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Abstract

Compounds capable of interacting with single ortipld targets involved in Alzheimer’s
disease (AD) pathogenesis are potential anti-Atnke€s agents. In our aim to develop new
anti-Alzheimer’s agents, a series of 36 ndlaalkylpiperidine carbamates was designed,
synthesized and evaluated for the inhibition ofliciesterases [acetylcholinesterase (AChE)
and butyrylcholinesterase (BChE)] and monoaminelaseés [monoamine oxidase A (MAO-
A and monoamine oxidase B (MAO-B)]. Four compouraie very promising: multiple
AChE (IGso = 7.31 uM), BChE (I = 0.56 uM) and MAO-B (16 = 26.1 pM) inhibitor10,
dual AChE (IGp = 2.25 uM) and BChE (l§&g = 0.81uM) inhibitor22, selective BChE (1€ =
0.06 pM) inhibitor13, and selective MAO-B (1§ = 0.18 pM) inhibitor16. Results of
enzyme kinetics experiments showed that despitectirteamate group in the structure,
compoundsdlO, 13, and22 are reversible and non-time-dependent inhibitbrA@hE and/ or
BChE. The resolved crystal structure of the comgeBChE with compound.3 confirmed
the non-covalent mechanism of inhibition. Additibpa N-propargylpiperidinel6 is an
irreversible and time-dependent inhibitor of MAO-Byhile N-benzylpiperidine 10 is
reversible. Additionally, compound®), 13, 16, and22 should be able to cross the blood-brain
barrier and are not cytotoxic to human neurona@-IEH-SY5Y and liver HepG2 cells.
Finally, compoundslO and 16 also prevent amyloi@;—4> (ABi1-42-induced neuronal cell
death. The neuroprotective effects of compodédcould be the result of its A4, anti-

aggregation effects.
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Multi-target-directed ligands\l-alkylpiperidine carbamates.



1. Introduction

Alzheimer's disease (AD) is a neurodegenerativeinbdiseasé with amyloid f
peptide (4) deposits (amyloid plaqueSand products of oxidative strés®ntributing to the
pathogenesis of the disease. Amyloid plaques arelyneomposed of a 42-amino-acid-long
Apisoform (A{SHZ)“, which forms cytotoxic structures, ranging frommomers to oligomers
(i.e., 2—6 monomers) and fibérs Several small molecules [e.g. elenbecestat (E2609
umibecestat (CNP520)] and macromolecules (e.g. eganimab, CAD106, UB-311)
targeting the production and clearance @f honomers, oligomers and fibres are currently
evaluated in clinical trials for the treatment d®'.

One of the several proteins that contribute to atwe@ stress in AD is monoamine
oxidase (MAOY, a flavin adenine dinucleotide (FAD)-containingzgme located in the outer
mitochondrial membrane that catalyses the oxidade@mination of monoaminesMAO-A
and MAO-B are the two isoenzymes present in mosnmalian tissués The enzymatic
activity of MAO-B is increased in the brains of jeaits with AD*°. This results in increased
levels of oxidative deamination reaction produatshsas hydrogen peroxide, a source of
hydroxyl radicals, aldehydes and ammé&ria These products contribute to oxidative sftess
which enhances the neurodegeneration and synap$furittion in AD. For example,
selective MAO-B inhibitor rasagiline (Figure 1) ¢sirrently evaluated in a phase Il clinical
trial for the treatment of AD

The neurodegeneration and synaptic dysfunctionDnsAverely affect the cholinergic
systemt! and result in a decrease in the levels of theatmmsmitter acetylcholine (ACH)
which then produces memory loss and cognitive impant>, distinctive for patients with
AD. Acetylcholinesterase (AChE) and butyrylcholiteease (BChE) are the two
cholinesterases (ChEs) that terminate cholinergareotransmission by catalysing the

hydrolysis of ACA*. Inhibition of ACh hydrolysis in the brain is uséd increase levels of



ACh and consequently restore cognitive functionsl aleviate symptoms of AD
Accordingly, three out of the four approved drugs dlleviating symptoms of AD are ChE
inhibitors™: selective AChE inhibitors donepéZiband galantamirt& and dual ChE inhibitor
rivastigminé® (Figure 1).

Considering the intricate nature of AD pathogenetsie multitarget-directed ligand
(MTDL) approach has also been used to develop cangscapable of interacting with more
than one target involved in the pathogenesis ofdiseas® %2 For example, multitarget
compounds ladostigil (inhibition of AChE, BChE, MA® and MAO-BY® and AD-35
(inhibition of AChE and metal-inducedplaggregatiorff (Figure 1) are currently evaluated

in a phase Il clinical triaf"’.
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Figure 1. Structures of the currently approved ChE inhibiforsthe treatment of Alzheimer’s disease
(donepezil, galantamine, and rivastigmine), andicttres of some of the compounds currently

evaluated in clinical trials for the treatment dD Arasagiline, ladostigil and AD-35).



Among all therapeutic areas, AD has one of the stweumbers of compounds
progressing to regulatory review. No new drugs hbgen approved since 2003, and the
overall success rate during the 2002 to 2012 pewiasl only 0.4%. This very high attrition
rate (99.6%) requires a constant supply of new @amgs that can be evaluated for efficacy
in AD?. In the current study, our hypothesis was thathanti-AD compounds, capable of
interacting with one or more targets in AD pathaggs, can be developed simply by
combining moieties of known anti-AD compounds. Vépart herein design, straightforward
two-step synthesis, and comprehensive biochemicalluation of a series ofN-

alkylpiperidine carbamates as potential anti-Alnin&i agents.

2. Results and discussion

2.1. Design

N-Alkylpiperidine carbamates were designed by fusimgieties of known ChE and
MAO-B inhibitors (Figure 2). The 1,3- and 1,4-distituted piperidine scaffold, the hallmark
of the series, was taken from selective BChE inbibiwith neuroprotective activiti?’, 2%,
and3?°, and selective AChE inhibitor donepéZilCompoundL is a hit compound discovered
using a hierarchical structure-based virtual sdrgprprotocol to identify novel BChE
inhibitors’’. Compound® and3 are lead compounds developed in a hit-to-leadvopition
campaign®?° using compound. as the starting point. THe-benzyl group was taken from
sulfonamide2?® and donepeZif, N-(2,3-dihydro-H-inden-2-yl) group was appropriated from
amides1?’ and3*. Rasagiline is a selective MAO-B inhibitor withureprotective activity,
which inhibits MAO-B by forming a covalent bond taetenN-propargyl group and thE5
atom of FAD cofactdf. The N-propargyl group of rasagiline was thus introduteche

piperidine nitrogen to design compounds capablalabiting ChEs and MAO-B. Dual ChE



inhibitor rivastigminé®, selective AChE inhibitor phenserifieand selective BChE inhibitor
bisnorcymserin& are pseudo-irreversible ChE inhibitors, which bihtheir target enzymes

by carbamoylation of the catalytic serine in thévacsite of ChEs. The active site is then
slowly regenerated by decarbamylafiorThe carbamate moieties of these three compounds
were thus introduced to the 3- or 4- position gfepidine ring directly (n = 0, Figure 2), or

via a methylene group (n = 1, Figure 2).
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Figure 2. Design ofN-alkylpiperidine carbamates.

2.2. Synthesis

The synthesis dN-alkylpiperidine carbamate$-39 is presented in Table 1. First, the

nitrogen of commercially available 4-hydroxypipereli @0), 3-hydroxypiperidine 41), 4-



(hydroxymethyl)piperidine 42), and 3-(hydroxymethyl)piperidine48) was alkylated with
propargyl bromide or benzyl bromide in the presewteCsCOs; in acetone at room
temperaturé, to produceN-propargylpiperidine alcoholgl4-47 and N-benzylpiperidine
alcohols 4851 in moderate to high vyields (63—-88%N-(2,3-dihydro-H-inden-2-yl)

piperidine alcohols52-55 were prepared in modest yields (21-33%) by alkyatthe

nitrogen of starting piperidined043 with 2-bromo-2,3-dihydroH-indene §6) in the

presence of KCO; and a catalytic amount of Kl in MeCN at reflux.oBride56 was prepared
from 2,3-dihydro-H-inden-2-ol 67) and bromine in the presence of triphenylphospline
CH.Cl5* in 83% yield.

The designed phenyl carbamatled5 and 4-isopropylphenyl carbamates-27 were
synthesized in high yields (85-96%) by treatiNgalkyl alcohols 44-55 with phenyl
isocyanate or 4-isopropylphenyl isocyanate in thes@nce of a catalytic amount NfN-
dimethylpyridin-4-amine (4-DMAP) in C}Cl, at room temperatut® Ethyl(methyl)
carbamate28-39 were prepared in modest to moderate yields (28)5d9otreatingN-
alkylpiperidine alcohols44-55 with N-ethyl-N-methylcarbamoyl chloride in pyridine at

reflux®’.

Table 1. Synthesis of designed compoundieagents and conditions: (a) propargyl bromidexB6
solution in PhMe) or benzyl bromide, £LO;, acetone, rt, 24 h (82—-86%); (b) 2-bromo-2,3-drbyd
1H-indene, KCO;, cat. KI, MeCN, reflux (85 °C), 24 h (21-33%); @hNCO or 4PrPhNCO, cat. 4-
DMAP, CH.Cl,, rt, 24 h (85-96%); (d)-ethylN-methylcarbamoyl chloride, pyridine, reflux (120

°C), 24 h (28-54%).

: § ;
N aorb N cord N1
Q/ 3 Q/j3 Q/j3
><7nL0H »-OH o R
40-43 44-55 O>/* N\Rz
4-39




Compds Pdp® R R R? Compd$ Pdp° R R! R?
Z & =
4 1,4 H 30 14 Me Et
Z & =
5 13 H 31 13 Me Et
= s
6 14 H 32 14 Me Et
= s
7 13 H 33 13 Me Et
8 1,4 p H \© 34 14 p Me Et
9 13 p H \© 3B 13 p Me Et
10 1,4 p H \© 36 1.4 g Me Et
11 13 p H \© 37 13 Me Et
12 14 g H \© 38 14 Me Et
13 13 H \© 39 13 Me Et
14 14 H \© 40 1,4 / /o
15 1,3 H \© a1 13 / /o
8
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27 1,3 1 H \©\(Me 53 1,3 0o/

Me v

28 1.4 0 Me Et 54 14 1 /7 1/

:
\ :

29 1,3 0 Me Et 55 1,3 1 /7 1/

;
A\

4Compds = compound number

®Pdp = piperidine disubstitution pattern

2.3.In vitro enzyme inhibition

The inhibitory potencies against human (h)BChE BAC€hE of all synthesized\-
alkyl piperidines were determined using the metbbBIImar®, and the inhibitory potencies
against human (h)MAO-A and hMAO-B were determinesing a previously described
fluorescence-based Amplex Red ad8ayth minor modifications. Table 2 and Table 3 rgpo
the structures and inhibitory potencies of 1,4-dstilutedN-alkylpiperidines carbamates and
1,3-disbstitutedN-alkylpiperidines carbamates, respectively. Compisuwith 1G, values
higher than 100 puM were considered inactive (noibitibn). Since N-alkylpiperidine
alcohols44-55 did not inhibit (IGy > 100 uM) any of the four enzymes, they have resmnb
included in Table 1. Since none of the compountdgited hMAO-A (IG, > 100 uM), these
values have not been included in Table 1. Rasagdmd rivastigmine were used as controls

for AMAO and hChE inhibition, respectively.
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Table 2.Inhibitory potencies and structures of 1,4-disubstiuted N-alkylpiperidine carbamates.

R
N
X
R’
noO \
R2
hAChEP hBChE® hMAO-B®
Compds® R R R? IC50+SEM  IC50+SEM ICo+SEM
um) um) (L)
= &
4 H \© >100 19.06 +3.67 >100
= B
6 H \© >100 14.38 +1.11 10.3+0.8
8 p H \© >100 6.55 +0.79 >100
10 p H \© 7.31+1.4 0.555+0.09726.1 +3.9
12 g H \© 19.2 +#1.3 18.1 +1.5 >100
14 H \© >100 1.433 +0.306 >100
- ’
0.178
16 . H \Q\(Me >100 >100 4+0.0093
Me
- ’
0.316
18 . H \Q\(Me >100 24303 ' 503
Me
20 H \©\(Me >100 1.74 +0.55 >100



22 1 H Me 2.248 £+0.360 0.809 +0.372 >100
Me
04 0 H Me 2.308 +1.597 >100 >100
Me
26 1 H Me 408320441 15 >100
Me
=
28 / 0 Me Et >100 11.4 +2.6 >100
=
30 1 Me Et >100 >100 >100
32 p 0 Me Et >100 >100 >100
34 p 1 Me Et 72.0 £30.9 46.0 £12.7 >100
36 g 0 Me Et >100 20812 100
38 1 Me Et >100 4.46 +1.46 >100
. 0.036
Rasagilin€ / / / / >100 >100 +0.004
Rivastigmine / / / / 19.8+2.6 1.439+0.228 >100

4Compds= compound number

®determined after 30 min preincubation of inhibitdth ChEs; data are expressed as mean + SEM (n
=3)

‘determined after 15 min preincubation of inhibiteith MAO-A/B; data are expressed as mean *
SEM (n = 3).

4= |Cso (NMAO-A) = 29.5 +4.4 uM

12



Table 3. Inhibitory potencies and structures of 1,3lisubstituted N-alkylpiperidine carbamates.

O
:<
Z-7
X

@)

hAChE® hBChE® hMAO-B®

Compds® n R R? IC50+SEM  IC50+SEM ICso+SEM
(1M) (1M) (UM)

5 0 H >100 84.5+19.8 >100
7 1 H >100 29.6 +4.7  >100

>100 0.46 +0.049 33.3+7.5

11 67.1+13.7 0.520 +0.07839.5 +8.2

Oy VR -
f 3 d8338

0.0645
13 0 H >100 00115 >100
0.1795
15 1 H >100 +6.005%3 >100
=
17 / 0 H Me >100 >100  71.83+18.7
Me
P &
= 2.857
19 / 1 H \©\(Me >100 177537 S50
Me
21 p 0 H \©\(Me >100 3.25+0.94 29.3+3.4
Me
23 p 1 H \©\(Me 15.145.8 0.118+0.015 >100



25 0 H Me O4EL22T 100 >100
e Me
18.7 £3.0 0.442
27 1 H Me +0.1752 >100
e Me
=
29 0 Me Et >100 >100 >100
=
31 1 Me Et >100 >100 >100
33 p 0 Me Et >100 21.0 +6.8 >100
35 p 1 Me Et 96.6 +21.3 7.23 £0.75 >100
37 g 0 Me Et >100 9.69 +0.51 >100
39 1 Me Et >100 9.39 £2.20 >100
- 0.036
Rasagiliné / / / / >100 >100 410,004
Rivastigmine / / / / 19.8+2.6 1.439+0.228 >100

4Compds= compound number

®determined after 30 min preincubation of inhibitdth ChEs; data are expressed as mean + SEM (n
= 3)

‘determined after 15 min preincubation of inhibiteith MAO-A/B; data are expressed as mean +
SEM (n = 3).

4= |Cso (NMAO-A) = 29.5 +4.4 uM

2.4. Structure—activity relationships
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2.4.1. Structure—activity relationships of 1,4-dishstituted N-alkylpiperidine carbamates

Structure—activity relationships (SARs) of 1,4-distituted N-alkylpiperidine
carbamates is presented in FigureN3Benzylpiperidine22 (ICso = 2.25 uM) andN-(2,3-
dihydro-1H-inden-2-yl)piperidine24 (ICso = 2.31 uM) are the most potent hAChE inhibitors
in this series. Th&Pr- group on the benzene ring of the carbamatepgsoneeded for hAChE
inhibition, as removing it from compoun@? and 24 reduces the inhibitory potencies0(
ICs50 = 7.31 uM;12, ICs0 = 19.2 uM).N-Propargylpiperidines and (ethyl)methylcarbamates,
with the exception of the very weak hAChE inhibi®t (ICso = 72.0 uM), are inactive as
hAChE inhibitors (IGy > 100 pM).

N-Benzylpiperidinel0 (ICso = 0.56 puM) is the most potent hBChE inhibitor bét
series. Replacing the benzyl group with a 2,3-dibytH-inden-2-yl group 4 (ICso=1.43
UM) or a propargyl group in compouBdICso = 14.38 uM) reduces the inhibitory potencies
by up to 25-fold. In contrast to hAChE inhibitiothe presence of th#’r- group on the
benzene ring of the carbamate group reduces hB@thBitory potency. Carbamag®d (ICsg
=1.74 uM) is the exception to this rule, sincis ialmost 4-fold more potent than the benzene
counterpart8 (ICso = 6.55 uM). 1,4-DisubstitutedN-alkylpiperidine carbamates with a
methylene linker between the piperidine ring anel ¢arbamate moiety (n = 1, Figure 3) are
more potent hBChE inhibitors than compounds with ¢arbamate group bound directly to
the piperidine ring (n = O, Figure 3). Again, thésean exception to this rule: compoudd
(IC50 = 11.40 puM), which has an inactive “methylene” mmupart30 (ICso > 100 uM).

N-Propargylpiperidinel6 (ICso = 0.18 uM) is the most potent hMAO-B inhibitor of
this series. Inserting a methylene group betweerpiperidine ring and the carbamate moiety
(n = 1, Figure 3) does not affect the inhibitionaisignificant extent1, 1Cso = 0.32 uM).
Similar to hAChE inhibition, thePr- group on the benzene ring of the carbamatepgi®u

needed for hMAO-B inhibition. Removing this grouporh compoundl18 reduces the

15



inhibitory potency by more than 30-fol@;(IC5so = 10.3 uM).N-Benzylpiperidinel0 (ICso =
26.1 uM) is the only to inhibit hMAO-B inhibitor @eid of archetypaN-propargylpiperidine
moiety. Nonetheless, the inhibition of hAMAO-B isngparable to the propargyl counterpéurt
(ICs0 = 10.3 uM). AlIN-(2,3-dihydro-H-inden-2-yl)piperidines and (ethyl)methylcarbamates

are inactive as hMAO-B inhibitors (§g> 100 pM).

N-R

/ hAChE inhibition hBChE inhibition hMAO-B inhibition \
_ _ _
Z4 = = .
> > 7> A,
szlnhlbltlon e ol no
el o v i i _linhibition
X
R N
N (( hACKE inhibition A
H
N H Me
o) k'Y N
%)L we > > |
N no” X -~ “Me
A Me
[ - “gw \
hChE inhbition hBChE inhibition
1>0 = T H
H _N Me
hMAO-B inhibition _N g
0> 1 * > Me> N.
% "Me
Me
hMAO-B
N H
‘771/ N Me
o S > [
%" "Me

Me no inhibition

Figure 3. SARs of 1,4-disubstitutedN-alkylpiperidine carbamates.

2.4.2 The structure—activity relationships of 1,3-tbubstituted N-alkylpiperidine
carbamates
Structure—activity relationships (SARs) of 1,3-distituted N-alkylpiperidine

carbamates is presented in Figure 4. Comp@mdICso = 7.91 uM) is the most potent
16



hAChHE inhibitor of the series. Inserting a methg@agroup between the piperidine ring and
the carbamate moiety (n = 1, Figure 4) slightlyuess the inhibitory potency?, 1Cso =
18.70 uM). Similar to 1,4-disubstituted piperidindsiPr- group on the benzene ring of the
carbamate group is again needed for hAChE inhititRemoving this group from compound
23 (ICs0 = 15.10 uM) reduces the inhibitory potengy,(ICso = 67.10 uM). As observed with
1,4-disubstituted piperidine®N-propargylpiperidines and (ethyl)methylcarbamateih the
exception of the very weak hAChE inhibit8b (ICsp = 96.6 uM), are inactive as hAChE
inhibitors (IGo > 100 uM).

N-(2,3-Dihydro-H-inden-2-yl)piperidinel3 (ICsp = 0.06 uM) is the most potent
hBChE inhibitor of this series. Inserting a metmdegroup between the piperidine ring and
the carbamate moiety (n = 1, Figure 4) increasesnthibitory potency of all 1,3-disubstituted
N-alkylpiperidine carbamates, except compolad(ICso = 0.18 uM), which is less potent
than its “non-methylene” counterpds (ICso = 0.06 uM). As observed with 1,4-disubstituted
piperidines, the presence of - group on the benzene ring of the carbamatepgreduces
hBChE inhibitory potency. Carbam&28 (ICso = 0.12 uM) is the exception to this rule, since
it is almost four-fold more potent than its benzemmeinterpartll (ICso = 0.52 pM).N-
Propargylpiperidines and (ethyl)methylcarbamategs aractically inactive as hBChE
inhibitors.

N-Propargylpiperidinel9 (ICso = 2.86 uM) is the most potent hMAO-B inhibitor of
this series. Removing the methylene group betwhlenpiperidine ring and the carbamate
moiety (n = 0, Figure 4) reduces the inhibitoryeraty significantly 17, 1Csp = 71.83 uM).
Replacing the propargyl group of compout@iwith a benzyl group2l, 1Cso = 29.30 uM)
has a similar effect: the inhibitory potency isuedd by more than tenfold. Similarly as with
1,4-disubstituted piperidines, all N-(2,3-dihydro-H-inden-2-yl)piperidines and

(ethyl)methylcarbamates are inactive as hMAO-Bbitbrs (1Go > 100 pM).

17
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Figure 4.SARs of 1,3-disubstitutedN-alkylpiperidine carbamates.

2.5. Mechanism of hChE and hMAO-B inhibition

To determine the mechanism of inhibition, revet#ibil00-fold dilution assay and
ICso curve shift assayswere performed with hAChE, hBChE and hMAO-B inhiil0, the
most potent selective hBChE inhibitdB, the most potent selective hMAO-B inhibitd6,
and dual hAChE and hBChE inhibit®2.

In the 100-dilution assay, irreversible inhibitoraintain inhibition after dilution of
the preincubated mixture (Figure 5). In thesd@urve shift assay, Kg values of time-
dependent inhibitors decrease with prolongatiomaodibation time (Figures 6 and 7). Results

of these assays show that compoub@sl3, and22 are reversible (Figure 5A and 5B) and

18



non-time-dependent inhibitors (Figure 6) of hAChtel/ar hBChE. The results also show that
compound16 is an irreversible (Figure 5D) and time-dependmhibitor (Figure 7) of
hMAO-B, while compound.Ois not (Figures 5D and 7). This was expected saocepound
16 is anN-propargylamine and compoud® is aN-benzylpiperidine derivative, not capable

of forming a covalent bond with hMAO-B.

Dilution assay hAChE
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Figure 5. Dilution assay.Structures of compounds), 13, 16, and22 (A). Recovery of hAChE (B),
hBChE (C), and hMAO-B (D) activity after 100-foldution following 15 min incubation for hMAO-

B (30 min for ChEs) at 37 °C (at room temperatareGhEs) of the 100x enzyme concentration with
10-fold the IG, of compoundslO, 13, 16, 22, rivastigmine (irreversible hChE inhibitor), dorszd
(reversible hAChE inhibitor), rasagiline, paragglin-deprenyl (irreversible hMAO-B inhibitors) and

isatin (reversible hMAO-B inhibitor). The contrdDiSO) was carried out in the absence of inhibitor
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and diluted in the same way. Data are expresspdrasntages of control + SEM of three independent

experiments (each performed in quadruplicate).
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Figure 6. ICs curve shift assay for hChE inhibition. Inhibiton of hAChE (A) and hBChE (B) by
rivastigmine (positive control for time-depende@ht inhibition) and compound), 13, and22 at
various pre-incubation times (indicated in the hat@. For inhibition of hBChE by compoud@® at
additional pre-incubation times (1, 5, 15, 30, &¥dmin) see Supporting Figure S1. RA = residual

activity.
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Figure 7. ICso curve shift assay for hMAO-B inhibition. Inhibiton of hMAO-B by rasagiline
(positive control for time-dependent hMAO-B inhibit) and compound&0 and 16 at various pre-

incubation times (indicated in the legends). RAesidual activity.

2.6. Co-crystal structure of hBChE in complex withcompound 13
The crystal structure of compourtB bound to hBChE was resolved at 2.5 A
resolution (Supporting Table S1). The crystals wareined by the hanging drop method,

then soaked with compount3 at 1 mM final ligand concentration (1% DMSO). Gdos
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examination of the binding mode explains why compubi3, in particular, does not inhibit
hBChE in a covalent manner. The phenyl substitwecupies the acyl-binding pocket of
hBChE, which is defined by residues Trp231, Leu28&288 and Phe398, and forms a T-
stacking interaction (i.ex-stacking) with Trp231 (Figure 8A). It is importatat compare the
binding poses of compound8 and1 because compouri8 is a new lead compound derived
from hit compoundL. Importantly, despite the 2D similarity of compaigri and13 (Figure
8C), this does not necessarily lead to comparabidiry poses. Thus, special attention
should always be placed to the structural eluaitatir molecular modelling studies, which
can reveal the reasons for the deviations in thelenoof inhibition. Contrary to the hit
inhibitor [ICso(hBChE) = 21.3 nM{’, the piperidine ring of carbamat® is flipped with the
indene moiety pointing towards Trp82 in the choloweding pocket (Figure 8B). The
piperidine nitrogen occupies exactly the same rs#s in the parent inhibitor, and forms a
n-cation interaction with Tyr332, which is a pivotateraction for the inhibition of hBChE.
Additionally, compoundl3 is stabilized by H-bonds between the carbamategetn and
oxygen with two water molecules. The latter areo dfsbonded to the backbone carbonyl
groups of Pro285 and Ser287, and the piperidirregen. The stabilization of the carbamate
core with several H-bonds places the inhibitorhea middle of the active site gorge with the
carbamate carbonyl group at the distance of 6.6 fSer198, which precludes the covalent
binding of compound.3. This pose and inhibition data clearly demonstth& introduction
of a carbamate group into a compound does not saclsproduce a pseudo-irreversible

ChE inhibitor.
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Figure 8. Crystal structure of hBChE in complex wih compound 13 (PDB 6SAM; resolution 2.5
A). (A) Compound13 (cyan) and the key residues of hBChE (green) iragblin the binding are
shown as sticks. Water molecules are presentethaga spheres and hydrogen bonds are blue dotted
lines. (B) Alignment of the crystal structures aingpoundl3 (cyan) and the parent hit compouhd

(magenta) in the active site of hBChE. (C) Struesusf compound$3 and1l.

2.7. Inhibition of AB;_4s2aggregation
The inhibitory activity of carbamate), 13, 16, and 22 against 8,4, aggregation
was evaluated with the thioflavine-T (ThT) fluorome assa$’. Compound16 showed

modest 14, anti-aggregation effects, with 25.7% inhibitionAf§,_4> aggregation (Table 4).

Table 4. Inhibition of Ap.4. aggregation by N-alkylpiperidine carbamates 10, 13, 16, 22,

rivastigmine, rasagiline, resveratrol and donepezil

Compound Inhibition of A B4, aggregatior?
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10 n.iP?

13 n.iP
16 25.7 + 0.8%*
22 n.iP?

Rivastigmine tartrate | n.i.”

Rasagiline mesylate | n.i.”

Resveratrol 86.6 + 11.6%*

Donepezil n.i°

@Percent inhibition at 10 uM compound and 1.5 uRi_4. Percentage of inhibition means + SD of
three independent experiments (each performed adrgplicate)” No inhibition (percent inhibition
lower than 20%). Statistical analysis: one-way ANOMollowed by post-hoc Bonferroni t-test

(SigmaPlot v 12.0), compared to control experinféfi;,_4,, + DMSO); *p < 0.05.

2.8.1n vitro blood-brain barrier permeation

As AD is a brain disease, drugs used for its treatnmust partition into the brain by
crossing the blood-brain barrier (BBB). Therefdhe brain permeation of compounti3 13,
16 and22 was evaluated using the parallel artificial membraermeation assay (PAMPA)—
BBB method, which is a high-throughput and low-cestsay used to exclude poorly
permeable compounds from further testing (emvitro assays on cell lines and-vivo
assays). Table 5 shows the negative logarithms of thectiffe permeabilities (—Id@) of N-
alkylpiperidine carbamates0, 13, 16, and22 and five reference drugs with known central
nervous system penetration. For all of Mralkylpiperidine carbamates, the —-Rgvalues are
lower than the limit for high permeability (5.6) hieh suggests that these compounds should

be able to cross BBB.

Table 5.1n-vitro BBB permeation of carbamates and reference drugs.

PAMPA-BBB

Compounds | —logPe (cm/s)| Permeabilty

mean+ SD | predictior?
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10 5.31+0.19 high

13 5.36 £ 0.04 high

16 5.01 +0.22 high

22 4.84+0.21 high
Propranolol| 5.11 +0.04 high
Lidocaine 4.79 +0.03 high
Verapamil 5.17 £0.03 high
Quinidine 5.12 +0.05 high

Theophylline| 6.40 + 0.05 low

% —logPe < 5.6, high permeability; —IBg> 6.2, low permeability; intermediate —gvalues (5.6 —
6.2) were labeled as intermediate BBB permeability.
2.9. Cytotoxicity and neuroprotective effects of ampound 10, 13, 16 and 22

To determine whetheN-alkylpiperidine carbamates share the non-cytotcai
neuroprotective properties of the parent compour§®?®, and3%°, inhibitors10, 13, 16 and
22 were characterized accordingly.

First, their cytotoxicity profiles were determinedsing the MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)(2-sulfophenyl)-H-tetrazolium, inner
salt)assay. Results show that all four compourdds 13, 16 and22) were non-cytotoxic at 20
UM on SH-SY5Y cells (Figure 9A) and at 50 uM on B&pcells (Figure 9B).

We then determined whether compoud@s13, 16 and22 can protect neuronal-like
cells from toxic A8-species. Therefore, we examined neuronal deaticetlby 5 uM 8,42
in the absence and presence of 20 uM compoldds3, 16 and22. In this assay, compounds
that decrease the percentage of 7-aminoactinomii(7-AAD) positive cells have a
neuroprotective effect agains3Asinduced toxicity. Treatment of SH-SY5Y celigth 5
MM of ABi-42 caused significant toxicity, as evident from thgn#icant increase of 7-AAD
positive cells (Figure 9C), whereas hMAO-B inhilbg#@0 and 16 diminished A:_srinduced
cell death (Figure 9C). The neuroprotective effeficcompoundlO is independent of By_42

aggregation, as, compound® at 10 puM did not inhibit ;4> aggregation in the ThT
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fluorometric assayTable 4). On the other hand, the neuroprotectifeceof compoundl6

could be the result of itsfA_4, anti-aggregation effects (Table 4).
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Figure 9. Cytotoxicity and neuroprotective effectof compound 10, 13, 16 and 2Zytotoxicity in
SH-SY5Y (A) and HepG2 cells (B). Cells were incudushin the presence of increasing concentrations
of compounds (1-100 pM) in reduced-serum mediunterA48 h, the cell viability was evaluated
using the MTS assay. The control group (DMSO) waissitlered as 100% cell viability. Data are
means = SD of three independent experiments, eacled out in quadruplicate. (C) The effect on
ABi.srinduced toxicity in SH-SY5Y cells. Cells were tred with AB;.4 (5 M) in the absence or
presence of compounds (20 uM) in reduced-serumunedAifter 48 h treatment, neuroprotective

effect was evaluated by flow cytometry analysis7/8AD staining. The graph shows the results of
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guantitative analysis and indicates the percentdgdead cells, a fraction of 7AAD positive cells
(7TAADP®). Results are means * SD of at least two indeperaiesays, each carried out in duplicate.

*P <0.05, *P <0.1

It has been shown recently thaB.A» aggregation initiates the cellular uptake ¢f A
oligomers and fibrils and subsequently the cytatity?>. Therefore, the next step was to
evaluate the effects of neuroprotective compour@land16 on the distribution of By-42in
SH-SY5Y cells. For this experiment, cells wererstdi for amyloid fibrils after the treatment
with monomeric 8,_4>peptide in the absence or presence of compol@dsdl16. Staining
with the amyloid precursor protein (APPPAantibody revealed large extent of they A
aggregates present inBA4. peptide-treated SH-SY5Y cells, whereas no suchist@iwas
observed in non-treated (Control) cells as seerFigure 10. Moreover, no noticeable
difference in the distribution of the amyloid filsriin the A31_4, peptide-treated SH-SY5Y
cells was observed in the presence of the compdOnavhereas less [PAaggregates were
observed in the treated cells in the presencempooindl6 (Figure 10). This is in agreement

with the results of compouritD and16 obtained in the ThT fluorometric ass@yable 2).
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Compound16+ AR Compound10 + AR

Figure 10. The effect of compounds 10 and 16 on tlkstribution of A B4, in SH-SY5Y cells.
Cells were treated with (A4, (5 HM) in the absence or presence of the compdih(?0 uM) or
compoundl6 (20 uM) in reduced-serum medium. After 48 h tresitn SH-SY5Y cells were stained
for APP/AB with 4,6-diamidino-2-phenylindole (DAPI) counterstainedclei and then visualized
with confocal microscope Carl Zeiss LSM 710 and @@8xmmersion objective. Images were edited

by using ZEN2011 software. Scale bar, 20 pum.



2.10. Stability of the synthesized carbamates

In general, carbamates are chemically and enzyatlgtionore stable than the
corresponding esters, but more susceptible to hyglsothan corresponding amides. The
bioconversion of carbamates requires esteraseshwbhmmon hydrolysis, release the parent
phenol or alcohol and unstable carbamic acid. Hterl breaks down to the corresponding
amine and carbon dioxide (Scheme 1). Carbamatasedefrom alcohols show higher
chemical stability than those from phenols dueh®lbwer pKa of phenols in comparison to

alcoholé®.

R‘I
|

0, CN.
R-OH + H U\ﬂ/ R? — CO, + HN’R
@) R2
Carbamate Phenol: R = Ar Carbamic acid Amine
Alcohol: R = Alkyl  (unstable)

1

H H
.0.
|
_ N. Esterase
R cej\n/ R2 —_
o)

Scheme 1. Bioconversion of carbamates.

Therefore, we expect our carbamates to be biolbgicdable because they are
chemically stabile under the synthetic and isofattmnditions described in thdethods
setion, they don't react covalently with two esser (AChE and BChE), and are all derived
from alcohols and not from phenols as are rivastigmE)-phenserine and bisnorcymserine

(Figure 2).

3. Conclusions
We present the design, synthesis, and biochemvedilaion of 36N-alkylpiperidine
carbamates as potential multifunctional ligandsA@. The most promising compounds of

the series are compound® [inhibition of hAChE (IGo = 7.31 uM), hBChE (I = 0.555
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uM) and hMAO-B (IGo = 7.31 uM)],13 [selective inhibition of hBChE (165 = 0.0645 uM)],

16 [selective hMAO-B inhibition (IGo = 0.178 uM) and22 [inhibition of hAChE (IGo =
2.248 uM) and hBChE (l§g = 0.809 uM)]. Kinetic experiments were used tced®ine their
mechanism of hChE and hMAO-B inhibition. Compourdfs 13, and22 are reversible and
non-time-dependent inhibitors of hAChE and/ or hBCHihese experiments also show that
compoundl6 is an irreversible and time-dependent inhibitoh®AO-B, while compound
10is not. The crystal structure of compoutiin complex with hBChE revealed its mode of
binding, confirmed the non-covalent mechanism aifbition, and opened the possibility for
further optimization ofN-alkylpiperidine carbamates. The results from thAEMPA-BBB
assay indicate that compountly 13, 16 and22 should all cross the BBB. These compounds
are noncytotoxic; moreover, compounti$ and 16 also prevented [\ -s>induced neuronal
cell death. The neuroprotective effects of compoL@adnay be the result of its A 4, anti-
aggregation effectdN-alkylpiperidine carbamates reported herein cordlnour hypothesis
that novel anti-AD compounds, capable of interartimith one or more targets in AD

pathogenesis, can be developed by combining msietiknown anti-AD compounds.

4. Methods
4.1. General chemistry methods

'"H-NMR and ®*C-NMR were recorded at 400.130 MHz and 100.613 MHz,
respectively, on an NMR spectrophotometer (Brukearfce 1ll). The chemical shift$) are
reported in parts per million (ppm) and are refeeghto the deuterated solvent used. The
coupling constants]f are reported in Hz, and the splitting patterresiadicated as: s, singlet;
bs, broad singlet; d, doublet; dd, doublet of detsyltd, triplet of doublets; h, hextet; m,
multiplet; t, triplet; bt, broad triplet; dt, dowddlof triplets; tt, triplet of triplets; g, quarteid,

guartet of doublets. Infrared (IR) spectra wereoréed on a FT-IR spectrometer (System
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Spectrum BX; Perkin-Elmer). ATR IR spectra wereorded on a FT-IR spectrometer
(Thermo Nicolet Nexus 470 ESP). Mass spectra wererded on a LC-MS/MS system (Q
Executive Plus; Thermo Scientific, MA, USA). Evaption of the solvents was performed
under reduced pressure. Reagents and solventspuesbased from Acros Organics, Alfa
Aesar, Euriso-Top, Fluka, Merck, Sigma-Aldrich, ah@l Europe, and were used without
further purification, unless otherwise stated. klaslumn chromatography was performed on
silica gel 60 for column chromatography (partialees 230—-400 mesh). Analytical thin-layer
chromatography was performed on silica gel alunmimgheets (0.20 mm; 60 F254; Merck),
with visualization using ultraviolet light and/oisualization reagents. Analytical reversed-
phase UPLC method A was performed on an LC sysionéx Ultimate 3000 Binary Rapid

Separation; Thermo Scientific) equipped with anosampler, a binary pump system, a
photodiode array detector, a thermostated colummpaotment, and the Chromeleon
Chromatography Data System. The detector on UPIstegywas set to 210 nm and 254 nm.
The column used for method A and was a C18 analytolumn (50 x 2.1 mm, 1.8 um;

Acquity UPLC HSS C18SB). The column was thermostated0 °C.

Method A The sample solution (gL; 0.2 mg/mL in MeCN) was injected and eluted at a
flow rate of 0.4 mL/min, using a linear gradientrobbile phase A (MeCN) and mobile phase
B (0.1% [v/v] aqueous TFA). The gradient for methodfor mobile phase A) was: 0-5 min,

10%-90%; 5-7.5 min, 90%; 7.5-8 min, 90-10%.

4.2. General synthetic procedures

4.2.1. General procedure for synthesis of carbamateith isocyanate (general procedure

1)
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The alcohol (1.0 equiv.) was dissolved in L at room temperature. The solution was
stirred, and isocyanate (1.2 equiv.) was addethvield by 4-DMAP (0.1 equiv.). After 24 h,
the solvent was evaporated and the crude produc marified by flash column

chromatography.

4.2.2. General procedure for synthesis of ethyl(meyl)carbamate with N-ethyl-N-
methylcarbamoyl chloride (general procedure 2)

The alcohol (1.0 equiv.) was dissolved in pyrideteroom temperature. The solution was
stirred and\-ethyl-N-methylcarbamoyl chloride (1.2 equiv.) was adddae Teaction mixture
was stirred under argon at reflux (120 °C) for 24he mixture was cooled to room and the

solvent was evaporated. The crude product wasi@aitify flash column chromatography.

4.3. Characterization of the synthesized compounds

Synthesis of 1-(prop-2-yn-1-yl)piperidin-4-yl phelogrbamate (4)

Synthesized from 1-(prop-2-yn-1-yl)piperidin-4-ai4j (0.210 g, 1.509 mmol, 1.0 equiv.),
phenyl isocyanate (0.197 mL, 1.811 mmol, 1.2 equand 4-DMAP (0.018 g, 0.151 mmol,
0.1 equiv.) in CHCI, (5 mL) via general procedure 1. The crude protad purified by flash
column chromatography using EtOAdiexane (2:1, v/v) as the eluent, to produce 0381
4 as a colourless oil which solidified into a whdelid after cooling (85% yieldR = 0.23
(EtOAch-hexane, 2:1, viv). IR (ATR): 3283, 2961, 2810, 2,71546, 1310, 1231, 1057,
1028, 739, 677, 648 cth 'H-NMR (CDCk): & 1.75-1.84 (m, 2H), 1.99-2.05 (m, 2H), 2.27
(t, = 2.4 Hz, 1H), 2.44-2.50 (m, 2H), 2.77-2.82 (m),2H32 (d,J = 2.5 Hz, 2H), 4.77-4.83
(m, 1H), 6.64 (bs, 1H), 7.04—7.08 (m, 1H), 7.2837®, 2H), 7.38 (bd) = 8.0 Hz, 2H)*C-

NMR (CDCk): 6 30.85, 46.70, 49.47, 70.39, 73.19, 78.61, 1181238,17, 128.84, 137.86,
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152.92. HRMS (ESI+)m/z calcd for GsHi900-N, 259.1441; found 259.1436. UPLC purity,

99% at 254 nm (method Agr = 2.070 min).

Synthesis of 1-(prop-2-yn-1-yl)piperidin-3-yl phelogrbamate (5)

Synthesized from 1-(prop-2-yn-1-yl)piperidin-3-a15f (0.220 g, 1.580 mmol, 1.0 equiv.),
phenyl isocyanate (0.197 mL, 1.811 mmol, 1.2 equand 4-DMAP (0.021 g, 0.158 mmol,
0.1 equiv.) in CHCI, (5 mL) via general procedure 1. The crude protad purified by flash
column chromatography using EtOAdiexane (2:3, v/v) as the eluent, to produce 0365

5 as a colourless oil which solidified into a whéelid after cooling (87% yieldR = 0.50
(EtOAch-hexane, 2:1, v/v). IR (ATR): 3298, 2949, 1693, 852442, 1234, 1054, 907, 759,
743, 698, 509 cit. *H-NMR (CDCL): & 1.60-1.71 (m, 2H), 1.76-1.81 (m, 1H), 1.83-1.93
(m, 1H), 2.26 (tJ = 2.4 Hz, 1H), 2.50-2.60 (m, 2H), 2.64—2.68 (m),1H77-2.80 (m, 1H),
3.38 (d,J = 2.4 Hz, 2H), 4.96-5.01 (m, 1H), 6.76 (bs, 1HD3%7.07 (m, 1H), 7.27-7.32 (m,
2H), 7.37 (dJ = 7.7 Hz, 2H)**C-NMR (CDCk): & 21.82, 28.47, 46.86, 51.58, 55.53, 69.75,
73.54, 78.03, 118.39, 123.11, 128.84, 137.85, BB52HRMS (ESI+): m/z calcd for
C1sH1902N2 259.1441; found 259.1438. UPLC purity, 97% at B86# (method Afr = 2.083

min).

Synthesis of (1-(prop-2-yn-1-yl)piperidin-4-yl)megthphenylcarbamate (6)

Synthesized from (1-(prop-2-yn-1-yl)piperidin-44yl¢thanol 46) (0.220 g, 1.436 mmol, 1.0
equiv.), phenyl isocyanate (0.187 mL, 1.723 mmd, dquiv.) and 4-DMAP (0.018 g, 0.144
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified

by flash column chromatography using EtO#bexane (2:1, v/v) as the eluent, to produce
0.358 g of6 as a colourless oil which solidified into a whsiid after cooling (90% yield}

= 0.20 (EtOAch-hexane, 2:1, v/iv). IR (ATR): 3273, 2950, 2808, 1,71547, 1309, 1222,

34



1053, 764, 690, 660, 505 c'H-NMR (CDCh): & 1.36-1.46 (m, 2H), 1.65-1.74 (m, 1H),
1.76-1.80 (m, 2H), 2.19-2.25 (m, 3H), 2.90-2.942H), 3.31 (d,) = 2.5 Hz, 2H), 4.04 (d]
= 6.4 Hz, 2H), 6.62 (bd, 1H), 7.04—7.08 (m, 1HR8%7.38 (m, 4H)**C-NMR (CDC}): &
28.56, 34.85, 46.97, 51.72, 69.18, 72.98, 78.8B.5R] 123.19, 128.83, 137.79, 153.56.
HRMS (ESI+):m/z calcd for GeH2102N, 273.1598; found 273.1591. UPLC purity, 98% at

254 nm (method Atgr = 2.180 min).

Synthesis of (1-(prop-2-yn-1-yl)piperidin-3-yl)megthphenylcarbamate (7)

Synthesized from (1-(prop-2-yn-1-yl)piperidin-34yl¢thanol 47) (0.238 g, 1.553 mmol, 1.0
equiv.), phenyl isocyanate (0.203 mL, 1.864 mmda, dquiv.) and 4-DMAP (0.019 g, 0.155
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified
by flash column chromatography using EtO&bexane (3:2, v/v) as the eluent, to produce
0.383 g of7 as a colourless oil which solidified into a whsiid after cooling (89% yield}

= 0.30 (EtOAch-hexane, 2:1, viv). IR (ATR): 3338, 3265, 2939, 169525, 1443, 1230,
1059, 741, 675, 620cth *H-NMR (CDCk): § 0.98-1.10 (m, 1H), 1.57-1.67 (m, 1H), 1.72—
1.78 (m, 2H), 1.98-2.09 (m, 2H), 2.17-2.23 (m, 12425 (t,J = 2.4 Hz, 1H), 2.79-2.83 (m,
1H), 2.89-2.96 (m, 1H), 3.33 (d= 2.5 Hz, 2H), 3.98-4.02 (m, 1H), 4.09-4.13 (m),16466
(bs, 1H), 7.04-7.08 (m, 1H), 7.28-7.33 (m, 2H),87(Bd, J = 7.8 Hz, 2H)"C-NMR
(CDCl): 6 24.43, 26.46, 35.80, 47.18, 52.45, 55.51, 67.€819% 78.68, 118.73, 123.20,
128.81, 137.82, 153.57. HRMS (ESI#f)/zcalcd for GgH210,N, 273.1598; found 273.1591.

UPLC purity, 97% at 254 nm (method #,= 2.233 min).

Synthesis of 1-benzylpiperidin-4-yl phenylcarbam#8d
Synthesized from 1-benzylpiperidin-4-048) (0.209 g, 1.093 mmol, 1.0 equiv.), phenyl

isocyanate (0.143 mL, 1.312 mmol, 1.2 equiv.) ardMAP (0.013 g, 0.109 mmol, 0.1
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equiv.) in CHCI, (5 mL) via general procedure 1. The crude prodves purified by flash
column chromatography using EtOAdiexane (1:1, v/v) as the eluent, to produce 0264

8 as a colourless oil which solidified into a whéelid after cooling (75% yieldR = 0.38
(EtOAcih-hexane, 2:1, v/v). IR (ATR): 2944, 2799, 1720,355446, 1314, 1216, 1062, 743,
695, 514 cmt. *H-NMR (CDCk): § 1.70-1.79 (m, 2H), 1.95 (bs, 2H), 2.27 (bt 9.3 Hz,
2H), 2.72 (bs, 2H), 3.51 (s, 2H), 4.76—-4.83 (m, 16452 (bs, 1H), 7.05 (1 = 7.3 Hz, 1H),
7.23-7.38 (m, 9H)**C-NMR (CDC}): § 31.02, 50.71, 62.86, 71.19, 118.52, 123.15, 126.96
128.12, 128.88, 129.03, 137.93, 138.18, 153.02. BRHESI+): m/z calcd for GgH230,N>

311.1754; found 311.1748. UPLC purity, 96% at 26%(method Afg = 2.650 min).

Synthesis of 1-benzylpiperidin-3-yl phenylcarbam#®e

Synthesized from 1-benzylpiperidin-3-049) (0.248 g, 1.297 mmol, 1.0 equiv.), phenyl
isocyanate (0.169 mL, 1.556 mmol, 1.2 equiv.) ardMAP (0.016 g, 0.130 mmol, 0.1
equiv.) in CHCI, (5 mL) via general procedure 1. The crude prodves purified by flash
column chromatography using THFiexane (1:4, v/v) as the eluent, to produce 0289

as a colourless oil which solidified into a whitelid after cooling (81% yield)R; = 0.57
(EtOAch-hexane, 2:1, viv). IR (ATR): 3283, 2950, 1687, 451446, 1239, 1053, 1030, 740,
692, 505 cr’. H-NMR (CDCk): 6 1.49-1.66 (m, 2H), 1.75-1.82 (m, 1H), 1.86-1.91 (m
1H), 2.27-2.39 (m, 2H), 2.48-2.52 (m, 1H), 2.77, (ba 11.3 Hz, 1H), 3.56 (d] = 2.6 Hz,
2H), 4.90 (septet] = 3.7 Hz, 1H), 6.69 (bs, 1H), 7.03-7.07 (m, 1HR2%#7.33 (m, 7H), 7.37
(bd,J = 7.7 Hz, 2H)*C-NMR (CDCEk): & 22.45, 29.44, 52.80, 57.11, 62.88, 70.26, 118.48,
123.10, 126.98, 128.09, 128.86, 129.04, 137.51,9437152.91. HRMS (ESI+)n/zcalcd for
Ci9H230:N, 311.1754; found 311.1747. UPLC purity, 98% at 284 (method Afr = 2.713

min).
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Synthesis of (1-benzylpiperidin-4-yl)methyl phengtbamate (10)

Synthesized from (1-benzylpiperidin-4-yl)methand0)((0.244 g, 1.189 mmol, 1.0 equiv.),
phenyl isocyanate (0.155 mL, 1.427 mmol, 1.2 equand 4-DMAP (0.015 g, 0.119 mmol,
0.1 equiv.) in CHCI, (5 mL) via general procedure 1. The crude protkad purified by flash
column chromatography using THiFiexane (1:3, v/v) as the eluent, to produce 0Q%0
10 as a colourless oil which solidified into a wh#elid after cooling (71% yieldR = 0.28
(EtOAc/h-hexane, 2:1, v/v). IR (ATR): 3359, 2933, 1701, 958443, 1224, 1062, 741, 695,
654, 505 crit. 'H-NMR (CDCh): § 1.32-1.42 (m, 2H), 1.64-1.73 (m, 3H), 1.97 @d=
11.8 Hz,J, = 2.1 Hz, 2H), 2.91 (bd] = 11.5 Hz, 2H), 3.50 (s, 2H), 4.03 @= 6.0 Hz, 2H),
6.63 (bs, 1H), 7.03-7.07 (m, 1H), 7.22-7.32 (m,,7H37 (bs,J = 7.8 Hz, 2H).*C-NMR
(CDCl): 6 28.66, 30.19, 35.37, 53.07, 63.27, 69.38, 118123,17, 126.84, 128.04, 128.85,
129.07, 137.86, 138.20, 153.65. HRMS (ESH)z calcd for GoH2s0.N, 325.1911; found

325.1904. UPLC purity, 96% at 254 nm (methodgAs 2.750 min).

Synthesis of (1-benzylpiperidin-3-yl)methyl phengtbamate (11)

Synthesized from (1-benzylpiperidin-3-yl)methansdL)((0.255 g, 1.218 mmol, 1.0 equiv.),
phenyl isocyanate (0.162 mL, 1.462 mmol, 1.2 equand 4-DMAP (0.015 g, 0.122 mmol,
0.1 equiv.) in CHCI, (5 mL) via general procedure 1. The crude prosad purified by flash
column chromatography using THFhexane (4:13, v/v) as the eluent, to produce 048
11 as a colourless oil which solidified into a wh#elid after cooling (82% yieldR = 0.32
(EtOAcih-hexane, 2:1, v/v). IR (ATR): 3315, 2935, 1704, 852442, 1312, 1216, 1059, 748,
696, 505 crt. 'H-NMR (CDCh): & 1.03-1.13 (m, 1H), 1.52-1.64 (m, 1H), 1.65-1.69 (m
1H), 1.73-1.76 (m, 1H), 1.89 (bdl= 11.8 Hz, 1H), 1.96-2.06 (m, 2H), 2.74 (Bd; 11.2 Hz,
1H), 2.85 (bd,] = 11.9 Hz, 1H), 3.50 (d} = 13.5 Hz, 2H), 4.01 (dd; = 10.7 Hz,J, = 7.4 Hz,

1H), 4.08 (dd,); = 10.8 Hz J, = 5.8 Hz, 1H), 6.60 (bs, 1H), 7.03—-7.07 (m, 1H2Z#7.36 (M,
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9H). °C-NMR (CDCk): & 24.40, 25.48, 26.96, 30.20, 35.72, 53.87, 56.841 67.80,
118.60, 123.17, 126.84, 128.06, 128.85, 129.02,90371.38.20, 153.63. HRMS (ESI+j1/z
calcd for GoH2502N, 325.1911; found 325.1908. UPLC purity, 96 % at A% (method Air

= 2.787 min).

Synthesis of 1-(2,3-dihydro-1H-inden-2-yl)piperidé+yl phenylcarbamate (12)

Synthesized from 1-(2,3-dihydrd4tinden-2-yl)piperidin-4-ol %2) (0.201 g, 0.925 mmol, 1.0
equiv.), phenyl isocyanate (0.121 mL, 1.110 mmd, dquiv.) and 4-DMAP (0.012 g, 0.093
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified
by flash column chromatography using EtOsbexane (14:8, v/v) as the eluent, to produce
0.215 g ofl2 as a white solid (81% vyieldR = 0.52 (EtOAaAr-hexane, 3:1, v/v). IR (ATR):
3332, 2935, 1724, 1531, 1216, 1056, 740, 693, 5a2cm™. *H-NMR (CDCL): & 1.76-1.85
(m, 2H), 2.02—2.06 (m, 2H), 2.37 (Bt= 9.2 Hz, 2H), 2.84-2.93 (m, 4H), 3.09 {¢ 7.5 Hz,
2H), 3.21 (pJ = 8.1 Hz, 1H), 4.82 (sepd.= 4.0 Hz, 1H), 6.62 (s, 1H), 7.06 &= 7.3 Hz,
1H), 7.13-7.21 (m, 4H), 7.31 (8 = 7.9 Hz, 2H), 7.38 (bd) = 7.9 Hz, 2H).**C-NMR
(CDCl): 6 31.06, 37.25, 49.03, 66.76, 71.09, 118.55, 123.32,33, 126.38, 129.01, 137.88,
141.51, 152.95. HRMS (ESI+n/z calcd for GiH250,N, 337.1911; found 337.1902. UPLC

purity, 97% at 254 nm (method & = 2.870 min).

Synthesis of 1-(2,3-dihydro-1H-inden-2-yl)piperidi8+yl phenylcarbamate (13)

Synthesized from 1-(2,3-dihydrd4tinden-2-yl)piperidin-3-ol $3) (0.204 g, 0.939 mmol, 1.0
equiv.), phenyl isocyanate (0.123 mL, 1.127 mmd, dquiv.) and 4-DMAP (0.012 g, 0.094
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified

by flash column chromatography using THiRexane (2:5, v/v) as the eluent, to produce

0.251 g ofi3 as a colourless oil which solidified into a whstglid after cooling (79% vyield).
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R = 0.45 (THFA-hexane, 1:2, vIv). IR (ATR): 3294, 2959, 1697, 254443, 1317, 1232,
1057, 734, 696, 505 cth 'H-NMR (CDCL): & 1.65 (bs, 2H), 1.86 (dl = 9.0 Hz, 2H), 2.52
(bs, 3H), 2.76 (bd) = 9.4 Hz, 1H), 2.92 (sext),= 8.2 Hz, 2H), 3.03-3.11 (m, 2H), 3.24 {p,

= 8.0 Hz, 1H), 4.96 (bs, 1H), 6.82 (s, 1H), 7.09 & 7.3 Hz, 1H), 7.12-7.18 (m, 4H), 7.30 (t,
J = 8.0 Hz, 2H), 7.38 (bd] = 7.9 Hz, 2H)*C-NMR (CDCEk): & 22.23, 29.36, 36.59, 36.76,
51.37, 55.32, 66.70, 70.02, 118.39, 123.14, 124128,27, 128.89, 137.88, 141.33, 141.34,
152.86. HRMS (ESI+)m/z calcd for GiH250-N, 337.1911; found 337.1903. UPLC purity,

98% at 254 nm (method Az = 2.907 min).

Synthesis of (1-(2,3-dihydro-1H-inden-2-yl)piperidid-yl)methyl phenylcarbamate (14)
Synthesized from (1-(2,3-dihydrddtinden-2-yl)piperidin-4-yl)methanob@) (0.202 g, 0.873
mmol, 1.0 equiv.), phenyl isocyanate (0.114 mL,48.0nmol, 1.2 equiv.) and 4-DMAP
(0.011 g, 0.087 mmol, 0.1 equiv.) in &, (5 mL) via general procedure 1. The crude
product was purified by flash column chromatograpbing EtOAch-hexane (5:2, v/v) as the
eluent, to produce 0.227 g b4 as a white solid (74% yieldR = 0.34 (EtOAaA-hexane, 3:1,
vIV). IR (ATR): 3455, 2943, 2807, 1714, 1445, 131837, 1057, 735, 692, 505 tm'H-
NMR (CDCh): & 1.39-1.49 (m, 2H), 1.70-1.81 (m, 3H), 2.05)(t 11.0 Hz, 2H), 2.90 (dd,
J1 = 14.9 Hz J, = 8.6 Hz, 2H), 3.06-3.21 (m, 5H), 4.06 {ck 5.8 Hz, 2H), 6.61 (s, 1H), 7.06
(t, J = 7.3 Hz, 1H), 7.12-7.19 (m, 4H), 7.31 Jt= 7.8 Hz, 2H), 7.38 (bd] = 7.6 Hz, 2H).
3C-NMR (CDCk): 5 28.46, 35.28, 36.98, 51.26, 66.92, 69.18, 11814%8.15, 124.19,
126.22, 128.82, 137.84, 141.36, 153.63. HRMS (ESt#} calcd for G,H,70.N, 351.2067;

found 351.2061. UPLC purity, 97% at 254 nm (metAotk = 2.923 min).

Synthesis of (1-(2,3-dihydro-1H-inden-2-yl)pipermdi3-yl)methyl phenylcarbamate (15)
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Synthesized from (1-(2,3-dihydrd4tinden-2-yl)piperidin-3-yl)methanobf) (0.201 g, 0.869
mmol, 1.0 equiv.), phenyl isocyanate (0.114 mL,48.0nmol, 1.2 equiv.) and 4-DMAP
(0.011 g, 0.087 mmol, 0.1 equiv.) in &, (5 mL) via general procedure 1. The crude
product was purified by flash column chromatograpbing EtOAch-hexane (1:1, v/v) as the
eluent, to produce 0.269 g &b as a colourless oil which solidified into a wh#elid after
cooling (88% vyield).Rs = 0.39 (EtOAmA-hexane, 2:1, v/v). IR (ATR): 3506, 3342, 2923,
1698, 1526, 1444, 1226, 1065, 738, 691, 505"crtH-NMR (CDCk): § 1.07 (qd.J; = 12.0
Hz, J, = 4.0 Hz, 1H), 1.58-1.70 (m, 1H), 1.73-1.80 (m),1H86 (t,J = 10.7 Hz, 2H), 1.96—
2.10 (m, 2H), 2.88-2.97 (m, 3H), 3.04-3.22 (m, 4401 (dd,J, = 10.5 Hz J, = 7.4 Hz, 1H),
4.11 (dd,J; = 10.5 Hz,J, = 5.6 Hz, 1H), 6.65 (s, 1H), 7.07 {t= 7.3 Hz, 1H), 7.12-7.19 (m,
4H), 7.31 (t,J = 7.8 Hz, 2H), 7.39 (bd] = 7.4 Hz, 2H).*C-NMR (CDCk): & 24.61, 27.12,
35.87, 36.75, 37.01, 51.98, 55.18, 67.11, 67.98.66] 123.25, 124.21, 126.21, 128.86,
137.79, 141.43, 141.44, 153.57. HRMS (ESH)z calcd for G,H,70.N, 351.2067; found

351.2060. UPLC purity, 96% at 254 nm (methodgAs 3.003 min).

Synthesis of 1-(prop-2-yn-1-yl)piperidin-4-yl (4apropylphenyl)carbamate (16)

Synthesized from 1-(prop-2-yn-1-yl)piperidin-4-di4j (0.215 g, 1.545 mmol, 1.0 equiv.), 4-
isopropylphenyl isocyanate (0.296 mL, 1.853 mmd, dquiv.) and 4-DMAP (0.019 g, 0.155
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified

by flash column chromatography using EtO&bexane (2:1, v/v) as the eluent, to produce
0.443 g ofl6 as a colourless oil which solidified into a whsglid after cooling (95% vyield).

R = 0.29 (EtOAch-hexane, 2:1, v/v). IR (ATR): 3287, 2961, 2817, 171539, 1224, 1059,
847, 680, 648, 551 cth *H-NMR (CDCLk): § 1.23 (d,J = 6.9 Hz, 6H), 1.74-1.83 (m, 2H),
1.98-2.05 (m, 2H), 2.26 (3,= 2.4 Hz, 1H), 2.44-2.49 (m, 2H), 2.77-2.92 (m),3432 (d,J

= 2.4 Hz, 2H), 4.77-4.81 (m, 1H), 6.58 (bs, 1HL67(d,J = 8.5 Hz, 2H), 7.29 (bd] = 8.0
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Hz, 2H).3C-NMR (CDCk): § 23.91, 30.88, 33.31, 46.73, 49.52, 70.31, 73.865 118.76,
126.73, 135.52, 143.82, 153.07. HRMS (ESH)z calcd for GgH2sO0,N, 301.1911; found

301.1906. UPLC purity, 98% at 254 nm (methodgAs 3.007 min).

Synthesis of 1-(prop-2-yn-1-yl)piperidin-3-yl (4apropylphenyl)carbamate (17)

Synthesized from 1-(prop-2-yn-1-yl)piperidin-3-di5f (0.203 g, 1.480 mmol, 1.0 equiv.), 4-
isopropylphenyl isocyanate (0.279 mL, 1.776 mma@, dquiv.) and 4-DMAP (0.018 g, 0.148
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified

by flash column chromatography using EtO#bexane (1:2, v/v) as the eluent, to produce
0.401 g ofl7 as a colourless oil which solidified into a whstglid after cooling (92% vyield).

R = 0.64 (EtOAai-hexane, 2:1, vIv). IR (ATR): 3342, 3277, 2951, 280686, 1526, 1234,
1069, 828, 640, 544 cth *H-NMR (CDCk): & 1.22 (d,J = 6.9 Hz, 6H), 1.60-1.70 (m, 2H),
1.79-1.92 (m, 2H), 2.26 (@,= 2.4 Hz, 1H), 2.50-2.60 (m, 2H), 2.63-2.67 (m),1278 (bd,

J = 10.2 Hz, 1H), 2.86 (septl,= 6.9 Hz, 1H), 3.38 (d] = 2.5 Hz, 2H), 4.95-5.00 (m, 1H),
6.72 (bs, 1H), 7.14-7.17 (m, 2H), 7.29 (Wd= 8.4 Hz, 2H).**C-NMR (CDCk): & 21.84,
23.90, 28.50, 33.31, 46.89, 51.60, 55.58, 69.643(F8.05, 118.62, 126.73, 135.52, 143.77,
152.95. HRMS (ESI+)m/z calcd for GgH250-N, 301.1911; found 301.1905. UPLC purity,

98% at 254 nm (method Az = 3.010 min).

Synthesis of (1-(prop-2-yn-1-yl)piperidin-4-yl)meth(4-isopropylphenyl)carbamate (18)
Synthesized from (1-(prop-2-yn-1-yl)piperidin-44yl¢thanol 46) (0.216, 1.410 mmol, 1.0
equiv.) 4-isopropylphenyl isocyanate (0.270 mL, 1.692 mmnioE equiv.) and 4-DMAP
(0.017 g, 0.141 mmol, 0.1 equiv.) in &, (5 mL) via general procedure 1. The crude
product was purified by flash column chromatograpbing EtOAch-hexane (2:1, v/v) as the

eluent, to produce 0.425 g &8 as a colourless oil which solidified into a whselid after
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cooling (96% vyield).R; = 0.28 (EtOAh-hexane, 2:1, v/v). IR (ATR): 3255, 2960, 2903,
1713, 1543, 1307, 1220, 1043, 829, 768, 545'ctA-NMR (CDCk): 6 1.23 (d,J = 6.9 Hz,
6H), 1.35-1.45 (m, 2H), 1.64-1.73 (m, 1H), 1.78, (bet 13.6 Hz, 2H), 2.18-2.25 (m, 3H),
2.81-2.93 (m, 3H), 3.31 (d,= 2.4 Hz, 2H), 4.03 (d] = 6.3 Hz, 2H), 6.60 (bs, 1H), 7.16 (,

= 8.4 Hz, 2H), 7.28 (bd) = 7.5 Hz, 2H).**C-NMR (CDCEk): & 23.90, 28.60, 33.30, 34.89,
46.99, 51.74, 69.10, 72.96, 78.82, 118.74, 126.33,45, 143.86, 153.71. HRMS (ESI#)!z
calcd for GgH270,N, 315.2067; found 315.2062. UPLC purity, 97% at 25% (method Afgr

= 3.080 min).

Synthesis of (1-(prop-2-yn-1-yl)piperidin-3-yl)meth(4-isopropylphenyl)carbamate (19)
Synthesized from (1-(prop-2-yn-1-yl)piperidin-34yl¢thanol 47) (0.218 g, 1.423 mmol, 1.0
equiv.), 4-isopropylphenyl isocyanate (0.273 mL70Z. mmol, 1.2 equiv.) and 4-DMAP
(0.017 g, 0.142 mmol, 0.1 equiv.) in &E> (5 mL) via general procedure 1. The crude
product was purified by flash column chromatograpbing EtOAch-hexane (1:1, v/v) as the
eluent, to produce 0.425 g &® as a colourless oil which solidified into a wh#elid after
cooling (95% vyield).R; = 0.36 (EtOAh-hexane, 2:1, v/v). IR (ATR): 3348, 3274, 2936,
1698, 1524, 1309, 1232, 1065, 831, 650, 541 ciH-NMR (CDCk): § 0.98-1.09 (m, 1H),
1.23 (d,J = 7.0 Hz, 6H), 1.57-1.66 (m, 1H), 1.72-1.77 (m),2H99—-2.05 (m, 2H), 2.18 (qd,
J1 = 11.3 Hz,J, = 2.3 Hz, 1H), 2.25 (t) = 2.4 Hz, 1H), 2.80-2.96 (m, 3H), 3.33 (d= 2.4
Hz, 2H), 4.0 (ddJ; = 10.8 HzJ, = 6.8 Hz, 1H), 4.10 (dd}; = 10.9 Hz,J, = 5.0 Hz, 1H), 6.58
(bs, 1H), 7.16 (dJ = 8.5 Hz, 2H), 7.29 (dh] = 7.2 Hz, 2H).2*C-NMR (CDCk): § 23.91,
24.49, 26.51, 33.32, 35.88, 47.22, 52.49, 55.503%773.15, 78.72, 118.88, 126.72, 135.48,
143.87, 153.70. HRMS (ESI+)n/z calcd GgH,70.N, 315.2067; found 315.2063. UPLC

purity, 98% at 254 nm (method & = 3.100 min).
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Synthesis of 1-benzylpiperidin-4-yl (4-isopropylpty)carbamate (20)

Synthesized from 1-benzylpiperidin-4-o48) (0.251 g, 1.312 mmol, 1.0 equiv.), 4-
isopropylphenyl isocyanate (0.251 mL, 1.575 mmd, dquiv.) and 4-DMAP (0.016 g, 0.131
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified
by flash column chromatography using EtO#bexane (4:7, v/v) as the eluent, to produce
0.420 g of20 as a white solid (91% vyieldR = 0.38 (EtOAaAr-hexane, 1:1, v/v). IR (ATR):
3357, 2957, 1693, 1524, 1310, 1231, 1062, 825, 682, 541 cm. H-NMR (CDCL): &
1.22 (d,J = 6.9 Hz, 6H), 1.70-1.78 (m, 2H), 1.94-1.99 (m), 227 (bt,J = 9.3 Hz, 2H),
2.70-2.73 (m, 2H), 2.86 (sepd.= 6.9 Hz, 1H), 3.51 (s, 2H), 4.75-4.83 (m, 1Hp55(bs,
1H), 7.16 (d,J = 8.4 Hz, 2H), 7.23-7.32 (m, 7HFC-NMR (CDCk): & 23.96, 31.05, 33.36,
50.75, 62.89, 71.12, 118.74, 126.77, 126.95, 12828.02, 135.59, 138.21, 143.80, 153.17.
HRMS (ESI+):m/z calcd for GoH290-N, 353.2224; found 353.2217. UPLC purity, 98% at

254 nm (method Atgr = 3.373 min).

Synthesis of 1-benzylpiperidin-3-yl (4-isopropylpty)carbamate (21)

Synthesized from 1-benzylpiperidin-3-o49) (0.236 g, 1.234 mmol, 1.0 equiv.), 4-
isopropylphenyl isocyanate (0.236 mL, 1.481 mmd, dquiv.) and 4-DMAP (0.015 g, 0.123
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified

by flash column chromatography using THiRexane (1.5, v/v) as the eluent, to produce
0.381 g of21 as a colourless oil which solidified into a whstglid after cooling (88% yield).

Re = 0.47 (THFA-hexane, 1:2, v/v). IR (ATR): 3364, 2950, 1698, 352220, 1054, 826, 735,
678, 641, 543 cil. 'H-NMR (CDCL): § 1.22 (d,J = 6.9 Hz, 6H), 1.48-1.65 (m, 2H), 1.74—
1.82 (m, 1H), 1.84-1.91 (m, 1H), 2.26-2.39 (m, 2M%8-2.52 (m, 1H), 2.77 (dB,= 11.2
Hz, 1H), 2.86 (septJ = 6.9 Hz, 1H), 3.56 (d] = 3.0 Hz, 2H), 4.89 (sepd.= 3.6 Hz, 1H),

6.60 (bs, 1H), 7.14-7.17 (m, 2H), 7.22-7.33 (m,.7&3-NMR (CDCk): § 22.47, 23.95,
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29.47, 33.36, 52.82, 57.17, 62.91, 70.17, 118.28.7b, 126.97, 128.09, 129.05, 135.59,
137.55, 143.76, 153.05. HRMS (ESI#)izcalcd for GoH200,N, 353.2224; found 353.2218.

UPLC purity, 98% at 254 nm (method #,= 3.433 min).

Synthesis of (1-benzylpiperidin-4-yl)methyl (4-igopylphenyl)carbamate (22)

Synthesized from (1-benzylpiperidin-4-yl)methara)((0.266 g, 1.296 mmol, 1.0 equiv.), 4-
isopropylphenyl isocyanate (0.248 mL, 1.555 mma@, dquiv.) and 4-DMAP (0.016 g, 0.130
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified
by flash column chromatography using EtO#bexane (4:7, v/v) as the eluent, to produce
0.423 g of22 as a colourless oil which solidified into a whstglid after cooling (89% vyield).
R = 0.26 (EtOAdi-hexane, 2:1, v/v). IR (ATR): 3356, 2954, 1700, 152224, 1057, 825,
743, 698, 621, 543 cm *H-NMR (CDCk): & 1.22 (d, J = 7.0 Hz, 6H), 1.31-1.41 (m, 2H),
1.71 (d,J = 11.3 Hz, 3H), 1.93-1.99 (m, 2H), 2.81-2.92 (i1),B.50 (s, 2H), 4.02 (d,= 5.9
Hz, 2H), 6.56 (bs, 1H), 7.16 (d,= 8.4 Hz, 2H), 7.22-7.32 (m, 7HYC-NMR (CDCk): &
23.95, 28.68, 33.34, 35.42, 53.10, 63.29, 69.38.74] 126.76, 126.86, 128.05, 129.09,
135.52, 138.21, 143.85, 153.78. HRMS (ESH)z calcd for G3H3,0.N, 367.2380; found

367.2376. UPLC purity, 98% at 254 nm (methodgAs 3.453 min).

Synthesis of (1-benzylpiperidin-3-yl)methyl (4-igopylphenyl)carbamate (23)

Synthesized from (1-benzylpiperidin-4-yl)metharil)((0.237 g, 1.154 mmol, 1.0 equiv.), 4-
isopropylphenyl isocyanate (0.221 mL, 1.385 mmd, dquiv.) and 4-DMAP (0.014 g, 0.115
mmol, 0.1 equiv.) in CECl, (5 mL) via general procedure 1. The crude proshad purified

by flash column chromatography using EtO#bexane (4:7, v/v) as the eluent, to produce
0.381 g of23 as a colourless oil (90% yield} = 0.41 (EtOAmh-hexane, 2:1, v/v). IR (ATR):

3317, 2935, 1702, 1524, 1312, 1219, 1063, 832, 8809, 546 cm'. 'H-NMR (CDCL): §
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1.02-1.12 (m, 1H), 1.22 (d,= 6.9 Hz, 6H), 1.52-1.63 (m, 1H), 1.64-1.73 (m),2H86 (bt
J=10.2 Hz, 1H), 1.95-2.03 (m, 2H), 2.74 (Bck 11.2 Hz, 1H), 2.86 (septl,= 6.9 Hz, 2H),
3.49 (q,J = 13.5 Hz, 2H), 3.99 (ddj = 10.8,J, = 7.4 Hz, 1H), 4.07 (dd], = 10.8,J, = 5.8
Hz, 1H), 6.55 (bd, 1H), 7.15 (d,= 8.4 Hz, 2H), 7.21-7.32 (m, 7HYC-NMR (CDCE): &
23.95, 24.43, 26.98, 33.36, 35.76, 53.88, 56.8315%7.72, 118.79, 126.74, 126.83, 128.06,
129.02, 135.53, 138.24, 143.84, 153.75. HRMS (ESh#y calcd for GsHaiO-N, 367.2380;

found 367.2374. UPLC purity, 98% at 254 nm (metAotk = 3.480 min).

Synthesis of 1-(2,3-dihydro-1H-inden-2-yl)piperidif+yl (4-isopropylphenyl)carbamate
(24)

Synthesized from 1-(2,3-dihydrd4tinden-2-yl)piperidin-4-ol $2) (0.202 g, 0.930 mmol, 1.0
equiv.), 4-isopropylphenyl isocyanate (0.178 mL115 mmol, 1.2 equiv.) and 4-DMAP
(0.012 g, 0.093 mmol, 0.1 equiv.) in &, (5 mL) via general procedure 1. The crude
product was purified by flash column chromatograpbing EtOAch-hexane (1:1, v/v) as the
eluent, to produce 0.213 g &4 as a white solid (61% vyieldR = 0.30 (EtOAmh-hexane, 1:1,
vlv). IR (ATR): 3234, 2955, 1720, 1603, 1542, 131219, 1052, 817, 745, 540 tin'H-
NMR (CDCh): 6 1.23 (d,J = 6.9 Hz, 6H), 1.76—-1.84 (m, 2H), 2.01-2.05 (m),2437 (bt, J

= 8.2 Hz, 2H), 2.83-2.93 (m, 5H), 3.09 {5 7.5 Hz, 2H), 3.20 (p] = 8.0 Hz, 1H), 4.81 (bs,
1H), 6.59 (s, 1H), 7.13-7.20 (m, 6H), 7.29 (bs; 7.7 Hz, 2H)*C-NMR (CDC}): 5 24.01,
31.05, 33.43, 37.25, 49.07, 66.77, 70.96, 118.24.38, 126.36, 126.87, 135.54, 141.51,
143.98, 153.10. HRMS (ESI+n/z calcd for G4H310,N, 379.2380; found 379.2374. UPLC

purity, 98% at 254 nm (methot}, = 3.523 min).

Synthesis of 1-(2,3-dihydro-1H-inden-2-yl)piperidiryl (4-isopropylphenyl)carbamate

(25)

45



Synthesized from 1-(2,3-dihydrd4tinden-2-yl)piperidin-3-ol $3) (0.201 g, 0.925 mmol, 1.0
equiv.), 4-isopropylphenyl isocyanate (0.177 mL111L mmol, 1.2 equiv.) and 4-DMAP
(0.012 g, 0.093 mmol, 0.1 equiv.) in &, (5 mL) via general procedure 1. The crude
product was purified by flash column chromatograpbing EtOAch-hexane (1:2, v/v) as the
eluent, to produce 0.301 g 26 as a colourless oil which solidified into a wh#elid after
cooling (85% vyield)R: = 0.36 (THFA-hexane, 1:1, v/v). IR (ATR): 3310, 2958, 1696, 353
1318, 1239, 1064, 829, 743, 689, 543 trH-NMR (CDCk): § 1.22 (d,J = 6.9 Hz, 6H),
1.65 (bs, 2H), 1.86 (bd, = 8.9 Hz, 2H), 2.53 (bs, 3H), 2.76 (kb= 9.2 Hz, 1H), 2.83-2.98
(m, 3H), 3.03-3.11 (m, 2H), 3.24 (p= 8.0 Hz, 1H), 4.95 (bs, 1H), 6.69 (s, 1H), 7.12:87
(m, 6H), 7.29 (bs) = 8.0 Hz, 2H).**C-NMR (CDCk): & 22.24, 23.94, 29.37, 33.34, 36.60,
36.77, 51.39, 55.36, 66.72, 69.88, 118.64, 124128,27, 126.76, 135.54, 141.34, 141.36,
143.79, 153.01. HRMS (ESI+n/z calcd for G4H310,N, 379.2380; found 379.2373. UPLC

purity, 96% at 254 nm (method & = 3.570 min).

Synthesis of (1-(2,3-dihydro-1H-inden-2-yl)piperidé4-yl)methyl (4-
isopropylphenyl)carbamate (26)

Synthesized from (1-(2,3-dihydrddtinden-2-yl)piperidin-4-yl)methanob@) (0.201 g, 0.869
mmol, 1.0 equiv.), 4-isopropylphenyl isocyanatel@@ mL, 1.043 mmol, 1.2 equiv.) and 4-
DMAP (0.011 g, 0.087 mmol, 0.1 equiv.) in gE, (5 mL) via general procedure 1. The
crude product was purified by flash column chrorgedphy using EtOActhexane (14:8,
v/v) as the eluent, to produce 0.283 @26fas a white solid (83% yield; = 0.34 (EtOAm-
hexane, 2:1, v/v). IR (ATR): 3278, 2952, 1691, 158809, 1245, 1059, 827, 747, 679, 542
cm . 'H-NMR (CDCLk): & 1.22 (d,J = 6.9 Hz, 6H), 1.38-1.47 (m, 2H), 1.67-1.79 (m),3H
2.04 (bt,J = 11.0 Hz, 2H), 2.81-2.93 (m, 3H), 3.05-3.21 (iH),54.04 (d,J = 5.9 Hz, 2H),

6.62 (s, 1H), 7.12-7.19 (m, 6H), 7.29 (B 7.0 Hz, 2H)*C-NMR (CDCk): 5 23.92, 28.62,
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33.31, 35.35, 37.06, 51.29, 66.98, 69.22, 118.24.211, 126.21, 126.74, 135.44, 141.44,
143.85, 153.69. HRMS (ESI+n/z calcd for GsHz30,N, 393.2537; found 393.2528. UPLC

purity, 98% at 254 nm (method & = 3.570 min).

Synthesis of (1-(2,3-dihydro-1H-inden-2-yl)piperdi3-yl)methyl (4-
isopropylphenyl)carbamate (27)

Synthesized from (1-(2,3-dihydrd4tinden-2-yl)piperidin-3-yl)methanob) (0.200 g, 0.865
mmol, 1.0 equiv.), 4-isopropylphenyl isocyanatel@@ mL, 1.037 mmol, 1.2 equiv.) and 4-
DMAP (0.011 g, 0.087 mmol, 0.1 equiv.) in gE, (5 mL) via general procedure 1. The
crude product was purified by flash column chrorgedphy using EtOA@-hexane (3:2, v/v)
as the eluent, to produce 0.325 R@fas a colourless oil which solidified into a whselid
after cooling (96% vyield)R; = 0.41 (EtOAah-hexane, 2:1, v/v). IR (ATR): 3344, 2963, 2927,
1670, 1528, 1227, 1066, 828, 737, 632, 544 cti-NMR (CDCk): & 1.01-1.11 (m, 1H),
1.23 (d,J = 6.9 Hz, 6H), 1.58-1.69 (m, 1H), 1.73-1.80 (m)2H85 (t,J = 10.6 Hz, 1H),
1.97-2.04 (m, 2H), 2.82-2.96 (m, 4H), 3.03-3.22 4id), 4.00 (ddJ, = 10.2 Hz,J, = 7.6
Hz, 1H), 4.10 (ddJ; = 10.1 Hz,J, = 5.2 Hz, 1H), 6.60 (s, 1H), 7.12—7.18 (m, 6HR07(db,J

= 5.8 Hz, 2H).**C-NMR (CDCL): § 23.94, 24.65, 27.14, 33.34, 35.92, 36.80, 37.09)3F
55.25, 67.14, 67.91, 118.78, 124.23, 126.22, 126.36.45, 141.46, 141.47, 143.93, 153.66.
HRMS (ESI+):m/z calcd for GsH330.N, 393.2537; found 393.2527. UPLC purity, 98% at

254 nm (method Atgr = 3.633 min).

Synthesis of 1-(prop-2-yn-1-yl)piperidin-4-yl etlfgiethyl)carbamate (28)
Synthesized from 1-(prop-2-yn-1-yl)piperidin-4-d4j (0.201 g, 1.444 mmol, 1.0 equiv.) and
N-ethyl-N-methylcarbamoyl chloride (0.191 mL, 1.733 mmog &quiv.) in pyridine (5 mL).

The crude product was purified by flash column amaitography using Ci€l,/MeOH (30:1,
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vlv) as the eluent, to produce 0.118 g28fas a slightly orange oil (36% vyield¥ = 0.43
(CH.Cl/MeOH, 9:1, viv). IR (ATR): 3239, 2937, 2808, 164400, 1285, 1177, 1089, 1053,
1034, 769, 622 cm *H-NMR (CDCk): & 1.11 (t,J = 7.1 Hz, 3H), 1.72-1.80 (m, 2H), 1.91—
1.98 (m, 2H), 2.25 () = 2.5 Hz, 1H), 2.48 (bt) = 8.1 Hz, 2H), 2.74 (bs, 2H), 2.89 (s, 3H),
3.31 (d,J = 2.4 Hz, 4H), 4.74 (bs, 1H}’*C-NMR (CDCk): & 12.33, 12.75, 30.79, 32.93,
33.61, 43.22, 46.74, 49.08, 69.40, 72.89, 78.5%.315 HRMS (ESI+):m/z calcd for

C1oH210,N5 225.1598; found 225.1596.

Synthesis of 1-(prop-2-yn-1-yl)piperidin-3-yl etlfgiethyl)carbamate (29)

Synthesized from 1-(prop-2-yn-1-yl)piperidin-3-d5j (0.213 g, 1.530 mmol, 1.0 equiv.) and
N-ethyl-N-methylcarbamoyl chloride (0.203 mL, 1.836 mmog &quiv.) in pyridine (5 mL).
The crude product was purified by flash column amitography using Ci¥Il,/MeOH (50:1,
v/v) as the eluent, to produce 0.132 g26fas a slightly orange oil (38% yield¥ = 0.50
(CH,Cl/MeOH, 30:1, v/v). IR (ATR): 3242, 2940, 2803, 169100, 1261, 1176, 1102,
1086, 769, 622 cm. *H-NMR (CDCh): 5 1.10 (t, J = 7.1 Hz, 3H), 1.34-1.43 (m, 1H), 1.57—
1.68 (m, 1H), 1.74-1.82 (m, 1H), 1.89-1.95 (m, 1p5 (t,J = 2.5 Hz, 1H), 2.30-2.35 (m,
2H), 2.62-2.66 (m, 1H), 2.88-2.93 (m, 4H), 3.31, (bd), 3.36 (dJ = 2.4 Hz, 2H), 4.78
(sept.,d = 4.2 Hz, 1H)C-NMR (CDCE): & 12.70, 22.56, 29.30, 33.58, 43.20, 46.69, 51.40,
55.96, 69.88, 73.16, 78.24, 155.33. HRMS (ESir/zcalcd for GoH2:0.N, 225.1598; found

225.1597.

Synthesis of (1-(prop-2-yn-1-yl)piperidin-4-yl)mathethyl(methyl)carbamate (30)
Synthesized from (1-(prop-2-yn-1-yl)piperidin-44yi¢thanol 46) (0.200 g, 1.305 mmol, 1.0
equiv.) andN-ethyl-N-methylcarbamoyl chloride (0.173 mL, 1.566 mmol2 kquiv.) in

pyridine (5 mL) via general procedure 2. The crpdeduct was purified by flash column
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chromatography using GBl,/MeOH (30:1, v/v) as the eluent, to produce 0.13#% §0 as a
slightly orange oil (40% yieldR = 0.41 (CHCI,/MeOH, 15:1, v/v). IR (ATR): 3235, 2935,
2803, 1693, 1403, 1283, 1177, 1087, 984, 770, 624 tH-NMR (CDCk): § 1.11 (t,J = 7.1
Hz, 3H), 1.39 (qdy); = 12.2 Hz,J, = 3.5 Hz, 2H), 1.61-1.69 (m, 1H), 1.76 (Jcs 12.9 Hz,
2H), 2.18-2.25 (m, 3H), 2.89-2.92 (m, 5H), 3.31J(d,2.5 Hz, 4H), 3.94 (d] = 6.4 Hz, 2H).
13C-NMR (CDCk): & 12.81, 28.48, 28.59, 34.92, 43.12, 43.31, 46.54914 51.72, 69.18,

72.83, 78.70, 155.97. HRMS (ESIH)/zcalcd for GsH230,N2 239.1754; found 239.1753.

Synthesis of (1-(prop-2-yn-1-yl)piperidin-3-yl)mathethyl(methyl)carbamate (31)
Synthesized from (1-(prop-2-yn-1-yl)piperidin-34yl¢thanol 47) (0.201 g, 1.312 mmol, 1.0
equiv.) andN-ethyl-N-methylcarbamoyl chloride (0.174 mL, 1.574 mmol2 kquiv.) in
pyridine (5 mL) via general procedure 2. The crpdeduct was purified by flash column
chromatography using GBl,/MeOH (20:1, v/v) as the eluent, to produce 0.1G8 81 as a
slightly orange oil (33% yield)® = 0.55 (CHCI,/MeOH, 9:1, v/v). IR (ATR): 3240, 2934,
2800, 1693, 1403, 1285, 1176, 1083, 984, 769, 622. tH-NMR (CDCk): 5 0.95-1.06 (m,
1H), 1.11 (tJ = 7.2 Hz, 3H), 1.56—1.67 (m, 1H), 1.70-1.75 (m),2H96—2.02 (m, 2H), 2.17
(td, J, = 11.3 Hz,J, = 2.7 Hz, 1H), 2.24 (] = 2.5 Hz, 1H), 2.80-2.96 (m, 5H), 3.25-3.32 (m,
4H), 3.89 (bs, 1H), 4.01 (dd; = 10.8 Hz,J, = 4.9 Hz, 1H).”*C-NMR (CDC}): § 12.83,
24.54, 26.50, 33.69, 43.19, 43.36, 47.17, 52.4%65%7.65, 72.89, 78.67, 155.90. HRMS

(ESI+): m/zcalcd for G3H230.N, 239.1754; found 239.1753.

Synthesis of 1-benzylpiperidin-4-yl ethyl(methyljbamate (32)
Synthesized from 1-benzylpiperidin-4-@lg) (0.202 g, 1.056 mmol, 1.0 equiv.) aNeethyl-
N-methylcarbamoyl chloride (0.140 mL, 1.267 mmol2 &quiv.) in pyridine (5 mL) via

general procedure 2. The crude product was purifieflash column chromatography using
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CH.CI,/MeOH (30:1, v/v) as the eluent, to produce 0.098f 2 as a slightly orange oll
(34% vyield).R = 0.31 (CHCI,/MeOH, 20:1, v/v). IR (ATR): 2937, 2801, 1693, 143399,
1285, 1177, 1054, 1031, 739, 699 ¢mMH-NMR (CDCk): § 1.10 (t,J = 7.1 Hz, 3H), 1.66—
1.75 (m, 2H), 1.87-1.94 (m, 2H), 2.30 (bs, 2H),42(Bs, 2H), 2.87 (s, 3H), 3.29 (bs, 2H),
3.50 (s, 2H), 4.69-4.74 (m, 1H), 7.21-7.33 (m, 58E-NMR (CDC): & 12.47, 12.83,
31.09, 33.02, 33.69, 43.31, 50.62, 62.95, 70.3®.84& 128.05, 128.93, 138.36, 155.56.
HRMS (ESI+):m/z calcd for GgH250.N, 277.1911; found 277.1912. UPLC purity, 98% at

210 nm (method Atgr = 2.277 min).

Synthesis of 1-benzylpiperidin-3-yl ethyl(methyljbamate (33)

Synthesized from 1-benzylpiperidin-3-@9j (0.202 g, 1.056 mmol, 1.0 equiv.) aNeethyl-
N-methylcarbamoyl chloride (0.140 mL, 1.267 mmol2 quiv.) in pyridine (5 mL) via
general procedure 2. The crude product was purifieflash column chromatography using
CH.CI,/MeOH (35:1, v/v) as the eluent, to produce 0.108f 83 slightly orange oil (37%
yield). R = 0.40 (CHCI,/MeOH, 30:1, v/v). IR (ATR): 2940, 2796, 1693, 144399, 1261,
1178, 1086, 972, 769, 739, 699 tmMH-NMR (CDCk): § 1.10 (t,J = 7.2 Hz, 3H), 1.42 (bs,
1H), 1.54-1.64 (m, 1H), 1.69-1.77 (m, 1H), 1.90Q (44), 2.13-2.18 (m, 2H), 2.56 (bs, 1H),
2.79-2.87 (m, 4H), 3.29 (bs, 2H), 3.52 (dd= 20.3 Hz,J, = 13.4 Hz, 2H), 4.77 (bs, 1H),
7.20-7.31 (m, 5H)*C-NMR (CDCk): & 12.84, 22.82, 29.91, 33.71, 43.31, 52.98, 57.51,
62.71, 70.06, 126.78, 128.02, 128.71, 138.26, B5BRMS (ESI+): m/z calcd for
Ci6H250:N, 277.1911; found 277.1912. UPLC purity, 95% at 2b® (method Atg = 2.670

min).

Synthesis of (1-benzylpiperidin-4-yl)methyl ethygthyl)carbamate (34)
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Synthesized from (1-benzylpiperidin-4-yl)methanb0)( (0.203 g, 0.989 mmol, 1.0 equiv.)
and N-ethyl-N-methylcarbamoyl! chloride (0.131 mL, 1.187 mmoR &guiv.) in pyridine (5
mL) via general procedure 2. The crude product wmsified by flash column
chromatography using GBl,/MeOH (20:1, v/v) as the eluent, to produce 0.115 84 as a
slightly orange oil (40% vyield = 0.27 (CHCI,/MeOH, 20:1, v/v). IR (ATR): 2935, 2799,
2757, 1697, 1402, 1283, 1176, 1086, 983, 739, 699. 8H-NMR (CDCL): § 1.10 (t,J = 7.1

Hz, 3H), 1.35 (qdJ, = 11.7 Hz,J, = 3.0 Hz, 2H), 1.60-1.70 (m, 3H), 1.97 (f,= 11.7 Hz,

J, = 2.1 Hz, 2H), 2.88-2.91 (m, 5H), 3.29 (bs, 2HR0B(s, 2H), 3.93 (dJ = 6.3 Hz, 2H),
7.22-7.32 (m, 5H)*C-NMR (CDC}): & 12.84, 28.72, 33.67, 35.45, 43.18, 53.04, 63.17,
69.41, 126.73, 127.93, 128.97, 138.10, 156.11. HRHESI+): m/z calcd for G;H»;0.N,

291.2067; found 291.2066. UPLC purity, 95% at 2ftO(method Afg = 2.420 min).

Synthesis of (1-benzylpiperidin-3-yl)methyl ethykthyl)carbamate (35)

Synthesized from (1-benzylpiperidin-3-yl)methanbl)( (0.201 g, 0.979 mmol, 1.0 equiv.)
and N-ethyl-N-methylcarbamoyl! chloride (0.130 mL, 1.175 mmoR &guiv.) in pyridine (5
mL) via general procedure 2. The crude product wmsified by flash column
chromatography using GBl,/MeOH (20:1, v/v) as the eluent, to produce 0.148 85 as a
slightly orange oil (52% vyield) = 0.39 (CHCI,/MeOH, 10:1, v/v). IR (ATR): 2932, 2796,
1698, 1453, 1285, 1174, 1085, 992, 769, 740, 699.¢M-NMR (CDCk): & 1.00-1.09 (m,
4H), 1.53-1.73 (m, 3H), 1.80 (bs, 1H), 1.92-2.00 2id), 2.76—2.86 (m, 5H), 3.24 (bdl=
40.6 Hz, 2H), 3.49 (s, 2H), 3.88 (dif,= 10.7 Hz,J, = 7.5 Hz, 1H), 3.98 (dd}, = 10.5 Hz,J,

= 5.6 Hz, 1H), 7.21 (m, 5H}*C-NMR (CDCk): § 12.76, 24.48, 26.96, 33.67, 35.86, 43.16,
53.95, 56.72, 63.82, 67.69, 126.64, 127.89, 128.88,26, 155.99. HRMS (ESI+n/zcalcd
for Cy7H2702N, 291.2067; found 291.2067. UPLC purity, 97% at 219 (method A,tr =

2.427 min).
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Synthesis of 1-(2,3-dihydro-1H-inden-2-yl)piperidiryl ethyl(methyl)carbamate (36)
Synthesized from 1-(2,3-dihydrd4tinden-2-yl)piperidin-4-ol $2) (0.200 g, 0.920 mmol, 1.0
equiv.) andN-ethyl-N-methylcarbamoyl chloride (0.122 mL, 1.104 mmol2 kquiv.) in
pyridine (5 mL) via general procedure 2. The crpdeduct was purified by flash column
chromatography using GBl,/MeOH (20:1, v/v) as the eluent, to produce 0.08% 86 as a
brown soild (28% vyield)R; = 0.27 (CHCIl,/MeOH, 20:1, v/v). IR (ATR): 2934, 2804, 1699,
1400, 1301, 1179, 1061, 1033, 1021, 741, 619.ci-NMR (CDCk): & 1.11 (t,J = 7.1 Hz,
3H), 1.77 (bs, 2H), 1.97 (bs, 2H), 2.40 (bs, 2H}62bs, 2H), 2.89-2.93 (m, 5H), 3.08 Jc;
7.5 Hz, 2H), 3.17 (qJ = 7.6 Hz, 1H), 3.30 (bs, 2H), 4.74 (bs, 1H), 7128 (m, 4H)C-
NMR (CDCk): 6 12.85, 31.03, 33.76, 37.24, 43.36, 48.93, 66.801& 124.24, 126.26,
141.46, 155.55. HRMS (ESI+n/z calcd for GgH,70,N, 303.2067; found 303.2067. UPLC

purity, 95% at 210 nm (method & = 2.510 min).

Synthesis of 1-(2,3-dihydro-1H-inden-2-yl)piperidryl ethyl(methyl)carbamate (37)
Synthesized from 1-(2,3-dihydrd4tinden-2-yl)piperidin-3-ol $3) (0.203 g, 0.934 mmol, 1.0
equiv.) andN-ethylIN-methylcarbamoyl chloride (0.124 mL, 1.121 mmol2 kquiv.) in
pyridine (5 mL) via general procedure 2. The crpdeduct was purified by flash column
chromatography using GBl,/MeOH (20:1, v/v) as the eluent, to produce 0.08% §7 as a
brown oil (32% vyield).Rr = 0.53 (CHCI,/MeOH, 15:1, v/v). IR (ATR): 2937, 2794, 1693,
1457, 1400, 1261, 1178, 1118, 1085, 974, 744 ciH-NMR (CDCk): 6 1.10 (t,J = 6.8 Hz,
3H), 1.34-1.43 (m, 1H), 1.59-1.69 (m, 1H), 1.7421(1®, 1H), 1.96—2.00 (m, 1H), 2.13-2.18
(m, 2H), 2.75-2.79 (m, 1H), 2.86-2.93 (m, 5H), 3(pAJ = 7.7 Hz, 3H), 3.14-3.28 (m, 3H),
4.74-4.81 (m, 1H), 7.10-7.18 (m, 4HJC-NMR (CDCk): 5 12.83, 22.93, 30.16, 33.73,

36.86, 36.96, 43.32, 51.26, 55.86, 66.56, 70.16.212 126.19, 141.46, 155.50. HRMS
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(ESI+): m/z calcd for GgH»70,N, 303.2067; found 303.2066. UPLC purity, 95% at 2h®

(method Atr = 2.520 min).

Synthesis of (1-(2,3-dihydro-1H-inden-2-yl)piperidié4-yl)methyl ethyl(methyl)carbamate
(38)

Synthesized from (1-(2,3-dihydrddtinden-2-yl)piperidin-4-yl)methanob@) (0.202 g, 0.873
mmol, 1.0 equiv.) andN-ethyl-N-methylcarbamoyl chloride (0.116 mL, 1.048 mmol2 1.
equiv.) in pyridine (5 mL) via general procedureT®e crude product was purified by flash
column chromatography using @El,/MeOH (15:1, v/v) as the eluent, to produce 0.0%f g
38 as a bown oil (34% yieldR = 0.34 (CHCI,/MeOH, 10:1, v/v). IR (ATR): 2933, 2797,
2752, 1697, 1403, 1284, 1177, 1129, 1087, 985,crd5. 'H-NMR (CDCh): & 1.11 (t,J =
7.2 Hz, 3H), 1.35-1.45 (m, 2H), 1.65-1.78 (m, 35 (td,J; = 11.6 Hz,J, = 2.0 Hz, 2H),
2.88-2.94 (m, 5H), 3.03-3.11 (m, 4H), 3.14-3.22 1H), 3.30 (bs, 2H), 3.95 (d,= 6.3 Hz,
2H), 7.11-7.20 (m, 4H)*C-NMR (CDC}): § 12.91, 28.64, 33.71, 35.44, 36.97, 43.40, 51.30,
66.97, 69.31, 124.16, 126.19, 141.38, 156.07. HRMESI+): m/z calcd for GgHz9O2N>

317.2224; found 317.2223. UPLC purity, 95% at 2tO(method Atg = 2.630 min).

Synthesis of (1-(2,3-dihydro-1H-inden-2-yl)piperidi3-yl)methyl ethyl(methyl)carbamate
(39)

Synthesized from (1-(2,3-dihydrddtinden-2-yl)piperidin-3-yl)methanobg) (0.202 g, 0.873
mmol, 1.0 equiv.) andN-ethyl-N-methylcarbamoyl chloride (0.116 mL, 1.048 mmol2 1.
equiv.) in pyridine (5 mL) via general procedureT®e crude product was purified by flash
column chromatography using @El,/MeOH (20:1, v/v) as the eluent, to produce 0.14% g
39 as a brown solid (54% vyield® = 0.20 (CHCI,/MeOH, 20:1, v/v). IR (ATR): 2943, 2802,

1702, 1689, 1403, 1299, 1184, 1087, 1007, 749,524 *H-NMR (CDCk): 5 0.94-1.08 (m,
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1H), 1.11 (t,J = 7.2 Hz, 3H), 1.58-1.69 (m, 1H), 1.72-1.78 (m),2H83 (t,J = 10.7 Hz,
1H), 1.99 (td,J; = 11.2 Hz,J, = 2.3 Hz, 2H), 2.89-2.97 (m, 6H), 3.07 (b= 7.5 Hz, 3H),
3.19 (p,J = 8.1 Hz, 1H), 3.29 (bs, 2H), 3.90 (dH,= 10.3 Hz,J, = 7.8 Hz, 1H), 4.01 (q] =
5.4 Hz, 1H), 7.11-7.19 (m, 4HJ*C-NMR (CDCk): 5 12.87, 24.67, 27.10, 33.75, 36.02,
36.75, 36.88, 43.25, 51.94, 55.22, 66.99, 67.83. 112 126.11, 141.37, 141.40, 155.95.
HRMS (ESI+):m/z calcd for GoH290:N, 317.2224; found 317.2223. UPLC purity 97%, at

210 nm (method Atgr = 2.670 min).

4.4.In vitro enzyme inhibition assays
4.4.1.ChE inhibition assay

The inhibitory potencies of the compounds againsE£were determined using the
method of Ellmaff. 5,5-Dithiobis (2-nitrobenzoic acid) (Ellman’s reageBTNB), and the
butyrylthiocholine and acetylthiocholine iodidesreedrom Sigma-Aldrich and TCI Europe,
respectively. hRAChE (stock concentration of 15.0 mig~) and recombinant hBChE (stock
concentration of 16.5 mg mt) were kindly donated by Xavier Brazzolotto and rkdp
Nachon (IRBA, Brétigny-sur-Orge, France). The engyolutions were prepared by dilution
of the concentrated stocks in 0.1 M phosphate-bedfeolution, pH 8.0. The reactions were
carried out in a final volume of 300L of 0.1 M phosphate-buffered solution, pH 8.0,
containing 333iM DTNB, 5 x10“ M butyrylthiocholine/ acetylthiocholine and 1 x¥M or
5 x10 M hBChE or hAChE, respectively. The reactions wstarted by addition of the
substrate, at room temperature. The final contétite organic solvent (DMSO) was always
1%. The formation of the yellow 5-thio-2-nitroberate anion as a result of the reaction of
DTNB with the thiocholines was monitored for 1 mas, the change in absorbance at 412 nm,
using a 96-well microplate reader (Synergy™ H4; Tib Instruments, Inc., USA). To

determine the blank value (b), phosphate-buffecddtion replaced the enzyme solution. The
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initial velocity (w) was calculated from the slope of the linear tretdained, with each
measurement carried out in triplicate. For the finkibitory screening, stock solutions of the
test compounds (10 mM) were prepared in DMSO. Tdmepounds were added to each well
at a final concentration of 1QM. The reactions were started by addition of thiestnate to
the enzyme and inhibitor that had been preincubdted30 min, to allow covalent
modification of catalytic serine amino-acid residé@ irreversible inhibitors to reach
complete equilibrium of the enzyme-inhibitor compl&he initial velocities in the presence
of the test compounds jJvwere calculated. The inhibitory potencies areregped as the
residual activities (RA = (v b) / (w — b)). For the Ig measurements, seven different
concentrations of each compound were used to obtaigme activities of between 5% and
90%. The 1G, values were obtained by plotting the residual emzactivities against the

applied inhibitor concentrations, with the expenma data fitted to Equation (1):

Y = Bottom + (Top — Bottom) / (1+107°((Logke— X) x HillSlope)) (1),

where X is the logarithm of the inhibitor concetitva, and Y is the residual activity. For the
fitting procedure, the GraphPad Prism 8 (GraphR&tWare, USA) was used.

For the reversibility assay, hAChE and hBChE at-fid@ final concentration were
incubated with the inhibitors at a concentratioafdd the 1G at room temperature (volume,
20 pL). After 30 min, 3L of the mixture was diluted into 0.1 M phosphatéfered solution,
pH 8.0, containing 504M DTNB. The reactions were started by additionlef substrate to
the enzyme and inhibitor complex. The final concaidns of all of the reagents and enzymes
were the same as in the assay described aboveeadtton was monitored for 5 min. Control
experiments were carried out in the same mannegrentine inhibitor solution was replaced

by DMSO. Rivastigmine and donepezil were used agrols.
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4.4.2. MAO inhibition assay

The effects of the test compounds on hMAO-A and 4B were investigated using
a fluorimetric assay, following a previously debed literature method, with minor
modifications®. The inhibitory activity of the compounds was exakd by their effects on
the production of hydrogen peroxide ,() from p-tyramine, which was used as a
nonspecific substrate for both of these hMAO isafer The production of the JB8, was
detected using Amplex Red reagent in the presehlerseradish peroxidase, where a highly
sensitive fluorescent product, resorufin, is praglat stoichiometric amounts. Recombinant
human microsomal hMAO enzymes expressed in bacuievnfected insect cells (BTI-TN-
5B1-4), horse-radish peroxidase (type Il, lyopleitizoowder), ang-tyramine hydrochloride
were obtained from Sigma Aldrich. 10-Acetyl-3,7-gliinoxyphenoxazine (Amplex Red
reagent) was synthesized as described in thetlireta

Briefly, 100 uL 50 mM sodium phosphate buffer (pH,7.05% [v/v] Triton X-114)
containing the compounds or the reference inhibitand hMAO-A or hMAO-B were
incubated for 15 min at 37 °C in a flat-bottomeddi 96-well microplate (WCLEAR®
microplate; Greiner Bio One International GmbH, @any), and placed in a dark microplate
reader chamber. After the pre-incubation, the reactvas started by adding the final
concentrations of 250 uM Amplex Red reagent, 2 Uhutseradish peroxidase, and 1 rpM
tyramine (final volume, 200 pL). The productionresorufin was quantified on the basis of
the fluorescence generatéd«(= 530 nm,kem= 590 nm) at 37 °C over a period of 20 min,
during which time the fluorescence increase linedfor control experiments, DMSO was
used instead of the appropriate dilutions of thepounds in DMSO. To determine the blank
value p), phosphate-buffered solution replaced the enzgoiation. The initial velocities

were calculated from the trends obtained, with eaeAsurement carried out in duplicate. To
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obtain the final results the specific fluorescerog@ission was calculated after subtraction of
the blank activity I§). The inhibitory potencies are expressed as thielual activities (RA =
(vi—b) / (vo— b), wherey; is the velocity in the presence of the test compsy andy, the
control velocity in the presence of DMSO. Thed@alues were obtained by plotting residual
enzyme activities against applied inhibitor concatimin, with the experimental data fitted to
a Hill four parameter equation (Equation (1)) us@@phPad Prism 8 (GraphPad Software,
USA).

For the reversibility assay, hMAO-B at 100-fold dlnconcentration was incubated
with the inhibitors at a concentration 10-fold 1k, at 37 °C (volume, 50 pL). After 15 min,
the mixture was diluted 100-fold into the reactionffer containing Amplex Red reagent,
horseradish peroxidase, apdyramine hydrochloride. The final concentrationsatifof the
reagents and MAO-B were the same as in the asssgribled above. The reaction was
monitored for 30 min. Control experiments were iearrout in the same manner, where the

inhibitor solution was replaced by DMSO.

4.5. X-ray crystallography ofhBChE in complex with 13
4.5.1. Crystallization

Recombinant hBChE was produced in eukaryotic @alslescribed earli&rand the
protein purified by BChE specific affinity (Hupresi CHEMFORASE, Rouen, France)
followed by size exclusion (Superdex 200, GE Health) chromatographies, as previously
describe®f. HBChE crystals were obtained by the hanging dnephod at 293 K using a 12
mg/ml protein solution and 0.1 M MES pH 6.5, 2.15(NH,),SO, as crystallization buffer.
Compoundl3 was solubilized in 100% DMSO at 0.1M concentrataord protein complex
was obtained by soaking3 at 1 mM final ligand concentration (0.1 M MES ptb62.15 M

(NH4)2SOy, 1% DMSO). Crystals were cryo-protected in a sotubf 0.1 M MES pH 6.5,
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2.15 M (NHy)2SOq, 20% Glycerol, 1 mM ligand, 1% DMSO before flagholing into liquid

nitrogen.

4.5.2. Structure determination

X-ray diffraction data were collected on the PROXIM beamline of the SOLEIL
Synchrotron (Saint Aubin, France) at 100 K. Imagssorded on an EIGER 16M detector
were processed with XOS Data analysis was realized using the Phenix soéveuité®.
Initial model was obtained by molecular replacemasing Phaser-MR and the hBChE
structure (PDB ID 1PO0I) devoid of any ligand, glgsaor water molecules. Electron density
was observed in the active site gorge and allowednliguous fitting of the ligand. Ligand
geometry restraints were processed with Phenix a\vBlusing the semi-empirical quantum
mechanical method (AM1). The model was refined teyative cycles of Phenix.refine and
model building usingCoot®. HBChE structure in complex with3 was deposited into the
Protein Data Bank under accession number 6SAM.réggahowing protein structures were

generated using the PyMOL software (PyMOL 2.1.hr8dinger, NY, USA).

4.6.In vitro BBB permeation assay

The in vitro permeability through lipid membrane was determisdfollows: the
compounds were dissolved in DMSO (10 mM stock smt)t diluted with 10% (v/v) MeOH
in phosphate buffered saline (PBS) buffer (pH D495 g NaHPQO, x 12 HO, 0.0475 g
KH,PO,, 2.0 g NaCl in 250 mL deionized water) to 200 i aransferred in five replicates
to the donor 96-well microplate Millipore receivaate (300 pL/well). The acceptor 96-well
Millipore filter plate was coated with 3 pL of Ighi solution (PBL 20 mg/mL in
hexane/dodecane=3/1 + 1% m/V cholesterol) and pedpaith 10 % (v/v) MeOH in PBS

buffer (200 pL/well). The acceptor and donor platese then placed in a »sandwich/contact«
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configuration in order to provide contact of lipfdter with the donor solution and left
undisturbed for 4 h at 25 °C. After incubation, thlates were separated, well solutions
transferred to a UV-plate (UV-SfaMicroplate 96 well, half area, pnCLEAR clear, Ref.
675801, Greiner Bio-One) and concentrations medsuseng Biotek Synergy HT microplate
reader X = 230-500 nm in 4 nm steps). Negative logarithnthef effective permeability (—
logP.) was calculated using the in-house software barell. Avdeef'. Assay validation was
performed by determining the experimental permégbibf five commercial drugs as
reference standards and traditional binning usddlsvs: —lod°. < 5.6, high permeability; —

logPe > 6.2, low permeability; intermediate was labeléeduncertain BBB permeability.

4.7. AB1-42aggregation inhibitory activity assay

Thioflavin-T (ThT) fluorometric assdy The inhibition of 48,4, aggregation was
measured fluorimetrically as described previotfsigriefly, HFIP-pretreated py_4» (Merck
Millipore, Darmstadt, Germany) at 1.5 uM, the tesmpound (10 puM final concentration)
and Thioflavin-T (10 uM final concentration) werecubated at room temperature in 96-well
microplate (covered with aluminum foil to prevemaporation) with continuous shaking for
36—48 h. The fluorescence intensityx(= 440 nm}en = 490 Nnm) was measured every 3 min
(Synergy™ H4 plate reader, BioTek Instruments, Inc. VT, USAhe assay was run in

quadruplicates.

4.8. Cell-based assays
4.8.1. Cell culture and treatments

The human neuroblastoma SH-SY5Y cell line was pased from American Type
Culture Collection (CRL-2266, Manassas, VA, USAheThuman hepatocellular carcinoma

HepG2 cell line was from American Type Culture @otlon (HB-8065, LGC Standards,
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UK). Cells were cultured in Advanced Dulbecco's ified Eagle's medium (Gibco, Thermo
Fisher Scientific, Waltham, MA, USA) supplementedhwl0% fetal bovine serum (FBS)
(Gibco), 2 mM L-glutamine, 50 U/mL penicillin and) Jug/mL streptomycin (Sigma, St.
Louis, MO, USA) in a humidified atmosphere of 95%and 5% CQ at 37 °C, and grown to
80% confluence. Prior to cell treatment, completdimm was replaced with reduced-serum
medium (i.e., with 2% FBS). Compound$§, 13, 16, 22, rivastigmine and rasagiline were
prepared as a stock solution of 20 mM in DMSO ardewused at concentrations of 1 uM to
100 puM. The peptide B\ -s2(Merck Millipore, Darmstadt, Germany) was dissolvedMSO

at a concentration of 1 mM, and was used as aayitostimulus at a concentration of 5 pM.

4.8.2. Cell viability assay

To determine the effect of compounds on cell vighilSH-SY5Y and HepG2 cells
were seeded in 96-well culture plates (1 x*\d@ll) and assessed by MTS ([3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)@-sulfophenyl)-#-tetrazolium, inner
salt) assay. Cells were treated with increasingentnations (1-100 puM) of test compounds
in reduced-serum medium, and cell viability waseased after 48 h using the CellTiter 96®
Aqueous One Solution Cell Proliferation Assay (Pegan, Madison, WI, USA), in accordance
with the manufacturer’s instructions. Absorbance weeasured with an automatic microplate
reader (Tecan Safire2, Switzerland) at a waveleo§th92 nm. Results are presented as a
percentage of the control (DMSO). The 4d¢lvalues are the mean £ SEM of at least two

independent experiments.

4.8.3. Neuroprotection assay
The neuroprotective effect of compourtdy 13, 16, 22, rivastigmine and rasagiline

on cytotoxic effect of B1_sowas determined with the fluorescent intercalatévAD assessed
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by flow cytometry. Prior to cell treatment, the pdp AB;_4> was incubated at final
concentration of 5 uM in reduced-serum medium adhsence or presence of compound at
concentration 20 uM for 24 h at 37 °C to indudgé aggregation. SH-Y5Y cells were seeded
in 24-well culture plates (2 x 1@vell) and the next day treated with pre-aggregatd., in

the absence or presence of compounds. After 48atntent, cells were harvested, washed in
cold PBS, and labelled with 7AAD (2 pg/mL; SigmadAth) for 10 min at room
temperature. Cells were then analysed for cytoityxiny flow cytometry on Attune NXT flow
cytometer (Thermo Fisher Scientific). The perceatafj7AAD positive (7TAAD®) cells was
evaluated using FlowJo software (FlowJo, LLC, AsdlaOR, USA) and recorded as relative

to control cells.

4.8.4. Immunofluorescence staining

The SH-SY5Y cells were seeded in complete mediunglass coverslips in 24-well
culture plate (2 x 10mL) in duplicate, and the, next day they were tedawith the pre-
incubated peptide B\-42(5 M) in reduced-serum medium in the absence @sqnce of the
compound10 or compoundl6é at 20 uM) for 48 h. The cells were then fixed hwi%
formalin in phosphate-buffered saline (PBS), pH, Tof 30 min at room temperature, and
then permeabilized with 0.5% Tween 20 in PBS formid. Non-specific staining was
blocked with 3% bovine serum albumin (BSA) in PB® 30 min at room temperature. The
cells were then incubated with rabbit anti-amyldiorils LOC antibody (1:1000; Merck
Millipore) in blocking buffer for 2 h at room temgzgure. Afterwards, the cells were washed
with PBS and further incubated with anti-rabbit »de Fluor 488-labelled secondary
antibodies (1:1000; Thermo Fisher Scientific) in 8A in PBS for an additional 1.5 h.
After washing with PBS, the ProLong Antifade kittviDAPI (Molecular Probes, Eugene,

OR, USA) was used for mounting the coverslips asglslides. Fluorescence microscopy
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was performed using a Carl Zeiss LSM 710 confocarascope (Carl Zeiss, Oberkochen,

Germany) with the ZEN 2011 image software.

4.8.5. Statistical analyses

The effects of compounds in Neuroprotection assa&yewanalyzed by one-way
analysis of variance (ANOVA) angbst-hoccomparisons were made usitgst two-sample
equal variances. P < 0.05 was considered to bistgtally significant. All data are means +

SD.
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8. Abbreviations

7-AAD 7-aminoactinomycin D

AP amyloid

ACh acetylcholine

AChE acetylcholinesterase

AD Alzheimer’s disease

APP amyloid precursor protein
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BBB blood-brain barrier
BChE butyrylcholinesterase

BSA bovine serum albumin
ChE(s) cholinesterase(s)

DAPI 4',6-diamidino-2-phenylindole
4-DMAP  N,N-dimethylpyridin-4-amine
FAD flavine adenine dinucleotide

hAChE human acetylcholinesterase

hBChE human butyrylcholinesterase

hMAO-A human monoamine oxidase A

hMAO-B human monoamine oxidase B

MAChE  murine acetylcholinesterase

MAO-A  monoamine oxidase A

MAO-B  monoamine oxidase B

MTDL(s) multitarget-directed ligand(s)

MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphy)-2-(4-sulfophenyl)-
2H-tetrazolium, inner salt)

PAMPA parallel artificial membrane permeation assay

PBS phosphate buffered saline

PDB protein data base

SARs structure—activity relationships
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Highlights

* Nove N-akylpiperidine carbamates were designed, synthesised and bioeval uated.

* Compound 10 inhibits cholinesterases, monoamine oxidase B and is neuroprotective.
» Compound 13 is a potent selective butyrycholinesterase inhibitor.

» Neuroprotective compound 16 inhibits monoamine oxidase B and amyloid f

aggregation.
« Compound 22 inhibits both acetylcholinesterase and butyrylcholinesterase.
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