RAP (x10°cm/sec) R,BL (x10°cm/sec) ER

(¥)-2 1.35+0.21 2.08+£0.18 1.54
(#)-3 1.01 +0.30 0.84+0.16 0.83
(¥)-6 1.11+0.25 1.68+£0.11 1.51
Diazepam 2.02+£0.15 1.43+0.21 0.70
FD4 0.69 +0.10 0.64 +0.16 0.93

@ Efflux ratio (ER) was calculated using the follogi equation: ER =
PapBL/PapAP. An efflux ratio greater than 2 indicates tha test compound
is likely to be a substrate for P-gp transport.

The MDCK-MDR1 cell line expressing P-gp represemtwell-established model to mimic the
BBB.[63] According to a protocol previously des&th[64] we determined the Apical (AP) to
Basolateral (BL) R.pAP) and the Basolateral to ApicaP(BL) permeabilities of sample
compounds and of the markers of transcellular ardqgellular pathways (Diazepam and FD4,
respectively). The results reported in Table 5 sftbthhat compoundg)-2, (£)-3 and(x)-6 have
high permeability values, comparable to that ozdmam. Since they have an efflux ratio less

than 2, they cannot be considered substrates . P-

2.5Crystal structures of MTDL/ TCAChE complexes

To obtain structural insight into the mode of imaigion of these novel MTDLs with AChE,
crystal structures of the complexes 8-, (R)-3, and §-6 with Torpedo californicaAChE
(TCAChE) were obtained. The crystalline complexes wan&ined by soaking th&AChE

crystals for 12 h in mother liquor solution contagnl mM compound. Soaking of other MTDLs
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did not yield crystals that diffracted satisfacypriData collection and processing, and structure

refinement, are described under Experimental seetnal in Supporting Information.

In the following text and in the accompanying figsy residue numbering will be that for
TCAChE, but for further clarity and to ensure compderarity with the molecular docking
section,mMAChE numbering will be shown in brackets. All thieaibitors for which crystalline
complexes were obtained are tacrine-based, and¢hee moiety bound as previously observed
for tacrine itself. Thus, in all three crystal stiwres, the tacrine moiety is stacked between Trp84
(Trp86) and Phe330 (Tyr337) (Figure 7). It is aistonded to the carbonyl of His440 (His447),
and fits into the hydrophobic groove of the actsite;, which is composed of Trp432 (Trp439),
Phe330 (Tyr337), lle439 (Pro446), and Tyr442 (T¥44n all 3 complexes, the triazole ring is
in the narrowest region of the gorge, interactiny perpendiculatt-stacking interactions with

Phe330 (Tyr337) and Tyrl21 (Tyrl24).

Here, two complex crystal structures illustrate thieding mode of compounds with an
identical linker length (3 atoms), but with diffeatechemical compositions: a single oxygen atom
in 2 (PDB code 6H12) and a&Me group in3 (PDB code 6H13). These two compounds present
identical binding modes, with the pyridine ring tfe valmerin engaged in &stacking
interaction with Trp279 (Trp286) of the PAS (FigsiréA and 7B). However, there is a 2-fold
difference in the inhibition potency of these compds, with2 binding more stronglyTable 2).
The Protein-Ligand Interaction Profiler (plip) sery65] which identifies non-covalent
interactions between ligands and proteins, was tsdohely compare the binding modes 2f
and 3. Two perpendicular-stacking interactions were observed betw2eand Trp 279 (Trp
286), but only one is present f@& The linker of2, which contains an oxygen atom, seems to

afford more flexibility, thus permitting enhanceatdraction between the pyridine ring of the
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valmerin and Trp279 (Trp286). This is the only stunal difference that could be accounted for
in the crystal structures GFcAChE in complex with2 and 3, and thus could be considered
responsible for the higher affinity @for AChE. In neither of these two crystal strueturs any
interaction observed between the protein and theahygdropyridoisoindolone core of the

valmerin.

The third crystal structure presented here is thmptex of 6 with TCAChE (PDB code
6H14). Unlike in compound8 and3, there is no linker between the two pharmacophiésle
the tacrine moiety o6 binds like tacrine itself, and like the tacrineiety in both2 and3, the
absence of a linker induces a slight reorientabbithe triazole ring in the active-site gorge;
furthermore, the side-chain of Tyr334 moves cldedhe triazole ring, so that its phenol ring is
perpendicularlyt-stacked against it (Figure 7C). The pyridine raigyalmerin does not interact
with the PAS, but lies more deeply in the enzymégracting in an hydrophobic region of the
gorge, specifically with residues Phe290 (Phe2@d)Rhe331 (Phe338), while its nitrogen atom
is H-bonded to the main-chain nitrogen of Phe288&295). The higher affinity a& for AChE,
as compared ta and3, may be attibuted to these additional interactiémshis crystal structure,
two conformations are observed for the tetrahydrdpijsoindolonecore of the valmerin. While
one of these conformations involves a symmetrytedlaopy of the enzyme, and is thus most
probably not biologically relevant, the second confation reveals a-stacking interaction
between the conjugated ring of the tetrahydropysmiadoloneand Trp279 (Trp286), as well as
hydrophobic interactions with both Trp279 (Trp2&6)d Leu282 (Leu289) (Figure 7C). The
enhanced inhibitory potency 6f which is devoided of a linker, when compare@ #nd3, most
probably results from a larger number of interawtidetween the valmerin moiety and the

protein. Finally, the position of the linker on tpgridine ring seems to influence the inhibitory
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capacity for AChE of these MTLDs. While fd& substitution is at position 4, substitution at
positions 5 (compound) and 6 (compound) increases AChE inhibition ~10-fold, and
decreases it ~11.6-fold, respectively. Althoughcngstal structures could be obtained Toor 8,

these results suggest that the position of thesfirgkibstitution on the pyridine ring affects the

capacity of the tetrahydropyridoisoindolone moitynteract with the PAS.

/80N O3

|\ Ny

Figure 7. Crystal structures of complexes BEAChE with compoundR)-2 (left-hand panel)
(PDB code 6H12), compour(&)-3 (centre panel) (PDB code 6H13) and compo{8)¢b (right-
hand panel) (PDB code 6H14). The protein main cisitisplayed in cartoon mode, with key
residues involved in binding the ligand depictedgesy sticks. Parallel and perpendicuiar
stacking interactions are shown as green and lilasked lines, respectively. A hydrogen bond
in the right-hand panel is represented as red.lifiespresented as sticks, an aromatic residue is

in hydrophobic interaction with the compound.

3. Conclusions

Based on rational design, backed by molecular daoclstudies performed on AChE and
GSK-33, we synthesized a series of eight new hybrid MTDdustaining tacrine and isoindolone

scaffolds, making use of the CuAAC reaction to lthie two moieties. Amongst these novel
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MTDLs, compound R)-6 showed the most promising vitro potencies, inhibiting both human
AChE and GSK-8/B in the nanomolar range (9.5 and 7 nM, respectivalge crystal structures
of TCAChE complexed withK)-2, (R)-3 and -6 revealed how the linker can modify the
affinity of the compound for its target, and howve tplasticity of the active-site gorge permits
accommodation of such MTDL$he SAR study also revealed the anticipated impogaf the
triazole moiety in the inhibition of AChE, as welk its unanticipated involvement in the
inhibition of GSK-31/B3. Relative to their isoindolone- and tacrine-basexyrnents, all these
MTDLs displayed weak cytotoxicity toward a panelcedl lines, including the liver HUH7 cell
line, thus predicting low hepatotoxicity for thigrees of MTDLs that target two enzymes
associated with AD, namely human AChE and GS#J33 Moreover, bidirectional transport
studies on MDCKII-MDR1 model showed good BBB peattm of these MTDLs without

interaction with the P-gp efflux system.
4. Experimental section
4.1 Chemistry

4.1.1 General
Solvents were purified by a dry solvent station BS-800 (MBraun) immediately prior to
use. Triethylamine was distilled from Cakind stored over BaO or KOH. All reagents were
obtained from commercial suppliers (Sigma Aldrigkcros, TCI) unless otherwise stated.
Column chromatography purifications were perforrmadsilica gel (40-63m) from Macherey-
Nagel. Thin-layer chromatography (TLC) was carrmtt on Merck DC Kieselgel 60 F-254
aluminium sheets. Compounds were visualized by tdddiation and/or spraying with a solution

of potassium permanganate, followed by charring5 °C.*H and **C NMR spectra were
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recorded with a Bruker DPX 300 spectrometer (Brukéissembourg, France). Chemical shifts
are expressed in parts per million (ppm) from CD@l = 7.26 ppmdc = 77.16 ppm), and
CD3OD (64 = 3.31 ppm,dc = 49.00 ppm). J values are expressed in Hz. Mpssts were
obtained with a Finnigan LCQ Advantage MAX (ion pfaapparatus equipped with an
electrospray source. High-resolution mass speceee vwobtained with a Varian MAT 311
spectrometer using electrospray analysis. Analytid.C was performed on a Thermo Electron
Surveyor instrument equipped with a PDA detectodeunthe following conditions: Thermo
Hypersil GOLD C18 column (5 um, 4.6 x 100 mm), witti% aq. TFA/ CBCN (90/10) as
eluent (5 min), followed by a linear 10-100% £CHN gradient (45 min), at a flow rate of 1.0
mL/min and withUV detection Max Plo220-360 nm. Optical rotations were measured anroo
temperature in a 10 cm cell on a Perkin—Elmer 3@lpblarimeter. Specific rotation values are
given in units of 18 deg.cm.g*. Supercritical fluid chromatography was performesing a
Waters Investigator SFC system under the follovaogditions: 1A column (4.6 x 250 mm) with
isocratic elution (ethanol/ isopropylamine, 70/30g flow rate of 4 mL/min, with a pressure of
120 bars, at 35 °C, monitoring at 282 nm. The ssithof (+)24 was reported previously [60],
and separation of the enantiomers by SFC is reapdrtethe Supporting Information. The

syntheses of azid&lA-C are also reported in the Supporting Information.

4.1.2. General procedures A for the synthesis giff laydrazine.
To a stirred solution of methyl ester (1.0 equiv)MeOH (0.3 mol/L) was added hydrazine
monohydrate (7.0 equiv). After 45 min, the mixtwwas concentrated under reduced pressure

without further purification.
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4.1.3. General procedure B for the synthesis of azigle.

To a cooled solution of HCI 12 N (22.0 equiv) wakled by portion at 0 °C acyl hydrazine
(1.0 equiv). After solubilization, NaN{2.5 equiv) in water (0.6 g/mL) was slowly addeteT
mixture was stirred at 0 °C for 2 h, and quenchét e saturated aqueous solution of NaHCO
pH, 8.0. The aqueous layer was extracted threestimith EtO. The organic phase was washed
with brine, dried over MgSg) filtered, and concentrated under reduced pressitheut further

purification.

4.1.4. General procedure C for the synthesis o& ((€urtius rearrangement)

An acyl azide derivate (1.0 equiv) and tetrahydramnf2,1-ajisoindolone ()24 (1.0 equiv)
were added to dry 1,4-dioxane at final concentnatiof 0.025 M. The mixture was stirred under
reflux for 24 h. After cooling, the mixture was aamtrated under reduced pressure, and directly

purified by chromatography on silica gel.

4.1.5. General procedure D for CUAAC
A mixture of alkyne (1 equiv), azide (1.0 equiv)u&.H,O (0.3 equiv.) and sodium
ascorbate (0.6 equiv) in DMF was stirred for 24cbncentrated under reduced pressure, and

purified by chromatography on silica gel.

4.1.6. Methyl 4-(hydroxymethyl)picolinate (16).

To a stirred solution of 4-(hydroxymethyl)picolinacid 15 (4.00 g, 26.1 mmol) in MeOH

(130 mL) at 0 °C was slowly added thionyl chlori@81mL, 52.6 mmol), followed by reflux
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for 24 h. After cooling to 0 °C, thionyl chloride8.81 mL, 52.6 mmol) was again added,
followed by reflux for 24 h. The mixture was thesncentratedn vacuq and saturated aqueous
NaHCQ; was added until pH 9 was reached. The aqueous \eg® then extracted three times
with EtOAc. The organic phase was washed with brishéed over MgSQ filtered, and
concentratedn vacuowithout further purification to afford6 as a white solid in 89% vyield
(3.90 g)."H NMR (300 MHz, CDCJ) 5 8.71 (ddJ = 5.0, 0.6 Hz, 1H), 8.13 (dd,= 1.7, 0.8 Hz,
1H), 7.51 (m, 1H), 4.84 (s, 2H), 4.01 (s, 34}C NMR (75 MHz, CDC}) 5 165.46, 152.82,

149.35, 147.32, 124.37, 122.55, 62.56, 52.77. MSAEmM/z(%): 168 (100) [M+H].

4.1.7. Methyl 4-((prop-2-ynyloxy)methyl)picolingi&).

To a stirred solution of methyl 4-(hydroxymethybpilinate16 (1.5 g, 8.9 mmol) in dry DMF
(125 mL) at 0 °C was added NaH (60% dispersionimenal oil) (718 mg, 17.9 mmol). After 1
h, propargyl bromide (80% in toluene) (1.93 mL,9mmol) was slowly added, followed by
stirring for 1 h. The mixture was then stirred abm temperature for 18 h, and quenched with
saturated aqueous NEI. The resulting mixture was concentratedvacuo and water then
added. The aqueous layer was extracted with EtQABE The organic phase was washed with
brine, dried over MgS§) filtered and concentratesh vacuo The residue was purified by
chromatography on silica gel (GEI,/EtOAc 90/10, v/v) to affordl7 as a brown oil in 72%
yield (1.33g).*H NMR (300 MHz, CDC}) § 8.71 (dd,J = 4.9, 0.6 Hz, 1H), 8.11 (dd,= 1.6, 0.8
Hz, 1H), 7.48 (ddJ = 4.9, 1.7 Hz, 1H), 4.69 (s, 2H), 4.27 {d= 2.4 Hz, 2H), 4.01 (s, 3H), 2.50
(t, J= 2.4 Hz, 1H)C NMR (75 MHz, CDC}) § 165.8, 150.1, 148.5, 148.2, 125.1, 123.5, 78.9,

75.6, 69.5, 58.2, 53.1. MS (ESIH)/z(%): 206 (100) [M+H].
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4.1.8. 4-((Prop-2-yn-1-yloxy)methyl)picolinohyd@ei(L 8).

General procedure A was followed using methyl es#(700 mg, 3.4 mmol) to givé8 as a
yellow solid (700 mg) in 99% yieldH NMR (300 MHz, CDC}) & 8.97 (s, 1H), 8.52 (d] = 5.0
Hz, 1H), 8.11 (ddJ = 1.6, 0.8 Hz, 1H), 7.46 (dd,= 5.0, 1.7 Hz, 1H), 4.69 (s, 2H), 4.26 (d=
2.4 Hz, 2H), 4.08 (s, 2H), 2.50 (t,= 2.4 Hz, 1H)**C NMR (75 MHz, CDC}) § 164.8, 149.3,

148.7, 148.7, 124.7, 120.6, 79.0, 75.6, 69.7, B8R (ESI+):m/z(%): 206 (100) [M+H].

4.1.9. 4-((Prop-2-yn-1-yloxy)methyl)picolinoyl azifl9).

General procedure B was followed, using acyl hyide8 (460 mg) to give the desired acyl
azide19 (426 mg) as a white solid in 88% vyieftH NMR (300 MHz, CDC}) & 8.69 (d,J = 4.9
Hz, 1H), 8.12 (dJ = 0.7 Hz, 1H), 7.54 (dd] = 4.9, 1.5 Hz, 1H), 4.70 (s, 2H), 4.28 (0= 2.4
Hz, 2H), 2.51 (tJ = 2.4 Hz, 1H)**C NMR (75 MHz, CDC}) § 172.06, 150.08, 148.86, 148.12,

126.13, 122.94, 78.77, 75.70, 69.33, 58.29. MS{ES1/z(%): 216 (100) [M+H].

4.1.10. (¥-1-(6-Oxo0-1,2,3,4,6,10b-hexahydropyri@idl-ajisoindol-10-yl)-3-(4-((prop-2-yn-
1-yloxy)methyl)pyridin-2-yl)ureg£)-25).

General procedure C was followed, using the addes© (59 mg) and tetrahydropyrido[2,1-
alisoindolone (¥)-24 (50 mg). Purification by flash chromatography gsin
(CH.,CI,/MeOH/NH,OH, 98:2:1, v/viv) gave the urda)-25 (70 mg) as a beige solid in 74%
yield. *H NMR (300 MHz, DMSOY 11.22 (s, 1H), 9.93 (s, 1H), 8.27 — 8.22 (m, ZH36 (t,J

= 7.7 Hz, 1H), 7.39 (dd] = 7.4, 1.1 Hz, 1H), 7.29 (s, 1H), 7.01 (dcs 5.3, 1.3 Hz, 1H), 4.57 (s,
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2H), 4.27 (dJ = 2.4 Hz, 2H), 3.54 (t) = 2.4 Hz, 1H), 3.05 (1) = 11.4 Hz, 1H), 2.72 (dd] =
7.2, 5.4 Hz, 1H), 2.29 — 2.24 (m, 1H), 1.92J¢ 13.2 Hz, 1H), 1.76 (f] = 12.2 Hz, 2H), 1.34 —
1.16 (m, 1H), 0.96 — 0.81 (m, 2HYC NMR (75 MHz, DMSO) 164.6, 153.1, 152.1, 150.0,
146.1, 134.8, 134.0, 132.9, 128.9, 122.2, 117.8,9,1109.6, 79.8, 77.9, 69.2, 57.5, 57.3, 30.0,
25.1, 23.0. MS (ESI+)/z(%): 780 (100) [2M+H], 391 (32) [M+H]. HRMS (ESI+):m/zcalc.

for CooH23N403 391.1692; found 391.1770. HPLG:= 22.35 min (purity = 94.5%).

4.1.11. (»-1-(6-Oxo0-1,2,3,4,6,10b-hexahydropyriddfFalisoindol-10-yl)-3-(4-(((1-(2-
((1,2,3,4-tetrahydroacridin-9-yl)amino)ethyl)-1H213-triazol-4-yl)methoxy)methyl) pyridin-2-
ylurea (%)-2).

General procedure D was followed, using the alk{g)e25 (74 mg) and azidé4 (51 mg).
Purification by flash chromatography on silica ¢H.Cl,/MeOH/NH,OH 97:3:1, v/v/v) gave
the desired compoun@)-2 (81 mg) in 65% yield'H NMR (300 MHz, DMSO)$ 11.21 (bs,
1H), 9.96 (s, 1H), 8.26 — 8.19 (m, 2H), 8.06 (s),18402 (d,J = 8.1 Hz, 1H), 7.74 (d] = 7.5 Hz,
1H), 7.61 (tJ = 7.5 Hz, 1H), 7.49 — 7.32 (m, 3H), 7.26 (s, 16195 (d,J = 5.3 Hz, 1H), 6.18
(bs, 1H), 4.68 — 4.58 (m, 3H), 4.56 (s, 2H), 4.492H), 4.28 (m, 1H), 4.01 (m, 2H), 3.04Jt
11.5 Hz, 1H), 2.89 (t) = 6.0 Hz, 2H), 2.71 (d) = 13.3 Hz, 1H), 2.57 (] = 5.6 Hz, 2H), 1.91
(m, 1H), 1.75 (m, 6H), 1.25 (m, 1H), 0.88 (db= 23.1, 10.9 Hz, 1H)**C NMR (75 MHz,
DMSO) 6 164.6, 153.0, 152.2, 150.5, 146.0, 143.4, 13438.Ql 132.9, 128.9, 124.7, 124.1,
123.4, 122.2, 117.3, 115.8, 115.5, 109.5, 69.4,6%.3, 49.7, 47.5, 30.0, 25.1, 24.5, 23.0, 22.2,
21.7. (Eight carbons are missing despite an exteadquisition time, due to a DMSO peak that
masks some signals). MESI+): m/z (%): 658 (100) [M+H]. HRMS (ESI+)m/z calc. for

CaHaoNOs* 658.3176; found 658.3228. HPLG:= 22.35 min (purity = 97.8%).

38



4.1.12. Methyl 4-(chloromethyl)picolinat2d).

To a stirred solution of methyl 4-(hydroxymethybpiinate 16 (0.70 g, 4.1 mmol) in dry
CH.Cl, (40 mL) was added B (1.16 mL, 8.3 mmol) . The mixture was cooled t6@ and
mesyl chloride (0.49 mL, 6.3 mmol) was slowly add&te mixture was then heated for 24 h,
and quenched at room temperature with a saturatatian of NaHCQ The aqueous layer was
extracted with EtOAc (x3). The organic phase washed with brine, dried over MgQ0
filtered, and concentrated vacuo The residue was purified by silica gel chromaapéry (99/1
CH,Cl,/MeOH) to afford20 as a brown oil in 92% yield (0.72 gH NMR (300 MHz, CDC}) &
8.75 (d,J = 4.9 Hz, 1H), 8.16 (dJ = 1.0 Hz, 1H), 7.52 (dd] = 5.0, 1.7 Hz, 1H), 4.61 (s, 2H),
4.03 (s, 3H)*C NMR (75 MHz, CDC}) & 164.9, 149.9, 148.0, 147.3, 125.9, 124.1, 52.73.43

MS (ESI+):m/z(%): 188 (33), 186 (100) [M+H]

4.1.13. Methyl 4-((methyl(prop-2-ynyl)amino)methidplinate @1).

To a stirred solution ofnethyl 4-(chloromethyl)picolinat20 (602 mg, 3.2 mmol) in dry
CHsCN (60 mL) were added &£O; (896 mg, 6.4 mmoland N-methylpropargyl amine (0.41
mL, 4.8 mmol). The reaction mixture was refluxed 284 h. The mixture was concentrated
vacuq and water was added, followed by extraction ViéitAc (x3). The organic phase was
washed with brine, dried over MggUfiltered, and concentrateid vacuo The residue was
purified by chromatography on silica gel (8H,/MeOH 99/1, v/v) to affor®1 as a beige solid
in 74% yield (524 mg)*H NMR (300 MHz, CDCJ) & 8.68 (d,J = 4.9 Hz, 1H), 8.12 (d] = 0.8

Hz, 1H), 7.49 (m, 1H), 4.00 (s, 3H), 3.65 (s, 28{84 (d,J = 2.4 Hz, 2H), 2.33 (s, 3H), 2.29 {,
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= 2.4 Hz, 1H)."*C NMR (75 MHz, CDC}) & 165.7, 149.8, 149.4, 148.0, 126.9, 125.2, 77.6,

77.2,76.7,73.8, 58.5, 52.8, 45.3, 41.7. MS (ESh(%): 219 (100) [M+HI.

4.1.14. 4-((Methyl(prop-2-yn-1-yl)amino)methyl)dinohydrazide 22).

General procedure A was followed, using methylreatg195 mg, 0.9 mmol), to give2 as a
yellow solid (195 mg) in 99% yieldH NMR (300 MHz, CDC}) & 8.97 (s, 1H), 8.48 (dd] =
4.9, 0.6 Hz, 1H), 8.13 (dd,= 1.6, 0.7 Hz, 1H), 7.46 (dd,= 4.9, 1.7 Hz, 1H), 4.07 (s, 2H), 3.65
(s, 2H), 3.33 (dJ = 2.4 Hz, 2H), 2.33 (s, 3H), 2.28 (= 2.4 Hz, 1H).**C NMR (75 MHz,
CDCl) 6 164.9, 149.8, 149.3, 148.6, 126.5, 122.5, 78.0,7/A8.7, 45.5, 41.9. MESI+): m/z

(%): 219 (100) [M+H].

4.1.15. 4-((Methyl(prop-2-yn-1-yl)amino)methyl)dinoyl azide 23).

General procedure B was followed, using acyl hyide22 (300 mg), to give the desired acyl
azide23 (260 mg) as a white solid in 83% yiefti NMR (300 MHz, CDC}) 5 8.67 (dd,J = 4.9,
0.6 Hz, 1H), 8.14 (dd] = 1.5, 0.7 Hz, 1H), 7.54 (dd,= 4.9, 1.6 Hz, 1H), 3.67 (s, 2H), 3.34 {d,
= 2.4 Hz, 2H), 2.33 (s, 3H), 2.29 (,= 2.4 Hz, 1H).”*C NMR (75 MHz, CDC}) 5 172.22,
150.10, 150.02, 148.21, 128.17, 124.96, 77.86,2{48.56, 45.55, 41.90. MS (ESI+)V/z (%):

229 (100) [M+H].

4.1.16. (¥)-1-(4-((Methyl(prop-2-yn-1-yl)amino)msgtjpyridin-2-yl)-3-(6-oxo-1,2,3,4,6,10b-
hexahydropyrido[2,1-a]isoindol-10-yl)ured)-26).
General procedure C was followed, using the addes23 (60 mg) and tetrahydropyrido[2,1-

alisoindolone (¥)-24 (53 mg). Purification by flash chromatography gsin

40



(CH.Cl,/MeOH/NH,OH 98:2:1, v/v/v) gave the urga)-26 (96 mg) as a beige solid in 91%
yield. *H NMR (300 MHz, DMSO) 11.29 (s, 1H), 9.90 (s, 1H), 8.24 (m, 2H), 7.46) (¢ 7.7
Hz, 1H), 7.38 (ddJ = 7.4, 1.0 Hz, 1H), 7.27 (s, 1H), 7.01 {ck 4.5 Hz, 1H), 4.59 (dd] = 11.5,
3.2 Hz, 1H), 4.27 (dd] = 12.9, 4.3 Hz, 1H), 3.53 (s, 2H), 3.34 {c= 2.1 Hz, 2H), 3.23 (J =

2.1 Hz, 1H), 3.05 (td] = 13.5, 3.5 Hz, 1H), 2.72 (m, 1H), 2.23 (s, 3HY¥3L(M, 1H), 1.76 () =
12.3 Hz, 2H), 1.33 — 1.20 (m, 1H), 0.96 — 0.82 {iH). 1°C NMR (75 MHz, DMSO) 164.6,
153.1, 152.2, 150.9, 146.0, 134.8, 134.0, 132.8,.9.2122.1, 117.7, 117.3, 111.4, 78.6, 76.3,
58.3, 57.3, 44.9, 41.2, 30.0, 25.1, 23.1. MS (EStz= 404 [M+H]". HRMS (ESI+)m/zcalcd

for Ca3H26Ns0, 404.2008; found 404.2075. HPLEG:= 19.40 min (purity > 98.5%).

4.1.17. (B-1-(4-((Methyl((1-(2-((1,2,3,4-tetrahyahcridin-9-yl)amino)ethyl)-1H-1,2,3-
triazol-4-yl)methyl)amino)methyl)pyridin-2-yl)-3-«&o-1,2,3,4,6,10b-hexahydropyrido[2,1-
alisoindol-10-yl)urea (x)-3).

General procedure D was followed, using alkye$26 (74 mg) and azidé (49 mg).
Purification by flash chromatography (@E,/MeOH/NH,OH 95:5:1 v/v/v) gavé+)-3 (88 mQ)
in 72% yield.*H NMR (300 MHz, DMSO) 13.90 (bs, 1H), 11.21 (bs, 1H), 9.89 (s, 1H), 8.21
(dd,J = 17.9, 6.7 Hz, 3H), 7.96 (s, 1H), 7.85 — 7.72 PH), 7.54 — 7.42 (m, 2H), 7.40 — 7.35
(m, 1H), 7.26 (s, 1H), 6.91 (d,= 5.1 Hz, 1H), 4.75 — 4.72 @,= 5.2 Hz, 2H), 4.59 (dd] = 11.5,
3.2 Hz, 1H), 4.29 — 4.25 (m, 3H), 3.54 (s, 2H),53(6 J = 11.9 Hz, 1H), 2.93 (s, 2H), 2.73 (s,
2H), 2.55 (s, 2H), 2.00 (s, 3H), 1.92 (M= 10.3 Hz, 1H), 1.76 (m, 6H), 1.31 — 1.15 (m, 2H),
0.88 (dd,J = 22.8, 10.9 Hz, 2H)**C NMR (75 MHz, DMSO)$ 164.6, 162.3, 155.0, 153.0,
152.2, 151.1, 146.0, 143.2, 134.8, 134.1, 132.9,9.3128.8, 125.0, 124.4, 124.2, 122.1, 120.5,

117.6, 117.2, 116.6, 112.9, 111.3, 58.9, 57.3,,51914, 47.4, 41.5, 35.8, 30.0, 28.6, 25.1, 24.2,
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23.0, 21.5, 20.5. (one carbon is missing despitexdended acquisition time). MS (ESl+v/z
(%): 671 (100) [M+H]. HRMS (ESI+)m/z calcd for GgH43N1¢0.671.3492; found 671.3583.

HPLC:tgr = 20.82 min (purity > 98.3%).

4.1.18. Methyl 4-(((1-((trimethylsilyl)methyl)-1H213-triazol-4-yl)methoxy)methyl)picolinate
(30).

General procedure D was followed, using the alk¥@g37 mg) and trimethylsilylmethyl
azide (0.29 mL). Purification by flash chromatodradCH,Cl,/MeOH 97:3, v/v) gave30 (44
mg) in 74% yield*H NMR (300 MHz, CDCJ) § 8.66 (d,J = 4.4 Hz, 1H), 8.07 (s, 1H), 7.44 (s,
1H), 4.71 (s, 2H), 4.64 (s, 2H), 3.98-3.88 (m, 5B}11 (s, 9H)*C NMR (75 MHz, CDCJ) &
165.4, 149.6, 148.7, 147.7, 143.8, 124.8, 123.3,0,%69.7, 64.0, 52.6, 41.8, -2.7. MS (ESI+):

m/z(%): 235 (100) [M+H].

4.1.19. Methyl 4-(((1-methyl-1H-1,2,3-triazol-4+Bthoxy)methyl)picolinat8 ().

To a solution 0f30 (131 mg, 0.390 mmol) in THF (1.6 mL) was adde® &C TBAF (0.78
mL, 0.78 mmol, C = 1 mol/L). The solution was &drat 0 °C for 1 h, and then at room
temperature for 24 h. A saturated solution of NaH®@@s added, followed by extraction with
EtOAc (x 3). The organic phase was washed withebridried over MgSgQ filtered, and
concentratedn vacuoto afford 31 in 76% vyield without further purificationH NMR (300
MHz, CDCk) & 8.68 (d,J = 4.9 Hz, 1H), 8.08 (d] = 0.7 Hz, 1H), 7.57 (s, 1H), 7.45 (db= 4.9,
0.8 Hz, 1H), 4.74 (s, 2H), 4.67 (s, 2H), 4.10 (4),38.99 (s, 3H)**C NMR (75 MHz, CDC}) 5
165.5, 149.7, 148.7, 147.8, 144.3, 124.8, 123.3,0.%69.8, 64.0, 52.7, 36.5. MS (ESIH)iz

(%): 263 (100) [M + H]
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4.1.20. 4-(((1-Methyl-1H-1,2,3-triazol-4-yl)methdmethyl)picolinohydrazide3g).

General procedure A was followed, using methylredi€114 mg, 0.4 mmol), to givé2 as a
yellow solid (114 mg) in 99% yieldH NMR (300 MHz, CDC}) & 8.96 (s, 1H), 8.50 (d] = 5.0
Hz, 1H), 8.10 (d)) = 0.8 Hz, 1H), 7.59 (s, 1H), 7.44 (dbis 4.9, 1.6 Hz, 1H), 4.75 (s, 2H), 4.68
(s, 2H), 4.11 (s, 3H), 4.08 (s, 2HFC NMR (75 MHz, CDC}) & 164.4, 149.0, 148.9, 148.4,

144.5, 124.3, 123.8, 120.1, 70.0, 64.0, 36.6. MSI{E m/z(%): 263 (100) [M + Hi.

4.1.21. 4-(((1-Methyl-1H-1,2,3-triazol-4-yl)methdmethyl) picolinoyl azide3Qd).

General procedure B was followed, using acyl hyidea22 (116 mg) to give the desired acyl
azide33 (30 mg) as a white solid in 88% yieftH NMR (300 MHz, CDCJ) 5 8.68 (d,J = 4.9
Hz, 1H), 8.10 (s, 1H), 7.58 (s, 1H), 7.51 Jck 4.9 Hz, 1H), 4.76 (s, 2H), 4.69 (s, 2H), 4.12 (s
3H). °C NMR (75 MHz, CDC)) 6 172.2, 150.1, 149.3, 148.2, 144.72, 126.1, 12B22.9,

70.06, 64.4, 36.9. MS (ESI+)/z(%): 273 (100) [M + H].

4.1.22. (H-1-(4-(((1-Methyl-1H-1,2,3-triazol-4-yhethoxy)methyl) pyridin-2-yl)-3-(6-0xo-
1,2,3,4,6,10b-hexahydropyrido[2,1-a]isoindol-10wyBa (£)-27).

General procedure C was followed, using acyl ad8€¢26 mg) and tetrahydropyrido[2,1-
alisoindolone (¥)-24 (20 mg). Purification by flash chromatography using
(CH.CI/MeOH/NH,OH 97:3:1 v/viv) gave the ure@)-27 (11 mg) as a white solid in 74%
yield. *H NMR (300 MHz, CDCJ) § 11.93 (s, 1H), 8.25 — 8.14 (m, 3H), 7.63J& 7.4 Hz, 1H),
7.58 (s, 1H), 7.44 (] = 7.8 Hz, 1H), 6.95 (d] = 5.4 Hz, 1H), 6.88 (s, 1H), 4.74 (s, 2H), 4.62 (s

2H), 4.58 — 4.44 (m, 2H), 4.15 — 4.08 (m, 3H), 3@1.J = 13.2, 3.7 Hz, 1H), 2.79 (dd= 13.1,
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3.9 Hz, 1H), 2.06 — 1.98 (m, 1H), 1.83 (dds 12.9, 2.1 Hz, 1H), 1.51 — 1.39 (m, 1H), 1.25 (s,
1H), 1.08 (ddd,J = 25.4, 13.0, 3.7 Hz, 1H}°C NMR (75 MHz, CDC}) & 166.1, 153.4, 153.1,
151.1, 145.6, 144.7, 135.7, 133.5, 133.5, 129.3,9,2123.8, 119.3, 116.1, 110.0, 70.2, 64.2,
58.6, 40.0, 36.9, 30.4, 25.4, 24.1. MS (ESh)z (%): 448 (100) [M+H]. HRMS (ESI+):m/z

calcd for G3H26N703448.2019; found 448.2083. HPLG:= 20.15 min (purity = 96.5%).

4.1.23. (»-1-(6-Oxo0-1,2,3,4,6,10b-hexahydropyriddfalisoindol-10-yl)-3-(4-(((1-(3-
phenylpropyl)-1H-1,2,3-triazol-4-yl)methoxy)metipybidin-2-yl)urea ()-28A).

General procedure D was followed, using the alk)e25 (30 mg) and azid84A (10 mg).
Purification by flash chromatography (@E,/MeOH/NH,OH 95:5:1, v/v/v) gave the desired
product,(+)-28A (33 mg), in 99% yield'H NMR (300 MHz, DMSO) 11.26 (s, 1H), 9.92 (s,
1H), 8.25 — 8.21 (m, 3H), 7.45 &= 7.7 Hz, 1H), 7.38 (d] = 7.2 Hz, 1H), 7.31 — 7.26 (m, 3H),
7.22 — 7.15 (m, 3H), 7.01 (d,= 5.2 Hz, 1H), 4.64 (s, 2H), 4.60 — 4.53 (m, 3#B7 (t,J= 7.1
Hz, 2H), 4.26 (dd) = 12.6, 4.1 Hz, 1H), 3.09 — 3.00 (m, 1H), 2.71J¢; 12.1 Hz, 1H), 2.61 —
2.53 (M, 2H), 2.21 — 2.07 (m, 2H), 1.91 Jck 13.1 Hz, 1H), 1.75 (] = 12.9 Hz, 2H), 1.26 (d
= 13.6 Hz, 1H), 0.95 — 0.83 (m, 1HJC NMR (75 MHz, DMSO) 164.6, 153.1, 152.1, 150.6,
146.0, 143.5, 140.7, 134.8, 133.9, 132.9, 128.8,412128.3, 126.0, 124.1, 122.1, 117.3, 115.8,
109.5, 69.5, 63.4, 57.3, 48.9, 31.9, 31.3, 30.01,283.0. (One aliphatic carbon is missing
despite an extended acquisition time, perhaps @aelXMSO peak which masks the signals M
(ESI+): m/z (%): 552 (100) [M+H] HRMS (ESI+):m/zcalcd for G;H34N,O3 552.2645; found

552.2708. HPLCtr = 25.67 min (purity > 95.0%).

44



4.1.24. (9-1-(6-Oxo0-1,2,3,4,6,10b-hexahydropyriddfFa)isoindol-10-yl)-3-(4-(((1-(2-
(pyridin-4-ylamino)ethyl)-1H-1,2,3-triazol-4-yl)medxy)methyl)pyridin-2-yl)ureg £)-28B).

General procedure D was followed, using the alkg)e25 (26 mg) and azid84B (11 mg).
Purification by flash chromatography on silica ¢eH.Cl,/MeOH/NH,OH 95:5:1, v/v/v) gave
the desired compoun@)-28B (15 mg) in 41% yield’'H NMR (300 MHz, DMSO0)5 11.23 (s,
1H), 9.94 (s, 1H), 8.24 (d,= 5.4 Hz, 2H), 8.18 (s, 1H), 8.02 @= 5.5 Hz, 2H), 7.51 — 7.37 (m,
2H), 7.28 (s, 1H), 6.99 (dl = 4.9 Hz, 1H), 6.90 (1) = 5.5 Hz, 1H), 6.54 (d] = 6.2 Hz, 2H),
4.62 (s, 2H), 4.58 — 4.50 (m, 4H), 4.27 (dds 13.7, 5.2 Hz, 1H), 3.62 (dd,= 11.9, 5.8 Hz,
2H), 3.09 — 2.99 (m, 1H), 2.71 (d,= 10.8 Hz, 1H), 1.92 (d] = 9.7 Hz, 1H), 1.75 (t) = 13.1
Hz, 2H), 1.31 — 1.24 (m, 2H), 0.95 — 0.83 (m, 1HE NMR (75 MHz, DMSO) 164.6, 162.5,
153.9, 153.1, 152.2, 150.5, 148.0, 146.0, 143.8,813134.0, 132.9, 128.9, 124.6, 122.2, 117.3,
115.8, 109.5, 107.2, 69.5, 63.3, 57.3, 48.4, A0, 25.1, 23.0. MS (ESI+)n/z(%): 554 (100)
[M+H]*. HRMS (ESI+):m/zcalcd for GgHzNgOs 554.2550; found 554.2631. HPLG:= 19.95

min (purity = 96.2%).

4.1.25. ((9)-1-(6-Ox0-1,2,3,4,6,10b-hexahydropyfl 1-a]isoindol-10-yl)-3-(4-(((1-(2-
(quinolin-4-ylamino)ethyl)-1H-1,2,3-triazol-4-yl)exy) methyl)pyridin-2-yl)urea£)-28C).
General procedure D was followed, using the alk)e25 (25 mg) and azid84C (17 mg).
Purification by flash chromatography (@&H,/MeOH/NH,OH 95:5:1 v/v/v) gave the desired
compound+)-28C (18 mg) in 47% yield*H NMR (300 MHz, DMSO 11.27 (bs, 1H), 9.97 (s,
1H), 8.38 (d,J = 5.4 Hz, 1H), 8.22 (dd] = 14.0, 8.7 Hz, 3H), 8.10 (d,= 8.4 Hz, 1H), 7.79 (]
= 8.6 Hz, 1H), 7.60 (t) = 7.1 Hz, 1H), 7.49 — 7.36 (m, 3H), 7.30Jt= 5.8 Hz, 1H), 7.25 (s,

1H), 6.95 (dJ = 5.3 Hz, 1H), 6.50 (d] = 5.4 Hz, 1H), 4.67 () = 6.1 Hz, 2H), 4.62 — 4.55 (m,
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3H), 4.52 (s, 2H), 4.27 (d,= 9.0 Hz, 1H), 3.80 (dd} = 11.8, 5.8 Hz, 2H), 3.05 (,= 11.8 Hz,
1H), 2.71 (dJ = 10.5 Hz, 1H), 1.92 (dl = 13.0 Hz, 1H), 1.75 (§ = 13.1 Hz, 2H), 1.27 (dd,=
18.4, 6.0 Hz, 1H), 0.97 — 0.82 (m, 1HJC NMR (75 MHz, DMSO)§ 164.6, 153.1, 152.2,
150.7, 150.6, 149.4, 148.3, 145.9, 143.4, 134.8,01332.9, 129.1, 128.9, 128.8, 124.7, 124.0,
122.1, 121.5, 118.8, 117.3, 115.7, 109.4, 98.31,@88.3, 57.3, 47.9, 42.4, 29.9, 25.6, 23.1. (One
carbon is missing despite an extended acquisitrog)t MS (ESI+):m/z (%): 603 (100) [M +
H]*. HRMS (ESI+):m/zcalcd for GsH34NyO3 604.2706; found 604.2805. HPLG:= 21.07 min
(purity = 96.4%).

4.1.26. N-(2-(4-(Trimethylsilyl)-1H-1,2,3-triazohd)ethyl)-1,2,3,4-tetrahydroacridin-9-
amine 85).

To a solution of alkyné4 (80 mg, 0.3 mmol) in DMF (3.7 mL) were added CyS6,0 (22
mg, 0.09 mmol), sodium ascorbate (36 mg, 0.18 mmod trimethylsilylacetylene (0.06 mL,
0.44 mmol). The mixture was stirred at room tempeeafor 3 h. It was then concentrated
vacuq and purified by flash chromatography on silica @&H.Cl,/MeOH/NH,OH 98.5:1.5:1,
vIVIv), to give the desired compou8, as a yellow oil in 99% (109 mg) yieltH NMR (300
MHz, CDCk) & 7.91 (d,J = 7.8 Hz, 1H), 7.75 (d] = 7.7 Hz, 1H), 7.56 (ddd,= 8.3, 6.8, 1.3 Hz,
1H), 7.39 — 7.32 (m, 2H), 4.58 — 4.47 (m, 2H), 4(6d,J = 10.8, 6.9 Hz, 2H), 3.06 (§,= 6.3
Hz, 2H), 2.60 (tJ = 6.1 Hz, 2H), 1.96 — 1.79 (m, 4H), 0.31 (s, 98¢ NMR (75 MHz, CDCY)

5 158.8, 149.0, 147.2, 146.8, 129.8, 128.8, 1283,2, 122.0, 120.6, 118.0, 50.0, 47.9, 34.0,

24.8,22.9, 22.7, -1.23.

4.1.27. N-(2-(1H-1,2,3-triazol-1-yl)ethyl)-1,2,3dtrahydroacridin-9-amine209).
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To a solution of  N-(2-(4-(trimethylsilyl)-1H-1,2,3-triazol-1-yl)ethyl)-1,2,3,4-
tetrahydroacridin-9-amin&5 (100 mg, 0.27 mmol) in THF (1.4 mL) was added TBARM in
THF, 0.54 mL, 0.55 mmol), followed by reflux fort After cooling, the reaction was quenched
with water. The aqueous layer was extracted witbAgt (x3). The organic layer was dried over
MgSQ,, filtered, and concentratad vacuoto afford29 as a white solid in 50% yield (40 mg),
without further purification’H NMR (300 MHz, CDCJ) & 7.91 (dd,J = 8.5, 0.7 Hz, 1H), 7.74
(dd,J = 8.5, 0.8 Hz, 1H), 7.72 (d,= 0.9 Hz, 1H), 7.55 (ddd, = 8.3, 6.8, 1.3 Hz, 1H), 7.45 (d,
= 0.9 Hz, 1H), 7.35 (dddl = 8.2, 6.8, 1.2 Hz, 1H), 4.58 — 4.48 (m, 2H), 44, 1H), 3.99 (dJ
= 5.0 Hz, 2H), 3.05 (t) = 6.2 Hz, 2H), 2.58 (1} = 6.1 Hz, 2H), 1.95 — 1.78 (m, 4HJC NMR
(75 MHz, CDC}) ¢ 159.1, 149.0, 147.5, 134.2, 129.2, 128.6, 12428,41 122.1, 120.8, 118.4,

50.7, 46.0, 34.2, 24.9, 23.0, 22.9. HPIt&= 18.77 min (purity = 96.6%).

4.1.28. Methyl 4-formylpicolinat&8g).

To a stirred solution of methyl 4-(hydroxymethybpilinate, 16 (605 mg, 3.62 mmol) in
EtOAc (36 mL), IBX (3.04 g, 10.85 mmol) was addéalowed by reflux for 3 h. The mixture
was then cooled to room temperature, filtered,taedsolid washed with EtOAc. The filtrate was
concentrated to affor88 as a pale yellow solid in quantitative yield (58ig). *H NMR (300
MHz, CDCE) & 10.15 (s, 1H), 9.01 (d,= 5.2 Hz, 1H), 8.52 (dd} = 1.5, 0.9 Hz, 1H), 7.90 (dd,
= 4.8, 1.5 Hz, 1H), 4.05 (s, 3HFC NMR (75 MHz, CDC}) § 190.5, 164.8, 151.4, 149.8, 142.8,

125.0, 124.0, 53.3. MS (ESI4)/z(%): 165 (100) [M+H].

4.1.29. Methyl 4-ethynylpicolinatédl).

To a stirred solution of methyl 4-formylpicolinatgdd (657 mg, 3.98 mmol) in dry MeOH

(47.5 mL) were added successively@; (1.1 g, 7.96 mmol) and dimethyl (1-diazo-2-
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oxopropyl)phosphonate (1.15 g, 5.97 mmol). The umxtwas stirred for 1 h, and concentrated
in vacuo Water was added, and the aqueous layer was ®@draith CHCI, (x3). The organic
phase was dried over Mg@Qiltered, and concentrated under reduced pres$heeresidue was
purified by chromatography on silica gel (&E/EtOAc 90/10, v/v) to affordll as a grey solid

in 36% yield (234 mg)*H NMR (300 MHz, CDCY) & 8.68 (dd,J = 4.9, 0.8 Hz, 1H), 8.12 (dd,

= 1.4, 0.8 Hz, 1H), 7.48 (dd,= 4.9, 1.6 Hz, 1H), 3.96 (s, 3H), 3.37 (s, 1HL NMR (75 MHz,
CDCl) 5 165.1, 149.9, 148.2, 131.8, 129.2, 127.61, 804,8%3.1. MS (ESI+)m/z (%): 162

(100) [M+HT".

4.1.30. 4-Ethynylpicolinohydrazidd3).

General procedure A was followed using methyl e$16i325mg, 2.02 mmol) to givé3 as a
white solid (325 mg) in 99% yieldH NMR (300 MHz, DMSO) 9.96 (s, 1H), 8.63 (dl = 4.9
Hz, 1H), 7.93 (s, 1H), 7.63 (dd,= 4.9, 1.5 Hz, 1H), 4.72 (s, 1H), 4.59 (s, 2k NMR (75
MHz, DMSO)$ 161.8, 150.3, 149.1, 131.1, 128.0, 123.5, 86.6.84@S (ESI+): m/z (%): 162

(100) [M+HJ".

4.1.31. 4-Ethynylpicolinoyl azidd5).

General procedure B was followed, using acyl hyide43 (325 mg, 2.02) to give the desired
acyl azide45 (285 mg) as an off-white solid in 82% yieftH NMR (300 MHz, CDC}) & 8.71
(dd,J = 4.9, 0.8 Hz, 1H), 8.19 (s, 1H), 7.57 (ddk 4.9, 1.5 Hz, 1H), 3.41 (s, 1HFC NMR (75
MHz, CDCk) & 171.5, 150.1, 148.3, 132.2, 130.2, 127.2, 83.9.7AS (ESI+): m/z (%): 172

(100) [M +HT".
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4.1.32. (-1-(4-Ethynylpyridin-2-yl)-3-(6-0x0-124,6,10b-hexahydropyrido[2,1-a]isoindol-
10-yl)urea (£)-47).

General procedure C was followed, using the acytlead5 (68 mg, 0.40 mmol) and
tetrahydropyrido[2,Ja]isoindolone (+)-24 (80 mg, 0.40 mmol). Purification by flash
chromatography on silica gel using (&H,/MeOH 98:2, v/v) gave the urda)-47 (126 mg) as
an off-white solid in 92% yieldH NMR (300 MHz, DMSO) 10.67 (s, 1H), 9.97 (s, 1H), 8.30
(d,J = 5.2 Hz, 1H), 8.19 (dd] = 7.8, 1.0 Hz, 1H), 7.46 (m, 2H), 7.39 (ddks 7.4, 1.1 Hz, 1H),
7.11 (ddJ = 5.2, 1.3 Hz, 1H), 4.57 (dd,= 11.5, 3.2 Hz, 1H), 4.26 (dd,= 13.0, 4.2 Hz, 1H),
3.04 (td,J = 12.6, 2.7 Hz, 1H), 2.66 (d,= 10.3 Hz, 1H), 1.91 (d] = 13.1 Hz, 1H), 1.71 (m,
2H), 1.34 — 1.19 (m) = 18.5, 10.4 Hz, 2H), 0.96 — 0.79 (m, 1FC NMR (75 MHz, DMSO)%
164.54, 153.0, 151.9, 147.1, 135.0, 133.7, 13239,d1 128.8, 122.4, 119.5, 117.5, 114.04, 85.6,
80.9, 57.3, 30.0, 25.0, 23.0. MS (ESImz(%): 692 (65) [2M + HI, 347 (100) [M+H]. HRMS
(ESI+) m/z calcd for GgH19N4O," 347.1430; found 347.1487. HPLG = 23.97 min (purity >

95.0%).

4.1.33. (-)-(R)-1-(4-Ethynylpyridin-2-yl)-3-(6-0x92,3,4,6,10b-hexahydropyrido[2,1-
aJisoindol-10-yl)urea (-)-(R)-47).

General procedure C was followed, using the acytlead5 (60 mg, 0.35 mmol) and
tetrahydropyrido[2,Ja]isoindolone (R)-24 (70 mg, 0.35 mmol). Purification by flash
chromatography on silica gel using (&H,/MeOH 98:2, v/v) gave the urd®)-47 (87 mg) as
an off-whitesolid in 73% yield. NMR and MS spectra were in ademce with those reported

above [a]3® = -150° € = 0.83, DMF).
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4.1.34. (+)-(S)-1-(4-Ethynylpyridin-2-yl)-3-(6-0X2,3,4,6,10b-hexahydropyrido[2,1-
ajisoindol-10-yl)urea (+)-(S)-47).

General procedure C was followed, using the acytlead5 (60 mg, 0.35 mmol) and
tetrahydropyrido[2,Ja]isoindolone (5)-24 (70 mg, 0.35 mmol). Purification by flash
chromatography on silica gel using (&H,/MeOH 98:2, v/v) gave the ur€8)-47 (91 mg) as an
off-white solid in 76% yield. NMR and MS spectra were in ademce with those reported

above [a]3® = +150° € = 0.83, DMF).

4.1.35. Methyl 4-(3-oxopropyl)picolinatéd).

To a stirred solution of methyl 4-(3-hydroxyprogibolinate 37 (1.04 g, 5.34 mmol) in
EtOAc (40 mL) was added IBX (4.49 g, 16 mmol). Thixture was stirred under reflux for 12
h. It was then cooled to room temperature andréitte The solid was washed with EtOAc. The
filtrate was concentrateid vacuoto afford31 as a colorless oil in 99% vyield (1.02 g). The erud
product was used in the next reaction without ®rrgpurification."H NMR (300 MHz, CDC}) &
9.83 (t,J = 0.8 Hz, 1H), 8.64 (d] = 5.0 Hz, 1H), 7.99 (d] = 1.7 Hz, 1H), 7.33 (dd] = 5.0, 1.8
Hz, 1H), 4.00 (s, 3H), 3.03 (§, = 7.2 Hz, 2H), 2.88 (t) = 7.2 Hz, 2H).23C NMR (75 MHz,
CDCl3) 6 199.8, 165.6, 151.1, 149.9, 148.0, 127.1, 12219,%3.6, 27.1. MS (ESI+in/z (%):

194 (100) [M+HT.

4.1.36. Methyl 4-(but-3-ynyl)picolinatd2).
To a stirred solution of aldehydt® (0.5 g, 2.59 mmol) in dry MeOH (31 mL) were added
successively BCO; (715 mg, 5.18 mmol) and dimethyl (1-diazo-2-oxgigphosphonate (746

mg, 3.88 mmol). The mixture was stirred for 3 hram temperature, and then concentrated
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vacua Water was added, and the product was extractigdQthCl, (x2). The organic phase was
dried over MgSQ filtered, and concentrated under reduced pres3ure residue was purified
by chromatography on silica gel (gEl,/EtOAc 90/10, v/v) to affordli2 as a pink solid in 48%
yield (237 mg)*H NMR (300 MHz, CDCJ) § 8.62 (dd,J = 4.9, 0.5 Hz, 1H), 8.00 (d,= 1.0 Hz,
1H), 7.34 (ddJ = 4.9, 1.8 Hz, 1H), 3.97 (s, 3H), 2.88Jtz 7.2 Hz, 2H), 2.52 (td] = 7.2, 2.6
Hz, 2H), 1.96 (tJ = 2.6 Hz, 1H).2*C NMR (75 MHz, CDC}) § 165.9, 150.6, 149.9, 148.0,

127.2, 125.4, 82.2, 70.1, 53.0, 33.9, 19.3.(@SI+): m/z(%): 190 (100) [M+H].

4.1.37. 4-(But-3-yn-1-yl)picolinohydrazidé4).

General procedure A was followed, using methylre429237 mg, 1.25 mmol), to givé4 as
a beige solid (114 mg) in 99% yieltH NMR (300 MHz, CDCJ) & 9.07 (s, 1H), 8.43 (dd] =
5.0, 0.6 Hz, 1H), 8.01 (dd,= 1.7, 0.6 Hz, 1H), 7.30 (dd,= 5.0, 1.8 Hz, 1H), 4.08 (s, 2H), 2.88
(t, J = 7.2 Hz, 2H), 2.52 (td] = 7.2, 2.6 Hz, 2H), 1.97 (§ = 2.6 Hz, 1H)X*C NMR (75 MHz,
CDCl;) 6 164.9, 150.9, 149.2, 148.5, 126.7, 122.4, 82.41,78.0, 19.3. MS (ESI+)n/z (%):

191 (100) [M+HT.

4.1.38. 4-(But-3-yn-1-yl)picolinoyl azidéq).

General procedure B was followed, using acyl hyide44 (223 mg) to give the desired acyl
azide46 (196 mg) as a white solid in 83% yiefti NMR (300 MHz, CDC})  8.63 (dd,J = 4.9,
0.5 Hz, 1H), 8.03 (dJ = 1.0 Hz, 1H), 7.42 (dd] = 4.9, 1.7 Hz, 1H), 2.91 (§ = 7.1 Hz, 2H),
2.55 (td,J = 7.1, 2.6 Hz, 2H), 1.98 (§ = 2.6 Hz, 1H).X°C NMR (75 MHz, CDC}) § 172.3,
151.0, 150.0, 148.1, 128.4, 125.1, 82.1, 70.4,,338B3. MS (ESI+):m/z (%): 200 (100)

[M+H] ™.
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4.1.39. (9-1-(4-(But-3-yn-1-yl)pyridin-2-yl)-3-(6xo-1,2,3,4,6,10b-hexahydropyrido[2,1-
ajisoindol-10-yl)urea (z)-48).

General procedure C was followed by using the aeyide 46 (86 mg) and
tetrahydropyrido[2,Ja]isoindolone(z)-24 (87 mg). Purification by flash chromatography gsin
(CH.CI/MeOH/NH,OH 98:2:1 v/v/v) gave the ure@)-48 (64 mg) as a white solid in 40%
yield. 'H NMR (300 MHz, DMSO) 11.34 (s, 1H), 9.89 (s, 1H), 8.26 (tiz 7.8 Hz, 1H), 8.20
(d,J = 5.3 Hz, 1H), 7.45 () = 7.7 Hz, 1H), 7.38 (d] = 6.6 Hz, 1H), 7.15 (s, 1H), 7.01 @z
5.2 Hz, 1H), 4.58 (dd] = 11.5, 3.0 Hz, 1H), 4.27 (dd,= 12.7, 3.9 Hz, 1H), 3.05 (td,= 12.9,
2.7 Hz 1H), 2.82 (tJ = 2.5 Hz, 1H), 2.79 — 2.69 (m, 3H), 2.00 — 1.89 (H), 1.73 (m, 2H),
1.21 (m, 1H), 0.97 — 0.81 (m, 1HFC NMR (75 MHz, CDC}) & 164.6, 153.0, 152.3, 152.1,
145.8, 134.8, 134.01, 132.9, 128.9, 122.1, 1181,31 111.7, 83.2, 72.2, 57.3, 33.4, 30.0, 25.1,
23.1, 18.4. MS (ESl+):m/z (%): 375 [M + H[. HRMS (ESI+) m/z calcd for

Ca2H23N40, 375.1743; found 375.1815. HPLG:= 21.28 min (purity = 95.3%).

4.1.40. (»-1-(6-Ox0-1,2,3,4,6,10b-hexahydropyriddf-ajisoindol-10-yl)-3-(4-(2-(1-(2-
((1,2,3,4-tetrahydroacridin-9-yl)amino)ethyl)-1H213-triazol-4-yl)ethyl)pyridin-2-yl)urea (f)-
4).

General procedure D was followed, using the alk{®)e48 (64 mg) and azidé4 (46 mg).
Purification by flash chromatography on silica ¢eH.Cl,/MeOH/NH,OH 95:5:1, v/v/v) gave
the desired compound (#¢21 mg) as a white solid, in 19% vyieftH NMR (300 MHz, CDC})
§ 11.94 (s, 1H), 8.76 (s, 1H), 8.22 (U= 7.8 Hz, 1H), 8.05 (d] = 5.3 Hz, 1H), 7.88 (d] = 8.3

Hz, 1H), 7.69 (dJ = 8.3 Hz, 1H), 7.59 (d] = 7.0 Hz, 1H), 7.52 (t = 7.5 Hz, 1H), 7.44 (] =
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7.8 Hz, 1H), 7.31 (d) = 8.1 Hz, 1H), 7.12 (s, 1H), 6.82 @z= 5.3 Hz, 1H), 6.74 (s, 1H), 4.56 —
4.39 (m, 4H), 3.98 — 3.93 (m, 2H), 2.98 (m, 7HY&(d,J = 10.3 Hz, 1H), 2.61 (] = 5.9 Hz,
2H), 1.99 (dJ = 13.8 Hz, 1H), 1.88 — 1.79(m, 6H), 1.79 — 1.59 {H), 1.49 — 1.37 (m, 1H),
1.04 (dd,J = 22.2, 12.2 Hz, 1H)**C NMR (75 MHz, CDCJ) 5 166.1, 159.1, 153.6, 153.5,
153.1, 149.2, 147.3, 146.5, 145.5, 135.7, 133.3,513129.2, 129.0, 128.6, 124.5, 123.8, 122.1,
122.0, 120.7, 119.2, 118.4, 118.2, 111.9, 58.8,518.0, 40.0, 34.7, 34.1, 31.1, 25.8, 25.4, 25.1,
24.1, 23.0, 22.8MS (ESI+): m/z (%): 642 (100) [M+H]. HRMS (ESI+): m/z calcd for

CarHaoNsO; 642.3227; found 642.3329. HPLG:= 21.62 min (purity = 95.7%).

4.1.41. (»-1-(6-0x0-1,2,3,4,6,10b-hexahydropyri2id[-a]isoindol-10-yl)-3-(4-(1-(2-
((1,2,3,4-tetrahydroacridin-9-yl)amino)ethyl)-1H213-triazol-4-yl)pyridin-2-yl)urea (&)-6).

General procedure D was followed, using the alkged7 (97 mg, 0.28 mmol) and azid€
(75 mg, 0.28mmol). Purification by flash chromatggny on silica gel (C§Cl,/MeOH/NH,OH
97:3:1, v/viv) gave the desired compouadt6 (30 mg) as an off-whitsolid in 18% vyield*H
NMR (300 MHz, DMSO) 11.06 (bs, 1H), 10.01 (s, 1H), 8.62 (s, 1H), 8§82 = 5.4 Hz, 1H),
8.25 (d,J = 7.3 Hz, 1H), 8.04 — 7.94 (m, 1H), 7.80 (s, 1H)2 (d,J = 8.1 Hz, 1H), 7.61 — 7.54
(m, 1H), 7.47 (tJ = 7.6 Hz, 1H), 7.42 — 7.31 (m, 3H), 5.95 (bs, 1#)2 — 4.56 (m, 3H), 4.28
(d,J = 9.6 Hz, 1H), 4.00 (d] = 5.3 Hz, 1H), 3.05 () = 11.3 Hz, 1H), 2.87 (s, 3H), 2.73 (s, 2H),
2.61 (s, 2H), 1.91 (s, 1H), 1.77 (s, 5H), 1.33191(m, 1H), 0.90 (dd] = 23.2, 10.2 Hz, 1H}3C
NMR (75 MHz, DMSO)s 164.6, 157.1, 153.6, 152.1, 150.3, 147.0, 1436,5, 134.9, 134.0,
132.9, 128.9, 128.7, 127.0, 124.2, 123.8, 123.2,212119.8, 117.4, 116.5, 113.9, 107.1, 57.3,

50.2, 47.4, 35.8, 32.7, 30.0, 25.1, 24.8, 23.14,222.0. (one carbon is missing despite an
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extended acquisition time). MS (ESIHvz (%): 614 (100) [M+H]. HRMS (ESI+):m/z calcd

for CasHzeNgO, 614.2914; found 614.2971. HPLG:= 22.97 min (purity > 95.0%).

4.1.42. (-)-(R)-1-(6-0x0-1,2,3,4,6,10b-hexahydragyf2, 1-alisoindol-10-yl)-3-(4-(1-(2-
((1,2,3,4-tetrahydroacridin-9-yl)amino)ethyl)-1H213-triazol-4-yl)pyridin-2-yl)urea(f)-(R)-6).

General procedure D was followed, using the allki@®)e47 (55 mg, 0.15 mmol) and azidd
(38 mg, 0.15 mmol). Purification by flash chromatgahy on silica gel (CkCl,/MeOH/NH,OH
97:3:1, viviv) gave the desired compouii)-6 (50 mg) as an off-white solid in 56% yield.
NMR and MS spectra were in accordance with thoperted above[a]3® = -81° ¢ = 0.83,

DMF).

4.1.43. (+)-(S)-1-(6-0x0-1,2,3,4,6,10b-hexahydrapyf2,1-a]isoindol-10-y1)-3-(4-(1-(2-
((1,2,3,4-tetrahydroacridin-9-yl)amino)ethyl)-1H213-triazol-4-yl)pyridin-2-yl)urea(f)-(S)-6).

General procedure D was followed, using the alkB)e47 (55 mg, 0.15 mmol) and azidg
(38 mg, 0.15 mmol). Purification by flash chromatgahy on silica gel (CkCl,/MeOH/NH,OH
97:3:1, viviv) gave the desired compoy&6 (40 mg) as an off-whitsolid in 45% yield. NMR

and MS spectra were in accordance with those repatiove[a]3® = +81° ¢ = 0.83, DMF).

4.1.44. Methyl 5-((trimethylsilyl)ethynyl)picolira®l).

To a solution of methyl 5-bromopyridine-2-carboxgla9 (1 g, 4.63 mmol) in THF (15 mL)
(degassed under argon) were added dichlorobisémiydphosphine)palladium (0.163 mg, 0.23
mmol), Cul (88 mg, 0.46 mmol), 8 (15 mL) and ethynyltrimethylsilane (1.98 mL, 13.8
mmol). The stirred mixture was heated at 60 °C 5oh. The mixture was then filtered on

Celite®. The filtrate was concentrated under redysessure, and the residue was purified by
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silica gel chromatography 90/10 (petroleum eth&/Axt) to afford51 (1.05 g) as a brown oil in
97% yield."H NMR (300 MHz, CDC}) 6 9.10 (d,J = 2.0 Hz, 1H), 8.81 (d] = 2.1 Hz, 1H), 8.32
(t, J= 2.1 Hz, 1H), 3.95 (s, 3H), 0.26 (s, 9FHC NMR (75 MHz, CDC}) & 165.2, 155.9, 149.6,

139.8, 125.5, 120.4, 100.4, 99.8, 52.6, -0.2. MSIHE m/z(%): 234 (100) [M+H].

4.1.45. Methyl 5-ethynylpicolinat&3).

To a solution of methyl 5-((trimethylsilyl)ethynylicolinate51 (1 g, 4.23 mmol) in a mixture
of CH,Cl,/MeOH (26 mL, 50:50, v/v) was added KF (0.74 g,71&xmol). The reaction mixture
was stirred at room temperature overnight, and filesred and concentrateid vacuo The
residue was purified by silica gel chromatograppgtoleum ether/EtOAc, 80/20) to affobd
(528 mg) as a brown solid in 77% yielth NMR (300 MHz, CDCJ) § 9.15 (d,J = 2.0 Hz, 1H),
8.86 (d,J = 2.1 Hz, 1H), 8.37 () = 2.1 Hz, 1H), 3.97 (s, 3H), 3.27 (s, 1C NMR (75 MHz,
CDCl;) 6 165.1, 156.1, 150.1, 140.1, 125.7, 119.4, 81.%,7R.7. MS (ESI+)m/z (%): 162

(100) [M+H]".

4.1.46. 5-Ethynylpicolinohydrazid8g).

General procedure A was followed, using methylrés3g623 mg, 3.87 mmol), to giveb as
an orange solid (623 mg) in 99% yietth NMR (300 MHz, DMSO)Y 10.02 (s, 1H), 8.95 (d,=
2.1 Hz, 1H), 8.79 (dJ = 2.0 Hz, 1H), 8.22 (tJ = 2.1 Hz, 1H), 4.59 (s, 2H), 3.31 (s, 1HiC
NMR (75 MHz, DMSO)6 163.3, 153.9, 147.7, 137.2, 128.5, 118.5, 84.8.MS (ESI+):m/z

(%): 162 (100) [M+H].
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4.1.47. 5-Ethynylpicolinoyl azidé&7).

General procedure B was followed using acyl hyamsb (572 mg, 3.55 mmol) to give the
desired acyl azidB7 (588 mg) as an off-whitsolid in 96% yield*H NMR (300 MHz, CDC}) §
9.14 (d,J = 2.0 Hz, 1H), 8.90 (dj = 2.0 Hz, 1H), 8.35 (t) = 2.0 Hz, 1H), 3.30 (s, 1H}C
NMR (75 MHz, CDC}) ¢ 170.7, 157.2, 149.7, 139.7, 126.2, 119.8, 82.41.MS (ESI+):m/z

(%): 173 (100) [M+H].

4.1.48. (9-1-(5-Ethynylpyridin-2-yl)-3-(6-o0x0-1324,6,10b-hexahydropyrido[2,1-a]isoindol-
10-yl)urea (£)-59).

General procedure C was followed, using the acytlea®7 (68 mg, 0.44 mmol) and
tetrahydropyrido[2,1ajisoindolone tetrahydropyrido[2,d}isoindolone (+)-24 (80 mg, 0.44
mmol). Purification by flash chromatography oncsligel using (CkCl,/MeOH/NH,OH 96:4:1,
vIvIv) gave the uregt)-59 (81 mg) as a white solid in 65% yieftH NMR (300 MHz, CDCY) &
8.74 (s, 1H), 8.41 (dl = 2.5 Hz, 1H), 8.35 (d] = 1.7 Hz, 1H), 8.25 (s, 1H), 8.23 — 8.20 (m, 1H),
7.73 (d,J = 7.8 Hz, 1H), 7.54 (d] = 7.0 Hz, 1H), 7.39 (] = 7.7 Hz, 1H), 4.55 (dd = 11.6, 3.4
Hz, 1H), 4.43 (dJ = 9.6 Hz, 1H), 2.97 (dt] = 12.0, 1H), 2.59 (d] = 10.4 Hz, 1H), 1.84 (dd,=
26.3, 13.0 Hz, 3H), 1.50 (m, 1H), 1.34 (m, 1H),aL(@n, 1H).*C NMR (75 MHz, CDC}) §
166.8, 152.9, 146.8, 139.9, 137.3, 135.7, 133.8,113129.6, 129.0, 125.8, 119.7, 119.4, 81.0,
80.3, 59.6, 40.3, 30.2, 25.5, 23.5. MS (ESH)z (%): 347 (100) [M + H]. HRMS (ESI+)m/z

calcd for GoH19N40,347.1430; found 347.1511. HPLGR = 20.92 min (purity = 96.4%).

4.1.49. Methyl 6-((trimethylsilyl)ethynyl)picolira’?2).
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To a solution of methyl 6-bromopyridine-2-carboxgl®0 (1.0 g, 4.63 mmol) in THF (15
mL) were added dichlorobis(triphenylphosphine)gitian (0.163 mg, 0.23 mmol), Cul (88 mg,
0.46 mmol), BN (15 mL) and ethynyltrimethylsilane (1.98 mL, 18.8nmol). The stirred
mixture was heated at 60 °C for 5 h, and thenrétteon Celite®. The filtrate was concentrated
under reduced pressure, and the residue was putifje silica gel chromatography 90/10
(petroleum ether/EtOAC) to affo as a brown oil in 96% yieldH NMR (300 MHz, CDC}) &
8.06 (dd,J = 7.8, 1.1 Hz, 1H), 7.79 (8, = 7.8 Hz, 1H), 7.62 (dd] = 7.8, 1.1 Hz, 1H), 4.00 (s,
3H), 0.31 — 0.22 (m, 9H}*C NMR (75 MHz, CDC}) 5 165.3, 148.6, 143.4, 137.2, 130.7, 124.3,

102.9, 96.5, 53.1, -0.BIS (ESI+):m/z(%): 234 (100) [M+H].

4.1.50. Methyl 6-ethynylpicolinat&4).

To a solution of methyl 6-((trimethylsilyl)ethynglicolinate 52 (1.0 g, 4.23 mmol) in a
mixture of CHCIl,/MeOH (26 mL, 50:50, v/v) was added KF (0.74 g,71@&xmol). The mixture
was stirred at room temperature overnight. Theti@aenixture was filtered and concentratad
vacua The residue was purified by flash chromatographysilica gel (petroleum ether/EtOAc,
80/20) to affords4 (562 mg) as a brown solid in 82% yietti NMR (300 MHz, CDCY)  8.06
(dd,J = 7.8, 0.9 Hz, 1H), 7.80 (8 = 7.8 Hz, 1H), 7.61 (dd] = 7.8, 1.0 Hz, 1H), 3.97 (s, 3H),
3.18 (s, 1H)*C NMR (75 MHz, CDCJ) & 165.2, 148.5, 142.6, 137.4, 130.6, 124.7, 82.(5,78

53.1. MS (ESI+)m/z(%): 162 (100) [M+H].
4.1.51. 6-Ethynylpicolinohydrazid&®).

General procedure A was followed, using methylres4g550 mg, 3.41 mmol) to give6 as

an orange solid (550 mg) in 99% yieftd NMR (300 MHz, CDCJ) & 8.94 (s, 1H), 8.14 (dd, =
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7.8, 1.1 Hz, 1H), 7.84 (] = 7.8 Hz, 1H), 7.61 (dd] = 7.8, 1.1 Hz, 1H), 4.06 (s, 2H), 3.21 (s,
1H). *C NMR (75 MHz, CDCJ) & 163.9, 149.5, 141.2, 137.9, 130.2, 122.2, 82.11.78IS

(ESI+):m/z(%): 162 (100) [M+H].

4.1.52. 6-Ethynylpicolinoyl azid&g).

General procedure B was followed, using acyl hyide36 (550 mg, 3.41 mmol), to give the
desired acyl azidB8 (534 mg) as an off-whitsolid in 91% yield'H NMR (300 MHz, CDC}) &
8.11 (dd,J = 7.8, 0.9 Hz, 1H), 7.86 (8, = 7.8 Hz, 1H), 7.69 (dd] = 7.8, 0.9 Hz, 1H), 3.22 (s,
1H). 3 NMR (75 MHz, CDCJ) 5 171.5, 148.3, 142.7, 137.7, 131.6, 124.2, 81.70.78IS
(ESI+):m/z(%): 172 (100) [M+H].

4.1.53. (H-1-(6-ethynylpyridin-2-yl)-3-(6-0x0-134,6,10b-hexahydropyrido[2,1-a]isoindol-
10-yl)urea (£)-60).

General procedure C was followed, using the acytlea®8 (68 mg, 0.44 mmol) and
tetrahydropyrido[2,1a]isoindolone (#)-24 (80 mg, 0.44 mmol). Purification by flash
chromatography using (GBl/MeOH/NH,OH 96:4:1, v/v/v) gave the urda)-60 (81 mg) as a
white solid in 50% vyield'H NMR (300 MHz, DMSO) 10.64 (s, 1H), 10.06 (s, 1H), 8.17 (d,
= 7.5 Hz, 1H), 7.80 (t) = 7.8 Hz, 1H), 7.51 — 7.37 (m, 3H), 7.24 Jcs 7.3 Hz, 1H), 4.64 (d] =
8.3 Hz, 1H), 4.55 (s, 1H), 4.27 (@= 10.3 Hz, 1H), 3.04 (] = 11.9 Hz, 1H), 2.63 (d] = 11.6
Hz, 1H), 1.91 — 1.69 (m, 2H), 1.32 — 1.13 (m, 26189 (dd,J = 25.0, 14.1 Hz, 1H)*C NMR
(75 MHz, DMSO)s 164.6, 152.9, 151.9, 139.5, 138.1, 135.2, 1338,9, 128.9, 122.8, 121.3,
117.7, 112.7, 82.7, 81.0, 57.1, 29.9, 25.1, 22.9.(BSI+):m/z(%): 347 (100) [M+H]. HRMS
(ESI+) m/z calcd for GeH19N4O, 347.1430; found 347.1510. HPLE&G = 25.30 min (purity =

97.7%).

58



4.1.54. (»-1-(6-0x0-1,2,3,4,6,10b-hexahydropyriddf-a]isoindol-10-yl)-3-(5-(1-(2-
((1,2,3,4-tetrahydroacridin-9-yl)amino)ethyl)-1H213-triazol-4-yl) pyridin-2-yl)urea (&)-7).

General procedure D was followed, using the alk)€s9 (50 mg, 0.14 mmol) and azid€
(37 mmg, 0.14 mmol). The purification by flash amatography (CHCl,/MeOH/NH,OH
97:3:1, vivlv) gave the desired compougd-7 as white off solid (65 mg) in 81% yieldH
NMR (300 MHz, DMSO) 9.34 (s, 1H), 8.64 (s, 1H), 8.55 — 8.51 (m, 3H358(t,J = 2.2 Hz,
1H), 7.96 (dtJ = 8.8, 4.5 Hz, 2H), 7.70 (dd,= 8.4, 0.9 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.46 —
7.38 (m, 2H), 7.35 — 7.28 (m, 1H), 5.60Jt 6.6 Hz, 1H), 4.64 () = 6.0 Hz, 2H), 4.56 (dd] =
11.5, 3.3 Hz, 1H), 4.26 (dd,= 12.8, 4.0 Hz, 1H), 3.95 — 3.86 (m, 2H), 3.02, @& 12.8, 9.8
Hz, 1H), 2.87 (tJ = 6.1 Hz, 2H), 2.64 — 2.57 (m, 3H), 1.90 Jds 13.2 Hz, 1H), 1.83 — 1.72 (m,
5H), 1.63 (dJ = 13.4 Hz, 1H), 1.30 — 1.19 (m, 1H), 0.87 (dcs 12.7, 3.2 Hz, 1H)**C NMR
(75 MHz, DMSO)6 164.5, 158.0, 152.5, 149.3, 146.7, 143.2, 13989,2, 136.5, 135.8, 134.0,
133.0, 128.7, 128.3, 128.0, 126.63, 123.6, 1223,7, 122.7, 121.0, 120.4, 117.7, 117.1, 64.9,
57.6, 50.2, 47.5, 33.4, 29.8, 25.0, 24.9, 23.16,222.3. MS (ESI+)m/z(%) 614 (110) [M+H].
HRMS (ESI+) calcd for esH3eNoO2 614.2914, found 614.2991. HPL(R:= 21.45 min (purity =

97.1%).

4.1.55. (1-1-(6-Ox0-1,2,3,4,6,10b-hexahydropyridldf-a]isoindol-10-yl)-3-(6-(1-(2-
((1,2,3,4-tetrahydroacridin-9-yl)amino)ethyl)-1H213-triazol-4-yl) pyridin-2-yl)urea (&)-8).

The general procedure D was followed by using tkgna ()60 (45 mg, 0.13 mmol) and
azide 14 (34 mg, 0.13 mmol). The purification by flash chetography on silica gel

(CH.CI/MeOH/NH,OH 95:5:1, v/v/v) gave the desired compoyai8 as yellow solid (68 mg)
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in 94% yield.*H NMR (300 MHz, DMSOY 10.52 (bs, 1H), 9.84 (s, 1H), 8.53 (s, 1H), 806, (
J=7.4, 1.6 Hz, 1H), 7.93 (d,= 8.4 Hz, 1H), 7.85 () = 9.0 Hz 1H), 7.69 (d] = 7.8 Hz, 1H),
7.53 — 7.37 (m, 5H), 7.29 (ddd= 8.1, 6.9, 1.1 Hz, 1H), 5.59 @,= 6.5 Hz, 1H), 4.84 (dd] =
11.3, 3.3 Hz, 1H), 4.68 (§,= 6.0 Hz, 2H), 4.20 (d] = 12.1 Hz, 1H), 3.91 (dd, = 12.6, 6.5 Hz,
2H), 2.94 — 2.81 (m, 3H), 2.61 @,= 5.8 Hz, 2H), 2.43 (d) = 10.5 Hz, 1H), 1.83 — 1.58 (m,
6H), 1.23 — 1.10 (m, 2H), 0.78 (ddi= 23.6, 12.0 Hz, 1H}:°C NMR (75 MHz, DMSO) 164.5,
158.0, 152.7, 152.1, 149.3, 147.1, 146.7, 146.0,613.35.9, 133.6, 133.0, 128.6, 128.3, 126.0,
124.0, 123.8, 123.5, 122.7, 120.4, 117.8, 117.4,1111.1, 57.1, 54.9, 50.1, 47.6, 33.4, 29.5,
25.0, 24.9, 22.6, 22.6, 22.3. MS (ESI)(z(%): 614 (100) [M +H]. HRMS (ESI+)m/zcalcd

for CgsHzeNgO, 614.2914; found 614.2989. HPLEG:= 22.87 min (purity = 97.5%).

4.2. Evaluation of the inhibitory activity towarditman AChE and BChE from human

serum

The capacity of tested compounds to inhibit AChH &ChE activity was assessed by the
Ellman method.[66] The assay was performed at 37irfGa Jasco V-530 double beam
Spectrophotometer (Jasco Europe). A stock solufohChE was prepared by dissolving human
recombinant AChE (Sigma Aldrich, Italy) lyophilizgagbwder in 0.1 M phosphate buffer (pH =
8.0) containing Triton X-100 0.1%. A stock soluti@h BChE from human serum (Sigma
Aldrich, Italy) was prepared by dissolving the Iyred powder in an aqueous solution of
gelatine 0.1%. Stock solutions of inhibitors (1 2rmM) were prepared in methanol. Five
increasing concentrations of the inhibitor weredysgelding 20-80% inhibition of the enzymatic
activity. The assay solution consisted of 0.1 M gpt@te, pH 8.0, with the addition of 340 mM
DTNB, 0.02 unit/mL of human recombinant AChE, ornfan serum BChE, and 550 uM

substrate, ATCh or BTCh, respectively. 50 pL aliguaf increasing concentrations of the tested
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compound were added to the assay solution andgutgted for 20 min at 37 °C with the
enzyme, followed by addition of substrate, aftefchitthe increase in absorbance at 412 nm was
monitored for 3 min. Assays were carried out againblank containing all components except
AChE or BChE, in order to correct for non-enzymatidstrate hydrolysis. The reaction rates
were compared and the percent inhibition due topttesence of tested inhibitor at increasing
concentration was calculated. Each concentratios a@alyzed in triplicate, and 4€values
were determined graphically from log concentratiohibition curves (GraphPad Prism 4.03
software, GraphPad Software Inc.). Eachsgl@alue was determined from at least two

independent experiments each performed in trigicat

4.3. Kinase assays

CDK5/p25 (human, recombinant) kinase activity wasaged in buffer B (60 mM [3-
glycerophosphate, 30 mM p-nitrophenylphosphatem®® Mops (pH 7.2), 5 mM EGTA, 15
mM MgCl,, 1 mM DTT, 0.1 mM sodium vanadate, 1 mM phenylgiade), with 1ug of
histone H14L as substrate. GSKaB (porcine brain, native) was assayed in buffer 8 (M
MgCl,, 1 mM EGTA, 1 mM DTT, 25 mM Tris-HCI pH 7.5, 5@ heparin/mL) using a GSK-3
specific  substrate  (GS-1: YRRAAVPPSPSLSRHSSPHQ-pSHE)  (Proteogenix,
Oberhausbergen, France). Kinase activities wergyadsat 30 °C, at a final ATP concentration
of 15uM in the presence of ;oM [y-33P] ATP (3,000 Ci/mmol; 10 mCi/mL) in a final wohe
of 30 uL. After 30 min incubation at 30°C, the reactionsastopped by harvesting onto P81
phosphocellulose papers (Whatman) using a FiltezMatvester (Packard), which were washed
in 1% phosphoric acid. Scintillation fluid was thedded, and radioactivity measured in a
Packard counter. Blank values were subtracted aatidities expressed as the percentage of the

maximum activity, i.e., in the absence of inhibstor
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4.4. Cytotoxicity assays

4.4.1. Cell cultures
HuH7, Caco-2, MDA-MB-231, HCT116, PC3, MCF7 and N&€i27 cancer cell lines were
obtained from the ECACC collection (Porton Down, JUKells were grown at 37 °C, 5% ¢O
in ECACC recommended media: DMEM for HuH7 and MDA3N31, EMEM for MCF7 and
CaCo-2, McCoy’s for HCT116, and RPMI for PC3 and INHZ27. All culture media were

supplemented by 10% of FBS, 1% of penicillin-stoapycin, and 2 mM glutamine.

The human neuroblastoma cell line SH-SY5Y and tlaelikt Darby Canine Kidney (MDCK)
cells retrovirally transfected with the human MDBRNA (MDCKII-MDR1) were cultured in
DMEM supplemented with 100 U/ml penicillin, 100 pd!/ streptomycin and 10% (v/v) heat-
inactivated Fetal Bovine Serum (FBS). All cells evgrown at 37 °C in a humidified atmosphere

with 5% CQ. All materials for cell culturing were purchasedrh EuroClone, Italy.

4.4.2. Cytotoxicity assay
Chemicals were solubilized in DMSO at a concerdgratof 10 mM (stock solution) and
diluted in culture medium to the desired final cemications. The dose-effect cytotoxic assays
(ICso determination) were performed by increasing theceatration of each chemical (final well
concentrations: 0.1 — 0.3 — 0.9 — 3.0 — 9.0 -uRB. The cells were plated in 96-well plates
(4000 cells/well). Twenty-four h after seeding, ttedls were exposed to chemicals. After 48 h
treatment, the cells were washed in PBS, fixecdbwled 90% ethanol/5% acetic acid for 20 min,
and their nuclei then stained with Hoechst 333422@. Sigma). Image acquisition and analysis

were performed using a Cellomics ArrayScan VTI/H&&ader (ThermoScientific). The survival
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percentages were calculated as the percentagd atiogber after compound treatment over cell
number after DMSO treatment. The concentrationsagh drug responsible for 50% inhibition

of cell growth (IGg) were calculated in Microsoft Excel.

Cell growth of SH-SY5Y cells after incubation witompounds for 24 h and 72 h was
determined using the 3-[4,5-dimethylthiazol-2-y|bliphenyltetrazoliumbromide (MTT) assay
according to the protocol previously described.[63] Cells were seeded in 96-well plates at a
density of 5x16 cells/well. The attached cells were then exposedatious concentrations of
drugs in the 0.1-100 uM range. The effect of conmgisuon the proliferation of SHSY5Y cells
after 24 h of incubation was expressed as % celbliNy at the highest tested dose (100 pM).
The concentrations of each drug producing 50% itibib of cell growth (IGg) after 72 h of
incubation were calculated from dose-response sunsing the nonlinear multipurpose curve
fitting program GraphPad Prism 5.0. Each experimead performed in triplicate. The viability
of MDCKII-MDRL1 cells after treatment for 2 h withompounds at a concentration of 75 uM
was also evaluated in order to avoid interferendd well viability during the permeability

assay.
4.5. Bi-directional transport studies

MDCKII-MDR1 cells were used to mimim vitro the blood brain barrier (BBB). The BBB
penetration of compounds was evaluated accordiniget@rotocol previously described.[67-69]
Cell monolayers were grown on a 24-well Transwel®ert (diameter 6.5 mm, pore size 0.4
um, apical volume 0.1 mL, basolateral volume 0.6 mahd the formation of confluent
MDCKII-MDR1 monolayers with tight junctions was diimed by microscopy and TEER

values. Cell monolayers with TEER values of 800 Qimwh were used for the transport
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experiments. Diazepam and FD4 (fluorescein isoffsinate-dextran) were used as markers for
the transcellular and paracellular pathway, res$pagt and as an internal control to verify tight
junction integrity during the assay.

The apparent permeability {8 AP and BL in cm/sec), was calculated accordinthéofollowing

equation:

Va ) 9 ( [Drug]acceptor>

s = (2
PP \area x time [Druglinitial

“Va’= volume in the acceptor well,

“area” = surface area of the membrane,

“time”= total transport time,

“[drug]acceptor = concentration of the drug in the acceptor chamb
“[drug]initiar” = initial drug concentration in the AP or BL chasr;

The efflux ratio (ER) was calculated using thedwling equation:

ER =

Papp, BL-AP: apparent permeability of basal-to-apiansport;
Papp, AP-BL: apparent permeability of apical-todldsansport.
An efflux ratio greater than 2 indicates that & tasmpound is likely to be a substrate for P-gp

transport.

4.6. Molecular docking

The crystal structure of the mouse ACaR+TZ2-PA6 complex (PDB code 1Q84) was used
for molecular docking.[50] Docking calculations wecarried out using Autodock Vina.[57]
MTDL structures were created and minimized using MMFF94 force field implanted in

ChemBio3D Ultra 12.0 (PerkinElmer, Inc. Waltham, MASA). MTDL and mouse AChE were
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further prepared using Autodock Tools 1.5.6.[70u&tural water molecules were conserved in
the model in order to improve docking accuracy.itRess in the active site of AChE (Tyr 72,
Tyr 286, Tyr 341, Tyr 124, Tyr 337, Trp 86) werdested as flexible. The 3D affinity grid box
was designed to include the full active-site gaAChE. Docking calculations were performed
using the default parameter set of AutoDock Vingeaerate nine docking poses per molecule.
Vina generated the estimated total Gibbs free gnefgoinding in kcal/mol, which could be
converted to the apparent constafit, using the relationshipG=RT.In ;). Docking poses
were visualized using the PyMOL molecular graplsigstem.[71]

The crystal structure of GSKB3n complex with PF-04802367 (PBD code 5K5N) wasdus
for molecular docking.[58] Docking calculations wegserformed using the same protocol as for

AChE.
4.7. Crystallization and structure determination

Purified TCAChE (12 mg m[*) was purified as described by Sussreaal[72] Crystals were
grown by the hanging-drop vapor diffusion methodt&C for 2-3 weeks. Drops of 2 pl were
produced by mixing an equal volume of protein golutwith 30% PEG 200/50 mM MES, pH
6.0. Crystals were then harvested and soaked in atheve-mentioned mother liquor,
complemented with candidate compounds at a coratemir of 1 mM, for at least 12 h.
Diffraction data were collected on the ID23eh2 (fmmpounds2 and 3) and ID30A1 (for
compound6) beamlines at the European Synchrotron Radiatiaaility (ESRF, Grenoble,
France). Crystals were flash-frozen and storedjind nitrogen until used for data collection.

Diffraction images were indexed and integrated gis{idS,[73] and intensities were further
scaled and merged with XSCALE. Phases were rettiay@ng the molecular replacement

technique with PHASER([74], using PDB entry 2XI4 the starting model. All data were
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collected from orthorhombi€cAChE crystals, and two subunits were placed inaymnmmetric
unit. The model was refined by iterative cycleseffnement with phenix.refine[75] and model
building using Coot.[76] With phenix.refine, refiment of atomic positions (both in real and
reciprocal space) and individual isotropic tempamatfactors was performed. All ligand
topologies were generated with the PRODRG servgr@nd their occupancies were refined
during the final cycles of refinement. The coordésaand structure factors have been deposited
in the Protein Data Bank under accession codes 66123, 6H14, for complexes GicAChE

with 2, 3, and6, respectively. Data collection and refinementistias are detailed in supporting

information.
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assays.
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