Dissertation zur Erlangung des Doktorgrades
Fakultat fr Chemie und Pharmazie

Ludwig-Maximilians-Universitat Minchen

Synthesis and biological evaluation of novel N-substituted
nipecotic acid derivatives with an alkyne, trans-alkene or cis-alkene

spacer as GABA uptake inhibitors

Krisztian Csaba Toth

aus Kerepestarcsa, Ungarn

2018



Erklarung

Diese Dissertation wurde im Sinne von § 7 Abs. 1 bzw. 2 der Promotionsordnung vom

01. August 2013 von Herrn Prof. Dr. Klaus T. Wanner betreut.

Eidesstattliche Versicherung

Diese Dissertation wurde eigenstandig und ohne unerlaubte Hilfe erarbeitet.

Minchen, den 20.11.2018

(Krisztian Téth)
Dissertation eingereicht am 22.11.2018
1. Gutachter Prof. Dr. Klaus T. Wanner
2. Gutachter Prof. Dr. Franz Paintner

Mundliche Prifung am 18.12.2018



Die vorliegende Arbeit entstand in der Zeit von August 2013 bis Dezember 2018
am fur Department Pharmazie — Zentrum fir Pharmaforschung —

der Ludwig-Maximilians-Universitat Minchen auf Anregung und unter Leitung von

Herrn Prof. Dr. Klaus T. Wanner

Fir die engagierte, ausgezeichnete und sehr hilfreiche Betreuung und Férderung
meiner Arbeit sowie die hervorragenden Forschungsbedingungen danke ich

Herrn Prof. Dr. Klaus T. Wanner sehr herzlich.

Herrn Prof. Dr. Paintner danke ich herzlich

fur die Ubernahme des Korreferats.



Danksagung

Ich méchte mich bei meinen Freunden und Kollegen aus dem Arbeitskreis von Professor
Dr. Wanner fir die freundliche Aufnahme in diese Gruppe, die ausgezeichnete
Arbeitsatmosphare, die gute Zusammenarbeit in der Praktikumsbetreuung und die fréhliche

Zeit, die wir neben der Arbeit hatten bedanken.

Besonderer Dank gilt an meinen ehemaligen Laborkollegen Tim Hellenbrand, Davia Prischich,

Heinrich Rudy und Janina Andrel fiir die super Zeit im und rund ums Labor.

Dr. Georg Héfner sowie dem gesamten Team der biologischen Prifabteilung, insbesondre
Silke Duensing-Kropp, Tanja Franz und Miriam Sandner, danke ich sehr fiir die Testung der

von mir synthetisierten Verbindungen.

Dr. Lars Allmendinger und den Mitarbeiterinnen der analytischen Abteilung, insbesondere
Claudia Glas und Ursula Grof gilt besonderer Dank fur die Messung all meiner IR-, MS- und
NMR-Spektren.

Katharina Heimberger und Annerose Kartner danke ich fur die Unterstitzung bei allen

organisatorischen Aufgaben sowie die Versorgung mit Buro- und Labormaterialien.

Fir die Molecular Modeling Prasentationen und die Erlauterungen zum Struktur-basierten

Molekuldesign bin ich Herrn Dr. Thomas Wein sehr dankbar.

Fir die hervorragende Organisation der von mir betreuten Studentenpraktika méchte ich Herrn
Dr. Jorg Pabel und Herrn Dr. Jirgen Krauss herzlich danken. Dr. J6rg Pabel danke ich

aulRerdem flur das Korrekturlesen meiner Publikationen.

Ich méchte meiner Familie fur die kontinuierliche Unterstiitzung wahrend meines Studiums

danken und dass sie meine Promotion ermdglicht hat.



This cumulative thesis is based on the following original publications and manuscripts:

Reprinted with permission,

Krisztian Téth, Georg Hofner, Klaus T. Wanner;
Bioorganic & Medicinal Chemistry, 2018, Volume 26, Issue 12, 3668-3687.

“Synthesis and biological evaluation of novel N-substituted nipecotic acid derivatives with an

alkyne spacer as GABA uptake inhibitors”

Krisztian Téth, Georg Hofner, Klaus T. Wanner;
Bioorganic & Medicinal Chemistry, 2018, Volume 26, Issue 22, 5944-5961.

“Synthesis and biological evaluation of novel N-substituted nipecotic acid derivatives with a

trans-alkene spacer as potent GABA uptake inhibitors”

Krisztian Téth, Georg Hofner, Klaus T. Wanner;
Manuscript to be submitted to Bioorganic & Medicinal Chemistry.

“Synthesis and biological evaluation of novel N-substituted nipecotic acid derivatives with a

cis-alkene spacer as GABA uptake inhibitors”

Copyright of the publications belong to the publishers.



Table of contents

1. INTRODUGCTION ... ceieeeceeeeeeeaees e e sems s e s emesese e e e e see e e e eme e sseeenssenmesnesemseamsaansesssesaneensessnsesnsesas 1
1.1. CNS and GABA related diSEaSES. ......ccoouuiiiiiiiie e 2
1.1.1. GABA NEUIOIIANSIMUSSION ...ttt ettt 3
1.1.2. Treatment possibilities and SIAE €ffECES ..............eeeeeeeeeeeeeeee e aa e e e 4

1.2, GABA frANSPOMEIS ...ttt e e ettt e e e e e e et e e ee e e e e e nenteeeeeeaaa e e nnnneeeaaaeaaan 5
1,29, GAT SUDLYPES ...ttt ettt ettt 6
1.2.2. Structure and transport mechanism of SLC6 tranSpoOMters.............occooeeeeeeiieeieceeeeeeeeee 7
1.2.3. GATS @S AIUQG LQIGEOLS ...ttt e 9
1.2.3.1. MGAT1 selective iNNIDItOrS .........c.ooiiiiii e 10
1.2.3.2. Selective inhibitors Of MGAT2 ..o 12
1.2.3.3. MGAT3 and mGAT4 selective iNhibItors .........ccueeiiiiiiiii e 13

b S T T 0 0 ] o N 15

.................................................................................................................................................. 15

B ©7o 18] o) 1 aTe l a3 =1 1 g To o L3PPSO PSPPI 17
2.2.7. IMUNIUI SAIES ...ttt e et e e e e e e e e e s e e e e e e aaannns 17
2.2.2. HYAIOZIFCON@MON. ...ttt ettt 18

3. SUMMARY OF MANUSCRIPTS AND PUBLISHED RESULTS.........ccccciiiirrierre e ssms e 19

3.1. First publication: Synthesis and biological evaluation of novel N-substituted nipecotic acid
derivatives with an alkyne spacer as GABA uptake inhibitors.............ccoccvvieiieiiiiiiee 19
3.2. Second publication: Synthesis and biological evaluation of novel N-substituted nipecotic acid
derivatives with a frans-alkene spacer as potent GABA uptake inhibitors ...............ccccccoeeenns 21

3.3. Manuscript of the third publication: Synthesis and biological evaluation of novel N-substituted

nipecotic acid derivatives with a cis-alkene spacer as GABA uptake inhibitors....................... 23
4. SUMMARY OF THE THESIS ..........oo e e s ese e s s s s e e s e e smessms s mesne s e e e e en e e e neneenns 24
5. LIST OF ABBREVIATIONS ... e reee s s s e s s e s smesmessme s sae s e e e s mesnsseneseme s smnesnesensenns 26
6. LITERATURE ....... oo ece e e e e e e e e e e e e e semeseme e e s e e esm e e ameeameseme e e e e semee e eeans e sneeassanseennesanseanes 27

7. PUBLICATIONS AND MANUSCRIPTS ... s s 31



Introduction 1

1. Introduction

Medicinal chemistry is an important field of research where chemistry and pharmacology are
working together to find relations between chemical structures and their biological effect.
Chemical structures with pharmacological activity can be naturally occurring and obtained from
diverse sources like animal or plant material or can be chemically synthesized. To identify and
characterize such active compounds from huge libraries diverse high-throughput screening
methods were developed during the last decades. The most promising hits can then be used
as a lead structure in the design and development of the following pharmaceutical
development. Usually, the identification of the biological target responsible for the
pharmacological effect is the first essential step for drug research, which can be an enzyme or
a membrane-bound protein like receptors or transporters. In possession of such a protein
structure, it is possible to use computer-based screening methods, which are faster and more

cost effective.

For this purpose, two different strategies can be applied during the screenings. First, if the
exact 3D structure of the designated target bound with a ligand is known, usually from X-ray
crystallography experiments, then we talk about the “target-based drug design”. By knowing
the detailed interactions between the ligand and the binding site we can fit various ligands into
the binding pocket (docking) and calculate the binding affinities as docking scores. By
comparing these scores, it is possible to create a new structure with possible similar or even
better affinity for the target.[1] As the second method, the “ligand-based drug design” can be
used, if the target structure is not known. In this case, the design of new active compounds is
based on the physiochemical properties of known ligands, from which a pharmacophore model
is generated to describe the interactions between ligand and target. Through this model,
suitable substance libraries can be screened (in silico) to find new active compounds, which

can be later synthetized and evaluated in biological tests.[2]

The so discovered most active compounds (hits) can be selected to aid as the parent structure
for further optimization (lead structure). Through stepwise chemical modifications and
screening of the modified structures, the goal is to find the optimal chemical and physiological
properties to acquire more potent and/ or more selective active compounds to the target. The
obtained evaluation results can be used to set up a structure-activity relationship (SAR) to

support the further optimization of the selected lead structure.
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1.1. CNS and GABA related diseases

The central nervous system (CNS) can be involved in a wide-ranging variety of diseases.
These neurological disorders can include dementia, depression, epilepsy, multiple sclerosis,
neuropathic pain, and Parkinson’s disease.[3,4,5,6,7] The most widespread from them is
epilepsy, affecting over 50 million patients worldwide.[8] More than 15 different antiepileptic
drugs can be used for its treatment, but in many cases the medication is not helping or causing

significant side effects, making the research for new, more effective drugs necessary.[9,10]

An important cause of these diseases is a disturbance in the GABAergic neurotransmission in
the CNS. The most important inhibitory neurotransmitter in the CNS y-aminobutyric acid
(GABA, 1) is depicted in Figure 1.[11] Its role, function, and possible ways to influence GABA

levels in the CNS will be discussed in the following section.

(0]
HzN\/\)J\OH

GABA (1)

Figure 1. The y-aminobutyric acid (GABA) neurotransmitter.
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1.1.1. GABA neurotransmission

During the biosynthesis of GABA, glutamate (GLU) is decarboxylated by glutamic acid
decarboxylase (GAD) in the presynaptic neuron. The formed GABA is transported and stored
into vesicles by the vesicular transporter (VGAT) from where it is released into the synaptic
cleft upon depolarization. In the synaptic cleft, GABA can interact with two different GABA
receptors at the pre- and post-synaptic side, as it is presented in Figure 2. One type, the
ionotropic GABAA receptors are located on the postsynaptic side and mediate fast signal
transduction as ligand controlled chloride channels. The second type, the metabotropic GABAs
receptors, belong to the G-protein coupled receptors (GPCR) and can be found on the pre-

and post-synaptic side and on the surrounding glial cells as well.[5,12,13,14]
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Figure 2. GABA neurotransmission pathways according to literature.[14]

If GABA binds to the GABAA receptor, the excitability of the neuron is reduced caused by the
hyperpolarization of the postsynaptic neuron through the influx of chloride ions. Presynaptic
GABA& receptors play an important negative feedback role to regulate the further release of
GABA. Postsynaptic GABAs receptors affect hyperpolarization through the efflux of

potassium.[15]

The GABA transporter proteins (GATSs) are responsible for the termination of the GABAergic
signaling. They remove the GABA from the synaptic cleft via reuptake into the presynaptic
neuron where it is stored in vesicles. Another way is by the uptake into the surrounding glial
cells, where it can be broken down into succinic semialdehyde (SSA) by GABA transaminase
(GABA-T).[16,17,18]
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1.1.2. Treatment possibilities and side effects

An imbalance of the excitatory and inhibitory neurotransmitter levels in the CNS can result from
reduced GABAergic signaling which is the main reason for epilepsy and the CNS diseases
mentioned before. To increase GABA levels in the CNS, thus restoring the balance between
excitatory and inhibitory neurotransmitter, the different GABA receptors, GABA transporters
(GATSs), and the GABA decomposing transaminase can be targeted with therapeutically active

compounds (Figure 3).

Benzodiazepines, like diazepam (2), are positive allosteric modulators of the GABAa receptors.
They bind to a specific allosteric side which results in a conformational change of the receptor,

thus increasing the opening frequency of the chloride channels.[19,20]

The GABAs receptors can be influenced by the binding of an agonist molecule, like
baclofen (3), which increases the GABA neurotransmission.[13] Vigabatrin (4) achieves the
same effect, through the irreversible inhibition of the GABA transaminase (GABA-T). Most
relevant to our work is the inhibition of the GABA transporters (GATs) which results in an
increased GABA level since it is not removed from the synaptic cleft. Tiagabine [(R)-5] acts as
a selective inhibitor of the GABA transporter subtype 1 (GAT1) and is the only approved

antiepileptic drug on the market from this category.[9]

5 N
(0]
—N HZNJ/\)LOH ; \
Vi NS

Diazepam (2) Baclofen (3) Vigabatrin (4) Tiagabine [(R)-5)]

Figure 3. Approved drugs with an influence on GABAergic neurotransmission.
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1.2. GABA transporters

Transporters (solute carriers), in general, make the transport of ions and larger molecules like
amino acids and neurotransmitters through the cell membrane possible. The GABA
transporters (GATs) belong to the solute carrier 6 (SLC6) gene family which includes 20
different transporter subtypes. These, according to their amino acid sequence, can be
separated into four main subtypes: monoamine transporters, GABA transporters, and two

groups of amino acid transporters as shown in Figure 4.[21]

This class of transporters are also termed the neurotransmitter-sodium symporter (NSS) family

or Na*/Cl- dependent transporters. They use the co-transport of Na* and CI ions in order to

transport neurotransmitters into the cells against their concentration gradient.[22]
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1.2.1. GAT subtypes

The GABA transporters exist in different subtypes and multiple terminologies are applied to
name them (Table 1). Within the body, four subtypes can be determined. The origin of the
transporter from which animal it was cloned can also play a significant role. Additionally, the
“‘Human Genome Organization” (HUGO) has its own terms for the human transporters, but it
is often used for all species. During our research, we used only GAT transporters cloned from
mice (IMGAT1-mGAT4).[23,24]

Table 1. Different nomenclatures of the GATSs.

Source GAT subtypes

mouse mGAT1 mGAT2 mGAT3 mGAT4
human hGAT-1 hBGT-1 hGAT-2 hGAT-3
HUGO GAT1 BGT1 GAT2 GAT3

GAT1 is primarily located in the presynaptic neurons of the CNS and plays a crucial role in the
transport of GABA. Studies have shown that BGT1 and GATZ2 are mainly located in the kidneys
and liver, thus playing only a minor function in the GABAergic neurotransmission. Another
important subtype is GAT3. It is located on the glial cells surrounding the neurons of the CNS
and is responsible for the uptake of GABA into the glial cell where it is metabolized afterwards.
[17,25,26]
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1.2.2. Structure and transport mechanism of SLC6 transporters

The structure of the NSSs was extensively studied in the last few decades and as a result the
isolation, the amino acid sequence analysis, and the cloning of the GAT1 NSS were
accomplished.[27] These results and the successful crystallization and X-ray structure analysis
of the leucine transporter (LeuTaa) from the bacteria Aquifex aeolis in the presence of the
substrate leucine and two sodium ions confirmed the structure of the transporter as illustrated
in Figure 5.[28]

However, the overall amino acid sequence of the LeuTa, compared to the sequence of the
eukaryotic SLC6 transporters is only 20% — 25%, but in the region of the substrate binding site,
the homology in the sequence is significantly higher 55% — 67%.[29] This fact, in general,
makes the use of this structure valid for the understanding of the assembly and purpose of

these transporters.

EL4b El4a

Figure 5. Structure of the LeuTaa transporter.[28]

The transporter LeuTaa contains 12 transmembrane helices (TMs) which are connected by
corresponding loops both intra- and extracellularly (IL and EL), and the amino- and the
carboxyl-terminus is located on the intracellular side (Figure 5). The primary binding site (S1)
of leucine and the two sodium ions has a funnel-like structure, consisting from an inner ring
formed by TM1, TM3, TM6, and TM8 and an outer ring formed by TM2, TM4, TM5, TM7, TM9,
and TM10 (Figure 5). Two transmembrane helices (TM1 and TM6) have an interruption in their
helical structures directly at the binding site, thus are divided into two parts (a and b) so the
formation of hydrogen and ionic bonds between the exposed amino groups and carbonyl

groups is made possible.[28]
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The general transport mechanism of the NSSs is described with the “alternating access”
Model, in which the transporter goes through several conformational changes.[30] Initially, the
transporter is open to the extracellular side and is ready to accept the ligand and ions at the
binding site (S1). After the substrate has bound to this “outward-open” conformation, the
extracellular gate closes and the conformation changes into the “outward-occluded” state as
shown in Figure 6. Subsequently, the intracellular gate opens and the substrate is released

into the cytoplasm in the “inward-open” conformation.[31]

a é}' b c

Outward-open Outward-occluded Inward-open

Out

Qut/ Out

Figure 6. Postulated transport mechanism of the NSSs.[31]

Molecular-dynamic simulations and further studies have shown that a second binding site (S2)
located just above the extracellular gate of LeuT exists. It is stated that the occupation of this
binding site is necessary for the allosteric release (S1) of the substrate into the cytoplasm.[32]
This statement is still debated because others have shown that S2 is rather a binding pocket
for non-competitive LeuT inhibitors or detergents, which prevent the conformational change of
the transporter.[33,34] Further X-ray crystallographic structures of other NSSs supported the
findings of the LeuT results.[35,36] The structure of the eukaryotic dopamine transporter (DAT)
bound with the tricyclic antidepressant nortriptyline was isolated from Drosophila melanogaster
and this was in perfect accordance with the prokaryotic LeuT structure. Similarly, the structure
of the human serotonin transporter (SERT) in complex with the antidepressant (S)-citalopram
or paroxetine was also published which demonstrates how the binding to the S2 site sterically

hinders the release of the ligand from the central binding side.[37]
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1.2.3. GATs as drug targets

Since the GATs are involved in many neurological disorders mentioned before, their inhibition
offers a viable way for a treatment by restoring the physiological neurotransmitter balance in
the CNS.

To this end, researchers are looking for compounds that inhibit the GABA uptake effectively,
but do not bind to the GABA receptors. First, acyclic analogs of GABA were developed, but
these compounds showed no selectivity for any of the GAT subtypes and additionally acted as
ligands for the GABAA receptor. Then, cyclic amino acids like guvacine (6) and nipecotic acid
(rac-T) presented more promising results and became a new starting point for GAT inhibitor
development.[38] The inhibitory potencies of these compounds (6 and rac-7) are similarly high
without any pronounced selectivity (Table 2). It is worth to mention that the (R)-enantiomer of
nipecotic acid [(R)-7] is significantly more potent than the (S)-enantiomer [(S)-7] at all mGATSs.

The corresponding plCso values are listed in Table 2 and range from 3.13 to as high as 5.12.

Table 2. Small, cyclic amino acids as GABA analogs.

0 o
(ﬁ)\OH O)LOH
N N
H H
Guvacine (6) Nipecotic acid (rac-7)
GABA uptake inhibition (pICso * SEM)?2
Compound
mGAT1 mGAT2 mGAT3 mGAT4
6 4.87 +0.06 3.31+£0.03 4.59 +0.05 4.59 +0.05
rac-7 4.88 + 0.07 3.10£0.09 4.64 £ 0.07 4.70 £ 0.07
(R)-7 5.12+0.03 3.40 £ 0.05 4.76 £ 0.05 4.95 +0.05
(S)-7 4.24 +0.05 3.13+0.14 3.83+£0.04 3.63 £ 0.06

aFor sake of comparability all listed functional inhibitory potencies (pICso values) derive from the biological test of
our research group (GABA uptake assay based on HEK293 cells stably expressing the different mGATSs).

On the other hand, these compounds are highly polar and under physiological conditions
present in a zwitterionic state, making the penetration of the blood-brain-barrier (BBB)
extremely difficult. To overcome this problem, lipophilic side chains were introduced at the
nitrogen atom of the heterocycles resulting in not only more potent compounds, but also more
subtype selective derivatives at the GATs.[39,41,42,51,52] The applied modifications and their

results will be discussed in the following part.
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1.2.3.1. mGAT1 selective inhibitors

The substitution of the nitrogen atom of the before mentioned heterocyclic amino acids
(6 and rac-7) with a linker to a lipophilic moiety, leads to highly potent mGAT1 selective
compounds as it is shown in Table 3. The flexible linkers can have a length of four or five atoms
with a double bond in it and two aromatic residues at the end. Amongst these compounds,

tiagabine [(R)-5] is used as an add-on treatment of partial epilepsy.[40]

Table 3. Selective inhibitors of mMGAT1.

(0] 0 (0]
N N N
g B )
QA Cr O
SKF-89976A (8) [39] Tiagabine [(R)-5] [41] NO711 (9) [42]
Compound GABA uptake inhibition (pICso * SEM)?
mGAT1 mGAT2 mGAT3 mGAT4

8 6.16 + 0.05 3.43 +0.07 3.71+£0.04 3.56 + 0.06

(R)-5 6.88 +0.12 50%" 64%" 73%P
9 6.83 + 0.06 3.20 +0.09 3.62 +0.04 3.07 +0.05

aFor sake of comparability all listed functional inhibitory potencies (pICso values) derive from the biological test of
our research group (GABA uptake assay based on HEK293 cells stably expressing the different mGATS).
bRemaining 3[H]GABA-Uptake in the presence of 100 uM test compound.
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To improve the former results, Andersen conducted a series of SAR studies. This led to the
discovery of even more potent inhibitors of GAT1 (Figure 7) which had an ether function in the
linker and a 2-biphenyl [(R)-10] or 2-benzylphenyl [(R)-11] residue at the end.[43,44]

A recent study demonstrated how the exchange of the alkoxyalkyl spacer of (R)-10 with a
but-3-en-1-yl linker resulting in rac-12 delivered a similar inhibitory activity at mGAT1 (Figure
7) which can be viewed as a new parent structure for the further development of mGAT1
inhibitors. However, the same modification applied to (R)-11 caused an order of magnitude
drop in the inhibitory potency at mGAT1 for rac-13.[45]

(0] (0] (0] (0]
Shs Shs oY
N N\ N N
Ho O ) O N
(R)-10 (R)-11 rac-12 rac-13
plCso = 6.96 plCso = 6.99 plCso = 6.79 + 0.12 plCso = 5.72 + 0.04

Figure 7. New generation of GAT1 selective inhibitors.[44,45]
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1.2.3.2. Selective inhibitors of mMGAT?2

Contrary to the mGAT1 inhibitors, the today existing mGAT2 inhibitors lack the potency and
selectivity for their target. The known best mMGAT2 inhibitor NNC05-2090 (14, Table 4) [46] is
only with a factor of 10 more potent at mGAT2 than at the other GATs. The mixed
MGAT1/mGAT2 inhibitor EF1502 (15) [47] was derived from the weak mGAT1 inhibitor
N-methyl-exo-THPO (16),[48] which is slightly more potent at mMGAT1 and has no noteworthy
inhibition at mGAT3 or at mGATA4.

Interestingly, compared to the potent mGAT1 inhibitors with a cyclic amino acid residue,
NNCO05-2090 (14), as the most potent mGAT2 inhibitor, does not have a carboxylic acid moiety,
which implies that the strong binding to mMGAT?2 is the result of the suitable parent structure of

the compound.

Table 4. Selective inhibitors of mMGAT2.

HO. OMe
0,
N QL/(N
10 A
N
NNCO05-2090 (14) [46] EF1502 (15) [47] N-Methyl-exo-THPO
[(R)-16] [48]
Compound GABA uptake inhibition (pICso)
mGAT1 mGAT2 mGAT3 mGAT4
14 4722 5.852 4.392 4.822
15 5.15° 4.59° <3.52° < 3.52°
(R)-16 3.35° <2.520 <2520 <2.52°

apKi values. °No SEM values in the literature.



Introduction 13

1.2.3.3. mGAT3 and mGAT4 selective inhibitors

A series of amino acids were tested in our research group for their potency at and selectivity
for the mGATs (Table 5).[49] This showed that compound (Z)-4-amino-2-butenoic acid (17) is
significantly more potent at mGAT3—-mGAT4 than at mMGAT1-mGAT2. Originating from the
known mixed mGAT3-mGAT4 inhibitors beta-alanine (18) and 2,3-diaminopropanoic
acid (19), we managed to find two new potent parent structures. Of these, isoserine (20)
proved to be one of the most potent and selective mGAT3—-mGAT4 inhibitor with a clear
subtype selectivity (factor > 400) compared to mGAT1-mGAT2. Furthermore, (2-amino-1,3-
thiazol-4-yl)acetic acid (21) was found to be the first mMGAT3 selective inhibitor despite its low
potency (plCso = 3.36). Additionally, 3-imidazol-2-yl-propionic acid (22) was found to be even

more potent at mMGAT3, while having similar subtype selectivity.[50]

Table 5. Amino acids with mGAT3 and mGAT4 selectivity from the literature.[49,50]

v/ ook "efi"cooH HZN\)\‘\HCZOOH HZN\)O\HCOOH
17 18 19 20
H,N H
2 W:\r\}_/COOH [:MCOOH
21 22
Compound GABA uptake inhibition (pICso * SEM)?
mGAT1 mGAT2 mGAT3 mGAT4
17 2.99 £ 0.04 3.67 £ 0.08 4.95 £+ 0.04 4.93 £0.09
18 2.59 £ 0.03 3.48 £+ 0.11 4.66 + 0.06 446 £0.13
19 3.11+£0.02 3.50+0.12 4.66 + 0.08 5.05 +0.02
20 2.33+0.05 3.39+0.11 4.87 £ 0.05 478 +0.14
21 98%?® 77%® 3.36 £ 0.11 55%°
22 63%° 3.28+0.12 4.54 £0.15 3.51+0.03

aFor sake of comparability all listed functional inhibitory potencies (pICso values) derive from the biological test of
our research group (GABA uptake assay based on HEK293 cells stably expressing the different mGATS).
bRemaining 3[H]JGABA-Uptake in the presence of 1 mM test compound.
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Based on the weak, non-selective GAT inhibitor EGYT-3886 (23, Table 6), a series of new
compounds was developed, which included the most potent and selective mGAT4 inhibitor
(S)-SNAP 5114 [(S)-24].[51] From this research, it seemed that the key structural elements
needed for the mGAT4 selectivity were a C2-spacer connected via an ether function to a
methoxy-substituted trityl residue. Further research conducted in our group resulted in the
similarly potent and selective DDPM-1457 [(S)-25] in which the ether function of the linker was
replaced by a frans-alkene unit. This modification additionally significantly increased the
compounds chemical stability compared to (S)-SNAP 5114 [(S)-24].[52]

Table 6. GABA uptake inhibitors for mMGAT3 and mGAT4.

Q \j)L
\\\”\ N
}/ (Nj OHOCH3 (Nj OHOCH3
o N O 140

O OCH, O O OCHs

HaCO H,CO
EGYT-3886 (23) [51] (S)-SNAP-5114 [(S)-24] [51] DDPM-1457 [(S)-25] [52]
Compound GABA uptake inhibition (pICso * SEM)
mGAT1 mGAT2 mGAT3 mGAT4
232 4.59° 4.41° 4.52¢ 4.34¢
(S)-24f 4.07 £0.09 63%°9 5.29+0.04 5.71+£0.20
(S)-25f 4.40 £ 0.05 442 +0.11 5.47 +0.02 5.87 £ 0.08

alnhibitory potencies derive from literature [51]; P(hGAT1; chBGT1; rGAT2; °hGAT3; fFor sake of comparability the
indicated functional inhibitory potencies (plCso values) derive from the biological test of our research group (GABA
uptake assay based on HEK293 cells stably expressing the different mGATs); 9Remaining 3[H]GABA-Uptake in the
presence of 100 uM test compound.
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2. Aims and scope

Antiepileptic drugs that are currently on the market do not always provide a satisfactory
treatment for patients. Hence, there is an urgent need for new, more modern treatment
options.[10] The GATs represent a good target for the development of new inhibitors which
would selectively target only one of the GAT subtype present in the CNS. This leads to the
objective of this study, to find inhibitors of the mGAT4 transporter with high potency and

selectivity for its target.

2.1. Development of N-substituted nipecotic acid derivatives as selective
MGAT4 reuptake inhibitors

During an earlier study in our group, DDPM-1457 [(S)-25] a carba-analog of the known
(S)-SNAP-5114 [(S)-24] GAT inhibitor with moderately high potency at and selectivity for
MGAT4 was discovered.[52] The carba-analog (S)-25 has a frans-alkene moiety in the spacer
between the nipecotic acid and the lipophilic residue instead of an ether functionality,
compared to (S)-24. Additionally to the similar potencies at and selectivity for the mGATSs, the
new compound exhibited greatly increased chemical stability. This hit compound directed our
following research to explore the base structure by its modification in multiple different ways to

find even better and more selective inhibitors for mGAT4.

For the first new carba-analog family, the alkyne-analogs (rac-26, Figure 8), we were interested
how the inhibitory potencies and selectivity is influenced if the trans-alkene moiety of
DDPM-1007 (rac-25),[52] the racemic analog of the enantiopure DDPM-1457 [(S)-25], is
converted into a triple bond. Further modifications aimed to introduce a series of different
residues, like aromatic and heteroaromatic rings, benzylic residues or sterically less
demanding groups at the lipophilic moiety (Figure 8) and to lengthen the spacer by one

methylene group on either side of the alkyne unit.

(j/cozH (\/rCOZH
N OCH;
| Q > Im

O [ R
OCHj,
HiCd 9. L.,

DDPM-1007 (rac-25) rac-26

Figure 8. General structure of the alkyne-analogs of DDPM-1007 (rac-25). For residues R', R2, m, and n see
Publication 1.
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During the following project, we applied the identical lipophilic moieties from the alkyne-
analogs (rac-26, Figure 8) to the original structure with the trans-alkene spacer (rac-25) to see
if it leads to positive results in the biological evaluation of compound rac-28. Additionally, while
keeping the spacer unmodified, three identical heterocyclic residues were introduced to the

lipophilic end (rac-27), replacing all of the previous 4-methoxyphenyl residues (Figure 9).

N N
I Het —— , Q pr—
Het Het O R2
O OCHj
H,CO
rac-27 DDPM-1007 (rac-25)

Figure 9. Additional trans-alkene analogs. For residues R', R?, Het, and n see Publication 2.

The topic of the last part included the synthesis and biological evaluation of cis-alkene analogs
(rac-29), in which the alkyne analogs (rac-26) were converted via catalytic hydrogenation to
the corresponding cis-alkene derivatives to complete all of the planned modifications for the

carba-analog (S)-25 (Figure 10).

DDPM-1007 (rac-25) rac-29

Figure 10. General structure of the cis-alkene analogs. For residues R', R2, m, and n see Publication 3.
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2.2. Coupling methods

For the synthesis of the targeted analogs, we utilized the reaction of an iminium salt with
diverse organomagnesium or organozirconium reagents. Similar reactions are well reported
and known to provide the desired products selectively, under mild conditions, and with high
yields.[53,54,55,56,57]

2.2.1. Iminium salts

An iminium salt or iminium cation has the general structure 32 (Scheme 1). The condensation
of a primary amine (30, R? = H) with a ketone/ aldehyde (31) leads to an equilibrium, in which
the imine form (33) is generated and under acidic conditions exists as iminium ion (32). A
secondary amine (30, R? # H) can also form with an aldehyde or ketone an iminium ion (32)

and they can be isolated as salts of strong acids.[58]

-H*
+ 1 2 2 _ 1
RlN/R2 . j)J\ +H R\N|+R R°=H R\lN
H Rs R4 —H+ RSJ\R4 R3J\R4
30 31 32 33

Scheme 1. Formation of iminium ions and imines.

Alternatively, the reaction of aminoacetal 34 with TMSCI (35) under water-free conditions
(Scheme 2) produces iminium salt 36 and TMS-amine 37.[59] Additionally, the treatment of
N,O-acetal 38 with methyltrichlorosilane 39 easily forms iminium salt 40 and silyl ether
derivative 41 as a side product.[60] A similar, alternative method would be more suitable for

our conditions, due to the sensitivity of the organometallic reagents planned to be used as

nucleophiles.
RLN/R2 ,
1 R2 TMS_ _R
L re o+ ™SI R + N
N Et,0, 0°C |- R
R1
34 35 36 37
RGF Rl 2
k + H3C—SiCl; SNY + H3C—SiCl,-OR®
OR? MeCN, 25°C [
38 39 40 41

Scheme 2. Alternative iminium ion formations under water-free conditions.[59,60]
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2.2.2. Hydrozirconation

The addition reaction in which an organozirconium compound is attached across a double or
triple bond is the hydrozirconation. The sterically shielded carbon-zirconium bonds of
organozirconocenes possess a highly functional group tolerance and can be used for
transmetalation reactions.[61] One of the most common methods to generate
organozirconocene reagents (43 and 46) is the reaction between alkynes 42 or alkenes 45
with Schwartz’s reagent 44 (Cp.ZrHCI, Scheme 3), to give 43 and 46 respectively.[61,62] The
ionic character of the C—Zr bond, according to the Pauling electronegativity scale, is almost
equivalent to the C—Mg bond, but they exhibit a substantially weaker nucleophilic character
due to the steric shielding from the two cyclopentadienyl ligands. For synthetic applications,
the most widely used organozirconium compounds are the alkenylzirconocenes 43. They are
easily accessible and their synthesis from alkynes and Schwartz’'s reagent is fast,

regioselective and reasonably functional group tolerant.

CpoZrHCI ZrCp,Cl
— =
\\

R

_ 42 43
PN
/ \CI
% szerCl ZGC2C|
= = /_/

R R

44 45 46

Scheme 3. Formation of alkenyl- and alkylzirconocenes by hydrozirconation.
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3. Summary of manuscripts and published results

3.1. First publication:
Synthesis and biological evaluation of novel N-substituted nipecotic
acid derivatives with an alkyne spacer as GABA uptake inhibitors

In recent years, the search for GABA uptake inhibitors with high affinity and subtype selectivity
led to the discovery of the N-substituted nipecotic acid derivative DDPM-1457 [(S)-25], which
holds good affinity and selectivity for its target mGAT4. As a carba-analog of the known
(S)-SNAP-5114 [(S)-24], it only differs at its spacer between the nipecotic acid and the lipophilic

residue which has a trans-alkene unit instead of an ether functionality, respectively.

In this study, we report our efforts to expand the knowledge about the structure-activity relation
(SAR) of the carba-analog family of DDPM-1457 [(S)-25], in pursuit of finding even more potent
and selective inhibitors for mGATA4. To this end, the planned structural modifications of [(S)-25]
included the replacement of the trans-alkene moiety of the spacer with an alkyne unit,
increasing the length of the spacer by one methylene group or substituting one aromatic

residue at the lipophilic moiety with a heterocyclic, benzylic or sterically less demanding group.

For the synthesis of the targeted compounds, a suitable method was developed involving
iminium chemistry. It is well known from the literature that iminium salts readily react with
organometallic nucleophiles. Thus, we choose to react the in situ generated iminium ion
derived from the N,O-acetal of nipecotic acid with a series of ethynylmagnesium chloride
nucleophiles obtained through the deprotonation of the corresponding terminal alkynes with
nBuMgCl. The required terminal alkynes were produced by the treatment of triaryl chlorides
with ethynylmagnesium bromide or (trimethylsilyl)ethynyllithium reagents. Under the mild
coupling conditions (40°C, THF), the yields for the corresponding esters were moderate to
good (39% — 85%). After the final hydrolysis of the esters, the obtained free nipecotic acid

derivatives were evaluated for their inhibitory potency at and selectivity for the mGATs.



Summary of manuscripts and published results 20

The results of the new alkyne derivatives show, that the introduced small change from a double
bond into a triple bond in the linker generally caused a significant drop in the potencies
accompanied by a slight shift in the selectivity from mGAT4 to mGAT1. Increasing the spacer
length had a similar outcome, potencies and the selectivity got significantly lower than that of
the parent structure and were comparable to the result of the alkyne analogs with a shorter
spacer. Interestingly, the alkyne analog with a benzothiophene residue instead of a
4-methoxyphenyl ring had a reasonably high affinity for all mGATs (plCso ~ 5), which may
indicate that electron rich and planar aryl moieties, similar to a 4-methoxyphenyl residue, can

be suitable for interaction with the mGAT proteins.

Declaration of contributions:

Synthesis of the N-substituted nipecotic acid derivatives and all precursor molecules was done
by myself including evaluation of the analytical data of all compounds. The practical
performance of the biological test of all compounds was carried out by the technical assistants

of the group under the supervision of Dr. Georg Hofner.
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3.2. Second publication:
Synthesis and biological evaluation of novel N-substituted nipecotic
acid derivatives with a frans-alkene spacer as potent GABA uptake
inhibitors

Our previous discovery of DDPM-1457 [(S)-25], a chemically more stable analog of
(S)-SNAP-5114 [(S)-24], was an important step in the search for new and potent mGAT4
selective inhibitors. Such compounds could provide an additional treatment option for patients
with GABAergic disturbances, especially in cases where the currently used medications are

not providing the hoped relief.

In this present publication, we focus on broadening the knowledge about this carba-analog
family in order to find even better inhibitors for mGAT4. To this end, we modified the parent
structure of DDPM-1007 (rac-25), the racemic analog of the enantiopure DDPM-1457 [(S)-25],
in the following ways. While keeping the trans-alkene spacer unmodified, first, we replaced
one aromatic ring of the lipophilic moiety by a series of residues, e.g. aromatic, heteroaromatic
or benzylic residues. Furthermore, the length of the spacer was increased by one methylene
group by inserting it between the frans-alkene moiety and the lipophilic residue to gain an
insight on how the spacer length influences the binding affinities. Additional compounds were
prepared with three larger and identical aromatic moieties, which were hoped to mimic the

original 4-methoxyphenyl residues.

For the synthesis of the esters, we utilized the building blocks from our previous publication, in
which we used the coupling reaction of an iminium salt with an organomagnesium species
generated from terminal alkynes. Now, we report the coupling reaction between the reported
iminium salt and diverse zirconocene reagents, generated through the hydrozirconation of a
series of terminal alkynes. Due to the trans-selectivity of the hydrozirconation step, this reaction
produces the desired esters with the preferred trans-alkene spacer. The yields are moderate

to good.
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After the final hydrolysis of the esters, the obtained free acid derivatives were evaluated for
their inhibitory potencies at and selectivities for the mGATs. The results are well comparable
with the parent compound DDPM-1007 (rac-25), however, the new compounds have generally
lower potencies at mMGAT3-mGAT4 and slightly higher at mGAT1. Amongst them, one of the
best mMGAT4 inhibitors, which has a benzothiophene residue at the lipophilic moiety, was also
synthesized as the pure (S)-enantiomer. As it was expected for this enantiomer, the potencies
at and selectivities for mGAT3-mGAT4 rose further, making it the most potent compound in
our present series. Additionally, the observation was made that the direct analog of
DDPM-1007 (rac-25) with a spacer elongated by one methylene group, by insertion of this
group between the trans-alkene and the ftriaryl residue, had a significant lower potency at
MGAT4. Another compound having a longer spacer and only two phenyl rings at the lipophilic
moiety was found to exhibit a surprisingly high potency at and selectivity for mGAT1. This
compound’s inhibitory potency (plCso = 6.78 + 0.09) was almost as high as that of tiagabine
[(R)-5] (pICso = 6.88 £ 0.12). Finally, an analog of DDPM-1007 (rac-25) with three identical
benzofuran rings, instead of 4-methoxyphenyl residues, showed a significantly increased
binding affinities at all mMGATs (plCso: 5.02 — 5.39), making it an interesting candidate for

pharmacological studies.

Declaration of contributions:

Synthesis of the N-substituted nipecotic acid derivatives and all precursor molecules was done
by myself including evaluation of the analytical data of all compounds. The practical
performance of the biological test of all compounds was carried out by the technical assistants

of the group under the supervision of Dr. Georg Hofner.
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3.3. Manuscript of the third publication:
Synthesis and biological evaluation of novel N-substituted nipecotic
acid derivatives with a cis-alkene spacer as GABA uptake inhibitors

In order to discover more potent and selective inhibitors for the murine gamma-aminobutyric
acid transporter 4 (MGAT4), the earlier discovered carba-analog family of DDPM-1007 (rac-25)
was subjected to extensive modifications. New mGAT4 inhibitors could be useful in the
treatment of complex neurological disorders (depression, epilepsy, and neuropathic pain), and
overcome drawbacks (side effects, ineffectiveness in some cases) of the currently used
medications. The carba-analog rac-25 having similar potency and additionally significantly
increased chemical stability was obtained through the replacement of the ether function in the
spacer of the first prototypic mMGAT4 inhibitor (S)-SNAP-5114 [(S)-24] by a trans-alkene
moiety. The present work aimed to uncover how the change from a trans-double bond to a

cis-double bond in the spacer would affect the inhibitory potency and subtype selectivity.

For the synthesis of the cis-alkene analogs, we utilized the previously reported alkyne-analogs
as starting compounds. A catalytic hydrogenation with Lindlar’s catalyst produced the desired
new analogs in a practical and effective way (49% — 73%). These analogs, compared to
DDPM-1007 (rac-25), have a cis-alkene spacer connected to diverse lipophilic moieties, in
which, one of the original 4-methoxyphenyl residue is replaced by aromatic and heteroaromatic
cycles, benzylic residues or sterically less demanding groups. Additionally, the spacer length
was increased by one methylene group either by inserting it between the cis-alkene group and

the lipophilic residue or between the nipecotic acid and the cis-alkene moiety.

The biological evaluation of the structure-activity relation (SAR) study revealed that the
obtained compounds generally show slightly decreased potencies at mMGAT1-mGAT3 and a
significant drop at mGAT4 as compared to the analogous compounds with a frans-alkene
moiety in the spacer, e.g. DDPM-1007 (rac-25). Increasing the spacer length of the cis-analogs
with three aromatic residues further decreased the potency at mGAT4, but it showed different
results at mGAT1. If the additional methylene group was placed between the trityl moiety and
the cis-alkene unit a surprisingly high inhibitory potency at mGAT1 (pICso = 6.00 £ 0.04) was
observed, which was not evident if the additional methylene group was placed between the

nipecotic acid and the cis-alkene moiety (plCso = 4.39).
Declaration of contributions:

Synthesis of the N-substituted nipecotic acid derivatives and all precursor molecules was done
by myself including evaluation of the analytical data of all compounds. The practical
performance of the biological test of all compounds was carried out by the technical assistants

of the group under the supervision of Dr. Georg Hofner.
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4. Summary of the thesis

As more and more people are in desperate need of new treatment options and better
medications for disturbances in the GABAergic neurotransmission-related illnesses (epilepsy,
Alzheimer’s disease, and depression), the search for new inhibitors of the GABA transporter
proteins is an ongoing challenge. Our goal was to find potent and selective inhibitors of
mGAT4, by exploring new carba-analog families of the previously reported first prototypic
MGAT4 inhibitor (S)-SNAP-5114 [(S)-24].

Our work was done in three steps resulting in three carba-analog families which most
importantly differ in their spacer incorporating an alkyne, trans-alkene, or a cis-alkene moiety.
The structure of these new derivatives is closely related to DDPM-1457 [(S)-25], the first
carba-analog of (S)-SNAP-5114 [(S)-24], in which the ether group of (S)-24 has been replaced
with a frans-alkene moiety, making it significantly more chemically stable while retaining good
activity and selectivity for mGAT4. The alkyne-analogs were synthesized through the coupling
reaction between an iminium ion derived from nipecotic acid and a series of organomagnesium
species generated from terminal alkynes. The new analogs, compared to DDPM-1007
(rac-25), the racemic analog of (S)-24, had an alkyne moiety in the spacer and one aromatic
residue of the triarylmethyl moiety replaced by a wide range of aryl, heteroaryl, benzyl, or
sterically less demanding group. The biological results show that these modifications caused
a significant decrease in the mGAT4 potency, of around one log unit, compared to (rac-25).
Similar results could be observed for the alkyne-analogs, which had a by a methylene group
longer spacer. Furthermore, one compound having a benzothiophene substituent at the
lipophilic moiety exhibited heightened inhibitory potencies at all mMGATs (pICso = 4.92 — 5.06),
suggesting that the benzothiophene ring being similar in size and shape, but more rigid and
electron rich, compared to the original 4-methoxyphenyl moiety, could favor the interaction with

the mGAT proteins.

The trans-alkene analog family of DDPM—1007 (rac-25) was broadened with new members.
For these analogs, the trans-double bond of the spacer was retained while one of the
4-methoxyphenyl rings was replaced by an aromatic, heteroaromatic, benzylic or sterically less
demanding group. Additional analogs have their spacer lengthened by one methylene group
between the frans-alkene moiety and the lipophilic residue, which has three or two
4-methoxyphenyl or phenyl rings. Further derivatives have not only one, but all three of their
aromatic moieties replaced by three identical and sterically more demanding heterocyclic
residues. The synthesis of the new frans-alkene analogs was accomplished through the
reaction of the before mentioned iminium salt with a series of alkenylzirconocene reagents
generated via the hydrozirconation of the corresponding terminal alkynes. Compared to

DDPM-1007 (rac-25) the new analogs generally have similar or distinctly lower potencies at
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MGAT4 and slightly increased potency at mGAT1. Unfortunately, compounds with a longer
spacer display an even lower potency at mGAT4. Interestingly, one analog with a longer spacer
and only two phenyl rings as the lipophilic moiety exhibited surprisingly high potency at and
selectivity for mGAT1 (plCso = 6.78 + 0.09) which was well comparable to that of tiagabine
(pICso = 6.88 + 0.12). Additionally, amongst the products with three identical heterocyclic rings,
one analog having three benzofuran moieties had significantly increased potencies at all
MGATs (plCso: 5.02 — 5.39). Consequently, this analog could be used as a pharmacological
tool to get a deeper understanding of how the inhibition of multiple GATs at the same time
affects the GABA levels of the body.

A further topic of my research was the synthesis of compounds of the cis-alkene analog family
to compare their biological results with the frans-alkene and the alkyne-analogs. It was
intended to keep all structural elements identical to the other two analog families, except for
the configuration of the double bond in the spacer, to allow an easy side-by-side comparison.
In order to gain easy access to the desired cis-alkene analogs, | used the alkyne derivatives
from our previous work as starting material and subjected them to a partial catalytic
hydrogenation reaction with Lindlar's catalyst. The structure-activity relationship (SAR) study
of the cis-alkene analogs having one 4-methoxyphenyl residue replaced, compared to
DDPM-1007 (rac-25), by aromatic, heteroaromatic, benzylic or sterically less demanding
groups revealed, that the inhibitory potency, in general, slightly decreased at mMGAT1-mGAT3
and was significantly reduced at mGAT4. Additionally, the potency at mGAT4 got even lower
for the cis-alkenes with an increased spacer length, regardless of the position of the additional
methylene group. Interestingly, if the analog with three phenyl rings at the lipophilic moiety had
the additional CH2-group between the trityl moiety and the cis-alkene unit the potency at
mMGAT1 was significantly higher (plCso = 6.00 + 0.04) than if it is between the nipecotic acid
residue and the cis-alkene group (plCso = 4.39). The reduced inhibitory potencies of the
cis-alkene derivatives, compared to the trans-isomers, show, how important the configuration

of only one bond is for the biological activity of these derivatives.

To summarize this work, diverse carba-analog families of the potent and selective mGAT4
inhibitor (S)-SNAP-5114 [(S)-24] were extensively explored. New and interesting synthetic
methods were developed and the gathered structure-activity relation (SAR) results gave a
deeper understanding of how changing individual structural elements affects the binding
results. These results contribute to the final goal of finding a potent and selective inhibitor for

MGAT4 as treatment option for patients with complex neurological disorders.
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5. List of abbreviations

BBB

CNS

EL
GABA
GABA-T
GAD
GAT
GLU
GPCR
HUGO

ICso

Ki

LeuT
mGAT4
NSS
SAR
SEM
SERT
SLC6
SSA
™

VGAT

blood-brain-barrier

central nervous system

extracellular loop
gamma-aminobutyric acid
gamma-aminobutyric acid transaminase
glutamic acid decarboxylase

GABA transporter

glutamate

G-protein coupled receptors

human genome organization

half maximal inhibitory concentration
intracellular loop

inhibition constant

leucine transporter

murine gamma-aminobutyric acid transporter subtype 4

neurotransmitter-sodium-symporters
structure-activity relationship
standard error of the mean
serotonin transporter

solute carrier 6

succinic semialdehyde
transmembrane helix

vesicular neurotransmitter transporter
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In this study, we present the synthesis and structure—activity relationships (SAR) of novel N-substituted nipecotic
acid derivatives closely related to (S)-SNAP-5114 (2) in the pursuit of finding new and potent mGAT4 selective
inhibitors. By the use of iminium ion chemistry, a series of new N-substituted nipecotic acid derivatives con-
taining a variety of heterocycles, and an alkyne spacer were synthesized. Biological evaluation of the prepared
compounds showed, how the inhibitory potency and subtype selectivity for the murine GABA transporters

(mGATs) were influenced by the performed modifications.

1. Introduction

The major inhibitory neurotransmitter in the central nervous system
(CNS) is gamma-aminobutyric acid (GABA).! The decrease in the GA-
BAergic neurotransmission can cause severe neurological disorders like
epilepsy,>” Alzheimer’s disease,® and depression.” The concentration of
GABA in the synaptic cleft is amongst other factors controlled by the
GABA transporters (GATs).® These membrane-bound proteins,”® that
exist in four different subtypes, belong to the solute carrier 6 (SLC6)
family.”'° The nomenclature for these proteins that vary with regard to
their distribution and function depends on the species from which they
are cloned. GABA transporters cloned from mice are named as mGAT1,
mGAT2, mGAT3, and mGAT4, whereas according to the Human
Genome Organization (HUGO), they are denoted as GAT1 (=mGAT1),
BGT-1 (=mGAT2), GAT2 (=mGAT3), and GAT3 (=mGAT4)."
mGAT1 and mGAT4 have been found to be clearly predominating in the
CNS.”*? Of these, mGAT1 is mainly responsible for the neuronal uptake
of GABA in presynaptic cells. Whereas mGAT4 mediates, in particular,
GABA transport from the synaptic cleft into glial cells.*'* mGAT2 and
mGATS3 are playing a rather insignificant role in the termination of the
GABAergic neurotransmission,'“but are present at high levels in the
kidneys and liver'® (Fig. 1).

Through the inhibition of mGAT1 and mGAT4, elevated levels of
GABA can be achieved in the CNS which offers a treatment for diverse
neurological disorders mentioned before. Tiagabine (1) is a selective
mGAT1 reuptake inhibitor used in the treatment of epilepsy, anxiety
disorders, and neuropathic pain, but its main drawbacks are side effects
such as dizziness, asthenia, nervousness, tremor, diarrhea, and de-
pression.'”"'® The selective inhibition of mGAT4 could open up a new
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therapeutic approach with less side effects, but selective and potent
mGAT4 inhibitors are not available so far.

In addition to highly potent mGAT1 selective reuptake inhibitors
such as tiagabine (1)'2?° also several ligands of the three non-mGAT1
proteins, i.e. mGAT2-mGAT4 have been identified, though for the most
part of these compounds the potency and selectivity are far behind that
of mGAT1 inhibitors.?’>° (§)-SNAP-5114 (2) represents the first pro-
totypic mGAT4 inhibitor with reasonable potency at and selectivity for
this target.”® Later on, carba-analogs of 2 such as DDPM-1457 (3) were
identified to display similar potencies and subtype selectivities, but to
be devoid of the chemical instability encountered for trityl derivative
2.%” More recently, isatin derivatives have been reported as a new class
of hGAT3 (=mGAT4) inhibitors with compound 4 representing the
most potent member.*®

In this study, we report on our efforts to broaden the structure-ac-
tivity relationship of the carba-analogs of (S)-SNAP-5114 (2) i.e. of
compounds such as DDPM-1457 (3), at the same time aiming at the
identification of more potent and selective inhibitors for mGAT4. To
this end, the structure of DDPM-1457 (3) has been varied in different
respects, as shown in Fig. 2. The first two modifications involved the
linker between the nipecotic acid and the aromatic lipophilic residue.
Herein as a major modification, instead of a trans-moiety as in 3, an
alkyne subunit was implemented resulting as a first representative in
rac-5a. In a second step, one of the aromatic moieties of the lipophilic
residue was replaced with a series of new residues (rac-5b—j), like
aromatic and heteroaromatic cycles, benzylic residues or sterically less
demanding groups (Table 1). Furthermore, we also increased the length
of the alkyne spacer by insertion of one methylene group. This was
performed at two different positions, both directly adjacent to the triple
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bond, either oriented towards the nipecotic acid residue (rac-6a, rac-
6Kk) or the lipophilic residue (rac-7a, rac-7k). That way the effect of the
linker length on the potency of the test compounds should be eluci-
dated.

2. Results and discussion
2.1. Chemistry

A retrosynthetic analysis for the carboxylic acid ethyl esters of the
targeted scaffolds (rac-8a—j for rac-5a—j; rac-11a for rac-6a, rac-11k for
rac-6k, rac-13a for rac-7a, rac-13k for rac-7k, Fig. 3) led us by dis-
connecting the linker to following building blocks for the synthesis of
the targeted compounds: A common iminium compound rac-9 to be
trapped with various Grignard reagents (10a—j, 12a, 12k, 14a, 14k).
Iminium compound rac-9 could be expected to be easily accessible from
an N,O-acetal derivative rac-23 of ethyl nipecotate rac-22 (Table 2).
The use of iminium ion chemistry for the outlined purpose seemed
highly rewarding as only organomagnesium species would have to be
varied and only non-toxic and inexpensive chemicals would be involved

(Table 2).
Cr
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2.1.1. Preparation of the alkynes

The synthesis of alkynes 18a—j required as precursors of the orga-
nomagnesium species, that were to be reacted with iminium salt rac-9,
is summarized in Table 1. In the first step, the alcohols 16a—f were
formed by the reaction of 4,4’-dimethoxybenzophenone (15) with the
respective organometallic reagent. For the synthesis of 16a-b and 16f
Grignard reagents, 4-methoxyphenylmagnesium bromide,* benzo[d]
[1,3]dioxol-5-ylmagnesium bromide,*° and benzo[b]thiophen-5-yl-
magnesium bromide®! were employed and for the preparation of al-
cohols 16c—e organolithium reagents, i. e. thiazol-2-yllithium,** (1-
methyl-1H-imidazol-2-yl)lithium,*® and thiophen-3-yllithium®* were
used, respectively (yields 60%-98%). To obtain chlorides 17a-f, in the
following step alcohols 16a, 16f were reacted®* with acetyl chloride
(AcCl), alcohols 16b, 16¢, 16e with thionyl chloride (SOCI,),>* and
alcohol 16d with a mixture®® of AcCl and SOCI,, respectively. As such
chlorides are usually unstable due to the ease of carbenium ion for-
mation,®” compounds 17a—f were used without any further purifica-
tion. Alkynes 18a—d were synthesized from chlorides 17 a-d by reaction
with ethynylmagnesium bromide in analogy to a literature method,>® in
reasonable to excellent yields (42-97%).

Attempts to synthesize 18e—f by the same protocol, i.e. by reaction
of chlorides 17e—f comprising heterocyclic residues (thiophene or
benzothiophene) with ethynylmagnesium bromide failed. Hence a
modified method was used. Here, instead of ethynylmagnesium bro-
mide, (trimethylsilyl)ethynyllithium®® was employed which gave the
TMS protected alkynes 21e-f in reasonable yields (52% and 63%). Fi-
nally, after removal of the TMS protective group by means of K>CO3 in
MeOH,*° the desired alkynes 18e—f were obtained in yields of 84% and
95%, respectively. Alkyne 18 g exhibiting a hydroxy function instead of
an aromatic moiety was synthesized by addition of ethynylmagnesium
bromide to 15 according to a literature procedure.**

The known TMS diaryl alkyne 21h** as precursor of the desired
alkyne 18h was synthesized according to a literature method*® from
diaryl alcohol 19 via diaryl bromide 20."* Removal of the TMS group
by the treatment with K»;CO3; in MeOH yielded the diaryl alkyne 18h.
TMS protected alkyne 21h was further employed for the construction of
18i-j by the introduction of a benzyl residue in the first step. Treat-
ment™ of the alkyne 21h with nBuLi and subsequently with either
benzyl bromide or 4-methoxybenzyl chloride’® gave TMS protected
alkynes 21i—j (96% and 90%) which after removal of the TMS group
delivered alkynes 18i—j in 77% and 88% yield, respectively.

2.1.2. Synthesis of the N-substituted nipecotic acid esters by the coupling of
the nipecotic acid derived iminium salt with alkynyl Grignard reagents, and
the subsequent hydrolysis to the corresponding acids

Reactions between iminium salts and organometallic nucleophiles
are well precedented in the literature.”’~*° As a source for the iminium
ion rac-9, we intended to use the N,O-acetal derivative rac-23. This

(j/CC)zH

N

: Jn  H/OCHj

1a
5 Wonn,

H3CO/H

rac-6a; m=1,n=0 (a: OCH,)
rac-6k; m=1,n=0 (k: H)
rac-Ta;m=0,n=1

rac-Tk, m=0,n=1

Fig. 2. General structures of targeted N-substituted nipecotic acid derivatives rac-5a-j, rac-6a, rac-6k and rac-7a, rac-7k; for structures of residues R see Table 4.
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Table 1
Synthesis of the alkynes 18a-j.
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f
3

c
_—
R=a-d

15 16a01? " 17a ? ot 18acd
18g*' ;l ¢
18e—f
18i—j
TMS TMS h
OH Br Il I
HCO H e HCO H f  Hyco H 9 H,CO R
3 ‘.$ 3 3 — 3
¢ ¢ O ¢
OCH3 OCH; OCH3 OCH3
19 204 21h*? 21e—f
18h 21i—j
Entry R Alcohols (16)  Yield %' Halides (17, 20)  Yield %' TMS Alkynes (21) Conditions  Yield %' Alkynes (18) Conditions  Yield %!
1 J 16a*’ 86 17a* 89 - - - 18a* c 97
: OCHjy
2 K 16b 98 17b 95 - - - 18b c 97
I’ O
Ly
(0]
3 K 16c 60 17c¢ 99 - - - 18c c 52
/'\"/S
NJ)
4 + CHj 16d 97 17d 95 - - - 18d c 42
7 1
¢ N
|V,
N/
5 . 16e 95 17e 99 21e d 52 18e h 84
S
6 ) 16f 76 17f 99 21f d 63 18f h 95
I,m
S
7 OH - - - - - - - 18g™ c 91
8 H 19 - 20* 99 21h** f 93 18h h 83
9 : OCH; - - - - 21i g 9% 18i h 70
10 \/@ - - - - 21j g 90 18j h 88

Reagents and conditions: (a) RMgBr or RLi; (b) AcCl or SOCl,; (¢) HC=CMgBr; (d) TMSC=CLIi; (e) AcBr, toluene; (f) TMSC=CMgCl, CuBr, THF; (g) nBuLi, 4-
methoxybenzyl chloride or benzyl bromide, THF, —78 °C; (h) K,CO3, MeOH. (i) Yield after chromatography; (j) Yield after removal of the solvents.

compound could be efficiently synthesized by reaction of rac-22 with
paraformaldehyde (PFA) in EtOH, the yield amounting to 88%
(Table 2).°° For the in situ generation of iminium salt rac-9 analogously
to a literature method,” the N,O-acetal rac-23 was treated with tri-
methylsilyl chloride (TMSCl) prior to every coupling reaction. The
formation of the expected iminium salt rac-9 has exemplarily been
verified in an 'H NMR experiment. For the coupling reactions, the
iminium salt rac-9 was reacted with the respective ethynylmagnesium
nucleophiles 10a—j prepared from alkynes 18a—j and nBuMgCl. This
delivered the desired esters rac-8a—j in moderate to good yields
(39%-85%, Table 2). In case of the synthesis of rac-8g from alkyne 18g

3670

(Table 2, entry 7), the amount of nBuMgCl needed for the deprotona-
tion of 18g was doubled to account for the acidic property of the hy-
droxy group also present in the molecule. The chemoselectivity of this
reaction deserves extra mentioning. Though highly nucleophilic
Grignard reagents were employed in the presence of an ester function at
elevated temperatures (40 °C), no significant formation of side products
could be observed.

Finally, all of the thus obtained ethyl esters rac-8a—j were hydro-
lyzed by treatment with 12M NaOH in MeOH>* to give after wash up
the free acids rac-5a—j in good to very good yields (79%—-98%, Table 2).
In case of the diaryl derivative rac-18h (Table 2, entry 8), an acidic
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Fig. 3. Retrosynthetic analysis of targeted N-substituted nipecotic acid ester analogs rac-8a-j, rac-11a, rac-11Kk, rac-13a, rac-13k.

hydrolysis®® with 3 M HCl at elevated temperature was performed to
obtain rac-5h as under basic conditions side reactions leading to an
inseparable compound mixture occurred.”

2.1.3. Synthesis of the N-substituted nipecotic acid esters with a longer
spacer, and subsequent hydrolysis to the corresponding acids

For the synthesis of the desired alkynes exhibiting a longer spacer
between the nipecotic acid moiety and the lipophilic residue (Scheme
1), chlorides 17a, 17k were reacted with propargylmagnesium bro-
mide®® or with lithium chloropropargylide® to get to the targeted al-
kynes 25a, 25k and 26a, 26k, respectively. The subsequent coupling
reactions in which the iminium salt rac-9 was treated either with the
Grignard reagents 14a and 14k derived from alkynes 25a and 25k or
with a propargylic Grignard reagent 12a and 12k prepared™® from the
propargyl chlorides 26a and 26k yielded the carboxylic esters rac-13a,
rac-13k, rac-11a, and rac-11Kk, respectively, with a spacer elongated
from three to four carbon atoms. According to literature,®” propargylic
Grignard reagents like 12a, 12k (Scheme 1) can undergo a rearrange-
ment to give allenic isomers. This was also observed in the case of the
reaction of the iminium salt rac-9 with 12a, and 12Kk, as a side reaction
and led to the formation of allenic side products rac-27a, rac-27k which
diminished the yields for the desired compounds rac-11a (22%), and
rac-11k (21%) substantially.

The same standard procedure as employed for the preparation of
free acids rac-5a—g and rac-5i—j (12 M NaOH, MeOH) was used for the
hydrolysis of esters rac-13a, rac-13 k, rac-11a, and rac-11k to obtain
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the acids rac-6a, rac-6 k, rac-7a, and rac-7k (Table 5), respectively in
good to very good yields (79%-98%). The N-substituted nipecotic acid
ester side products with an allene functionality rac-27a and rac-27k
(Scheme 1) were hydrolyzed under the same conditions giving the N-
substituted nipecotic acids rac-24a and rac-24k (Table 5) in 97% and
92% yields, respectively.

2.2. Biological evaluation

The newly synthesized N-substituted nipecotic acid derivatives with
an alkyne spacer rac-5a-j, rac-6a, rac-6k, rac-7a, rac-7k and also the N-
substituted nipecotic acid derivatives with an allenic moiety rac-24a,
rac-24k were evaluated for their inhibitory potencies at mGAT4 and
additionally for the non-mGAT4 transporter subtypes mGAT1-mGAT3,
using a standardized [H]GABA uptake assay based on HEK cells de-
veloped by our group.”® In addition, also binding affinities of these
compounds towards mGAT1 (expressed in HEK cells) were determined
using a standardized MS Binding Assay.”® The measurements were done
in triplicates and wherever possible, the potencies of the tested com-
pounds in the uptake assays are given as pICsq values and the binding
affinities as pK; values. In cases where test compounds at a concentra-
tion of 100 uM were not able to reduce [*H]GABA uptake to a value
below 50%, which equals pICso values <4.00, only the percent values
of the remaining [PH]GABA uptake is given. Analogously, where test
compounds applied at 100 uM did not reduce specific MS Marker
binding to a value below 50%, only the percentage of remaining MS
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Table 2
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Formation of the N-substituted nipecotic acid esters rac-8a—j, and their hydrolysis to the corresponding acid derivatives rac-5a—j.

COzEt a COzEt b 0/002Et
(j/ P — D — .
N N N ~
H ko I Cl OCOZEt O/CozH
\ N N
rac-22 rac-23 rac-9
d R e X R
[ MgCl ilm i'n
f I OCHj OCHs
H 3C ) R c H 3C O H 3CO
H3CO O R
O > l rac-8a—j rac-5a—j
OCH3
OCH,
18a—j 10a-j
Entry Alkynes (18) R Esters (rac-8) Yield %* Acids (rac-5) Yield %8
1 18a*® J rac-8a 80 rac-5a 81
:::\OCH3
2 18b & rac-8b 71 rac-5b 93
I’ O
>
(0]
3 18c 2 rac-8c¢ 85 rac-5¢ 95
NS
NS
4 18d + CHj rac-8d 39 rac-5d 98
7 1
AN
N \/)
5 18e ! rac-8e 57 rac-5e 95
/' | \
S
6 18f P rac-8f 62 rac-5f 85
/I A\
S
7 18g* OH rac-8g 725 rac-5g 83
8 18h H rac-8h 56 rac-5h 99!
9 18i : OCHj, rac-8i 57 rac-5i 90
10 18j \/@ rac-8j 75 rac-5j 90

Reagents and conditions: (a) PFA, K,CO3, EtOH; (b) TMSC], THF; (c) nBuMgCl, THF; (d) THF, 45 °C; (e) 12M NaOH, MeOH; (f) Isolated yield after chromatography;
(g) Isolated yield after extraction; (h) 2 equiv. nBuMgCl was used; (i) Acidic hydrolysis: 3 M HCI, 50 °C, isolated as HCI salt.

Marker bound to the target is given (=pK; < 4.00).

Both (S)-SNAP-5114 (2) and DDPM-1457 (3) are enantiopure
compounds derived from (S)-nipecotic acid which exhibit the same
nonpolar residue, but differ with regard to their linker connecting their
two subunits. In one case, this is an ethyloxy moiety (S)-(SNAP-5114,
2), in the other a trans-configured propenyl chain (DDPM-1457, 3) and
as thus triatomic as the former. These differences in the nature of the
linker, an ether function versus a C—C double bond, caused only minor
differences in the binding affinities and inhibitory potencies, but led to
a distinctly improved stability for DDPM-1457 (3, Table 3). Besides, for
comparison purposes also DDPM-859 (29) and compound 30 have been
included in Table 3.%” Both are closely related to (S)-SNAP-5114 (2)
from which they only differ by an additional ortho-methyl substituent at
either one (29) or two (30) of the three phenyl residues present in these
compounds. Analogue 30, still being racemic, had a somewhat reduced

mGAT4 inhibitory potency as compared to (S)-SNAP-5114 (2) whereas
its chemical stability was distinctly higher. In contrast, enantiopure
DDPM-859 (29) was characterized by not only a nominally slightly
higher mGAT4 inhibitory potency as compared to 2, but also a clearly
improved subtype selectivity in regard to mGAT3, the chemical stability
remained, however, largely unchanged.

For economic reasons, for the synthesis of all compounds listed in
Table 4, racemic ethyl nipecotate (rac-22) has been employed. This also
warrants that the biological activity of both enantiomers is reflected in
the test data. In general, for mGAT4 inhibitors derived from nipecotic
acid, the higher potency resides in the (S)-enantiomer. Still, by testing
the (S)-enantiomers, potent (R)-enantiomers might be missed. As for the
comparison of the test results obtained for the new compounds, in
Table 4, all being racemic, enantiopure mGAT4-selective DDPM-1457
(3) seemed less appropriate in these cases, the racemic form, DDPM-
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X X
c
R ) TLOR| — r O+
R | R
14a rac-13a 46%
14k rac-13k 76%
(j/COzEt
N
RO
CIMg ] O
I C f
R Q O R rac-11a 22%
O rac-11k 21%
CO,Et
S Y
12a N
P
12k -~
RO
rac-27a 34%
rac-27k 34%

Scheme 1. Synthesis of alkynes 25a, 25k and 26a, 26k, and the subsequent coupling to the corresponding N-substituted nipecotic acid esters with a longer spacer
rac-13a, rac-13Kk, rac-11a, rac-11k, and the N-substituted nipecotic acid esters with an allenic spacer rac-27a, rac-27k. Reagents and conditions: (a) HC=CCH,MgBr;
(b) nBuMgCl, THF, 45 °C; (c) rac-9, THF, 45 °C; (d) CICH,C=CLi, THF, —78 °C; (e) Mg, THF.

1007 (28), was used as reference point.””-%°

Compound rac-5a (Table 4) differs from DDPM-1007 (28) only by
the exchange of the trans-configured C—C double bond in the spacer by
an alkyne group. This relatively small change resulted in a drop of the
potency of rac-5a at mGAT4 by about one log unit, whereas the potency
at mGAT1 was increased by about 0.5 log units (compare Table 4, entry
1 with Table 3, entry 3). Compounds rac-5b to rac-5g show the effects
the modification of the lipophilic moiety exerts (Table 4), namely the
replacement of one aromatic moiety of the triaryl methyl residue with a
heterocyclic or heteroaromatic (rac-5b—f) or benzylic group (rac-5i-j)
or by a hydrogen atom or hydroxyl group (rac-5 g-h). Compound rac-
5b with an additional oxygen-containing ring shows nominally slightly
lower potencies on all mGATSs except for mGAT2 for which they remain
the same. Compounds rac-5c—d with a thiazole or imidazole residue
similarly to rac-5g possessing only a hydroxy group instead of one of
the three 4-methoxyphenyl moieties, in rac-5a, were devoid of any
reasonable activity at the mGATs (pICso = 4.00; Table 4, entries 3, 4,
and 7). The potency displayed at mGAT4 of the thiophene ring con-
taining rac-5e was similar to that of rac-5a, whereas the mGAT1-3
values were nominally slightly lower (Table 4, entry 5). Interestingly,
rac-5f bearing a benzothiophene ring has higher potencies at all mGATs
than rac-5a, but possesses no reasonable selectivity for either of the four
subtypes. In case of rac-5 h, where one of the three aromatic residues of
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5a had been omitted, the potency at mGAT4 remained unchanged, but
the potency at and selectivity for mGAT1 was somewhat higher,
whereas at mGAT3, it was lower and at mGAT2 practically inactive
(Table 4, entry 8). Compounds rac-5i—j with a benzylic moiety showed
slightly reduced potencies at mGAT2-4 whereas at mGAT1, it was
nominally similar to rac-5i or slightly improved (rac-5j), (Table 4, entry
9-10).

Finally, we turned our attention toward compounds with an, as
compared to rac-5a, by one carbon extended spacer. The results for the
respective compounds rac-6a, rac-6k, rac-7a, and rac-7k as well as for
rac-24a and rac-24k containing an allene subunit are shown in Table 5.
For compounds rac-6a and rac-7a differing from rac-5a by formal in-
sertion of one methylene group adjacent to the nipecotic acid or the
trityl residue the potencies at all transporters remains very similar
(Table 5, entry 1 and 3). The corresponding compounds without
methoxy groups in the para-position of the phenyl rings, (rac-6k, and
rac-7k, Table 5, entry 2 and 4) had, as compared to rac-6a and rac-7a,
distinctly lower potencies at mGAT3-4, and significantly increased at
mGAT1. This was especially true for rac-6k having a pICsy of
6.37 £ 0.09 at mGAT1 (Table 5, entry 2). Compounds 24a, and rac-
24k exhibiting an allene functionality were found to neither possess
any reasonable potency at or selectivity for mGAT1-4 (Table 5, entry
5-6).
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Table 3
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Binding affinities and inhibitory potencies of reference compounds 2, 3, 28, 29, 30, and 1 from the literature.

\CO,H

(Nj OCHj
| O
Q O OCH;

HaCO
DDPM-1457 (3)

O‘\COZH

N OCHj

e
Q OCH3

HaCO
(S)-SNAP-5114 (2)

Q O OCHj

HscO
DDPM-1007 (28)

O o Cr
N OCH; N OCH3; N
IE Ké CH I >
X
HsC O HsC 3 S
ST
) oo, Q) -
OCH;
H,CO H3CO
DDPM-859 (29) 30 Tiagabine (1)
Entry Compound pK;* PICso”
mGAT1 mGAT2 mGAT3 mGAT4
1 (S)-SNAP-5114 (2)° 4.56° = 0.02 4.07 = 0.09 56% 5.29 = 0.04 5.71 = 0.07
2 DDPM-1457 (3)° 4.33° = 0.06 4.40 = 0.05 4.42 = 0.11 5.47 = 0.02 5.87 = 0.08
3 DDPM-1007 (28)° 4.83° = 0.04 4.32 = 0.05 4.68 = 0.09 5.19 = 0.06 5.67 = 0.06
4 DDPM-859 (29)° 59%° 4.19 0.07 4.12 = 0.08 4.85 = 0.04 5.78 = 0.03
5 30°¢ 4.42° = 0.02 4.17 = 0.02 4.49 = 0.09 4.54 = 0.10 5.07 = 0.09
6 Tiagabine (1)¢ 7.43 = 0.11 6.88 = 0.12 50% 64% 73%

a
b
c

d

Reference literature.”’

Reference literature.®’
e

The binding affinities at mGAT1 determined for the compounds
listed in Tables 4 and 5 in MS Binding Assays and given as pK; values
were all in the same range as the corresponding potencies, pICs, values,
for the same transporters. Thereby, all of the pK; values tend to be
higher than the corresponding pICso data up to about a half log unit.
This is a general phenomenon which has been reported already ear-
lier.”">°

3. Conclusion

For the development of new mGAT4 inhibitors, the structure of
DDPM-1457 (3), a carba-analogue of prototypic mGAT4 inhibitor (S)-
SNAP-5114 (2) has been extensively varied. For the construction of the
new compounds, iminium ion chemistry involving addition reaction of
organomagnesium reagents to a nipecotic acid derived iminium ion,
rac-9, was found to be well suited. As a major modification, to further
increase the rigidity of the linker, the linker double bond was replaced
by a triple bond. Furthermore, this new linker was elongated by one
carbon atom by introduction of a CH, moiety on either side of the triple
bond. In any case, a significant decrease in mGAT4 potency, of about
one log unit, as compared to DDPM-1457 (3), resulted.

Additionally, the structure of the triarylmethyl moiety of rac-5a, the
direct alkyne analogue of DDPM-1457 (3), was modified by replacing
one of the three aryl residues by different aryl, heteroaryl, and benzyl
groups. As compared to the parent compound rac-5a, the mGAT4

PKi results were determined in our group from compounds synthesized according to literature.
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Results of MS Binding Assay results are given as pKi = SEM. Percentages represent remaining specific NO711 binding in presence of 100 pM test compound.
Results of [PHIGABA uptake assays results are given as pICso = SEM. Percentages represent remaining [>H]GABA uptake in presence of 100 uM test compound.

26,27

potency remained mostly unaltered. Only for the benzothiophene de-
rivative rac-5f, a reasonable increase in mGAT4 potency occurred. With
the benzothiophene residue being similar in size and shape to the 4-
methoxyphenyl moiety present in the parent compound rac-5a, but
more rigid, this may indicate that especially electron rich and planar
aryl moieties are particularly suitable for interaction with mGAT4
proteins.

4. Experimental section
4.1. Chemistry

Reactions were carried out in vacuum dried glassware under argon
atmosphere. Tetrahydrofuran (THF) and diethyl ether (EtyO) were
distilled from sodium benzophenone ketyl. Dichloromethane (DCM)
was distilled from CaH,. All commercially available starting materials
were used without further purification and solvents were distilled be-
fore use. As petroleum ether (PE) the fraction 40-60 °C was used. Flash
chromatography was performed on silica gel (Merck 60F-254,
0.040-0.063 mm). HRMS data were obtained with JMS-GCmate II (EI,
Jeol) or Thermo Finnigan LTQ FT Ultra (ESI, Thermo Finnigan). NMR
spectra were recorded with a J NMR-GX (JEOL 400 or 500 MHz) or
Bruker BioSpin Avance III HD (400 or 500 MHz). As an internal stan-
dard, the known chemical shift of solvent traces were used to reference
the spectra. Spectra were processed using the software MestReNova. All
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Table 4
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Binding affinities and inhibitory potencies of the N-substituted nipecotic acids rac-5a-j.

Oy

N
X R
5 T
H3;CO
rac-5a—j
Entry Compound R PK;® pICso”
mGAT1 mGAT2 mGAT3 mGAT4
1 rac-5a Pd 5.36 = 0.02 4.84 4.36 4.61 4.53
/\@\
OCHj3
2 rac-5b P 5.31 = 0.04 4.64 4.38 4.22 4.29
II O
>
o]
3 rac-5¢ o 4.11 68% 84% 82% 79%
,’\",S
N \/)
4 rac-5d . CH 3 83% 80% 106% 103% 91%
/7 1
N
N\/)
5 rac-5e ’ 5.28 = 0.12 4.60 70% 4.37 4.46
;
’ \E\\
S
6 rac-5f 5 5.72 = 0.11 4.96 4.93 5.06 + 0.04 4.92
”\@
S
7 rac-5g OH 59% 66% 72% 74% 69%
8 rac-5h H 5.96 = 0.05 5.43 = 0.09 80% 4.02 4.63
9 rac-5i OCH3 5.72 = 0.09 4.88 53% 4.38 4.44
i/©/
;
’,
10 rac-5j 5.67 = 0.06 5.08 = 0.08 67% 4.41 4.38

@ Results of MS Binding Assay results are given as pKi = SEM. For low pK; values only one measurement was performed in triplicate, therefore no SEM could be
calculated. Percentages represent remaining specific NO711 binding in presence of 100 uM test compound.

b Results of [PH]IGABA uptake assays results are given as pICso = SEM. For low pICs, values only one measurement was performed in triplicate, therefore no SEM
could be calculated. Percentages represent remaining [*H]GABA uptake in presence of 100 uM test compound.

melting points are uncorrected and were determined using an
Electrothermal IA9100 apparatus. For IR spectroscopy, a Perkin Elmer
FT-IR Spectrometer 1600 was used.

4.2. General procedures

4.2.1. Synthesis of the Grignard reagents from aryl, or alkyl halides (GP 1)

Magnesium turnings (1.3 equiv) were suspended in THF (2 mL) and
1,2-dibromoethane (0.1 equiv) was added. The suspension was heated
to 60 °C for 15 min. After cooling to 25 °C the solution of the appro-
priate aryl, or alkyl halide (1.1 equiv) in THF (2 mL/mmol) was added
dropwise, and after the exothermic reaction was finished the mixture
was heated to 60 °C for 1h. The slightly colored mixture was cooled to
25 °C to obtain the corresponding Grignard reagent.

4.2.2. Synthesis of the triaryl alcohols from a Grignard reagent and ketone
15 (GP 2)
The appropriate Grignard reagent (1.3 equiv) generated according
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to GP 1 was added to ketone 15 (1.0 equiv) suspended in THF (2 mL/
mmol) and heated to 60 °C for 2 h. At 25 °C the mixture was quenched
with saturated aqueous NH4CI solution and extracted with Et,O. The
organic phases were dried over Na,SO4 and concentrated under re-
duced pressure. The crude product was purified by recrystallization or
by column chromatography over silica gel.

4.2.3. Synthesis of the triaryl chlorides with acetyl chloride (GP 3)

AcCl (3 equiv) was added to the appropriate alcohol (1 equiv) dis-
solved in toluene (2 mL/mmol) and the mixture was heated to 100 °C.
After 2h, the volatiles were removed under reduced pressure and the
solid was dissolved in dry toluene (4 mL/mmol) and evaporated to
dryness three times. The crude product was used without any further
purification.

4.2.4. Synthesis of the triaryl chlorides with thionyl chloride (GP 4)
The appropriate alcohol (1 equiv) and DMF (0.02 equiv) was dis-
solved in SOCI, (5 equiv) at 0°C and stirred for 4h at 25°C. The
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Binding affinities and inhibitory potencies of the N-substituted nipecotic acids with a longer spacer rac-6a, rac-6k, rac-7a, rac-7k, and the N-substituted nipecotic

acids with an allenic spacer rac-24a, rac-24 k.

S

N

Oy

N

f
H/H;CO O Q OCHg/H C

X
H/H5CO O Q OCHa/H

N

F
oo~ )T H-ocm

O OCHg/H
OCH3y/H
OCH34/H

rac-6a (a: OCHs) rac-7a rac-24a

rac-6k (k: H) rac-7k rac-24k
Entry Compound Residue pK;® PICso”

mGAT1 mGAT2 mGAT3 mGAT4

1 rac-6a OCH3 5.56 + 0.03 4.80 4.45 4.38 4.59
2 rac-6k H 7.04 = 0.11 6.37 = 0.09 66% 61% 64%
3 rac7a OCHj3 4.43 4.28 4.47 4.55 4.76
4 rac7k H 4.84 4.45 * 0.03 66% 50% 4.15
5 rac-24a OCHs 57% 69% 77% 4.37 4.31
6 rac-24k H 70% 62% 87% 80% 54%

+

# Results of MS Binding Assay results are given as pKi

SEM For low pK; values only one measurement was performed in triplicate, therefore no SEM could be

calculated. Percentages represent remaining specific NO711 binding in presence of 100 uM test compound.
b Results of [PHIGABA uptake assays results are given as pICso = SEM. For low pICs, values only one measurement was performed in triplicate, therefore no SEM
could be calculated. Percentages represent remaining [*’H]GABA uptake in presence of 100 uM test compound.

volatiles were removed under reduced pressure and the residue was
taken up in DCM (4 mL/mmol) and evaporated to dryness three times.
The crude product was used without any further purification.

4.2.5. Synthesis of the alkynes from triaryl chlorides and ethynylmagnesium
bromide (GP 5)

Ethynylmagnesium bromide (2 equiv, 0.5 M in THF) was added to a
stirred solution of the appropriate triaryl chloride (1 equiv) in toluene
(2mL/mmol) at 0°C.*® After 15 min, the mixture was heated to 60 °C
for 2 h, then allowed to cool to 25 °C, quenched with saturated aqueous
NH,Cl, and extracted with Et,O three times. The combined organic
phases were dried over Na,SO,4 and concentrated under reduced pres-
sure to get the crude product. This crude product was then purified by
column chromatography over silica gel.

4.2.6. Synthesis of the alkynes from triaryl chlorides and (trimethylsilyD
ethynyllithium (GP 6)

nBuli (1.1 equiv, 2.5M in hexanes) was added to ethynyl-
trimethylsilane (1.1 equiv) in THF (2 mL/mmol) at 0 °C. After stirring
for 1h at 0°C, this solution was added to the appropriate triaryl
chloride (1 equiv) in THF (2 mL/mmol) cooled to —78 °C and stirred for
1 h. Finally, the mixture was warmed to 0 °C, stirred for 1h and then
quenched with saturated aqueous NH4CI solution. The aqueous layer
was separated and extracted three times with Et,O. The combined or-
ganic fractions were washed with brine, dried over Na,;SO, and con-
centrated under reduced pressure. The crude product was purified by
flash chromatography over silica gel.

4.2.7. Deprotection of the TMS protected alkynes (GP 7)

K5CO3 (3 equiv) was added to a stirred solution of the appropriate
TMS alkyne (1 equiv) in MeOH (4 mL/mmol) at 0 °C. The mixture was
stirred for 1 h at 0°C and for further 3-5h at 25 °C until TLC showed
complete conversion. The mixture was quenched with H,O at 0 °C and
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extracted with Et,O three times. The combined organic phases were
dried over Na,SO, and concentrated under reduced pressure to get the
crude product. This crude product was purified by column chromato-
graphy over silica gel.

4.2.8. Coupling of the N,O-acetal rac-23 with alkynes to form the N-
substituted nipecotic acid esters (GP 8)

TMSCI (1.15 equiv) was added to a stirred solution of N,O-acetal
rac-23 (1.15 equiv) in THF (3 mL/mmol) at 0 °C. After 15 min, the so-
lution was warmed to 25 °C and stirred for further 3 h at 25 °C to form a
white suspension. nBuMgCl (1.05 equiv, 2M in THF) was added in a
separate Schlenk tube to a stirred solution of the appropriate alkyne
(1 mmol) in THF (1 mL/mmol) at 0 °C and stirred for 1 h at 25°C. To
complete the deprotonation, the solution was stirred for another 1 h at
45°C to form a slightly colored solution. To perform the coupling re-
action, the solution of the deprotonated alkyne was added dropwise to
the suspension of the iminium salt at 0°C. After 1h at 0°C, a clear
solution was formed and it was then heated at 45 °C for 1 h. The mixture
was quenched with H,O and extracted with Et,O three times. The
combined organic phases were dried over Na,SO4 and concentrated
under reduced pressure to get the crude product. This crude product
was purified by flash chromatography on silica gel with DCM/MeOH
(99:1).

4.2.9. Hydrolysis of the N-substituted nipecotic acid esters (GP 9)

NaOH (5 equiv., 12M in H,0) was added dropwise to the appro-
priate ester (1 equiv) dissolved in MeOH (1 mL/mmol) at 0°C. The
mixture was stirred at 25 °C for 3-6 h until the hydrolysis was complete
(TLC). The mixture was diluted with H,O, stirred for 1 h at 25 °C and
extracted with Et;0. The water phase was collected and pH = 6.0 was
set by adding HCl (5 equiv., 6 M in H,0), and phosphate buffer
(pH = 6.0). This mixture was extracted with DCM. The combined or-
ganic layers were dried over Na,SO, and concentrated under reduced
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pressure to get the pure product as an oil. To get the N-substituted ni-
pecotic acid as a solid, the oil was dissolved in DCM (0.1 mL), H,O
(2mL) was added and an emulsion was prepared by sonication. This
emulsion was freeze-dried to obtain a white, amorphous solid.

4.3. Synthesized compounds

4.3.1. Ethyl 1-(ethoxymethyDpiperidine-3-carboxylate, (rac-23)

K,CO3 (4.2 g, 30 mmol) was added to a solution of ethyl nipecotate
(rac-22) (4.9 g, 30 mmol, 4.9 mL) in EtOH (5.52 g, 120 mmol, 7.01 mL)
at 0°C. Paraformaldehyde (PFA) (0.98g, 30 mmol) was added after
15min and the mixture was stirred at 25 °C for 6 h. The mixture was
diluted with Et,O and filtered. The filtrate was concentrated under
reduced pressure. The crude product was purified by distillation
(Kugelrohr distillation) at 130 °C (0.4 Torr) to obtain the product N,O-
acetal (rac-23) as a colorless oil (5.6 g, 88%).

IR (Film): ¥V = 2975, 2940, 2862, 1733, 1465, 1447, 1375, 1355,
1312, 1273, 1231, 1174, 1159, 1091, 1069, 1035, 981, 863, 796,
669 cm ™. 'H NMR (500 MHz, CD,Cl,) § = 1.15 (t, J = 7.0 Hz, 3H),
1.23 (t, J=7.2Hz, 3H), 1.40-1.55 (m, 2H), 1.67-1.73 (m, 1H),
1.84-1.91 (m, 1H), 2.40-2.52 (m, 2H), 2.55-2.61 (m, 1H), 2.72-2.80
(m, 1H), 2.96-3.01 (m, 1H), 3.45 (q, J = 7.0 Hz, 2H), 4.03 (s, 2H), 4.09
(g, J=7.1Hz, 2H) ppm. 3C NMR (126 MHz, CD,Cl,) § = 14.58,
15.67, 25.24, 27.38, 42.59, 50.59, 52.74, 60.69, 64.41, 89.24,
174.54 ppm. HRMS (EI): [M] " caled. for C;;H5;NO3, 215.1521; found:
215.1518.

4.3.2. 3-(Ethoxycarbonyl)-1-methylenepiperidin-1-ium chloride, (rac-9)

TMSCI (60 mg, 0.50 mmol, 68 uL) was added to a stirred solution of
N,O-acetal rac-23 (113 mg, 0.50 mmol) in THF (1.5mL) at 0 °C. After
15 min the solution was warmed to 25 °C and stirred for further 3h at
25 °C to form a white suspension. The volatiles were removed under
vacuum to obtain a white residue (95 mg, 92%).

IR (KBr): V' = 3084, 2962, 2868, 2637, 2532, 1731, 1678, 1454,
1390, 1368, 1331, 1301, 1208, 1151, 1135, 1113, 1046, 923, 867, 850,
769, 726, 673, 584, 563, 511, 470 cm ™~ '. "H NMR (500 MHz, CD,Cl,) &
1.71 (dtd, J = 14.1, 10.1, 4.1 Hz, 1H), 1.83-1.97 (m, 2H), 2.05-2.12
(m, 2H), 2.96 (tt, J = 9.7, 4.2Hz, 1H), 3.37-3.44 (m, 1H), 3.50-3.56
(m, 1H), 3.75 (d, J = 12.4 Hz, 1H), 3.88 (d, J = 12.2Hz, 1H), 4.13 (q,
J =7.1Hz, 2H), 7.42 (s, 2H) ppm. *C NMR (126 MHz, CD,Cl,) &
14.43, 24.07, 25.96, 41.02, 54.97, 56.10, 61.58, 132.36, 172.36 ppm.
HRMS (ESI): [M—Cl]* caled. for CoH;60.N, 170.1175; found:
170.1176.

4.3.3. Tris(4-methoxyphenyl)methanol, (16a)

According to GP2: Magnesium turnings (370 mg, 15.0 mmol), 4-
bromoanisole (2.5g, 13mmol, 1.7mL), and ketone 15 (2.5g,
10 mmol). The crude product was recrystallized from EtOAc/PE. White
solid (2.6 g, 74%).

Mp: 80°C. IR (KBr): ¥ = 3541, 3074, 3014, 2956, 2894, 2835,
2545, 2361, 2038, 1908, 1773, 1608, 1581, 1508, 1459, 1442, 1412,
1329, 1295, 1247, 1171, 1154, 1112, 1026, 948, 903, 826, 725, 638,
584 cm™'. "H NMR (500 MHz, CD,Cly) § = 2.75 (s, 1H), 3.78 (s, 9H),
6.79-6.86 (m, 6H), 7.10-7.18 (m, 6H) ppm. *C NMR (126 MHz,
CD.Cl,) § = 55.77, 81.49, 113.57, 129.50, 140.32, 159.21 ppm. HRMS
(ED: [M]* caled. for Cy5H5504, 350.1518; found: 350.1500.

Analytical data corresponds with the known literature.”® Additional
data is shown above.

4.3.4. 4,4’,4’-(chloromethanetriyDtris(methoxybenzene), (17a)

According to GP3: AcCl (1.4 g, 18 mmol, 1.3 mL) and alcohol 16a
(2.1 g, 6.0mmol). Red solid (1.9 g, 90%).

Mp: 142-144°C. IR (KBr): ¥ = 3015, 2962, 2931, 2840, 2554,
2035, 1909, 1780, 1607, 1579, 1508, 1459, 1442, 1414, 1364, 1305,
1290, 1252, 1178, 1149, 1117, 1091, 1024, 943, 905, 829, 809, 774,
708, 629, 604, 577 cm ™. 'H NMR (500 MHz, CD,Cl,) § = 3.85 (s, 9H),
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6.86-6.92 (m, 6H), 7.17-7.23 (m, 6H) ppm. °C NMR (126 MHz,

CD,Cl,) § = 55.77, 56.11, 113.89, 133.12, 137.59, 161.26 ppm. HRMS

(ED: [M—Cl]™" caled. for CapHo; O3, 333.1491; found: 333.1522.
Analytical data corresponds with the known literature.®*

4.3.5. 4,4’,4"-(Prop-2-yne-1,1,1-triyDtris(methoxybenzene), (18a)

According to GP5: Alcohol 17a (1.2g, 3.0mmol) and ethy-
nylmagnesium bromide (12mL, 6.0 mmol, 0.5M in THF). The crude
product was purified by flash chromatography over silica gel with PE/
EtOAc (95:5). White solid (1.0 g, 97%).

Mp: 128-130°C. IR (KBr): v = 3277, 2954, 2935, 2839, 1606,
1582, 1507, 1459, 1447, 1415, 1293, 1251, 1176, 1117, 1030, 828,
679 cm™".) "H NMR (500 MHz, CD,Cl,) § = 2.74 (s, 1H), 3.78 (s, 9H),
6.79-6.84 (m, 6H), 7.13-7.18 (m, 6H) ppm. °C NMR (126 MHz,
CD.Cl,) § =54.03, 55.79, 73.55, 90.71, 113.74, 130.47, 137.95,
159.02 ppm. (HRMS (EI): [M]* calcd. for C54H,03, 358.1569; found:
358.1564.

Analytical data corresponds with the known literature.>® Additional
data is shown above.

4.3.6. Benzo[d][1,3]dioxol-5-ylbis(4-methoxyphenyl)methanol, (16b)

According to GP2: Magnesium turnings (305mg, 12.5mmol),1-
bromo-3,4-(methylenedioxy)benzene (2.4g, 11.5mmol, 1.4mL), ke-
tone 15 (2.5g, 10mmol) The crude product was purified by flash
chromatography over silica gel with DCM. Violet oil (3.6 g, 98%).

IR (Film): ¥ = 3490, 3000, 2955, 2933, 2900, 2836, 1608, 1582,
1507, 1484, 1463, 1435, 1298, 1246, 1116, 1089, 1036, 932, 860, 828,
810, 731, 668 cm ™~ '. "H NMR (500 MHz, CDCl3) § = 2.68 (s, 1H), 3.80
(s, 6H), 5.94 (s, 2H), 6.68 (dd, J = 8.1, 1.8 Hz, 1H), 6.72 (d, J = 8.1 Hz,
1H), 6.80 (d, J = 1.8 Hz, 1H), 6.81-6.85 (m, 4H), 7.15-7.19 (m, 4H)
ppm. 3C NMR (126 MHz, CDCl3) § = 55.40, 81.47, 101.21, 107.47,
108.91, 113.31, 121.45, 129.18, 139.58, 141.78, 146.68, 147.48,
158.78 ppm. HRMS (EI): [M]™* caled. for Cy,Hy00s, 364.1311; found:
364.1305.

4.3.7. 5-[Chlorobis(4-methoxyphenyl)methyl]benzo[d][1,3]dioxole,
(17b)

According to GP4: Alcohol 16b (0.2g, 0.5mmol), DMF (10 pL,
0.05 mmol) and SOCl, (375 mg, 6.0 mmol, 230 pL). The mixture was
stirred at 45 °C for 2 h. Brown oil (190 mg, 99%).

IR (Film): ¥ = 3088, 2844, 1579, 1505, 1484, 1451, 1374, 1358,
1314, 1274, 1165, 1144, 1125, 1107, 1031, 1009, 917, 853, 812, 763,
734, 686 cm ™. 'H NMR (500 MHz, CDCl3) § = 3.88 (s, 6H), 6.05 (s,
2H), 6.70 (dd, J = 8.1, 1.8 Hz, 1H), 6.80 (d, J = 8.2Hz, 1H), 6.91 (d,
J = 1.7 Hz, 1H), 6.93 (d, J = 8.4 Hz, 4H), 7.23-7.29 (m, 4H) ppm. *C
NMR (126 MHz, CDCl3) § = 55.91, 102.10, 107.68, 113.88, 127.00,
133.66, 136.75, 138.82), 148.04, 149.74, 161.63 ppm. HRMS (EI):
[M—CI]* caled. for CooH;504, 347.1283; found: 347.1277.

4.3.8. 5-[1,1-Bis(4-methoxyphenyl)prop-2-yn-1-yl]benzo[d][1,3]dioxole,
(18b)

According to GP5: Chloride 17b (0.2g, 0.5mmol), and ethy-
nylmagnesium bromide (1.0 mmol, 0.5M in THF). The crude product
was purified by flash chromatography over silica gel with PE/EtOAc
(98:2). Slightly red solid (180 mg, 97%).

Mp: 114-116°C. IR (KBr): ¥ = 2930, 2835, 1606, 1506, 1481,
1437, 1298, 1248, 1177, 1115, 1094, 1036, 932, 855, 811, 760, 739,
719, 657, 635, 600, 574, 547cm~'. 'H NMR (500 MHz, CDCl;)
8§ = 2.68 (s, 1H), 3.80 (s, 6H), 5.94 (s, 2H), 6.66 (dd, J = 8.2, 1.9 Hz,
1H), 6.70 (d, J = 8.2Hz, 1H), 6.80-6.84 (m, 5H), 7.15-7.20 (m, 4H)
ppm. *C NMR (126 MHz, CDCl3) 8 = 54.01, 55.41, 73.11, 90.31,
101.27, 107.52, 110.03, 113.44, 122.40, 130.15, 137.38, 139.59,
146.51, 147.60, 158.53 ppm. HRMS (EI): [M] " caled. for Ca4H3004,
372.1362; found: 372.1361.
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4.3.9. Bis(4-methoxyphenyl)(thiazol-2-yl)methanol, (16c)

nBuLi (3.45 mmol, 2.5M in hexane) was added to 2-bromothiazole
(602 mg, 3.60 mmol, 331 pL) dissolved in Et,O (6 mL) at —78 °C. After
1 h this solution was cannulated to keton 15 (0.74 g, 3.05 mmol) sus-
pended in Et,O (5mL) at —78 °C and stirred for 1 h. After 1 h at 25°C,
the mixture was quenched with saturated aqueous NH,Cl solution and
extracted with DCM. The organic phases were dried over Na,SOy, fil-
tered and concentrated under reduced pressure. The crude product was
purified by flash chromatography over silica gel with DCM/MeOH
(99:1). Brown solid (580 mg, 60%).

Mp: 146-148°C. IR (KBr): ¥ = 3271, 3128, 3060, 3013, 2961,
2929, 2898, 2832, 2035, 1605, 1583, 1508, 1459, 1436, 1415, 1381,
1303, 1250, 1210, 1194, 1169, 1135, 1108, 1056, 1044, 1029, 934,
913, 897, 871, 828, 812, 804, 768, 757, 726, 684, 637, 611, 577, 562,
537 cm™'. 'H NMR (500 MHz, CD,Cly) § = 3.79 (s, 6H), 4.18 (s, 1H),
6.82-6.87 (m, 4H), 7.25-7.30 (m, 4H), 7.34 (d, J = 3.3 Hz, 1H), 7.76
(d, J=3.2Hz, 1H) ppm. *C NMR (126 MHz, CD,Cl,) § = 55.79,
80.59, 113.76, 120.47, 129.21, 138.41, 143.13, 159.79, 178.49 ppm.
HRMS (EI): [M]™" caled. for G;gH,7,035NS, 327.0929; found: 327.0932.

4.3.10. 2-[Chlorobis(4-methoxyphenyDmethyl]thiazole, (17c)

According to GP4: Alcohol 16¢ (2.0g, 6.0 mmol, 1.2 equiv), DMF
(10 uL, 0.12mmol), and SOCl, (3.8g, 30 mmol, 2.3 mL). Brown oil
(2.07 g, 99%).

IR (Film): ¥ = 3120, 3042, 3005, 2960, 2936, 2837, 1907, 1607,
1583, 1558, 1510, 1462, 1418, 1387, 1372, 1303, 1255, 1178, 1118,
1031, 865, 828, 734, 698 cm ™. "H NMR (500 MHz, CDCl;) § = 3.82 (s,
6H), 6.86-6.91 (m, 4H), 7.27-7.32 (m, 4H), 7.62 (d, J = 3.5Hz, 1H),
8.11 (d, J = 3.3Hz, 1H) ppm. '3C NMR (126 MHz, CDCl5) § = 55.55,
75.58, 114.10, 122.32, 130.22, 133.49, 139.51, 160.38, 177.94 ppm.
HRMS (ED: [M—CI]" caled. for C;gH;6NO,S, 310.0902; found:
310.0901.

4.3.11. 2-[1,1-Bis(4-methoxyphenyl)prop-2-yn-1-yl]thiazole, (18c)

According to GP5: Chloride 17¢ (2.0g, 5.5mmol), and ethy-
nylmagnesium bromide (8.25 mmol, 0.5M in THF). The crude product
was purified by flash chromatography over silica gel with DCM. Brown
solid (950 mg, 52%).

Mp: 103-105°C. IR (KBr): ¥ = 3285, 3108, 3078, 3001, 2956,
2930, 2900, 2835, 1606, 1582, 1508, 1461, 1441, 1014, 1300, 1251,
1178, 1112, 1032, 885, 861, 822, 791, 757, 731, 648, 601, 581,
547 cm™". 'H NMR (400 MHz, CD,Cl,) § = 2.92 (s, 1H), 3.79 (s, 6H),
6.81-6.86 (m, 4H), 7.27-7.32 (m, 4H), 7.33 (d, J = 3.3Hz, 1H), 7.77
(d, J=3.3Hz, 1H) ppm. *C NMR (101 MHz, CD,Cl,) § = 53.86,
55.82, 75.76, 87.81, 113.90, 120.46, 130.04, 136.20, 143.63, 159.53,
175.13ppm. HRMS (EI): [M]* caled. for Cy0H;70,NS, 335.0980;
found: 335.0966.

4.3.12. Bis(4-methoxyphenyl) (1-methyl-1H-imidazol-2-yl)methanol,
(16d)

nBuLi (17.3 mmol, 2.5M in hexanes) was added to a solution of 1-
methylimidazole (1.4 g, 16.5 mmol, 1.3 mL) in THF (16 mL) at —78°C
and stirred for 1h, then cannulated slowly to a solution of ketone 15
(3.7 g, 15.3mmol) in THF (15mL) at —78 °C. The mixture was then
stirred for 2 h at this temperature, then further 2 h at 25 °C. The mixture
was quenched with saturated aqueous NH,Cl, extracted with DCM,
dried over Na,SO, and concentrated under reduced pressure. The
crude product was recrystallized from DCM/PE. White solid (4.7 g,
97%).

Mp: 158-160°C. IR (KBr): ¥ = 3196, 2954, 2913, 2835, 1703,
1609, 1586, 1511, 1468, 1445, 1415, 1359, 1297, 1283, 1249, 1175,
1132, 1030, 1009, 943, 925, 898, 838, 821, 795, 755, 738, 693, 613,
583, 562, 540, 506 cm ™ '. "H NMR (500 MHz, CD,Cl,) § = 3.20 (s, 3H),
3.79 (s, 6H), 4.66 (s, 1H), 6.82-6.86 (m, 4H), 6.86 (d, J = 1.1 Hz, 1H),
6.89 (d, J = 1.2 Hz, 1H), 7.08-7.14 (m, 4H) ppm. *>C NMR (126 MHz,
CD,Cl,) § =35.23, 55.79, 78.27, 113.78, 123.74, 126.22, 129.41,

3678

Bioorganic & Medicinal Chemistry 26 (2018) 3668-3687

137.31, 151.53, 159.63 ppm. HRMS (EI): [M]™* calcd. for C;oH2oN20s,
324.1474; found: 324.1473.

4.3.13. 2-[Chlorobis(4-methoxyphenyl)methyl]-1-methyl-1H-imidazole,
(17d)

Alcohol 16d (2 g, 6 mmol) was treated with SOCI, (4.2 g, 36 mmol,
2.6mL) and AcCl (1.9g, 24mmol, 1.7 mL) at 0°C. The mixture was
stirred at 25 °C for 2h and then heated at 50 °C for 1 h. The volatiles
were evaporated under vacuum; toluene (5mL) was added and re-
moved under reduced pressure three times. The crude product was used
without further purification. Grey gum (2.3 g, 99%).

IR (KBr): ¥ = 2954, 2835, 1608, 1582, 1511, 1461, 1417, 1372,
1301, 1254, 1177, 1106, 1027, 911, 828, 793, 761, 731, 612,
581 cm™'. 'H NMR (400 MHz, CDCl3) 8§ = 3.65 (s, 3H), 3.82 (s, 6H),
6.89-6.96 (m, 4H), 7.06-7.13 (m, 4H), 7.47 (s, 1H), 7.62 (s, 1H), 14.68
(s, 1H) ppm. *3C NMR (101 MHz, CDCl;) § = 37.54, 55.68, 71.06,
114.84, 120.15, 125.95, 129.95, 145.80, 160.89 ppm. HRMS (ESI):
[M—CI]* caled. for C;oH;905N5, 307.1446; found: 307.1443.

4.3.14. 2-[1,1-Bis(4-methoxyphenyDprop-2-yn-1-yl]-1-methyl-1H-
imidazole, (18d)

According to GP5: Chloride 17d (2.3g, 5.6 mmol) and ethy-
nylmagnesium bromide (17 mmol, 0.5M in THF, 34mL). The crude
product was purified by flash chromatography over silica gel with
Et,O/PE (80:20). Yellow oil (560 mg, 30%).

IR (KBr): ¥ = 3282, 3002, 2954, 2835, 1606, 1583, 1508, 1460,
1298, 1279, 1250, 1177, 1134, 1116, 1084, 1031, 824, 745, 685, 603,
585, 541 cm ™. 'H NMR (500 MHz, CDCly) § = 2.77 (s, 1H), 3.45 (s,
3H,), 3.79 (s, 6H), 6.83-6.87 (m, 4H), 6.88 (d, J = 1.3 Hz, 1H), 6.97 (d,
J =1.3Hz, 1H), 7.16-7.21 (m, 4H) ppm. '*C NMR (126 MHz, CDCl3)
8 = 35.00, 49.86, 55.34, 74.64, 85.82, 113.68, 123.03, 127.01, 129.52,
134.41, 148.49, 158.79 ppm. HRMS (EI): [M]™* calcd. for CpHzqO2No,
332.1525; found: 332.1522.

4.3.15. Bis(4-methoxyphenyl) (thiophen-3-yl)methanol, (16e)

nBulLi (12 mmol, 1.6 M in hexanes) was added to 3-bromothiophene
(1.9g, 11.5mmol, 1.1 mL) in Et,0 (12mL) at —78°C. After 1h, this
mixture was added to a suspension of ketone 15 (2.5 g, 10.3 mmol) in
Et,0 (12mL) at —78 °C. After 1 h, the mixture was allowed to warm to
room temperature and was stirred for further 3 h. Finally, the mixture
was heated for 1h at 50°C, then quenched with saturated aqueous
NH,4CI solution. The aqueous layer was separated and extracted three
times with Et,O. The combined organic fractions were washed with
brine, dried over Na,SO,, and concentrated under reduced pressure.
The crude product was purified by flash chromatography over silica gel
with PE/Et,0 (60:40). Yellow oil (3.1 g, 95%).

IR (Film): V' = 3448, 2835, 1608, 1508, 1458, 1299, 1248, 1175,
1033, 829, 795, 771, 651 cm™'. 'H NMR (400 MHz, CD,Cl,) § = 2.80
(s, 1H), 3.79 (s, 6H), 6.81-6.86 (m, 4H), 6.93 (dd, J = 3.0, 1.4 Hz, 1H),
6.95 (dd, J = 5.1, 1.4 Hz, 1H), 7.18-7.23 (m, 4H), 7.31 (dd, J = 5.1,
3.1Hz, 1H) ppm. 3C NMR (101 MHz, CD,Cl,) § = 55.78, 79.75,
113.66, 123.46, 126.21, 128.34, 129.02, 139.86, 149.89, 159.35 ppm.
HRMS (ED): [M] ™" calcd. for G1oH;505S, 326.0977; found: 326.0971.

4.3.16. 3-[Chlorobis(4-methoxyphenyl)methyl]thiophene, (17e)

According to GP4: Alcohol 16e (0.7 g, 2.1 mmol), DMF (10 pL), and
SOCl, (750 mg, 6.30 mmol, 460 pL). The mixture was stirred at 45 °C
for 4h. Brown gum (720 mg, 95%).

IR (KBr): ¥ = 3097, 3004, 2966, 2933, 2840, 2044, 1900, 1607,
1580, 1459, 1508, 1459, 1415, 1384, 1306, 1292, 1250, 1177, 1136,
1078, 1026, 831, 798, 783, 770, 753, 703, 646, 631, 614, 589, 564,
533cm™'. 'H NMR (500 MHz, CD.Cl,) § = 3.83 (s, 6H), 6.81 (dd,
J = 2.9,1.3Hz, 1H), 6.85-6.90 (m, 4H), 7.12 (dd, J = 5.1, 1.4 Hz, 1H),
7.20-7.24 (m, 4H), 7.38 (dd, J = 5.1, 3.0Hz, 1H) ppm. *C NMR
(126 MHz, CD,Cl,) § = 56.02, 85.95, 113.77, 126.60, 127.37, 130.38,
131.84, 137.49, 147.68, 160.70 ppm. HRMS (EI): [M—Cl]* calcd. for
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C10H1703S, 309.0949; found: 309,0924.

4.3.17. [3,3-Bis(4-methoxyphenyl)-3-(thiophen-3-yDprop-1-yn-1-yl]
trimethylsilane, (21e)

According to GP6: Ethynyltrimethylsilane (261 mg, 2.40 mmol,
375pL), nBuli (2.4mmol, 2.5M in hexanes) chloride 17e (0.7 g,
2.0 mmol). The crude product was purified by flash chromatography
over silica gel with PE/DCM (80:20). Colorless oil (420 mg, 53%).

IR (Film): ¥ = 3000, 2956, 2901, 2834, 2167, 1606, 1581, 1507,
1462, 1441, 1414, 1298, 1250, 1114, 1066, 1035, 842, 828, 793, 771,
759, 697, 646 cm ™~ *. '"H NMR (400 MHz, CD,Cl,) § = 0.23 (s, 9H), 3.78
(s, 6H), 6.78 (dd, J = 3.7, 1.1 Hz, 1H), 6.80-6.84 (m, 4H), 7.00 (d,
J = 3.7 Hz, 1H), 7.16-7.21 (m, 4H), 7.29 (dd, J = 5.1, 3.0 Hz, 1H) ppm.
13C NMR (101 MHz, CD,Cl,) § = 0.23, 52.33, 55.80, 89.50, 111.54,
113.80, 123.68, 126.04, 129.41, 129.98, 137.81, 147.29, 159.09 ppm.
HRMS (ED: [M] " calcd. for C4H60,SSi, 406.1423; found: 406.1418.

4.3.18. 3-[1,1-Bis(4-methoxyphenyDprop-2-yn-1-yl]thiophene, (18e)

According to GP7: TMS alkyne 21e (0.5 g, 1.2 mmol) was dissolved
in MeOH/ THF (2mL/1 mL), and K,CO3 (0.8 g, 6.0 mmol). The crude
product was purified by flash chromatography over silica gel with PE/
EtOAc (98:2). White solid (320 mg, 80%).

Mp: 122-124°C. IR (KBr): ¥ = 3265, 3108, 3016, 2951, 2835,
1605, 1582, 1507, 1463, 1438, 1415, 1365, 1307, 1294, 1175, 1080,
1035, 1021, 910, 829, 810, 793, 780, 773, 694, 676, 653, 603, 579,
541 cm™'. '"H NMR (400 MHz, CD,Cly) § = 2.76 (s, 1H), 3.78 (s, 6H),
6.79-6.85 (m, 5H), 7.00 (dd, J = 5.1, 1.4 Hz, 1H), 7.17-7.23 (m, 4H),
7.30 (dd, J = 5.0, 3.0Hz, 1H) ppm. '°C NMR (101 MHz, CD,Cly)
§ =51.42, 55.81, 73.60, 89.49, 113.84, 123.81, 126.19, 129.27,
129.95, 137.49, 147.00, 159.17 ppm. HRMS (EI): [M]" caled. for
C21H150,S, 334.1028; found: 334.1023.

4.3.19. Bengzo[b]thiophen-5-ylbis(4-methoxyphenylmethanol, (16f)

According to GP 2: Magnesium turnings (440 mg, 18.0 mmol), 1,2-
dibromethane (25 pL), 5-bromobenso(b)thiophene (3.7 g, 17.3 mmol)
ketone 15 (3.7 g, 15.3 mmol) The crude product was purified by re-
crystallization (Et;O/PE). White solid (4300 mg, 76%).

Mp: 168-170°C. IR (KBr): ¥ = 3560, 3092, 3058, 3005, 2963,
2929, 2899, 2836, 2029, 1903, 1772, 1653, 1604, 1581, 1456, 1438,
1409, 1331, 1295, 1251, 1176, 1160, 1138, 1117, 1089, 1049, 1023,
960, 943, 913, 899, 886, 868, 835, 808, 791, 767, 721, 712, 683, 643,
634, 612, 583, 561, 550, 507, 491 cm ™. 'H NMR (500 MHz, CD,Cl,)
§ = 2.87 (s, 1H), 3.79 (s, 6H), 6.82-6.86 (m, 4H), 7.17-7.22 (m, 4H),
7.27 (dd, J = 5.4, 0.7 Hz, 1H), 7.30 (dd, J = 8.5, 1.9 Hz, 1H), 7.46 (d,
J = 5.5Hz, 1H), 7.69 (d, J = 1.7 Hz, 1H), 7.82 (d, J = 8.5 Hz, 1H) ppm.
13C NMR (126 MHz, CD,Cl,) § = 55.79, 81.94, 113.65, 122.31, 123.15,
124.73, 125.16, 127.40, 129.64, 139.00, 139.83, 140.11, 144.59,
159.32 ppm. HRMS (EI): [M]* caled. for Cy3H,003S, 376.1133; found:
376.1124.

4.3.20. 5-[Chlorobis(4-methoxyphenyl)methyl]benzo[b]thiophene, (17f)

According to GP3: Alcohol 16f (2 g, 5mmol), and AcCl (3.3g,
41 mmol, 3.0 mL). Red solid (2 g, 99%).

Mp: 165-167°C. IR (KBr): ¥ = 3099, 3060, 3012, 2957, 2933,
2902, 2836, 1604, 1576, 1508, 1457, 1439, 1409, 1330, 1307, 1296,
1255, 1223, 1177, 1130, 1117, 1089, 1049, 1029, 964, 913, 897, 866,
847, 825, 810, 790, 778, 762, 711, 678, 634, 624, 593, 565, 550, 516,
490 cm ™. 'H NMR (500 MHz, CD,Cl,) § = 3.82 (s, 6H), 6.82-6.86 (m,
4H), 7.15-7.19 (m, 4H), 7.26 (dd, J = 5.5, 0.7 Hz, 1H), 7.40 (dd,
J = 8.6, 2.0Hz, 1H), 7.49 (d, J = 5.4 Hz, 1H), 7.52 (d, J = 1.9 Hz, 1H),
7.85 (d, J = 8.6 Hz, 1H) ppm. '3C NMR (126 MHz, CD,Cl) § = 55.90,
84,81, 113.51, 122.30, 124.81, 125.07, 127.16, 127.82, 131.73,
138.12, 139.50, 139.80, 142.72, 159.91 ppm. HRMS (ESI): [M—Cl] ™"
caled. for Cy3H,90,S, 359.1105; found: 359.1101.
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4.3.21. (3-(Benzo[b]thiophen-5-yl)-3,3-bis(4-methoxyphenyl)prop-1-yn-
1-yDtrimethylsilane, (21f)

According to GP7: Ethynyltrimethylsilane (45mg, 0.44 mmol,
64 uL), nBuLi (0.46mmol, 2M in hexanes), chloride 17f (0.17 g,
0.40 mmol). The crude product was purified by flash chromatography
over silica gel with PE/EtOAc (95:5). White solid (115 mg, 63%).

Mp: 159-161°C. IR (KBr): ¥ = 3102, 3006, 2955, 2932, 2898,
2836, 2172, 2039, 1892, 1769, 1646, 1606, 1580, 1508, 1463, 1440,
1413, 1296, 1252, 1176, 1117, 1089, 1074, 1049, 1031, 956, 914, 893,
841, 830, 808, 791, 756, 706, 693, 630, 613, 591, 574, 557, 534,
479 cm™'. "H NMR (400 MHz, CD,Cl,) § = 0.24 (s, 9H), 3.79 (s, 6H),
6.79-6.85 (m, 4H), 7.15-7.20 (m, 4H), 7.24 (dd, J = 5.5, 0.7 Hz, 1H),
7.35 (ddd, J = 8.6, 1.9, 0.5Hz, 1H), 7.43-7.47 (m, 1H), 7.57 (d,
J=1.6Hz, 1H), 7.80 (dt, J= 8.6, 0.7Hz, 1H) ppm. *C NMR
(101 MHz, CD.Cl,) & = 0.22), 55.57, 55.80, 89.79, 112.86, 113.77,
122.39, 124.17, 124.67, 126.48, 127.39, 130.65, 137.98, 138.71,
139.94, 142.85, 159.03 ppm. HRMS (EI): [M]™ calcd. for CygH,50,SSi,
456.1579; found: 456.1574.

4.3.22. 5-[1,1-Bis(4-methoxyphenylprop-2-yn-1-yl]benzo[b]thiophene,
(18f)

According to GP7: TMS alkyne 21f (0.7 g, 1.5 mmol) was dissolved
in MeOH/THF (6 mL/6 mL), and K»CO3 (0.6 g, 4.4 mmol). The crude
product was recrystallized from DCM. White solid (560 mg, 99%)

Mp: 192-194°C. IR (KBr): ¥ = 3255, 2933, 2839, 1603, 1579,
1507, 1458, 1437, 1410, 1295, 1250, 1178, 1117, 1088, 1052, 1030,
895, 866, 831, 807, 790, 760, 696, 635, 602, 581, 552, 490 cm ™ *. 'H
NMR (400 MHz, CD,Cl,) § = 0.24 (s, 9H), 3.79 (s, 6H), 6.79-6.85 (m,
4H), 7.15-7.20 (m, 4H), 7.24 (dd, J = 5.5, 0.7 Hz, 1H), 7.35 (ddd,
J = 8.6, 1.9, 0.5Hz, 1H), 7.43-7.47 (m, 1H), 7.57 (d, J = 1.6 Hz, 1H),
7.80 (dt, J=8.6, 0.7Hz, 1H) ppm. °C NMR (101 MHz, CD,Cl,)
8 = 0.22, 55.57, 55.80, 89.79, 112.86, 113.77, 122.39, 124.17, 124.67,
126.48, 127.39, 130.65, 137.98, 138.71, 139.94, 142.85, 159.03 ppm.
HRMS (ED: [M]* caled. for CysHy005S, 384.1184; found: 384.1179.

4.3.23. 1,1-Bis(4-methoxyphenyDprop-2-yn-1-ol, (18 &)

Ethynylmagnesium bromide (4 mmol, 0.5M in THF) was added to
the suspension of ketone 15 (0.5 g, 2.0 mmol) in THF (2mL) at 25°C.
The mixture was then stirred at 60 °C for 2h and then quenched with
saturated aqueous NH,4Cl solution. The aqueous layer was separated
and extracted three times with Et,O. The combined organic fractions
were washed with brine, dried over Na,SO4 and concentrated under
reduced pressure. The crude product was recrystallized from Et,O/PE.
White solid (490 mg, 91%).

Mp: 90-91 °C. IR (KBr): ¥ = 3472, 3245, 3004, 2959, 2932, 2836,
2545, 2102, 2039, 1933, 1902, 1886, 1870, 1683, 1635, 1607, 1584,
1506, 1464, 1455, 1440, 1415, 1350, 1305, 1295, 1251, 1241, 1199,
1180, 1164, 1199, 1180, 1164, 1119, 1062, 1025, 991, 967, 930, 897,
842, 882, 815, 782, 764, 732, 715, 685, 633, 627, 587, 526, 510,
488 cm ™. 'H NMR (500 MHz, CDCl3) 6 2.79 (s, 1H), 2.86 (s, 1H), 3.79
(s, 6H), 6.83-6.89 (m, 4H), 7.47-7.53 (m, 4H) ppm. 3C NMR
(126 MHz, CDCl3) § 55.42, 73.76, 75.22, 86.92, 113.68, 127.46,
137.06, 159.26 ppm. HRMS (EI): [M] " calcd. for C;,H;603, 268.1099;
found: 268.1096.

Analytical data corresponds with the known literature.®” Additional
data is shown above.

4.3.24. 4,4’-(Bromomethylene)bis(methoxybenzene), (20)

Acetyl bromide (AcBr) (3.9g, 30.0 mmol, 2.4 mL) was added to a
stirred solution of alcohol 19 (2.5 g, 10 mmol) in toluene (15 mL) at 0 °C
and stirred for 2 h at 25 °C. The volatiles were removed under reduced
pressure. The remaining mixture was diluted with toluene (10 mL) and
evaporated under reduced pressure three times. The obtained red solid
was used without any further purification. Red solid (3 g, 99%).

Mp: 71-72°C. IR (KBr): ¥ = 3011, 2960, 2928, 1603, 1582, 1458,
1440, 1417, 1313, 1300, 1253, 1238, 1198, 1172, 1112, 1024, 852,
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822, 808, 757, 721, 698, 615, 580, 545cm™'. 'H NMR (400 MHz,
CDCl3) 8 = 3.80 (s, 6H), 6.31 (s, 1H), 6.84-6.89 (m, 4H), 7.35-7.41 (m,
4H) ppm. '*C NMR (101 MHz, CDCls) & = 55.48, 56.07, 113.97,
129.83, 133.70, 159.37 ppm. HRMS (EI): [M]* calcd. for C,5H;50,Br,
306.0255; found: 306.0248.

Analytical data corresponds with the known literature. **

4.3.25. 3,3-Bis(4-methoxyphenylprop-1-yn-1-yDtrimethylsilane, (21 h)

nBuMgCl (10 mmol, 2M in THF, 5mL) was added to a stirred so-
lution of ethynyltrimethylsilane (982 mg, 10.0 mmol) in THF (15 mL) at
0 °C and stirred for 1 h at 45 °C. CuBr (180 mg, 1.25 mmol) was added at
25 °C and stirred for 30 min. Finally, the solution of bromide 20 (1.5 g,
5.0 mmol) in THF (20 mL) was added at 0 °C and stirred for 2 h at 60 °C.
The mixture was quenched with saturated aqueous NH4Cl solution and
extracted with Et,O three times. The combined organic phases were
dried over Na,SO,4 and concentrated under reduced pressure to get the
crude product. This was then purified by flash chromatography over
silica gel with PE/EtOAc (98:2). Yellow oil (1.5 g, 93%)

Note: CuBr (black, discolored) was purified®® by rinsing it with
AcOH, EtOH and Et,O under argon to get an off white powder.

IR (Film): ¥ = 3001, 2958, 2902, 2836, 2170, 1609, 1585, 1463,
1442, 1419, 1327, 1302, 1247, 1174, 1034, 1011, 846, 809, 761, 699,
668, 633 cm™'. '"H NMR (400 MHz, CD,Cl,) § = 0.21 (s, 9H), 3.77 (s,
6H), 4.93 (s, 1H), 6.81-6.86 (m, 4H), 7.24-7.29 (m, 4H) ppm. '*C NMR
(101 MHz, CDxCly) 8 = 0.31, 42.97, 55.79, 89.09, 107.82, 114.42,
129.17, 134.64, 159.12 ppm. HRMS (EI): [M]* calcd. for CpoH5404Si,
324.1546; found: 324.1541.

Analytical data corresponds with the known literature.** Additional
data is shown above.

4.3.26. 4,4’-(Prop-2-yne-1,1-diyDbis(methoxybenzene), (18 h)

According to GP7: TMS alkyne 21 h (0.32 g, 1.0 mmol), and K,CO3
(0.2 g, 1.5mmol). The crude product was purified by flash chromato-
graphy over silica gel with PE/EtOAc (97:3). White solid (210 mg,
83%).

Mp: 69-70 °C. IR (KBr): v = 3257, 3035, 3011, 2958, 2907, 2835,
2053, 2012, 1884, 1607, 1584, 1506, 1464, 1441, 1417, 1327, 1300,
1254, 1239, 1175, 1108, 1033, 986, 930, 865, 843, 830, 804, 766, 721,
700, 670, 631, 590, 570, 538, 510 cm ™. 'H NMR (500 MHz, CD,Cl,)
§ =2.52 (d, J = 2.7Hz, 1H), 3.77 (s, 6H), 4.92 (d, J = 2.6 Hz, 1H),
6.82-6.86 (m, 4H), 7.25-7.30 (m, 4H) ppm. '°C NMR (126 MHz,
CD,Cl,) &8 = 41.76, 55,79, 72.90, 85.65, 114.45, 129.15, 134.27,
159.19 ppm. HRMS (EI): [M]* caled. for Cy7H;60,, 252.1150; found:
252.1142.

4.3.27. Trimethyl[3,3,4-tris(4-methoxyphenyDbut-1-yn-1-yl]silane, (21i)

nBuLi (2.3 mmol, 2.5M in hexanes) was added to the solution of
TMS alkyne 21 h (0.66 mg, 2.0 mmol) in THF (7 mL) at —78 °C. The
resulting mixture was stirred at —78°C for 1h. 4-Methoxybenzyl
chloride (0.4 g, 2.4 mmol) was added and the mixture was stirred at
0°C for 1h. Finally, the mixture was heated to 40°C for 1h and
quenched with saturated aqueous NH4Cl solution. The aqueous layer
was separated and extracted three times with DCM. The combined or-
ganic fractions were washed with brine, dried over Na,SO4, and con-
centrated under reduced pressure. The crude product was purified by
flash chromatography over silica gel with PE/EtOAc (98:2). White solid
(855 mg, 96%).

Mp: 79-82°C. IR (KBr): ¥ = 2995, 2955, 2835, 2171, 1699, 1653,
1610, 1577, 1558, 1540, 1508, 1457, 1437, 1417, 1301, 1249, 1178,
1112, 1074, 1035, 887, 832, 759, 669, 606, 585, 516, 485cm ™. 'H
NMR (500 MHz, CD,Cl,) § = 0.19 (s, 9H), 3.44 (s, 2H), 3.73 (s, 3H),
3.78 (s, 6H), 6.61-6.66 (m, 2H), 6.78-6.84 (m, 6H), 7.26-7.31 (m, 4H)
ppm. 3C NMR (126 MHz, CD,Cl,) § = 0.24, 46.88, 50.82, 55.55,
55.74,91.73, 110.73, 112.91, 113.74, 129.22, 129.84, 132.54, 137.72,
158.77 ppm. HRMS (ED): [M]* caled. for CogH3,03Si, 444.2121; found:
444.2113.
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4.3.28. 4,4’,4”-(But-3-yne-1,2,2-triyDtris(methoxybenzene), (18i)

According to GP7: TMS alkyne 21i (0.81 g, 1.7 mmol) dissolved in
MeOH/THF (3mL/3 mL), K5CO3 (1.2 g, 8.7 mmol). The crude product
was purified by flash chromatography over silica gel with PE/Et,0
(85:15). White solid (450 mg, 70%).

Mp: 142-145°C. IR (KBr): ¥ = 3284, 2932, 2834, 1609, 1582,
1509, 1463, 1300, 1249, 1178, 1110, 1034, 828, 784, 737, 650, 601,
581, 548 cm™'. 'H NMR (500 MHz, CD,Cl,) § = 2.63 (s, 1H), 3.49 (s,
2H), 3.73 (s, 3H), 3.78 (s, 6H), 6.63-6.67 (m, 2H), 6.79-6.84 (m, 6H),
7.28-7.32 (m, 4H) ppm. 13C NMR (126 MHz, CD,Cl,) § = 46.69, 49.83,
55.53, 55.75, 75.64, 88.49, 113.08, 113.81, 129.20, 129.69, 132.39,
137.61, 158.79, 158.85 ppm. HRMS (EI): [M]* caled. for CpsH,40s,
372.1725; found: 372.1719.

4.3.29. 3,3-Bis[4-methoxyphenyl)-4-phenylbut-1-yn-1-yljtrimethylsilane,
21j)

nBuLi (2.7 mmol, 2.5M in hexanes) was added to the solution of
TMS alkyne 21 h (803 mg, 2.45 mmol) in THF (6 mL) at —78°C. The
resulting mixture was stirred at —78 °C for 1 h. Benzyl bromide (0.5 g,
2.9 mmol) was added and the mixture was stirred at 0°C for 1h.
Finally, the mixture was heated to 40°C for 1h and quenched with
saturated aqueous NH4Cl solution. The aqueous layer was separated
and extracted three times with DCM. The combined organic fractions
were washed with brine, dried over Na,SO, and concentrated under
reduced pressure. The crude product was purified by flash chromato-
graphy over silica gel with PE/EtOAc (98:2). White solid (915myg,
90%).

Mp: 103-104°C. IR (KBr): ¥ = 3031, 3005, 2958, 2899, 2835,
2166, 1607, 1580, 1508, 1461, 1438, 1414, 1315, 1294, 1260, 1245,
1182, 1116, 1090, 1030, 995, 913, 881, 835, 800, 758, 737, 700 cm ™ *.
'H NMR (400 MHz, CD,Cl,) § = 0.18 (s, 9H), 3.50 (s, 2H), 3.77 (s, 6H),
6.77-6.82 (m, 4H), 6.88-6.92 (m, 2H), 7.06-7.15 (m, 3H), 7.26-7.31
(m, 4H) ppm. *C NMR (101 MHz, CD,Cl,) & = 0.20, 47.71, 50.66,
55.75, 91.91, 110.52, 113.76, 126.73, 127.53, 129.20, 131.65, 137.68,
137.86, 158.80ppm. HRMS (EI): [M]* caled. for CuyHs300Si,
414.2015; found: 414.2008.

4.3.30. 4,4’-(1-Phenylbut-3-yne-2,2-diyl)bis(methoxybenzene), (18j)

According to GP7: TMS alkyne 21j (891 mg, 2.15 mmol) dissolved
in MeOH/ THF (3 mL/3 mL), K»CO3 (0.9 g, 6.5 mmol). The crude pro-
duct was purified by flash chromatography over silica gel with PE/Et,0
(90:10). White solid (650 mg, 88%).

Mp: 107-109°C. IR (KBr): ¥ = 3287, 3031, 3001, 2932, 2835,
1607, 1582, 1508, 1455, 1441, 1417, 1290, 1250, 1179, 1119, 1084,
1034, 827, 758, 730, 700, 650, 607, 584, 565, 546 cm™'. 'H NMR
(500 MHz, CD,Cl,) & = 2.45 (s, 1H), 3.36 (s, 2H), 3.60 (s, 6H),
6.61-6.65 (m, 4H), 6.70-6.73 (m, 2H), 6.90-6.98 (m, 3H), 7.08-7.14
(m, 4H) ppm. °C NMR (126 MHz, CD,Cl,) § = 47.50, 49.67, 55.76,
75.75, 88.31, 113.82, 126.80, 127.70, 129.17, 131.49, 137.55, 137.76,
158.88 ppm. HRMS (EI): [M]™* caled. for Cp4H2,05, 342.1620; found:
342.1615.

4.3.31. 4,4’,4"-(But-3-yne-1,1,1-triyDtris(methoxybenzene), (25a)
Propargyl bromide (4.6 mmol, 80% in toluene) was added dropwise
to a suspension of magnesium turnings (0.12 g, 4.8 mmol) and HgCl,
(11 mg, 0.04 mmol) in Et,O (5 mL) at 25 °C. This mixture was stirred at
25°C for 1h, cooled to 0°C and a solution of chloride 17a (1.5g,
4.0 mmol) in toluene (10 mL) was added. After 1h at 25°C, it was he-
ated at 40 °C for 1 h. The mixture was quenched with saturated aqueous
NH,CI solution, extracted with Et,O and dried over Na,SO, to get the
crude product. The crude product was purified by flash chromato-
graphy over silica gel with PE/EtOAc (96:4). White solid (1.3 g, 86%).
Mp: 91-92°C. IR (KBr): ¥ = 3293, 2997, 2956, 2931, 2910, 2837,
1605, 1577, 1508, 1440, 1297, 1248, 1180, 1121, 1033, 827, 729, 668,
641, 599, 575cm™'. 'H NMR (500MHz, CD.Cl,) §=1.96 (t,
J = 2.7 Hz, 1H), 3.42 (d, J = 2.7 Hz, 2H), 3.78 (s, 9H), 6.76-6.84 (m,
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6H), 7.04-7.15 (m, 6H) ppm. '*C NMR (126 MHz, CD,Cl,): § = 33.07,
54.57, 55.70, 72.13, 83.48, 113.49, 130.58, 139.76, 158.49 ppm.
HRMS (ED: [M]* caled. for CosHo403, 372.1726; found: 372.1725.

4.3.32. But-3-yne-1,1,1-triyltribenzene, (25k)

Propargyl bromide (4.6 mmol, 80% in toluene) was added dropwise
to magnesium turnings (0.13 g, 5.0 mmol) suspended in Et;O (5mL)
with HgCl, (12 mg, 0.05 mmol) while maintaining a temperature below
25°C. After 1h, a solution of chloride 17k (1.16 g, 4.12mmol) in to-
luene (5 mL) was added. The mixture was heated to 50 °C and stirred for
1h. After cooling to 25°C, it was quenched with saturated aqueous
NH,CI solution, extracted with Et,0, the organic layer was dried over
Na,SO,4, and concentrated under reduced pressure. The crude product
was purified by flash chromatography over silica gel with PE/EtOAc
(99:1). White solid (1.0 g, 86%).

Mp: 82-83°C. IR (KBr): ¥ = 3285, 3048, 3019, 2930, 2900, 1955,
1890, 1816, 1772, 1718, 1683, 1656, 1591, 1488, 1443, 1420, 1310,
1269, 1310, 1269, 1186, 1154, 1080, 1029, 997, 970, 908, 878, 843,
802, 760, 745, 698, 668, 654, 636, 589cm™'. 'H NMR (500 MHz,
CD.Cly) §=1.95 (t, J=26Hz, 1H), 3.52 (d, J=2.6Hz, 2H),
7.20-7.26 (m, 9H), 7.26-7.32 (m, 6H) ppm. °C NMR (126 MHz,
CD.Cly) & = 32.69, 56.51, 72.30, 83.08, 126.92, 128.35, 129.70,
147.10 ppm. HRMS (EI): [M]* calcd. for CyoHig, 282.1409; found:
282.1396.

4.3.33. 4,4’,4”-(4-Chlorobut-2-yne-1, 1, 1-triyDtris(methoxybenzene),
(26a)

nBuLi (6.9 mmol, 2.5 M in hexanes) was added to propargyl chloride
(0.55 g, 7.20 mmol) dissolved in Et,O (6 mL) cooled to —78°C. After
20 min at —78 °C a solution of chloride 17a (2.3 g, 6.0 mmol) in toluene
(20 mL) was added and the mixture was stirred at — 60 °C for 2 h, then
brought to 25 °C. After 2h the mixture was quenched with H,O and
extracted with Et;O and dried. The crude product was purified by flash
chromatography over silica gel with PE/EtOAc (90:10). Yellow solid
(2.0 g, 82%).

Mp: 93-94 °C. IR (KBr): v = 3016, 2999, 2963, 2926, 2902, 2831,
2219, 2035, 1893, 1605, 1583, 1506, 1461, 1440, 1412, 1298, 1248,
1177, 1111, 1028, 902, 826, 784, 683, 636 cm ™. 'H NMR (400 MHz,
CD,Cl,) & 3.78 (s, 9H), 4.35 (s, 2H), 6.74-6.88 (m, 6H), 7.04-7.19 (m,
6H) ppm. 3C NMR (101 MHz, CD,Cl,) § 31.97, 54.15, 55.80, 80.08,
93.60, 113.79, 130.46, 137.88, 159.07 ppm. HRMS (EI): [M]* calcd.
for Cas5H,305Cl, 406.1336; found: 406.1337.

4.3.34. (4-Chlorobut-2-yne-1,1,1-triyDtribenzene, (26k)

nBuli (5.75mmol, 2.5M in hexanes) was added to propargyl
chloride (0.5 g, 6.0 mmol) dissolved in Et,O (8 mL) cooled to —78°C.
After 20 min at —78 °C, a solution of chloride 17k (1.5 g, 5.0 mmol) in
toluene (10 mL) was added and the mixture was stirred at —60 °C for
2h, then brought to 25°C. After 2h, the mixture was quenched with
H,0 and extracted with Et,O and dried. The crude product was purified
by flash chromatography over silica gel with PE/EtOAc (99:1). Yellow
solid (1.2 g, 76%).

Mp: 141-142°C. IR (KBr): ¥ = 2057, 3019, 2234, 1954, 1899,
1812, 1775, 1689, 1592, 1488, 1445, 1321, 1261, 1198, 1179, 1156,
1129, 1076, 1031, 1001, 928, 890, 845, 760, 748, 698, 637, 530,
516 cm ™. 'H NMR (500 MHz, CD,Cl,) § = 4.37 (s, 2H), 7.22-7.33 (m,
15H) ppm. °C NMR (126 MHz, CD,Cl,) 8§ = 31.85, 56.18, 80.74,
92.95, 127.56, 128.62, 129.56, 145.26 ppm. HRMS (EI): [M]* calcd.
for C,oH;,Cl, 316.1019; found: 316.1016.

4.3.35. Ethyl  1-[4,4,4-tris(4-methoxyphenyDbut-2-yn-1-yl]piperidine-3-
carboxylate, (rac-8a)

According to GP8: N,O-acetal rac-23 (230 mg, 1.05 mmol), TMSCI
(112mg, 1.00 mmol, 130 uL), alkyne 18a (330 mg, 0.90 mmol) and
nBuMgCl (0.9 mmol, 2M in THF). The crude product was purified by
flash chromatography over silica gel with DCM/MeOH (99:1). Yellow
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oil (380 mg, 80%).

IR (Film): ¥ = 2938, 2836, 2803, 1729, 1606, 1583, 1506, 1464,
1442, 1297, 1250, 1176, 1152, 1092, 1034, 825cm™~'. 'H NMR
(500 MHz, CD,Cl,) § = 1.21 (t, J = 7.1 Hz, 3H), 1.33-1.47 (m, 1H),
1.50-1.64 (m, 1H), 1.68-1.78 (m, 1H), 1.84-1.92 (m, 1H), 2.24 (td,
J=10.9, 3.1Hz, 1H), 2.40 (t, J = 10.5Hz, 1H), 2.55 (tt, J = 10.4,
3.9 Hz, 1H), 2.76 (d, J = 11.2 Hz, 1H), 3.00 (d, J = 11.0 Hz, 1H), 3.45
(s, 2H), 3.78 (s, 9H), 4.04-4.15 (m, 2H), 6.78-6.83 (m, 6H), 7.12-7.17
(m, 6H) ppm. °C NMR (126 MHz, CD,Cl,) § = 14.58, 25.12, 27.08,
42.49, 48.35, 53.10, 54.26, 55.08), 55.77, 60.74, 80.86, 91.87, 113.65,
130.53, 138.69, 158.89, 174.35 ppm. HRMS (ESI): [M+H] " calcd. for
C33Hag05N, 528.2744; found: 528.2752.

4.3.36. 1-[4,4,4-Tris(4-methoxyphenyDbut-2-yn-1-yl]piperidine-3-
carboxylic acid, (rac-5a)

According to GP9: The ester rac-8a (54 mg, 0.1 mmol) with NaOH
(0.5 mmol, 12 M in H>0) was hydrolyzed to get the pure product. White
solid (40 mg, 80%).

Mp: 86-94 °C. IR (KBr): ¥ = 3428, 2998, 2934, 2834, 1715, 1606,
1582, 1507, 1463, 1441, 1297, 1250, 1175, 1111, 1033, 903, 824, 784,
725, 635cm™'. 'H NMR (400 MHz, MeOD) § = 1.23-1.39 (m, 1H),
1.58 (qt, J=13.2, 3.7Hz, 1H), 1.68-1.78 (m, 1H), 1.98 (d,
J = 13.0Hz, 1H), 2.18 (td, J = 11.8, 2.5 Hz, 1H), 2.33 (t, J = 10.8 Hz,
1H), 2.34-2.46 (m, 1H), 291 (d, J=11.2Hz, 1H), 3.17 (4,
J=10.1Hz, 1H), 3.47 (dd, J =20.5, 16.5Hz, 2H), 3.78 (s, 9H),
6.79-6.85 (m, 6H), 7.07-7.14 (m, 6H) ppm. *C NMR (101 MHz,
MeOD) é = 25.91, 29.07, 46.38, 53.68, 55.00, 55.82, 57.27, 80.45,
93.38, 114.16, 131.15, 139.37, 159.74, 182.52 ppm. HRMS (ESD): [M
+H]™" caled. for C5;H3405N, 500.2431; found: 500.2430.

4.3.37. Ethyl 1-[4-(benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxyphenyD)
but-2-yn-1-yl]piperidine-3-carboxylate, (rac-8b)

According to GP8: N,O-acetal rac-23 (172 mg, 0.75 mmol), TMSCl
(79 mg, 0.71 mmol, 92 pL), alkyne 18b (0.25 g, 0.65 mmol), nBuMgCl
(0.68 mmol, 2M in THF). The crude product was purified by flash
chromatography over silica gel with DCM/MeOH (99:1). Yellow oil
(250 mg, 72%).

IR (Film): ¥ = 2938, 2905, 2836, 2802, 1729, 1607, 1582, 1506,
1482, 1440, 1298, 1248, 1177, 1152, 1132, 1112, 1093, 1036, 933,
856, 824, 808, 714, 637 cm™'. 'H NMR (500 MHz, CD,Cl,) § 1.21 (t,
J = 7.1Hz, 3H), 1.33-1.47 (m, 1H), 1.51-1.63 (m, 1H), 1.68-1.78 (m,
1H), 1.84-1.92 (m, 1H), 2.24 (td, J = 10.9, 3.1 Hz, 1H), 2.40 (t,
J = 10.5Hz, 1H), 2.55 (tt, J = 10.4, 3.8 Hz, 1H), 2.76 (d, J = 11.2 Hz,
1H), 2.99 (d, J = 11.0 Hz, 1H), 3.45 (d, J = 0.9 Hz, 2H), 3.78 (s, 6H),
4.09 (qd, J = 7.1, 1.9 Hz, 2H), 5.93 (s, 2H), 6.66 (dd, J = 8.2, 1.9 Hz,
1H), 6.70 (d, J = 8.2Hz, 1H), 6.77 (d, J = 1.8 Hz, 1H), 6.79-6.83 (m,
4H), 7.13-7.18 (m, 4H) ppm. °C NMR (126 MHz, CD,Cl,) § = 14.57,
25.12, 27.08, 42.48, 48.34, 53.12, 54.68, 55.08, 55.78, 60.74, 81.08,
91.70, 101.86, 107.68, 110.31, 113.68, 122.72, 130.54, 138.44,
140.73, 146.87, 148.03, 158.97, 174.34 ppm. HRMS (EI): [M]* calcd.
for C34H3,NOs, 539.2672; found: 539.2675.

4.3.38. 1-[4-(Benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxypheny)but-2-
yn-1-ylpiperidine-3-carboxylic acid, (rac-5b)

According to GP9: Ester rac-8b (40mg, 0.07 mmol), NaOH
(0.36 mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (35 mg, 93%).

Mp: 95-101 °C. IR (KBr): ¥ = 3421, 2941, 2837, 1717, 1607, 1582,
1507, 1481, 1437, 1340, 1298, 1247, 1177, 1145, 1114, 1035, 929,
857, 826, 808, 669, 637, 595, 575 cm ™', 'H NMR (400 MHz, MeOD) §
1.23-1.39 (m, 1H), 1.50-1.67 (m, 1H), 1.68-1.78 (m, J = 13.7, 3.0 Hz,
1H), 1.98 (d, J = 13.0 Hz, 1H), 2.18 (td, J = 11.8, 2.9 Hz, 1H), 2.33 (t,
J =10.9Hz, 1H), 2.40 (tt, J = 11.1, 3.1 Hz, 1H), 2.91 (d, J = 11.2 Hz,
1H), 3.16 (d, J = 10.3 Hz, 1H), 3.47 (dd, J = 21.7, 16.5 Hz, 2H), 3.78
(s, 6H), 5.92 (s, 2H), 6.62 (dd, J = 8.1, 1.9 Hz, 1H), 6.68 (d, J = 1.8 Hz,
1H), 6.70 (d, J = 8.2Hz, 1H), 6.80-6.85 (m, 4H), 7.08-7.14 (m, 4H)
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ppm. 3C NMR (101 MHz, MeOD) & = 25.91, 29.06, 46.36, 48.44,
53.69, 55.41, 55.83, 57.29, 80.70, 93.16, 102.47, 108.16, 110.76,
114.20, 123.39, 131.15, 139.10, 141.37, 147.69, 148.78, 159.83,
182.48 ppm. HRMS (ESI): [M+H]™* caled. for C3;H3206N, 514.2223;
found: 514.2218.

4.3.39. Ethyl 1-[4,4-bis(4-methoxyphenylD)-4-(thiazol-2-yDbut-2-yn-1-yl]
piperidine-3-carboxylate, (rac-8c)

According to GP8: N,O-acetal rac-23 (340 mg, 1.49 mmol), TMSCI
(158 mg, 1.43 mmol, 185 uL), alkyne 18c (0.46 g, 1.3 mmol), nBuMgCl
(1.37 mmol, 2M in THF). The crude product was purified by flash
chromatography over silica gel with DCM/MeOH (99:1). Yellow oil
(556 mg, 85%).

IR (Film): v = 2939, 2835, 2805, 1728, 1606, 1580, 1507, 1464,
1440, 1366, 1300, 1251, 1179, 1151, 1133, 1109, 1091, 1032,
893,858, 817, 790, 741, 719, 683, 648cm~'. 'H NMR (400 MHz,
CD,Cly) 6§ = 1.22 (t, J = 7.1 Hz, 3H), 1.37-1.48 (m, 1H), 1.52-1.64 (m,
1H), 1.71-1.79 (m, 1H), 1.84-1.93 (m, 1H), 2.29 (td, J = 10.8, 3.1 Hz,
1H), 2.45 (t, J = 10.4 Hz, 1H), 2.57 (tt, J = 10.3, 3.8 Hz, 1H), 2.80 (dt,
J =11.1, 3.9Hz, 1H), 3.03 (d, J = 10.9 Hz, 1H, 1H), 3.50 (s, 2H), 3.78
(s, 6H), 4.09 (q, J = 7.1 Hz, 2H), 6.80-6.85 (m, 4H), 7.27-7.31 (m, 4H),
7.31 (d, J = 3.3Hz, 1H), 7.75 (d, J = 3.3Hz, 1H) ppm. °C NMR
(101 MHz, CD.Cly) & =14.59, 25.13, 27.04, 42.49, 48.27, 53.12,
54.09, 55.09, 55.80, 60.76, 83.60, 89.25, 113.79, 120.23, 130.06,
136.86, 143.51, 159.36, 174.30, 176.00 ppm. HRMS (ED): [M]* calcd.
for CyoH3,04N,S,504.2083; found:504.2044.

4.3.40. 1-[4,4-Bis(4-methoxyphenyl)-4-(thiazol-2-yl)but-2-yn-1-yl]
piperidine-3-carboxylic acid, (rac-5¢)

According to GP9: Ester rac-8¢ (57mg, 0.11 mmol) NaOH
(0.55mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (50 mg, 95%).

Mp: 85-95 °C. IR (KBr): V' = 3422, 1072, 2995, 2935, 2835, 1717,
1606, 1583, 1508, 1463, 1411, 1346, 1300, 1252, 1179, 1112, 1032,
820, 786, 732, 580cm™'. 'H NMR (400 MHz, MeOD) § 1.33 (qd,
J=12.7, 41Hz, 1H), 1.59 (qt, J = 13.1, 4.0Hz, 1H), 1.69-1.79 (m,
1H), 1.99 (d, J=13.1Hz, 1H), 2.23 (td, J=11.7, 2.9Hz, 1H),
2.33-2.46 (m, 2H), 2.92 (d, J = 11.3Hz, 1H), 3.18 (d, J = 7.9 Hz, 1H),
3.51 (dd, J =19.9, 16.6 Hz, 2H), 3.79 (s, 6H), 6.84-6.89 (m, 4H),
7.20-7.29 (m, 4H), 7.53 (d, J = 3.4Hz, 1H), 7.75 (d, J = 3.4 Hz, 1H)
ppm. '3C NMR (101 MHz, MeOD) & = 25.94, 29.02, 46.42, 48.36
53.75, 54.82, 55.85, 57.35, 83.25, 90.22, 114.48, 121.59, 130.68,
137.31, 143.65, 160.40, 177.86, 182.45 ppm. HRMS (ESD): [M+H]*
caled. for Co;H904N,S, 477.1842; found:477.1843.

4.3.41. Ethyl 1-[4,4-bis(4-methoxyphenyl)-4-(1-methyl-1H-imidazol-2-yl)
but-2-yn-1-yllpiperidine-3-carboxylate, (rac-8d)

According to GP8: N,O-acetal rac-23 (162 mg, 0.72 mmol), TMSCI
(75mg, 0.68mmol, 88puL), alkyne 18d (0.21g, 0.62mmol) and
nBuMgCl (0.65 mmol, 2M in THF). The crude product was purified by
flash chromatography over silica gel with DCM/MeOH (99:1). Yellow
oil (120 mg, 39%).

IR (Film): ¥ = 2939, 2836, 2794, 1728, 1607, 1508, 1298, 1279,
1250, 1177, 1152, 1134, 1109, 1092, 1032, 823, 744, 682, 668,
634cm~ 1. 'H NMR (400 MHz, CD,Cl,) § 1.21 (t, J = 7.1 Hz, 3H),
1.35-1.47 (m, 1H), 1.50-1.65 (m, 2H), 1.69-1.79 (m, 1H), 1.84-1.93
(m, 1H), 2.24 (td, J = 10.8, 3.1 Hz, 1H), 2.39 (t, J = 10.4 Hz, 1H), 2.55
(tt, J = 10.4, 3.8 Hz, 1H), 2.76 (d, J = 11.2Hz), 3.00 (d, J = 11.0 Hz,
1H), 3.44 (s, 3H), 3.48 (s, 2H), 3.78 (s, 6H), 4.09 (qd, J = 7.1, 1.1 Hz,
2H), 6.81-6.85 (m, 5H), 6.90 (d, J = 1.2Hz, 1H), 7.12-7.18 (m, 4H)
ppm. °C NMR (101 MHz, CD,Cl,) § = 14.58, 25.11, 27.06, 35.20,
42.45, 48.28, 50.55, 55.17, 55.77, 60.78, 82.69, 87.18, 113.78, 123.46,
126.70, 129.98, 135.85, 149.31, 159.20, 174.25 ppm. HRMS (ESI): [M
+H] ™" caled. for C50H3604N35: 502.2700; found: 502.2706.
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4.3.42. 1-[4,4-Bis(4-methoxyphenyl)-4-(1-methyl-1H-imidazol-2-yl)but-2-
yn-1-ylpiperidine-3-carboxylic acid, (rac-5d)

According to GP9: Ester rac-8d (41 mg, 0.08 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (37 mg, 98%).

Mp: 94-105 °C. IR (KBr): ¥ = 3425, 2938, 2836, 1709, 1607, 1584,
1508, 1465, 1299, 1251, 1178, 1136, 1112, 1091, 1033, 823, 748, 730,
686, 583cm™'. 'H NMR (500 MHz, MeOD) &§ 1.31 (qd, J = 12.8,
4.2 Hz, 1H), 1.59 (qt, J = 12.9, 3.9 Hz, 1H), 1.74 (dt, J = 13.4, 3.5 Hz,
1H), 1.99 (dd, J = 13.1, 2.7 Hz, 1H), 2.17 (td, J = 11.9, 2.9 Hz, 1H),
2.31 (t, J=11.1Hz, 1H), 2.40 (tt, J=11.6, 3.6 Hz, 1H), 2.91 (d,
J=11.2Hz, 1H), 3.16 (d, J = 10.3Hz, 1H), 3.48 (s, 3H), 3.51 (d,
J = 2.1 Hz, 2H), 3.79 (s, 6H), 6.79 (d, J = 1.3 Hz, 1H), 6.85-6.90 (m,
4H), 7.08 (d, J = 1.3Hz, 1H), 7.10-7.14 (m, 4H) ppm. *C NMR
(126 MHz, MeOD) § = 25.92, 29.04, 35.54, 46.37, 48.31, 51.25, 53.85,
55.85, 57.38, 82.90, 88.30, 114.59, 124.69, 126.49, 130.58, 135.91,
135.93, 150.18, 160.27, 182.41 ppm. HRMS (ESI): [M+H]™" caled. for
CagH3504N3, 474.2387; found: 474.2386.

4.3.43. Ethyl 1-[4,4-bis(4-methoxyphenyl)-4-(thiophen-3-yl)but-2-yn-1-
ylIpiperidine-3-carboxylate, (rac-8e)

According to GP8: N,O-acetal rac-23 (122 mg, 0.54 mmol), TMSCl
(60mg, 0.52mmol, 70uL), alkyne 18e (0.16g, 0.45mmol) and
nBuMgCl (0.47 mmol, 2M in THF). The crude product was purified by
flash chromatography over silica gel with DCM/MeOH (99:1). Yellow
oil (128 mg, 57%).

IR (Film): ¥ = 2937, 2835, 2800, 1729, 1606, 1582, 1507, 1464,
1437, 1364, 1299, 1250, 1177, 1151, 1109, 1091, 1033, 827, 791, 771,
650 cm™*. 'H NMR (400 MHz, CD,Cl,) § 1.22 (t, J = 7.1Hz, 3H),
1.33-1.48 (m, 1H), 1.49-1.63 (m, 1H), 1.69-1.78 (m, 1H), 1.81-1.93
(m, 1H), 2.23 (td, J = 10.8, 3.1 Hz, 1H), 2.40 (t, J = 10.4 Hz, 1H), 2.55
(tt, J = 10.3, 3.8Hz, 1H), 2.76 (dt, J = 10.4, 3.7 Hz, 1H), 2.99 (d,
J = 11.2 Hz, 1H), 3.44 (s, 2H), 3.78 (s, 6H), 4.09 (qd, J = 7.1, 1.2 Hz,
2H), 6.77 (dd, J = 3.0, 1.4Hz, 1H), 6.79-6.84 (m, 4H), 6.99 (dd,
J =5.1, 1.4Hz, 1H), 7.17-7.22 (m, 4H), 7.29 (dd, J = 5.0, 3.0 Hz, 1H)
ppm. 3C NMR (101 MHz, CD,Cl,) § = 14.59, 25.11, 27.07, 42.48,
48.32, 51.69, 53.11, 55.08, 55.79, 80.94, 90.64, 113.75, 123.54,
126.00, 129.46, 130.00, 138.22, 147.81, 159.04, 174.33 ppm. HRMS
(EI): [M]* caled. for CgoH33NO,S, 503.2130; found: 503.2101.

4.3.44. 1-[4,4-Bis(4-methoxyphenyl)-4-(thiophen-3-yDbut-2-yn-1-yl]
piperidine-3-carboxylic acid, (rac-5e)

According to GP9: Ester rac-8e (41 mg, 0.08 mmol) and NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (36 mg, 95%).

Mp: 80-100 °C. IR (KBr): ¥ = 3432, 2932, 2835, 1717, 1606, 1582,
1507, 1464, 1441, 1299, 1250, 1177, 1112, 1034, 827, 792, 770,668,
648, 595, 578, 535cm ™', '"H NMR (400 MHz, MeOD) § 1.25-1.38 (m,
1H), 1.58 (qt, J =12.9, 3.9Hz, 1H), 1.67-1.79 (m, 1H), 1.99 (dd,
J =129, 2.6 Hz, 1H), 2.17 (td, J = 11.8, 2.9 Hz, 1H), 2.27-2.37 (m,
1H), 2.40 (tt, J = 11.3, 3.3 Hz, 1H), 2.91 (d, J = 11.2Hz, 1H), 3.17 (d,
J = 10.5Hz, 1H), 3.46 (dd, J = 20.0, 16.4 Hz, 2H), 3.78 (s, 6H), 6.74
(dd, J = 3.0, 1.3 Hz, 1H), 6.80-6.85 (m, 4H), 6.97 (dd, J = 5.1, 1.3 Hz,
1H), 7.13-7.18 (m, 4H), 7.35 (dd, J = 5.1, 3.1 Hz, 1H) ppm. '*C NMR
(101 MHz, MeOD) § = 25.92, 29.07, 46.39, 52.42, 53.71, 55.81, 57.29,
80.57, 92.14, 114.24, 123.90, 126.47, 129.99, 130.63, 138.92, 148.47,
159.89, 182.48 ppm. HRMS (ESI): [M+H]" caled. for CpgH304NS,
476.1889; found: 476.1893.

4.3.45. Ethyl 1-[4-(benzo[b]thiophen-5-yl)-4,4-bis(4-methoxyphenyl)but-
2-yn-1-yl]piperidine-3-carboxylate, (rac-8f)

According to GP8: N,O-acetal rac-23 (121 mg, 0.55 mmol), TMSCl
(62mg, 0.55mmol, 72 pL), alkyne 18f (0.2g, 0.5mmol), nBuMgCl
(0.52mmol, 2M in THF). The crude product was purified by flash
chromatography over silica gel with DCM/MeOH (99:1). Yellow oil
(170 mg, 62%).
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IR (Film): ¥ = 2937, 2835, 1728, 1606, 1582, 1507, 1463, 1439,
1299, 1250, 1177, 1132, 1090, 1033, 827, 805, 790, 756, 701 cm ™~ *. 'H
NMR (400 MHz, CD,Cl,) § 1.20 (t, J = 7.1 Hz, 3H), 1.33-1.49 (m, 1H),
1.51-1.64 (m, 1H), 1.68-1.78 (m, 1H), 1.82-1.93 (m, 1H), 2.26 (td,
J =10.8, 3.1Hz, 1H), 2.44 (t, J = 10.4Hz, 1H), 2.56 (tt, J = 10.3,
3.8 Hz, 1H), 2.77 (dt, J = 11.1, 3.9 Hz, 1H), 3.02 (d, J = 10.8 Hz, 1H),
3.48 (s, 2H), 3.79 (s, 6H), 4.03-4.14 (m, 2H), 6.79-6.84 (m, 4H),
7.16-7.21 (m, 4H), 7.25 (dd, J = 5.5, 0.8 Hz, 1H), 7.35 (ddd, J = 8.5,
1.9, 0.5Hz, 1H), 7.45 (dd, J = 5.5, 0.3 Hz, 1H), 7.62 (d, J = 1.9 Hz,
1H), 7.79 (dt, J = 8.5, 0.7 Hz, 1H) ppm. *C NMR (101 MHz, CD,Cl,)
§ = 14.57, 25.14, 27.10, 42.51, 48.38, 53.13, 54.95, 55.10, 55.79,
60.75, 81.27, 91.83, 113.72, 122.34, 124.17, 124.68, 126.55, 127.37,
130.68, 138.42, 138.65, 139.96, 143.23, 158.99, 174.35 ppm. HRMS
(ESD): [M+H]" caled. for C34HssO4NS, 554.2359; found: 554.2364.

4.3.46. 1-[4-(Benzo[b]thiophen-5-yl)-4,4-bis(4-methoxyphenylbut-2-yn-
1-yllpiperidine-3-carboxylic acid, (rac-5f)

According to GP9: Ester rac-8f (55 mg, 0.1 mmol) NaOH (0.5 mmol,
12M in H,0) was hydrolyzed to get the pure product. White solid
(40 mg, 85%).

Mp: 102-111°C. IR (KBr): ¥ = 2933, 2834, 1710, 1605, 1581,
1507, 1462, 1438, 1413, 1298, 1250, 1177, 1112, 1089, 1033, 865,
826, 805, 790, 755, 701, 636, 596, 578, 555 cm~ . "H NMR (400 MHz,
MeOD) § 1.23-1.39 (m, 1H), 1.50-1.67 (m, 1H), 1.72 (dt, J = 13.2,
3.0Hz, 1H), 1.98 (d, J = 13.1 Hz, 1H), 2.20 (td, J = 11.8, 2.9 Hz, 1H),
2.31-2.46 (m, 2H), 2.92 (d, J = 11.3 Hz, 1H), 3.19 (d, J = 8.5 Hz, 1H),
3.49 (dd, J = 20.0, 16.5Hz, 2H), 3.78 (s, 6H), 6.81-6.86 (m, 4H),
7.11-7.18 (m, 4H), 7.24 (dd, J = 5.5, 0.8 Hz, 1H), 7.31 (dd, J = 8.6,
1.9Hz, 1H), 7.53 (d, J = 5.9 Hz, 1H), 7.54 (d, J = 1.5 Hz, 1H), 7.80 (dt,
J =85, 0.7Hz, 1H) ppm. °C NMR (101 MHz, MeOD) § = 25.92,
29.09, 46.38, 48,46, 53.71, 55.67, 55.83, 57.30, 80.87, 93.32, 114.25,
122.72, 124.64, 125.13, 127.10, 128.04, 131.28, 139.09, 139.50,
140.78, 143.85, 159.85, 182.50 ppm. HRMS (ESI): [M+H] ™" calcd. for
C32H3204NS, 5262046, found: 526.2056.

4.3.47. Ethyl 1-[4-hydroxy-4,4-bis(4-methoxyphenyDbut-2-yn-1-yl]
piperidine-3-carboxylate, (rac-8g)

According to the modified GP8: N,O-acetal rac-23 (142mg,
0.66 mmol), TMSCl (72mg, 0.66 mmol, 84 uL), alkyne 18g (0.16g,
0.60 mmol) and nBuMgCl (1.2 mmol, 2M in THF). The crude product
was purified by flash chromatography over silica gel with DCM/MeOH
(98:2). Yellow oil (170 mg, 72%).

IR (Film): ¥ = 3462, 3073, 2940, 1836, 2043, 1895, 1729, 1608,
1585, 1506, 1464, 1455, 1368, 1302, 1249, 1173, 1131, 1105, 1032,
1007, 906, 830, 784, 735, 668 cm ™. 'H NMR (500 MHz, CDCl,) § 1.24
(t, J = 7.1 Hz, 3H), 1.35-1.46 (m, 1H), 1.53-1.65 (m, 1H), 1.69-1.78
(m, 1H), 1.88-1.96 (m, 1H), 2.22 (td, J = 10.8, 2.6 Hz, 1H), 2.39 (t,
J =10.7 Hz, 1H), 2.57 (tt, J = 10.6, 3.9 Hz, 1H), 2.77 (d, J = 11.0 Hz,
1H), 3.00 (d, J = 10.5 Hz, 1H), 3.06-3.23 (m, 1H), 3.37-3.50 (m, 2H),
3.78 (s, 6H), 4.12 (qd, J =7.1, 2.1Hz, 2H), 6.80-6.87 (m, 4H),
7.44-7.54 (m, 4H) ppm. *C NMR (126 MHz, CDCl3) § = 14.35, 24.55,
26.59, 41.89, 47.84, 52.53, 54.47, 55.41, 60.52, 73.92, 82.09, 88.85,
113.57, 113.65, 127.43, 127.48, 137.84, 159.08, 174.03 ppm. HRMS
(ESD: [M+H] ™ caled. for Co6H3205N, 438.2274; found: 438.2277.

4.3.48. 1-[4-Hydroxy-4,4-bis(4-methoxyphenyl)but-2-yn-1-yl]piperidine-
3-carboxylic acid, (rac-5g)

According to GP9: Ester rac-8 g (22 mg, 0.05mmol) with NaOH
(0.25mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (17 mg, 83%).

Mp: 82-102 °C. IR (KBr): ¥ = 3422, 2950, 2837, 1717, 1700, 1684,
1653, 1607, 1585, 1559, 1540, 1508, 1457, 1395, 1301, 1250, 1174,
1110, 1032, 906, 829, 768, 680, 654, 592cm ™~ '. 'H NMR (500 MHz,
MeOD) § = 1.56-1.77 (m, 2H), 1.81-1.97 (m, 2H), 2.57-2.66 (m, 1H),
2.70-2.84 (m, 1H), 2.88-3.01 (m, 1H), 3.02-3.11 (m, 1H), 3.23 (d,
J=11.6Hz, 1H), 3.71-3.79 (m, 6H), 3.83 (d, J=6.0Hz, 2H),
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6.80-6.93 (m, 4H), 7.37-7.52 (m, 4H) ppm. °C NMR (126 MHz,
MeOD) 8 = 23.86, 27.01, 42.44, 47.68, 53.52, 55.35, 55.73, 74.48,
78.52, 93.29, 114.34, 128.51, 139.02, 160.49, 178.33 ppm. HRMS
(ESD): [M+H] " caled. for Cp4Hp505N, 410.1961; found: 410.1963.

4.3.49. Ethyl 1-[4,4-bis(4-methoxyphenyl)but-2-yn-1-yl]piperidine-3-
carboxylate, (rac-8 h)

According to GP8: N,O-acetal rac-23 (230 mg, 1.05 mmol), TMSCl
(111 mg, 1.00 mmol, 130 uL), alkyne 18h (0.23g, 0.90 mmol) and
nBuMgCl (0.9 mmol, 2M in THF). The crude product was purified by
flash chromatography over silica gel with DCM/MeOH (99:1). Yellow
oil (210 mg, 56%).

IR (Film): ¥ = 2939, 2836, 1731, 1699, 1683, 1652, 1608, 1584,
1558, 1508, 1456, 1302, 1294, 1175, 1152, 1103, 1033, 820, 766,
668 cm™". '"H NMR (400 MHz, CD,Cl,) § 1.22 (t, J = 7.1Hz, 3H),
1.35-1.48 (m, 1H), 1.50-1.67 (m, 1H), 1.68-1.80 (m, 1H), 1.83-1.94
(m, 1H), 2.21 (td, J = 10.9, 3.1 Hz, 1H), 2.37 (t, J = 10.5 Hz, 1H), 2.55
(tt, J = 10.4, 3.9Hz, 1H), 2.76 (dt, J = 10.8, 3.7 Hz, 1H), 2.99 (d,
J=11.4Hz, 1H), 3.38 (d, J = 2.2Hz, 2H), 3.76 (s, 6H), 4.09 (qd,
J=17.1, 0.8Hz, 2H), 4.93 (t, J = 1.8Hz, 1H), 6.80-6.86 (m, 4H),
7.24-7.29 (m, 4H) ppm. *C NMR (101 MHz, CD,Cl,) § = 14.58, 25.13,
27.12, 42.14, 42.49, 48.29, 53.03, 55.02, 55.78, 60.76, 80.19, 86.48,
114.37, 129.16, 135.14, 159.06, 174.40 ppm. HRMS (ESI): [M+H] ™"
caled. for CogH3o04N, 422.2325; found: 422.2329.

4.3.50. 1-[4,4-Bis(4-methoxyphenyDbut-2-yn-1-yl]piperidine-3-carboxylic
acid, (rac-5h)

The ester rac-8 h (30 mg, 0.07 mmol) was dissolved in HCI (500 pL,
6 M in H,0) and H,0 (500 pL). The solution was stirred at 50 °C for 3 h.
After extraction with DCM the organic layer was dried with Na;SOy,
filtered, and evaporated to get the pure product. White solid (30 mg,
99%).

Mp: 70-85°C. IR (KBr): ¥ = 2930, 2837, 2528, 1724, 1607, 1584,
1509, 1455, 1418, 1303, 1249, 1176, 1146, 1110, 1031, 952, 823, 769,
733, 668cm™'. 'H NMR (500 MHz, MeOD) § 1.32 (qd, J = 13.0,
4.2 Hz, 1H), 1.58 (qt, J = 13.2, 4.0 Hz, 1H), 1.70-1.76 (m, 1H), 1.98 (d,
J = 13.0Hz, 1H), 2.16 (td, J = 11.9, 2.9 Hz, 1H), 2.30 (t, J = 11.2 Hz,
1H), 2.39 (tt, J = 11.7, 3.6 Hz, 1H), 2.89 (d, J = 11.3 Hz, 1H), 3.14 (d,
J = 10.9Hz, 1H), 3.39 (t, J = 2.0 Hz, 2H), 3.76 (s, 6H), 4.95 (s, 1H),
6.82-6.86 (m, 4H), 7.23-7.27 (m, 4H) ppm. 3C NMR (126 MHz,
MeOD) § = 25.84, 29.02, 42.60, 46.34, 48.36, 53.58, 55.85, 57.07,
79.79, 88.05, 114.84, 129.77, 135.88, 159.76, 182.62 ppm. HRMS
(ESD): [M+H]™ caled. for CosHogOuN, 394.2012; found: 394.2017.

4.3.51. Ethyl 1-[4,4,5-tris(4-methoxyphenylpent-2-yn-1-yl]piperidine-3-
carboxylate, (rac-8i)

According to GP8: N,O-acetal rac-23 (135mg, 0.57 mmol), TMSCI
(62mg, 0.55 mmol, 72 uL), alkyne 18i (0.19 g, 0.50 mmol), nBuMgCl
(0.52mmol, 2M in THF). The crude product was purified by flash
chromatography over silica gel with DCM/MeOH (99:1). Yellow oil
(154 mg, 57%).

IR (Film): ¥ = 2937, 2835, 1729, 1609, 1583, 1511, 1464, 1440,
1369, 1300, 1249, 1179, 1153, 1130, 1111, 1091, 1035, 829, 748, 733,
651 cm™~'. "H NMR (400 MHz, CD,Cl,) & 1.22 (t, J = 7.1 Hz, 3H), 1.39
(qd, J =11.7, 3.8Hz, 1H), 1.49-1.61 (m, 1H), 1.64-1.77 (m, 1H),
1.84-1.93 (m, 1H), 2.12 (td, J = 10.9, 3.1 Hz, 1H), 2.31 (t, J = 10.5 Hz,
1H), 2.53 (tt, J = 10.4, 3.8 Hz, 1H), 2.70 (dt, J = 11.1, 3.7 Hz, 1H),
2.96 (d, J = 10.8 Hz, 1H), 3.37 (s, 2H), 3.46 (s, 2H), 3.72 (s, 3H), 3.77
(s, 6H), 4.10 (qd, J = 7.1, 1.3 Hz, 2H), 6.61-6.66 (m, 2H), 6.75-6.82
(m, 6H), 7.26-7.31 (m, 4H) ppm. '3C NMR (101 MHz, CD,Cl,)
8 =14.59, 25.14, 27.10, 42.52, 46.94, 48.30, 50.11, 53.03, 55.09,
55.51, 55.75, 60.75, 82.98, 89.42, 113.07, 113.72, 129.24, 129.26,
130.06, 132.35, 138.38, 138.43, 158.72, 174.37 ppm. HRMS (ESI): [M
+H]™* caled. for C34H4oO5N, 542.2900; found: 542.2907.
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4.3.52. 1-[4,4,5-Tris(4-methoxyphenylpent-2-yn-1-yl]piperidine-3-
carboxylic acid, (rac-51)

According to GP9: Ester rac-8i (45mg, 0.08 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (37 mg, 90%).

Mp: 84-91 °C. IR (KBr): ¥ = 2934, 2835, 1717, 1609, 1582, 1511,
1464, 1441, 1300, 1249, 1179, 1112, 1034, 829, 668, 653, 617, 599,
580, 548, 518 cm ™~ '. 'H NMR (400 MHz, MeOD) & 1.30 (qd, J = 12.7,
4.1Hz, 1H), 1.47-1.63 (m, 1H), 1.65-1.72 (m, 1H), 1.98 (d,
J =12.7Hz, 1H), 2.04 (td, J = 11.8, 3.0 Hz, 1H), 2.28 (t, J = 11.1 Hz,
1H), 2.38 (tt, J = 11.5, 3.5 Hz, 1H), 2.81 (d, J = 11.4 Hz, 1H), 3.11 (d,
J =11.0Hz, 1H), 3.38 (dd, J = 31.7, 16.4 Hz, 2H), 3.45 (s, 2H), 3.71
(s, 3H), 3.77 (s, 6H), 6.60-6.65 (m, 2H), 6.72-6.77 (m, 2H), 6.79-6.84
(m, 4H), 7.25-7.30 (m, 4H) ppm. '°C NMR (101 MHz, MeOD)
§ = 25.90, 29.04, 46.32, 47.58, 50.87, 53.53, 54.82, 55.67, 55.80,
57.30, 82.63, 91.04, 113.62, 114.20, 129.96, 129.99, 130.87, 132.94,
139.10, 139.16, 159.52, 182.50 ppm. HRMS (ESI): [M+H]* calcd. for
C35H36NOs, 514.2587; found: 514.2588.

4.3.53. Ethyl 1-[4,4-bis(4-methoxyphenyl)-5-phenylpent-2-yn-1-yl]
piperidine-3-carboxylate, (rac-8j)

According to GP8: N,O-acetal rac-23 (175 mg, 0.77 mmol), TMSCl
(84 mg, 0.75 mmol, 98 uL), alkyne 18j (0.24 g, 0.70 mmol), nBuMgCl
(0.73mmol, 2M in THF). The crude product was purified by flash
chromatography over silica gel with DCM/MeOH (99:1). Yellow oil
(270 mg, 75%).

IR (Film): ¥ = 3030, 2936, 2835, 1729, 1607, 1582, 1455, 1292,
1249, 1179, 1152, 1132, 1110, 1092, 1033, 829, 757, 728, 700 cm ~*.
H NMR (500 MHz, CD,Cl,) § 1.23 (t, J = 7.1 Hz, 3H), 1.34-1.44 (m,
1H), 1.48-1.60 (m, 1H), 1.65-1.75 (m, 1H), 1.82-1.92 (m, 1H), 2.11
(td, J = 10.9, 3.1 Hz, 1H), 2.29 (t, J = 10.5Hz, 1H), 2.52 (tt, J = 10.5,
3.9Hz, 1H), 2.68 (dt, J = 11.1, 3.7 Hz, 1H), 2.94 (d, J = 11.2 Hz, 1H),
3.36 (s, 2H), 3.53 (s, 2H), 3.78 (s, 6H), 4.05-4.15 (m, 3H), 6.78-6.82
(m, 4H), 6.86-6.89 (m, 2H), 7.07-7.14 (m, 3H), 7.27-7.32 (m, 4H)
ppm. 3C NMR (126 MHz, CD,Cl,) & = 14.60, 25.13, 27.09, 42.52,
47.78, 48.28, 49.96, 53.02, 55.07, 55.74, 60.74, 83.14, 89.24, 113.73,
126.69, 127.69, 129.22, 131.46, 138.13, 138.34, 138.37, 158.75,
174.36 ppm. HRMS (ESI): [M+H] ™" caled. for C33H3s04N, 512.2795;
found: 512.2781.

4.3.54. 1-[4,4-Bis(4-methoxyphenyl)-5-phenylpent-2-yn-1-yl]piperidine-3-
carboxylic acid, (rac-5j)

According to GP9: Ester rac-8j (42mg, 0.08 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (35 mg, 91%).

Mp: 79-93°C. IR (KBr): ¥ = 3030, 2933, 2861, 1711, 1607, 1582,
1508, 1436, 1453, 1442, 1391, 1292, 1250, 1180, 1113, 1034, 830,
817, 757, 729, 701, 583, 564cm™'. 'H NMR (400 MHz, MeOD)
§ =1.30 (qd, J = 12.8, 4.1 Hz, 1H), 1.54 (qt, J = 12.6, 3.7 Hz, 1H),
1.63-1.74 (m, 1H), 1.92-2.08 (m, 2H), 2.27 (t, J = 11.2Hz, 1H), 2.38
(tt, J=11.6, 3.6Hz, 1H), 2.80 (d, J=11.3Hz, 1H), 3.10 (d,
J =10.7Hz, 1H), 3.33-3.44 (m, 2H), 3.52 (s, 2H), 3.77 (s, 6H),
6.78-6.86 (m, 6H), 7.03-7.11 (m, 3H), 7.25-7.31 (m, 4H) ppm. *>C
NMR (101 MHz, MeOD) § = 25.89, 29.02, 46.34, 48.41, 48.47, 50.74,
53.56, 55.77, 57.29, 82.77, 90.89, 114.21, 127.23, 128.18, 129.94,
129.97, 132.01, 138.77, 139.05, 139.09, 159.56, 182.47 ppm. HRMS
(ESI): [M+H] " caled. for C3;H3,04N 484.2482; found 484.2485.

4.3.55. Ethyl 1-[5,5,5-tris(4-methoxyphenyl)pent-2-yn-1-yl]piperidine-3-
carboxylate, (rac-13a)

According to GP8: N,O-acetal rac-23 (268 mg, 1.20 mmol), TMSCI
(128 mg, 1.15 mmol, 150 pL), alkyne 25a (0.4 g, 1.0 mmol), nBuMgCl
(1.1mmol, 2M in THF). The crude product was purified by flash
chromatography over silica gel with DCM/MeOH (99:1). Yellow oil
(251 mg, 47%)

IR (Film): v = 3037, 2936, 2836, 1731, 1608, 1581, 1514, 1504,
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1463, 1455, 1443, 1415, 1368, 1294, 1251, 1183, 1153, 1131, 1090,
1037, 983, 957, 916, 829, 768, 735, 701 cm™'. 'H NMR (400 MHz,
CDyCly) § = 1.22 (t, J = 7.2 Hz, 3H), 1.25-1.32 (m, 1H), 1.33-1.49 (m,
1H), 1.51-1.62 (m, 1H), 1.73-1.83 (m, 2H), 2.08 (t, J = 10.5 Hz, 1H),
2.35 (d, J = 11.0Hz, 1H), 2.41 (tt, J = 10.5, 3.9Hz, 1H), 2.69 (d,
J = 11.1 Hz, 1H), 3.04-3.17 (m, 2H), 3.41 (t, J = 2.2 Hz, 2H), 3.77 (s,
9H), 4.09 (q, J = 7.1 Hz, 2H), 6.74-6.86 (m, 6H), 7.04-7.16 (m, 6H)
ppm. C NMR (101 MHz, CD,Cl,) & = 14.58, 25.08, 26.88, 33.50,
42.44, 48.03, 52.20, 54.58, 54.83, 55.67, 60.68, 79.33, 84.22, 113.46,
130.66, 140.08, 158.41, 174.38 ppm. HRMS (EI): [M]* caled. for
C34H3905N, 5412828, found: 541.2819.

4.3.56. 1-[5,5,5-Tris(4-methoxyphenylpent-2-yn-1-yl]piperidine-3-
carboxylic acid, (rac-7a)

According to GP9: Ester rac-13a (44 mg, 0.08 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (40 mg, 97%).

Mp: 83-96 °C. IR (KBr): ¥V = 3423, 2998, 2934, 2835, 1718, 1608,
1579, 1509, 1464, 1441, 1292, 1250, 1183, 1118, 1090, 1035, 829,
727, 595, 576 cm ™. '"H NMR (500 MHz, MeOD) & 1.21 (qd, J = 12.5,
3.9Hz, 1H), 1.41 (qt, J = 12.8, 3.9 Hz, 1H), 1.50-1.58 (m, 1H), 1.65
(td, J=11.8, 29Hz, 1H), 1.90 (d, J=13.1Hz, 1H), 2.13 (t,
J =11.2Hz, 1H), 2.28 (tt, J = 11.7, 3.7 Hz, 1H), 2.40 (d, J = 11.3 Hz,
1H), 2.87 (d, J = 11.1 Hz, 1H), 3.04 (dt, J = 16.4, 2.1 Hz, 1H), 3.16 (dt,
J =16.6, 2.2 Hz, 1H), 3.43 (t, J = 2.2 Hz, 2H), 3.77 (s, 9H), 6.78-6.83
(m, 6H), 7.07-7.11 (m, 6H) ppm. '3C NMR (126 MHz, MeOD)
§ = 25.84, 28.78, 33.99, 46.19, 48.18, 52.63, 55.46, 55.77, 56.87,
78.92, 85.92, 114.01, 131.30, 140.96, 159.23, 182.44 ppm. HRMS
(ESD): [M+H]" caled. for C3,H3605N, 514.2587; found: 514.2584.

4.3.57. Ethyl
(rac-13k)

According to GP8: N,O-acetal rac-23 (170 mg, 0.80 mmol), TMSCl
(85 mg, 0.8 mmol, 100 pL), alkyne 25k (0.2 g, 0.7 mmol) and nBuMgCl
(0.74mmol, 2M in THF). The crude product was purified by flash
chromatography over silica gel with DCM/MeOH (99:1). Yellow oil
(241 mg, 76%).

IR (Film): ¥ = 3086, 3058, 3031, 2938, 2854, 2807, 1954, 1731,
1597, 1494, 1467, 1446, 1368, 1317, 1223, 1181, 1152, 1131, 1090,
1034, 1001, 867, 803, 754, 701, 648 cm ~ 1. 'H NMR (500 MHz, CD,Cl,)
§ 1.23 (t, J = 7.1Hz, 2H), 1.24-1.32 (m, 1H), 1.34-1.45 (m, 1H),
1.52-1.62 (m, 1H), 1.71-1.83 (m, 2H), 2.01 (t, J = 10.6 Hz, 1H), 2.33
(d, J=11.0Hz, 1H), 2.39 (tt, J=10.6, 3.9Hz, 1H), 2.64 (d,
J = 11.1 Hz, 1H), 3.02-3.13 (m, 2H), 3.52 (t, J = 2.2 Hz, 2H), 4.09 (qd,
J =7.1, 1.0Hz, 2H), 7.18-7.25 (m, 9H), 7.25-7.31 (m, 6H) ppm. 3C
NMR (126 MHz, CD,Cl,) § = 14.60, 25.07, 26.87, 33.14, 42.46, 47.98,
52.23, 54.48, 56.77, 60.67, 79.57, 83.81, 126.79, 128.31, 129.79,
147.41, 174.36 ppm. HRMS (ESI): [M+H]" caled. for CsHs3405N,
452.2583; found: 452.2579.

1-(5,5,5-triphenylpent-2-yn-1-yDpiperidine-3-carboxylate,

4.3.58. 1-(5,5,5-Triphenylpent-2-yn-1-yl)piperidine-3-carboxylic acid,
(rac-7k)

According to GP9: Ester rac-13k (32 mg, 0.07 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (29 mg, 98%).

Mp: 93-108 °C. IR (KBr): ¥ = 3447, 3057, 3030, 2937, 2863, 1717,
1653, 1636, 1584, 1559, 1493, 1446, 1388, 1362, 1306, 1272, 1219,
1192, 1155, 1119, 1089, 1036, 1001, 976, 900, 870, 829, 796, 757,
701, 646, 614, 594, 512, 485 cm ™ '. 'H NMR (500 MHz, MeOD) § 1.21
(qd, J = 12.7, 4.0Hz, 1H), 1.41 (qt, J = 12.8, 3.9 Hz, 1H), 1.51-1.58
(m, 1H), 1.66 (td, J = 11.8, 2.9 Hz, 1H), 1.89 (d, J = 12.9 Hz, 1H), 2.06
(t, J=11.3Hz, 1H), 2.27 (tt, J=11.9, 3.8Hz, 1H), 2.40 (d,
J=11.4Hz, 1H), 2.80-2.87 (m, 1H), 3.00-3.14 (m, 2H), 3.54 (t,
J = 2.1 Hz, 2H), 7.16-7.23 (m, 9H), 7.23-7.30 (m, 6H) ppm. *C NMR
(126 MHz, MeOD) § = 25.84, 28.77, 33.59, 46.22, 48.16, 52.79, 54.82,
56.78, 57.38, 79.18, 85.49, 127.39, 128.82, 130.38, 148.24,



- First publication -

K. Téth et al.

182.41 ppm. HRMS (ESI): [M+H] ™" caled. for Co9Hso04N, 424.2170;
found: 424.2273.

4.4. Ethyl 1-[5,5,5-tris(4-methoxyphenyDpent-3-yn-1-yl]piperidine-3-
carboxylate, (rac-11a)

N,O-acetal rac-23 (0.52g, 2.30 mmol) in THF (6 mL) was treated
with TMSCI (243 mg, 2.20 mmol, 285uL) at 0°C. After 15min, the
solution was heated to 25 °C and stirred for 3h to get a thick, white
suspension. Meanwhile, a Grignard reagent was prepared (GP 1) from
chloride 26a (0.83g, 2.0mmol) and magnesium turnings (64 mg,
2.6 mmol) in THF (2 mL). This solution was added to the white sus-
pension from before at 0 °C. After 1 h, the mixture was heated to 25 °C,
stirred for 1 h, and for a further 1 h at 45 °C. This solution was quenched
with H,O and extracted with Et;O three times. The organic fractions
were dried over Na,SO,, filtered, and evaporated to dryness under re-
duced pressure. The crude product was purified by flash chromato-
graphy on silica gel with PE/EtOAc/MeOH (78:20:2), yielding a yellow
oil rac-11a (240 mg, 22%) and a colorless oil rac-27a (370 mg, 34%).

IR (Film): ¥ = 2946, 2835, 1729, 1606, 1464, 1442, 1370, 1298,
1249, 1176, 1152, 1134, 1110, 1034, 825cm™~'. 'H NMR (500 MHz,
CD.Cly) § 1.21 (t, J = 7.1Hz, 3H, OCH,CHj3), 1.38-1.47 (m, 1H),
1.49-1.59 (m, 1H), 1.67-1.74 (m, 1H), 1.86-1.93 (m, 1H), 2.07 (td,
J =10.9, 3.0Hz, 1H), 2.23 (t, J = 10.6 Hz, 1H), 2.48-2.55 (m, 3H),
2.60-2.66 (m, 2H), 2.77 (dt, J=11.1, 3.6Hz, 1H), 298 (d,
J=11.4Hz, 1H), 3.77 (s, 9H), 4.07 (qd, J=7.1, 1.0Hz, 2H),
6.77-6.82 (m, 6H), 7.12-7.18 (m, 6H) ppm. *°C NMR (126 MHz,
CD,Cl,) § = 14.57, 18.01, 25.28, 27.48, 42.56, 53.97, 54.20, 55.77,
55.86, 58.16, 60.71, 84.13, 87.56, 113.58, 130.50, 139.02, 158.81,
174.50 ppm. HRMS (EI): [M] ™" caled. for C34H3405N, 541.2828; found
541.2832.

4.4.1. 1-[5,5,5-Tris(4-methoxyphenyDpent-3-yn-1-yl]piperidine-3-
carboxylic acid, (rac-6a)

According to GP9: Ester rac-11a (39 mg, 0.07 mmol) with NaOH
(0.35mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (32 mg, 89%).

Mp: 82-92°C. IR (KBr): V' = 3432, 2934, 2834, 2035, 1986, 1717,
1606, 1582, 1507, 1463, 1442, 1298, 1249, 1175, 1111, 1034, 826,
785, 588 cm ™. 'H NMR (400 MHz, MeOD) & = 1.33 (qd, J = 13.0,
4.5Hz, 1H), 1.56 (qt, J = 12.9, 3.8 Hz, 1H), 1.64-1.72 (m, 1H), 1.99
(td, J = 11.8, 3.0 Hz, 2H), 2.11 (t, J = 11.3 Hz, 1H), 2.38 (tt, J = 11.8,
3.8Hz, 1H), 2.52-2.61 (m, 2H), 2.60-2.72 (m, 2H), 2.93 (d,
J = 11.3Hz, 1H), 3.11 (d, J = 11.0 Hz, 1H), 3.77 (s, 9H), 6.78-6.83 (m,
6H), 7.06-7.11 (m, 6H) ppm. *C NMR (101 MHz, MeOD) § = 17.54,
25.95, 29.35, 46.36, 54.56, 54.76, 55.82, 57.85, 58.92, 83.85, 88.88,
114.07, 131.08, 139.73, 159.64, 182.72 ppm. HRMS (ESI): [M+H]™*
caled. for C3oH3605N, 514.2587; found: 514.2582.

4.4.2. Ethyl 1-[2-(tris(4-methoxyphenyl)methy)buta-2, 3-dien-1-yl]
piperidine-3-carboxylate, (rac-27a)

N,O-acetal rac-23 (0.52 g, 2.30 mmol) in THF (6 mL) was treated
with TMSCI (243 mg, 2.20 mmol, 285uL) at 0°C. After 15min, the
solution was heated to 25 °C and stirred for 3h to get a thick, white
suspension. Meanwhile, a Grignard reagent was prepared (GP 1) from
chloride 26a (0.83g, 2.0mmol) and magnesium turnings (64 mg,
2.6 mmol) in THF (2mL). This solution was added to the white sus-
pension from before at 0 °C. After 1 h the mixture was heated to 25 °C,
stirred for 1 h and for a further 1 h at 45 °C. This solution was quenched
with H,O and extracted with Et;O three times. The organic fractions
were dried over Na,SO,, filtered, and evaporated to dryness under re-
duced pressure. The crude product was purified by flash chromato-
graphy on silica gel with PE/EtOAc/MeOH (78:20:2), yielding a yellow
oil rac-11a (240 mg, 22%) and a colorless oil rac-27a (370 mg, 34%).

IR (Film): ¥ = 3034, 2936, 2834, 1949, 1728, 1606, 1581, 1507,
1463, 1441, 1299, 1249, 1179, 1153, 1116, 1091, 1035, 823, 735,
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668 cm ™~ 1. 'H NMR (500 MHz, CD,Cl,) 8 1.22 (t, J = 7.1 Hz, 3H), 1.29
(td, J = 12.2, 4.0 Hz, 1H), 1.34-1.44 (m, 1H), 1.53-1.62 (m, 1H), 1.77
(td, J = 11.2, 2.9 Hz, 1H), 1.78-1.86 (m, 1H), 1.89 (t, J = 10.7 Hz, 1H),
2.35 (tt, J = 10.8, 3.8 Hz, 1H), 2.64-2.69 (m, 1H), 2.68-2.76 (m, 2H),
2.86 (d, J = 11.2Hz, 1H), 3.77 (s, 9H), 4.03-4.10 (m, 2H), 4.77 (t,
J = 3.0 Hz, 2H), 6.75-6.80 (m, 6H), 7.19-7.24 (m, 6H) ppm. '*C NMR
(126 MHz, CD,Cl,) & = 14.59, 25.16, 27.55, 42.49, 54.30, 55.67,
56.22, 59.61, 60.58, 61.30, 79.72, 108.83, 113.06, 131.99, 138.15,
158.20, 174.59, 209.42 ppm. HRMS (EI): [M] " caled. for C34H300sN,
541.2828; found: 541.2822.

4.4.3. 1-{2-[Tris(4-methoxyphenyl)methyl]buta-2,3-dien-1-yl}piperidine-
3-carboxylic acid, (rac-24a)

According to GP9: Ester rac-27a (49 mg, 0.09 mmol) with NaOH
(0.43mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (43 mg, 97%).

Mp: 85-98 °C. IR (KBr): ¥ = 3433, 3034, 2997, 2934, 2834, 1950,
1718, 1606, 1581, 1506, 1463, 1441, 1299, 1250, 1179, 1117, 1034,
910, 822, 733, 604, 580, 530 cm ™ !. 'H NMR (400 MHz, MeOD) § 1.25
(qd, J =12.6, 4.6 Hz, 1H), 1.40-1.62 (m, 2H), 1.68 (td, J =11.6,
2.9Hz, 1H), 1.88 (t, J = 11.2Hz, 1H), 1.91-1.96 (m, 1H), 2.33 (tt,
J=11.8, 3.7Hz, 1H), 2.62 (dt, J=15.1, 3.5Hz, 1H), 2.74 (dt,
J=15.1, 3.6 Hz, 1H), 2.82 (d, J = 11.0 Hz, 1H), 3.15 (d, J = 10.6 Hz,
1H), 3.77 (s, 9H), 4.84 (ddt, J = 22.9, 10.6, 3.2 Hz, 2H), 6.74-6.84 (m,
6H), 7.14-7.25 (m, 6H) ppm. "*C NMR (101 MHz, MeOD) § = 25.87,
29.51, 46.33, 55.41, 55.76, 58.97, 60.35, 61.73, 81.48, 109.02, 113.66,
132.63, 138.69, 159.08, 183.15, 209.05 ppm. HRMS (ESI): [M+H] "
caled. for C3o,H3605N, 514.2587; found: 514.2586.

4.4.4. Ethyl
(rac-11k)

N, O-acetal rac-23 (0.5 g, 2.30 mmol) in THF (6 mL) was treated with
TMSCI (238 mg, 2.20 mmol, 280 uL) at 0 °C. After 15 min, the solution
was heated to 25 °C and stirred for 3 h to get a thick, white suspension.
Meanwhile, a Grignard reagent was prepared (GP 1) from chloride 26k
(0.64 g, 2.0 mmol) and magnesium turnings (35 mg, 2.2 mmol) in THF
(2 mL). This solution was added to the white suspension from before at
0°C. After 1 h, the mixture was heated to 25 °C, stirred for 1 h and for a
further 1 h at 45 °C. This solution was quenched with H,O and extracted
with Et,O three times. The organic fractions were dried over Na,SOy,
filtered, and evaporated to dryness under reduced pressure. The crude
product was purified by flash chromatography on silica gel with PE/
EtOAc/MeOH (94:5:1), yielding a yellow oil rac-11k (190 mg, 21%)
and a colorless oil rac-27k (305 mg, 34%).

IR (Film): ¥ = 3060, 3031, 2941, 2859, 2805, 2776, 1729, 1597,
1490, 1446, 1372, 1307, 1213, 1180, 1152, 1133, 1097, 1074, 1032,
890, 861, 747, 698, 639 cm™~'. 'H NMR (500 MHz, CD,Cl,) § 1.22 (t,
J = 7.2Hz, 3H), 1.39-1.48 (m, 1H), 1.50-1.60 (m, 1H), 1.66-1.76 (m,
1H), 1.87-1.94 (m, 1H), 2.09 (td, J =10.9, 3.0Hz, 1H), 2.25 (t,
J =10.5Hz, 1H), 2.49-2.57 (m, 3H), 2.63-2.69 (m, 2H), 2.79 (dt,
J=11.6, 4.0Hz, 1H), 3.00 (d, J = 11.0Hz, 1H), 4.08 (qd, J =7.2,
0.9 Hz, 2H), 7.21-7.33 (m, 15H) ppm. '3C NMR (126 MHz, CD,Cl,)
§ = 14.58, 18.05, 25.28, 27.48, 42.56, 53.98, 55.85, 56.11, 58.07,
60.70, 84.94, 86.98, 127.19, 128.41, 129.63, 146.35, 174.49 ppm.
HRMS (ESI): [M+H]* caled. for Cs;Hs540,N, 452.2583; found
452.2587.

1-(5,5,5-triphenylpent-3-yn-1-yl)piperidine-3-carboxylate,

4.4.5. 1-(5,5,5-Triphenylpent-3-yn-1-yDpiperidine-3-carboxylic acid, (rac-
6k)

According to GP9: Ester rac-11k (55mg, 0.12 mmol) with NaOH
(0.6 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (40 mg, 79%).

Mp: 82-91 °C. IR (KBr): ¥ = 3422, 3057, 3019, 2940, 2859, 2811,
1713, 1595, 1490, 1446, 1389, 1219, 1183, 1150, 1100, 1077, 1032,
1000, 890, 748, 698, 638 cm ™. 'H NMR (400 MHz, MeOD) § 1.33 (qd,
J =127, 4.2Hz, 1H), 1.56 (qt, J = 12.9, 3.9Hz, 1H), 1.63-1.73 (m,
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1H), 2.00 (td, J = 11.8, 3.1 Hz, 2H), 2.11 (t, J = 11.3 Hz, 1H), 2.38 (tt,
J =11.9, 3.7 Hz, 1H), 2.52-2.63 (m, 2H), 2.63-2.74 (m, 2H), 2.94 (d,
J =11.4Hz, 1H), 3.11 (d, J = 11.1 Hz, 1H), 7.17-7.30 (m, 15H) ppm.
13C NMR (101 MHz, MeOD) § = 17.57, 25.99, 29.37, 46.40, 54.58,
56.82, 57.88, 58.84, 84.69, 88.28, 127.76, 128.85, 130.17, 147.03,
182.68 ppm. HRMS (ESI): [M+H] ™" caled. for CygHso04N, 424.2270;
found: 424.2271.

4.4.6. Ethyl 1-(2-tritylbuta-2,3-dien-1-yl)piperidine-3-carboxylate,
27k)

N,O-acetal rac-23 (0.5 g, 2.3 mmol) in THF (6 mL) was treated with
TMSCI (238 mg, 2.2 mmol, 280 pL) at 0 °C. After 15 min, the solution
was heated to 25 °C and stirred for 3 h to get a thick, white suspension.
Meanwhile, a Grignard reagent was prepared (GP 1) from chloride 26 k
(640 mg, 2.0 mmol) and magnesium turnings (35 mg, 2.2 mmol) in THF
(2 mL). This solution was added to the white suspension from before at
0 °C. After 1 h, the mixture was heated to 25 °C, stirred for 1 h and for a
further 1 h at 45 °C. This solution was quenched with H,O and extracted
with Et,0 three times. The organic fractions were dried over Na,SOy,
filtered and evaporated to dryness under reduced pressure. The crude
product was purified by flash chromatography on silica gel with PE/
EtOAc/MeOH (94:5:1), yielding a yellow oil rac-11k (190 mg, 21%),
and a colorless oil rac-27k (305 mg, 34%).

IR (Film): ¥ = 3056, 3031, 2939, 2853, 2804, 2764, 1951, 1731,
1596, 1491, 1466, 1447, 1393, 1368, 1352, 1311, 1181, 1153, 1092,
1033, 1001, 899, 839, 797, 745, 702, 669, 646, 631 cm™~'. 'H NMR
(500 MHz, CD,Cly) § =1.22 (t, J = 7.1 Hz, 3H), 1.28 (td, J = 12.3,
3.9 Hz, 1H), 1.31-1.44 (m, 1H), 1.52-1.60 (m, 1H), 1.74 (td, J = 11.1,
2.8Hz, 1H), 1.76-1.85 (m, 1H), 1.86 (t, J = 10.7 Hz, 1H), 2.33 (tt,
J =10.8, 3.8Hz, 1H), 2.63 (d, J = 11.4Hz, 1H), 2.69-2.82 (m, 2H),
2.83 (d, J = 11.2Hz, 1H), 4.01-4.11 (m, 2H), 4.81 (t, J = 3.0 Hz, 2H),
7.15-7.20 (m, 3H), 7.22-7.28 (m, 6H), 7.33-7.38 (m, 6H) ppm. *°C
NMR (126 MHz, CD,Cl,) § = 14.59, 25.12, 27.51, 42.46, 54.19, 56.12,
59.46, 60.58, 63.40, 80.04, 108.25, 126.52, 127.92, 131.12, 145.58,
174.56, 209.52ppm. HRMS (EI: [M]* caled. for Cs3H330,N,
451.2511; found: 451.2539.

(rac-

4.4.7. 1-(2-Tritylbuta-2,3-dien-1-yDpiperidine-3-carboxylic
24k

According to GP9: Ester rac-27 k (46 mg, 0.1 mmol) with NaOH
(0.5 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (39 mg, 92%).

Mp: 84-94°C. IR (KBr): ¥ = 3423, 3055, 3025, 2938, 2859, 2805,
1950, 1717, 1595, 1491, 1447, 1395, 1349, 1301, 1270, 1187, 1156,
1089, 1033, 1001, 844, 745, 702, 668, 646, 630cm™'. 'H NMR
(500 MHz, MeOD) § = 1.23 (qd, J = 12.8, 4.5Hz, 1H), 1.41-1.58 (m,
2H), 1.64 (td, J=11.5, 2.9Hz, 1H), 1.86 (t, J=11.3Hz, 1H),
1.89-1.94 (m, 1H), 2.31 (tt, J = 11.8, 3.7 Hz, 1H), 2.64 (dt, J = 15.1,
3.5Hz, 1H), 2.74-2.82 (m, 2H), 3.13 (d, J = 11.0 Hz, 1H), 4.82-4.91
(m, 2H), 7.13-7.19 (m, 3H), 7.21-7.27 (m, 6H), 7.30-7.35 (m, 6H)
ppm. 3C NMR (126 MHz, MeOD) § = 25.86, 29.49, 46.32, 55.24,
58.92, 60.18, 63.81, 81.72, 108.40, 127.19, 128.45, 131.70, 146.08,
183.09, 209.21 ppm. HRMS (ESI): [M+H]" caled. for CyoH30ON,
424.2270; found: 424.2271.

acid, (rac-

4.5. Biological evaluation

4.5.1. MS binding assays

The MS Binding Assays were performed with mGAT1 membrane
preparations obtained from a stable HEK293 cell line and NO711 as
non-labeled marker in competitive binding experiments as described
previously.”

4.5.2. GABA uptake assay
The [PHIGABA uptake assays were performed in a 96-well plate
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format with intact HEK293 cells stably expressing mGAT1, mGAT2,
mGAT3, mGAT4 as described earlier.”®
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Our study presents the synthesis and structure-activity relationship (SAR) of novel N-substituted nipecotic acid
derivatives closely related to DDPM-1457 [(S)-2al, a chemically stable analog of (S)-SNAP-5114 (1), in the
pursuit of finding new and potent mGAT4 selective inhibitors. Iminium ion chemistry served as key step for the
preparation of the desired, new N-substituted nipecotic acid derivatives containing a variety of different het-
erocycles attached to the nipecotic acid moiety via a trans-alkene spacer. The target compounds were char-
acterized with regard to their potency at and subtype selectivity for the GABA transporters mGAT1-mGAT4.

1. Introduction

The decrease in the GABAergic neurotransmission, with gamma-
aminobutyric acid (GABA) as the major inhibitory neurotransmitter in
the central nervous system (CNS),' can cause severe neurological dis-
orders including Alzheimer’s disease,” depression,” and epilepsy.*” The
GABA transporters (GATs), amongst other factors, are responsible for
the regulation of the GABA concentration in the synaptic cleft in the
CNS.° Four different subtypes of these membrane-bound transporter
proteins,7’8 which belong to the solute carrier 6 (SLC6) family, are
known.”'® Depending on the species they are cloned from, different
nomenclatures are used. GABA transporters originating from mice are
named as mGAT1, mGAT2, mGAT3, and mGAT4. Alternatively, ac-
cording to the Human Genome Organization (HUGO) they are also
denoted as GAT1 (=mGAT1), BGT-1 (=mGAT2), GAT2 (=mGAT3),
and GAT3 (=mGAT4).'" Most importantly, mGAT1 and mGAT4 have
been found to be clearly predominating in the CNS.*? Of these, mGAT1
is mainly located in the presynaptic neurons where it is responsible for
the uptake of GABA in neurons, whereas GABA transport from the sy-
naptic cleft into the surrounding glial cells is mediated by mGAT4.'*'*
The other two subtypes, mGAT2 and mGAT3 are mainly observed in the
kidneys and liver'® and are thought not to play any significant role in
the termination of GABAergic neurotransmission in the CNS under
normal conditions.'®

As increased levels of GABA in the synaptic cleft can be achieved by
inhibitors of mGAT1 and mGAT4, inhibitors of these proteins are con-
sidered useful for the treatment of neurological disorders related to a
hypofunction of GABA neurotransmission, some of which have been

* Corresponding author.
E-mail address: klaus.wanner@cup.uni-muenchen.de (K.T. Wanner).
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mentioned above. New GAT inhibitors with high potency at and sub-
type selectivity for mGAT4 that have not been identified so far might
allow an improved treatment of some of the aforementioned complex
neurological diseases. At the same time, new mGAT1 inhibitors might
show less side effects (asthenia, depression, diarrhea, dizziness, ner-
vousness, and tremor)'” as found for example for tiagabine (4, Fig. 1),
an mGAT1 inhibitor in medical use. Additionally to many highly potent
and selective mGAT1 inhibitors such as tiagabine (4),'®'? also a large
number of inhibitors for mGAT2-mGAT4 have been identified, but the
potency and selectivity of the latter regarding their targets are in gen-
eral far from being satisfying.zo’24 DDPM-1457 [(S)-2a],?® a carba-
analogue of the earlier discovered mGAT4 inhibitor (S)-SNAP-5114
(1)*® has a reasonable potency at and selectivity for its target, and
furthermore, it has increased chemical stability compared to trityl-ether
derivative (S)-SNAP-5114 (1), the most prototypic mGAT4 inhibitor. In
our previous work, we described a new series of analogues of (S)-2a in
which the spacer was modified from a trans-double bond to a triple
bond resulting in compound 3 (Fig. 1) as the closest structural ana-
logue. However, these compounds showed in general lower potencies at
mGAT2-mGAT4 and marginally higher at mGAT1 than (S)-2a.%” Ad-
ditionally, a former study reported various isatin derivatives as a new
class of hGAT3 (=mGAT4) inhibitors with compound 5 representing
the most potent and selective member.>*

The goal of this study was to further explore the carba-analogue
family of DDPM-1457 [(S)-2a] for more potent and selective inhibitors
for mGAT4 with increased chemical stability compared to (S)-SNAP-
5114 (1). To this end, the structure of DDPM-1457 [(S)-2a] has been
varied. To be more precise, the variation refers actually to DDPM-1007

Received 7 September 2018; Received in revised form 31 October 2018; Accepted 2 November 2018

Available online 03 November 2018
0968-0896/ © 2018 Elsevier Ltd. All rights reserved.



- Second publication -

K. Téth et al.
WCO,H COzH CO.H
@ @l O™ pon,
N OCH, N OCHj N

O
O OCHs

Y

o | 54
Q OCH3

Q O OCHj Q

HaCO HaCd HiCO
(S)-SNAP-5114 (1) DDPM-1457 [(S)-2a] war: win1 3
DDPM-1007 (rac-2a) war : —
CO,H
J )

N

Tiagabine (4)

Fig. 1. Selected GABA uptake inhibitors from the literature.
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Fig. 2. General structures of targeted N-substituted nipecotic acid derivatives
rac-6a—c, and rac-2b-p.

(rac-2a),%” the racemic form of (S)-2a, which is to be considered the
better reference compound as the target compounds have been made
only as racemates in this study. Anyway, the potencies of rac-2a differ
only slightly from those of (S)-2a. For mGAT1, mGAT3, and mGAT4,
they are somewhat lower and for mGAT2 somewhat higher. Variations
performed in this study are indicated in Fig. 2. As a major modification
one of the aromatic moieties of the lipophilic residue was replaced with
a series of new residues, e.g. aromatic, heteroaromatic, and benzylic
residues (rac-2b-j, Table 1). Furthermore, for compounds rac-2k-1
(Table 1, entry 12 and 13) not only one, but all three aromatic moieties
were replaced by three identical phenyl or 4-methylphenyl residues,
respectively.

In addition, the spacer was extended by one methylene group be-
tween the trans-double bond and the lipophilic residue (rac-2m-p,
Table 1), to explore the influence of the linker length on the biological
activity. Finally, also compounds rac-6a—c exhibiting three identical but
sterically more demanding heterocyclic residues than in rac-2a have
been synthesized.

2. Results and discussion
2.1. Chemistry

For the construction of the ethyl esters rac-7a—p, as precursors for
the synthesis of the free nipecotic acid derivatives rac-2a—p, we in-
tended to react iminium ion rac-8, which should be accessible from
N,O- acetal rac-10 (Table 1),%” with zirconocene reagents 9a—p (Fig. 3).
The zirconocene reagents 9a-p should be generated by hydrozircona-
tion®® of alkynes 11a—p and their reaction with iminium ion rac-8 lead
to esters rac-7a—p with a trans-configured double bond.
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2.1.1. Preparation of the alkynes

The alkynes 11a-p needed for the synthesis of the target compounds
are shown in Table 1. Alkynes 11a-f, 11h—j, 11m-n were synthesized
as described earlier by us,?” and alkynes 11k* and 111°' according to
literature. Alkyne 11g was prepared from alkyne 12g>’ by the protec-
tion of the free hydroxy group with a TMS group (Table 1).%*

Alkynes 11o0-p with a longer carbon chain were obtained through
the reaction of diaryl bromides 130-p with TMSC=CCH,MgBr and the
subsequent removal of the TMS group as shown in Scheme 1?7 As a side
product, allenes 150-p were formed, a result observed before for si-
milar reactions.””-**3*

2.1.2. Synthesis of the N-substituted nipecotic acid esters by the coupling of
iminium salt rac-8 with zirconocene reagents, and subsequent hydrolysis to
the corresponding acids.

When treated with trimethylsilyl chloride (TMSCl) in tetra-
hydrofuran (THF), the N,O-acetal rac-10 yields the iminium salt rac-8 as
a white slurry.?” To warrant a homogenous reaction mixture in the
present study, dichloromethane (DCM) was used as a solvent (Table 1).
A 'H NMR spectrum of the resulting homogenous solution revealed,
when the reaction was repeated in DCM-d, that the educt 10 had been
completely transformed into the iminium salt rac-8. The most char-
acteristic "H NMR signal of the iminium salt being found at 7.42 ppm (s,
2H) resulting from the exocyclic CH, moiety.*’

Iminium salts similar to rac-8 are known to efficiently add orga-
nometallic reagents under mild conditions.>*™' Hence, it appeared
reasonable to assume that also the organometallic species 9a-p
(Table 1), that should form by reaction of alkynes 1la-p with
Schwartz's reagent (Cp,ZrHCI),?° would undergo an addition to imi-
nium salt rac-8 to give rac-7a—p. Considering the trans-stereochemistry
of the hydrozirconation product of alkynes 1la—p, also the alkene
moiety of the addition products, rac-7a—p can be expected to possess
the desired trans-configuration. To study the feasibility of this approach
at first the synthesis of ester rac-7a,?® the preparation of which by a
different route has been reported before, was attempted. Employing
alkyne 11a to hydrozirconation and reaction with rac-8 gave rac-7a in
45% yield (Table 1, entry 1) demonstrating the validity of this method.
Analogously, after hydrozirconation of the respective alkynes 11b—p
with Cp,ZrHCl (DCM, 25°C) and reaction of the resulting organome-
tallic reagents with in situ generated iminium salt rac-8, the nipecotic
acid ester derivatives rac-7b—p could be obtained, with the alkene
moiety exhibiting the desired trans-configuration.”*™** Yields were
moderate to good (48%-84%, Table 1), except for rac-7b and rac-7f,
where they amounted to 24% and 23% only (Table 1, entry 2 and 6). In
many cases medium to large amounts of the individual unreacted
starting alkyne 11a—p could be recovered. The low yields might be due
to the high steric demand of the triaryl moiety of the alkynes used,
which could hamper the hydrozirconation step. According to literature,
the sterically less demanding alkyne 3,3-dimethyl-1-butyne (11q) re-
acts well with Cp,ZrHCI to give the corresponding hydrozirconation
product.*> When this alkyne 11q was employed in the above reaction
sequence with iminium salt rac-8 as electrophilic, the corresponding
ester rac-7q was obtained in a yield of 87%. This suggests that the low
yields partly observed in the preparation of rac-7a—p are related to
steric hindrance arising from the alkyne in the hydrozirconation step.

Additionally, we employed the enantiomerically pure N,O-acetal
(S)-10 in this reaction sequence, to synthesize the enantiomerically
pure ester (S)-7f and the corresponding free acid (S)-7f (Table 1, entry
7, yield 17% and 88%) having a benzothiophene residue at the triaryl
center. By doing so, we expected that the potency at and selectivity for
mGAT4 of this compound would increase as (S)-enantiomers of nipe-
cotic acid derivatives are known® to be in general more potent at
mGAT4 than their racemates.?’

Lastly, the esters rac-7a-p and (S)-7f were hydrolyzed with NaOH
(12M in MeOH) which gave the free acids rac-2a—p and (S)-2f with
good to excellent yields (61%-97%, Table 1).>’ In case of rac-7g during
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Formation of the N-substituted nipecotic acid esters rac-7a—p and (S)-7f, and their hydrolysis to the free acids rac-2a-p and (S)-2f.

CO,Et
[thJ a CO,Et
N — m
|\ +

o N CO,Et COH
. cr Y Y
N N
rac-10 w» : — rac-8
S)-10 S S)-8 e
(S)-10 ;e (S) | |
In In
O Ot
X O O
In | c R2 R?
2 —_—
R O R rac-Ta—p rac-2a—-p
@ (978 (S)-2f
R2
11a~f, 11h-p
119
I
12g
(R"=OH, R2= OCHs, n = 0)
Entry Alkynes (11) R! R? Esters (7) Yield %° Acids (2) Yield %f
1 11a i OCH,4 rac-7a* 45 rac-2a®® 86
II\@\
OCHs
2 11b ‘ OCH, rac-7b 24 rac-2b 91
/I (©)
O
3 11c ’ OCH3 rac-7c 51 rac-2c 97
NS
N \/)
4 11d P CH3 OCH; rac-7d 58 rac-2d 91
z 1
4 N
’ b
N/
5 11e Z OCH3; rac-7e 49 rac-2e 89
’ \E\\
S
6 11f i OCH, rac-7f 23 rac-2f 85
/ \@
S
7 11f i OCHj3 )7 16 (S)-2f 88
/ \@
S
8 11g OTMS/OH® OCHj3 rac-7g 59 rac-2g® 61
9 11h H OCHj3 rac-7h 77 rac-2h 91
10 11i \/@OCH3 OCH, rac-7i 84 rac-2i 94
L
K
11 11j OCH3 rac-7j 83 rac-2j 93
K
J/
12 11k i H rac-7k 55 rac-2k 95
13 111 7 CHs3 rac-71 48 rac-21 91
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Entry Alkynes (11) R! R? n Esters (7) Yield %° Acids (2) Yield %f
14 11m i OCH;3 1 rac-7m 57 rac-2m 80
II\Q
OCH,
15 11n o H 1 rac-7n 71 rac-2n 88
/\@
’
16 110 H OCHj3 1 rac-70 78 rac-20 93
17 11p H H 1 rac-7p 70 rac-2p 83

Reagents and conditions: (a) TMSCI], DCM; (b) Formation of 11g from 12g: TMSCI, DMAP, TEA, THF; (c) Cp,ZrHCl, DCM; (d) DCM, 25 °C; (e) 12M NaOH, MeOH;
°Isolated yield after chromatography; ‘Isolated yield after extraction; ¥TMS group was cleaved during the hydrolysis: R' = OH.

O/CC)zEt

N

rac-Ta—p rac-8 9a-p
CO,Et
- Sy
N
S g
R2
rac-10 11a—p

Fig. 3. Retrosynthetic analysis of targeted N-substituted nipecotic acid ester
analogs rac-7a-p.

ester hydrolysis also the TMS ether function was cleaved leading to rac-
2g exhibiting a hydroxy group in vicinity to the lipophilic moiety
(Table 1, entry 8).

2.1.3. Synthesis of the N-substituted nipecotic acid esters, having three identical
heterocycles, by the coupling of the iminium salt with alkenyl zirconocene
reagents, and the subsequent hydrolysis to the corresponding acids

For the synthesis of the nipecotic acid derivatives rac-6a—c with a
trans-configured alkene spacer and three identical heterocycles forming
the lipophilic domain, first, the tertiary alcohols 17a-c had to be pre-
pared. The synthesis of these compounds was accomplished analo-
gously to literature*® by reacting the Grignard reagents formed from the
heterocyclic bromides 16a—c with diethyl carbonate as shown in
Table 2 (17a—c, yields 48%-89%). Subsequent treatment®’ of the al-
cohols 17a-c with acetyl chloride (AcCl) yielded chloride derivatives
18a-c. These delivered alkynes 20a-b from chlorides 18a-b upon re-
action”” with trimethylsilyl ethynyllithium (— 19a-b) and subsequent
removal of the TMS group (— 20a-b) and alkyne 20c by treating 18¢
with ethynylmagnesium bromide.?’

The synthesis of the targeted esters rac-21a—c by coupling the hy-
drozirconation products 22a—c of alkynes 20a—c with iminium salt rac-
8 was accomplished analogously to the above-described preparation of
rac-7a-p. Considering the high steric demand of the triaryl moiety
present in alkynes 20a—c, the yields for the coupling products rac-21a—c
were not unexpectedly low (15%-28%, Table 3).
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Scheme 1. Synthesis of the diaryl alkyne derivatives 11o-p. Reagents and
conditions: (a) TMSC=CCH,MgBr, CuBr, THF; (b) K,CO3, MeOH.

Hydrolysis of esters rac-21a—c under the previously described con-
ditions (12M NaOH in MeOH)*’ led finally to the free nipecotic acid
derivatives rac-6a—c having different, but each three identical hetero-
cycles at their lipophilic termini (66%-91%, Table 3).

2.2. Biological evaluation

The synthesized N-substituted nipecotic acid derivatives with a
trans-alkene spacer rac-2b-p and rac-6a—c were evaluated for their in-
hibitory potencies at mGAT4 and additionally for the other murine
GABA transporter subtypes mGAT1-mGAT3 in a standardized
[®HIGABA uptake assay based on HEK cells developed by our group.*”
Binding affinities of these compounds towards mGAT1 (expressed in
HEK cells) were also determined using a standardized MS Binding
Assay.*® The measurements were done in triplicates and wherever
possible, the potencies of the tested compounds in the uptake assays are
given as pICso values. In cases where test compounds at a concentration
of 100 uM were not able to reduce [*HIGABA uptake to a value of
below 50%, which equals pICsy values <4.00, only the percent values
of the remaining [®PH]GABA uptake is given.

The results of the binding and uptake assays at mGAT1-mGAT4 for
the chemically more stable DDPM-1457 [(S)-2a] show only minor dif-
ferences as compared to the chemically labile (S)-SNAP-5114 (1,
Table 4, entry 1 and 2). Also the racemic analog of (S)-2a DDPM-1007
(rac-2a), (Table 4, entry 3)*° shows compared to 1, only slightly lower
binding affinities and inhibitory potencies. Hence, we considered it
convenient to focus in this study, at least at first, on the racemic ni-
pecotic acid derivatives. This way the synthesis will be more econom-
ical while at the same time the biological activity of both enantiomers
of the final compounds will be reflected in the data from the biological
testing. In a former study in rac-2a, the trans-—C—C double bond moiety



- Second publication -

K. Téth et al. Bioorganic & Medicinal Chemistry 26 (2018) 5944-5961
Table 2
Synthesis of the heterocyclic alkynes 20a—c.
TMS
a OH b Cl C l |
Het—Br —>  Het Het — Het—|—Het —_—
Het Het Het:a, b Het Het
Het
16a—c 17a—c 18a—c 19a-b
© d
Het: ¢
Het:
/ / ’
Q
T O AR !
O (0] S
Het Het
a b ¢ Het
20a-c
Entry Alcohols (17) Het Yield % Halides (18) Yield %® TMS-Alkynes (19) Conditions Yield %f Alkynes (20) Conditions Yield %
1 17a / 67 18a 99 19a c 35 20a d 77
Qe
(0]
2 17b / o 89 18b 97 19b c 53 20b d 88
' )
Ags
3 17¢ / 48 18c¢ 95 - - - 20c e 54
/
A e
S

Reagents and conditions: (a) 1) Mg, 2) diethyl carbonate, THF; (b) AcCl, toluene; (c¢) TMSC=CLi; (d) K,CO3, MeOH; (e) HC=CMgBr. fYield after chromatography;

8Yield after removal of the solvents.

in the spacer has been replaced by a triple bond resulting in compound
3 (Table 4, entry 4). This derivative, which as a close structural analog
of (S)-2a and rac-2a is a further helpful reference compound from the
literature, shows a significant decrease in the inhibitory potency at
mGAT4 of more than one log unit as compared to (S)-2a and rac-2a
(Table 4, entry 2 and 3). Additionally, for comparison purposes also
tiagabine (4) as a potent and selective mGAT1 inhibitor — in contrary to
DDPM-1457 [(S)-2a] which is most potent at mGAT3-mGAT4 - has
been included in Table 4.%°

In the first series of new analogs, as compared to rac-2a (Table 4,
entry 3), one aromatic residue of the lipophilic moiety was replaced by
a new heteroaromatic (rac-2b—f), OH or H (rac-2g-h) or benzylic sub-
stituent (rac-2i-j). The data from the biological evaluation of these
compounds are given in Table 5. The introduction of a 1,3-benzodioxole
ring in compound rac-2b, a thiophene ring (rac-2e), or a benzothio-
phene ring (rac-2f) had only minor consequences. As compared to rac-
2a, the potencies at mGAT2-mGAT4 were nominally somewhat lower
and at the same time at mGAT1 slightly higher. Derivatives with a
thiazole ring (rac-2c), imidazole ring (rac-2d), or a free hydroxy group
(rac-2g) instead of an aromatic moiety exhibited very low activity at all
mGATs. In case of rac-2h, where one of the 4-methoxyphenyl residues
in rac-2a has been replaced by a hydrogen, potencies were lower at
mGAT2-mGAT4 and slightly higher at mGAT]1. A similar trend applies
to rac-2i-j exhibiting benzylic moieties, but with still lower potencies at
mGAT4. Compound rac-2k, in which the three methoxy groups in para-
position of the triaryl moiety had been omitted (R, = H), is more or less
devoid of any activity at mGAT2-mGAT4, but has similar potency at
mGAT1 as rac-2a. For compound rac-21 with a methyl instead of
methoxy group in the para-position of the phenyl rings in rac-2a po-
tencies at all four mGATs are similar, but at mGAT1 the potency is
somewhat higher and at mGAT4 lower as compared to rac-2a.
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Compound rac-2m (Table 5, entry 13) that is directly delineated
from rac-2a with an additional methylene group between the triaryl
and the alkene moiety and hence possessing a longer spacer as it is also
the case for rac-2n—p, the potency at mGAT3-mGAT4 dropped by more
than one log unit whereas the decrease at mGAT2 was small and at
mGAT1 insignificant. For rac-2n missing the three methoxy groups on
the phenyl rings present in rac-2m, the potencies at mGAT2-mGAT4
remained almost the same as for rac-2m, but slightly increased for
mGAT1. Compounds rac-20-p with only two aromatic residues, two
phenyl or two 4-methoxyphenyl rings, present in the lipophilic domain
showed only low to marginal potencies at mGAT2-mGAT4. Interest-
ingly, whereas the potency at mGAT1 was still low for rac-20
(pICsp = 4,87, Table 5, entry 15), it rose by almost two log units upon
transition to rac-2p (pICso = 6.78 = 0.09, Table 5, entry 16), that is
devoid of two methoxy substituents present in rac-20. Thereby, rac-2p
reaches a potency at mGAT1 (pICso = 6.78 = 0.09, Table 5, entry 16)
that is almost as high as that of tiagabine (pICso = 6.88 + 0.12,
Table 4, entry 5).

As a final point, we evaluated the enantiomerically pure compound
(S)-2f (Table 5, entry 6) to see if it holds higher potency at and better
selectivity for mGAT4 as it was expected for this enantiomer.”> Qur
expectations were only partly fulfilled. Compared to rac-2f (Table 5,
entry 5), the potencies at mGAT1 got slightly lower, at mGAT2 almost
unchanged, at mGAT3 significantly, and at mGAT4 marginally better.
However, these changes were not as distinct as we hoped for, amongst
our present derivatives, compound (S)-2f is still the most potent in-
hibitor of mGAT3-mGAT4.

Because of the promising mGAT4 results of (S)-2f, additionally to
the pICso values at mGAT1-mGAT4, for compound (S)-2f also the in-
hibitory potency at hGAT3 (=mGAT4) was determined in our group
with a previously reported assay.”® The results show that the potency at
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Table 3
Formation of the N-substituted nipecotic acid esters rac-21a—c, and their hydrolysis to the free acids rac-6a—c.

CO,Et
(j/ a COzEt
— |CT
N N*

N
CO,Et
o I - > CO,H
K Cl
N N
rac-10 rac-8 d
c | Het — | Het
Het Het Het Het
rac-21a—c rac-6a—c
| I CICpoZr:
b [l Het
Het Het > Het
Het Het ©
20a— 22a—c
Entry Alkynes (20) Het Esters Yield %° Acids Yield %f
(rac-21) (rac-6)
1 20a ! rac-21a 28 rac-6a 66
age
O
2 20b ! rac-21b 15 rac-6b 91
s
(©]
3 20c ! rac-21c 20 rac-6¢ 87
Aes
S

Reagents and conditions: (a) TMSCl, DCM; (b) Cp,ZrHCL, DCM; (c) DCM, 25 °C; (d) 12 M NaOH, MeOH; “Isolated yield after chromatography; fsolated yield after

extraction.

hGATS3 for (S)-2f with pICsp: 5.73 = 0.12 compared to the previously
published value of (S)-SNAP-5114 (1, pICse: 5.4 = 0.1)°° is similar or
even slightly better.

For compounds rac-6a—c, as close analogs of rac-2a with all three 4-
methoxyphenyl residues being replaced with three identical benzo an-
nelated heterocyclic residues, the heterocyclic part thought to mimic
the methoxy function in rac-2a, the following results were found
(Table 6). Analog rac-6a having three benzofuran moieties displays

Table 4

similar potencies at all four mGATs. With the pICsy values being be-
tween 5.02 and 5.39, this compound shows distinctly increased po-
tencies at mGAT1 and mGAT2, a slight increase at mGAT3 and a clear
decrease at mGAT4 compared to rac-2a. For compounds rac-6b-c,
characterized by the presence of three 1,3-benzodioxole and ben-
zothiophene units, respectively, the potencies at all four mGATSs were
lower as these for rac-6a and within a range of about 4.0-4.8 (Table 6,
entry 2 and 3).

Binding affinities and inhibitory potencies of reference compounds 1, (S)-2a, rac-2a, 3, and 4 from the literature.

CO,H
(\/r OCH;

N

L $

ACOH
O OCH3

N

Y

COH
O o
O

N

N

20 ) ¢
() S oom, ¢ S oon, () > oy
HyCO Hacd HsCO
(S)-SNAP-5114 (1) DDPM-1457 [(S)-2a] w111 3 Tiagabine (4)
DDPM-1007 (rac-2a) wa» : —
Entry Compound conf. Pk pICso
mGAT1 mGAT2 mGAT3 mGAT4

1 (S)-SNAP-5114 (1)° S 4.56° = 0.02 4.07 = 0.09 56% 5.29 = 0.04 5.71 = 0.07
2 DDPM-1457 [(S)-2a]® S 4.33° = 0.06 4.40 = 0.05 4.42 + 0.11 5.47 = 0.02 5.87 + 0.08
3 DDPM-1007 (rac-2a)" rac 4.83° = 0.04 4.32 = 0.05 4.68 = 0.09 5.19 = 0.06 5.67 = 0.06
4 3¢ rac 5.36 = 0.02 4.84 4.36 4.61 4.53
5 Tiagabine (4)° R 7.43 = 0.11 6.88 = 0.12 50% 64% 73%

2 Results of the MS Binding Assays are given as pK; = SEM; "Results of the [PH]GABA uptake assays are given as pICso = SEM. Percentages represent remaining

[*H]GABA uptake in presence of 100 uM test compound; “Reference literature.?’
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Table 5
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Binding affinities and inhibitory potencies of the N-substituted nipecotic acids with a trans-alkene spacer rac-2b-p and (S)-2f.

(\/[JCOZH

N

rac-2b—p w1 —
(S)-2f s
Entry Compound (2) R! R? n pK;® pICso®
mGAT1 mGAT2 mGAT3 mGAT4
1 rac-2b g OCH3 0 5.06 = 0.03 4.55 53% 4.99 5.50 = 0.13
/\©: O>
)
2 rac-2¢ g OCHj; 0 4.47 65% 78% 82% 49%
4 S
’ \“’
N
3 rac-2d K CI)H3 OCHs; 0 62% 70% 72% 83% 83%
an
N\/)
4 rac-2e ’ OCH3 0 4.89 4.41 53% 4.37 5.12 = 0.06
/
, \m
S
5 rac-2f it OCHj3 0 5.48 = 0.09 4.99 = 0.08 4.60 = 0.07 4.70 = 0.04 5.45 = 0.07
/,m
S
6 (S)-2f it OCHj3 0 5.14 = 0.02 4.85 4.63 5.55 + 0.10 5.54 = 0.12
/,m
S
7 rac-2g OH OCH3; 0 54% 4.15 69% 66% 4.35
8 rac-2h H OCHj3 0 5.43 = 0.02 4.85 51% 4.27 4.50
9 rac-2i OCHj, OCH3 0 5.51 + 0.04 4.95 + 0.04 60% 53% 4.18
i/@
’
4
10 rac-2j OCH,3 0 5.33 + 0.05 4.80 92% 66% 69%
/I
/
/
11 rac-2k i H 0 5.08 = 0.08 4.39 108% 103% 89%
/\@
/
12 rac-21 2 CHj 0 5.26 + 0.09 4.69 4.85 4.80 4.97 + 0.03
/,\©\
CHg
13 rac-2m P OCH3 1 4.46 4.26 66% 4.07 4.38
I/\@
OCH,
14 rac-2n it H 1 5.01 = 0.01 4.67 55% 56% 4.13
/\@
/
15 rac-20 H OCH3 1 5.49 + 0.06 4.87 96% 71% 84%
16 rac-2p H H 1 7.51 = 0.07 6.78 = 0.09 96% 69% 82%

@ Results of the MS Binding Assays are given as pK; + SEM. For low pK; values only one measurement was performed in triplicate, therefore no SEM could be
calculated. Percentages represent remaining specific NO711 binding in presence of 100 uM test compound; Results of the [PH]GABA uptake assays are given as
pICso = SEM. For low pICsq values only one measurement was performed in triplicate, therefore no SEM could be calculated. Percentages represent remaining

[*H]GABA uptake in presence of 100 uM test compound.

Compounds addressing GAT1 and BGT1 with moderate affinity
could be shown to exert synergistic anticonvulsant effects making these
compounds important pharmacological tools.>':>* Therefore, it may be
worth subjecting also non-subtype selective GAT inhibitors such as rac-
6a to a detailed pharmacological characterization, as addressing

different GAT subtypes with similar potency may result in a promising
pharmacological profile.

The binding affinities of rac-6a-b and rac-2b-p determined in
binding assays for mGAT1 and given as pK; values were also in the same
range as the corresponding potencies in uptake assays (pICso values) for
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Table 6
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Binding affinities and inhibitory potencies of the N-substituted nipecotic acids with a trans-alkene spacer rac-6a—c.

(j/cozH

N
| Het
Het Het
rac-6a—c
Entry Compound (rac-6) Het pK? pICso”
mGAT1 mGAT2 mGAT3 mGAT4
1 rac-6a / 5.67 = 0.02 5.39 = 0.10 5.02 + 0.09 5.26 = 0.10 5.23 = 0.03
D
O
2 rac-6b / o 5.20 = 0.06 4.75 4.05 4.61 4.82
' )
g
3 rac-6¢ / 54% 50% 4.47 4.28 4.70
Qe
S

@ Results of the MS Binding Assays are given as pK; + SEM. For low pK; values only one measurement was performed in triplicate, therefore no SEM could be
calculated. Percentages represent remaining specific NO711 binding in presence of 100 pM test compound.

b Results of the [*H]GABA uptake assays are given as pICs, + SEM. For low pICsq values only one measurement was performed in triplicate, therefore no SEM
could be calculated. Percentages represent remaining [°H]GABA uptake in presence of 100 uM test compound.

the same transporter. As a general phenomenon, also here the pK; va-
lues were found to be about a half log unit higher as the corresponding
pICs values, which is already well known from literature.?%-?7-4®

3. Conclusion

DDPM-1457 [(S)-2a] being a potent and selective mGAT4 inhibitor
was subjected to structural variations with the aim to identify new and
preferentially more potent and selective mGAT4 inhibitors. For the
synthesis of the N-substituted nipecotic acid esters — of the compounds
the study aimed at - the addition of zirconocene reagents to an iminium
salt rac-8 derived from ethyl nipecotate was utilized as a key step. As a
major modification, the structure of the triarylmethyl moiety of the
known DDPM-1007 (rac-2a), the racemic analogue of DDPM-1457 [(S)-
2a], was modified by replacing one of the three aryl residues by diverse
aryl, heteroaryl, or benzyl groups. These new compounds, rac-2b-1
compared to the parent compound rac-2a, show similar or even dis-
tinctly lower potencies at mGAT4, while at mGAT1 generally a slight
increase can be observed. Furthermore, the increase of the spacer
length of DDPM-1007 (rac-2a) led to a large decrease of the potency at
mGAT4. However, in one case, compound rac-2p, possessing an ex-
tended spacer, but only two instead of three phenyl rings forming the
lipophilic domain a notable increase of the inhibitory potency at and
binding affinity for mGAT1 occurred. The binding affinity and in-
hibitory potency of this compound were similar to that of tiagabine (4),
as was the subtype selectivity in favor of mGAT1.

Additionally, derivatives with three identical heterocycles, repla-
cing the 4-methoxyphenyl rings of DDPM-1007 (rac-2a), were synthe-
sized. Amongst these, compound rac-6a bearing three benzofuran
moieties showed similar potencies at all four mGATs (pICso: 5.02-5.39),
which was a significant improvement compared to the analogs with
three 1,3-benzodioxole or benzothiophene units. Such a reasonably
potent and unselective inhibitor could be useful as a pharmacological
tool to acquire a deeper understanding of how inhibition of multiple
GATs at the same time influences GABA levels in the body.
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4. Experimental section
4.1. Chemistry

Reactions were carried out in vacuum dried glassware under argon
atmosphere. Tetrahydrofuran (THF) and diethyl ether (Et,O) were
distilled from sodium benzophenone ketyl. Dichloromethane (DCM)
was distilled from CaH,. All commercially available starting materials
were used without further purification and solvents were distilled be-
fore use. As petroleum ether (PE) the fraction 40-60 °C was used. Flash
chromatography was performed on silica gel (Merck 60F-254,
0.040-0.063 mm). Medium pressure liquid chromatography (MPLC)
was performed using a Biichi instrument (C-605 binary pump system, C-
630 UV detector at 254nm, and C-660fraction collector) and a
Sepacore glass column B-685 (26*230 mm) equipped with silica gel
(YMC Gel SIL-HG, 12nm, S-20 um). HRMS data were obtained with
JMS-GCmate II (EL, Jeol) or Thermo Finnigan LTQ FT Ultra (ESI,
Thermo Finnigan). NMR spectra were recorded with a JNMR-GX (JEOL
400 or 500 MHz) or Bruker BioSpin Avance III HD (400 or 500 MHz). As
an internal standard, the known chemical shift of solvent traces was
used to reference the spectra. Spectra were processed using the software
MestReNova. All melting points are uncorrected and were determined
using a Biichi B-540 apparatus. For IR spectroscopy, a Perkin Elmer FT-
IR Spectrometer 1600 was used.

4.2. General procedures

4.2.1. Coupling of the N,O-acetal rac-10 with alkynes to form the N-
substituted nipecotic acid esters (GP 1)

TMSCI (1 equiv.) was added to a stirred solution of N,O-acetal rac-
10 (1 equiv.) in DCM (3 mL/mmol) at 0°C. After 15 min the solution
was warmed to 25 °C and was stirred for further 3h at 25 °C to form a
colorless solution. In a separate Schlenk tube DCM (6 mL/mmol) was
added to the appropriate alkyne (2 equiv.) and Schwartz's reagent
(Cp2ZrHCI) (2 equiv.) at 0°C and stirred for 3h at 25°C to form a
slightly colored solution. To perform the coupling, the solution of the
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iminium salt was cooled to 0°C and the solution of the alkyne with
Cp2ZrHCl was added dropwise. After 24 h at 25 °C a clear, slightly co-
lored solution formed. The mixture was quenched with concentrated
aqueous NaHCO; solution and extracted with Et,O three times. The
combined organic phases were dried over Na,SO4 and concentrated
under reduced pressure. The crude product was purified by flash
chromatography on silica gel with DCM/MeOH (99:1) or with Et,0/
PE/MeOH (50:50:1).

4.2.2. Hydrolysis of the N-substituted nipecotic acid esters (GP 2)

The ester (1 equiv.) was dissolved in MeOH (1 mL/mmol), then an
excess of NaOH (5 equiv., 12M in H,0) was added dropwise at 0 °C.
The mixture was stirred at 25°C for 3-6h until the hydrolysis was
complete (TLC). The mixture was diluted with H,0, stirred for 1 h at
25°C and extracted with Et;O. The water phase was collected and
pH = 6.0 was set by adding HCI (5 equiv., 6 M in H,0) and phosphate
buffer (pH = 6.0, 1.0 M). This solution was extracted with DCM. The
combined organic layers were dried over Na,SO, and concentrated
under reduced pressure to get the pure product as a thick oil. To get the
N-substituted nipecotic acid as a solid, the oil was dissolved in DCM
(0.1 mL), H;O (2mL) was added and an emulsion was prepared by
sonication. This emulsion was freeze-dried to obtain a white, amor-
phous solid.

4.2.3. Synthesis of the heterocyclic alcohols (GP 3)

Dibromoethane (0.05 equiv.) was added to a suspension of mag-
nesium turnings (3.5 equiv.) in THF (5mL) and heated to 60°C for
15min. A solution of the corresponding heterocyclic bromide (3.3
equiv.) in THF (3 mL/ mmol) was added dropwise to the mixture at
25 °C. After the initial exothermic reaction, the mixture was heated at
65 °C for 1 h. Finally, diethyl carbonate (1.0 equiv.) was added at 25 °C
and it was heated at 65°C for 2h. The mixture was quenched with
saturated aqueous NH,4Cl solution at 25 °C and extracted with EtOAc.
The organic fractions were dried with Na,SO4 and concentrated under
vacuum. The crude product was purified by flash chromatography.

4.2.4. Synthesis of the heterocyclic chlorides (GP 4)

AcCl (5 equiv.) was added to a solution of the corresponding het-
erocyclic alcohol (1 equiv.) in toluene (3 mL/mmol) and the mixture
was heated at 65 °C for 4h to obtain a deeply colored (red to violet)
mixture. The volatiles were removed and the residue was taken up in
toluene and evaporated to dryness, this procedure was repeated three
times. This crude product was used without any further purification.

4.3. Synthesized compounds

4.3.1. (E)-1-[4,4,4-Tris(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-
carboxylic acid, (rac-2a)

According to GP2: Ester rac-7a (70mg, 0.13mmol) with NaOH
(0.65mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (56 mg, 86%).

The characterization data are in agreement with previously pub-
lished data.?®

4.3.2. (E)-1-[4-(Benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxyphenyDbut-
2-en-1-yl]piperidine-3-carboxylic acid, (rac-2b)

According to GP2: Ester rac-7b (40mg, 0.070 mmol), NaOH
(0.35mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (33 mg, 91%).

IR (KBr): ¥ = 2935, 2905, 2835, 2047, 1711, 1607, 1580, 1507,
1484, 1464, 1439, 1395, 1346, 1296, 1249, 1180, 1119, 1097, 1036,
994, 933, 862, 829, 809, 737, 639 cm ™~ *. 'H NMR (400 MHz, MeOD) §
1.33 (qd, J = 12.3, 3.7 Hz, 1H), 1.55 (qt, J = 12.7, 3.7 Hz, 1H), 1.69 (d,
J =13.4Hz, 1H), 1.92 (td, J = 12.0, 3.0Hz, 1H), 1.98 (d, J = 11.6 Hz,
1H), 2.04 (t, J = 11.4 Hz, 1H), 2.37 (tt, J = 12.0, 3.8 Hz, 1H), 2.86 (d,
J =11.4Hz, 1H), 3.12 (d, J = 11.0 Hz, 1H), 3.16 (d, J = 6.7 Hz, 2H),
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3.78 (s, 6H), 5.33 (dt, J = 15.5, 6.8 Hz, 1H), 5.90 (s, 2H), 6.49 (d,
J = 1.9Hz, 1H), 6.52 (dd, J = 8.2, 1.9 Hz, 1H), 6.63 (d, J = 15.5 Hz,
1H), 6.70 (d, J = 8.1 Hz, 1H), 6.79-6.84 (m, 4H), 6.94-6.99 (m, 4H)
ppm. '>C NMR (101 MHz, MeOD) § 25.87, 29.42, 46.44, 54.77, 55.73,
58.15, 60.43, 62.38, 102.32, 108.05, 111.78, 114.00, 124.30, 128.41,
132.16, 139.64, 142.00, 143.24, 147.29, 148.60, 159.47, 182.71 ppm.
HRMS (ESI: [M+H]*' caled. for Cs;H3,0¢N, 516.2380; found:
516.2380.

4.3.3. (E)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiazol-2-yDbut-2-en-1-yl]
piperidine-3-carboxylic acid, (rac-2c)

According to GP2: Ester rac-7c¢ (46mg, 0.090mmol) NaOH
(0.45 mmol, 12M in H,0O) was hydrolyzed to get the pure product.
White solid (42 mg, 97%).

IR (KBr): v = 3406, 2995, 2933, 2835, 1722, 1710, 1658, 1606,
1580, 1509, 1462, 1442, 1408, 1349, 1297, 1251, 1179, 1133, 1115,
1031, 988, 866, 826, 725, 573 cm ™~ . 'H NMR (400 MHz, MeOD) § 1.34
(qd, J = 12.7, 4.0Hz, 1H), 1.55 (qt, J = 12.9, 3.9 Hz, 1H), 1.64-1.75
(m, 1H), 1.89-2.02 (m, 2H), 2.06 (t, J=11.4Hz, 1H), 2.37 (tt,
J =11.8, 3.7 Hz, 1H), 2.87 (d, J = 10.9 Hz, 1H), 3.13 (d, J = 11.5Hz,
1H), 3.18 (dd, J = 6.8, 1.1 Hz, 2H), 3.78 (s, 6H), 5.38 (dt, J = 15.5,
6.8 Hz, 1H), 6.78 (d, J = 15.5 Hz, 1H), 6.82-6.89 (m, 4H), 6.99-7.06
(m, 4H), 7.50 (d, J = 3.4Hz, 1H), 7.80 (d, J = 3.4Hz, 1H) ppm. '°C
NMR (101 MHz, MeOD) § 25.89, 29.39, 46.44, 54.84, 55.77, 58.23,
60.61, 62.10, 114.30, 120.92, 130.17, 131.80, 138.07, 141.00, 143.28,
160.17, 180.29, 182.66ppm. HRMS (ESD): [M+H]" caled. for
C27H3104st, 4791998, found: 479.2007.

4.3.4. (E)-1-[4,4-Bis(4-methoxyphenyl)-4-(1-methyl-1H-imidazol-2-yl)
but-2-en-1-yl]piperidine-3-carboxylic acid, (rac-2d)

According to GP2: Ester rac-7d (45mg, 0.090 mmol) with NaOH
(0.45 mmol, 12M in H,0O) was hydrolyzed to get the pure product.
White solid (39 mg, 91%).

IR (KBr): ¥ = 3428, 2939, 2836, 1710, 1607, 1582, 1509, 1464,
1397, 1344, 1296, 1252, 1180, 1137, 1032, 983, 831, 744, 686, 591,
576, 541cm™'. 'H NMR (400 MHz, MeOD) § 1.32 (qd, J = 12.7,
4.2 Hz, 1H), 1.45-1.62 (m, 1H), 1.63-1.74 (m, 1H), 1.85-1.99 (m, 2H),
2.03 (t, J =11.4Hz, 1H), 2.35 (tt, J = 11.8, 3.7 Hz, 1H), 2.84 (d,
J=11.5Hz, 1H), 3.00 (s, 3H), 3.07 (d, J = 11.9Hz, 1H), 3.14 (d,
J = 6.9 Hz, 2H), 3.79 (s, 6H), 5.18 (dt, J = 15.5, 6.8 Hz, 1H), 6.63 (d,
J=157Hz, 1H), 6.86-6.91 (m, 4H), 6.92 (d, J= 1.3Hz, 1H),
6.94-7.00 (m, 4H), 7.05 (d, J = 1.3 Hz, 1H) ppm. '*C NMR (101 MHz,
MeOD) § 25.82, 29.33, 35.66, 46.43, 54.71, 55.85, 57.61, 58.17, 61.93,
114.62, 124.39, 126.60, 127.08, 131.46, 131.49, 135.62, 141.15,
152.18, 159.93, 182.75ppm. HRMS (ESI): [M+H]" caled. for
CasH3404N3, 476.2543; found: 476.2542.

4.3.5. (E)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiophen-3-yDbut-2-en-1-yl]
piperidine-3-carboxylic acid, (rac-2e)

According to GP2: Ester rac-7e (41 mg, 0.080 mmol) and NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (34 mg, 89%).

IR (KBr): ¥ = 3423, 2997, 2934, 1711, 1606, 1580, 1508, 1463,
1441, 1390, 1365, 1296, 1250, 1179, 1116, 1033, 991, 829, 795, 777,
733, 674, 650, 591cm™~'. 'H NMR (400 MHz, MeOD) & 1.33 (qd,
J =12.6, 4.0Hz, 1H), 1.55 (qt, J = 13.0, 3.8 Hz, 1H), 1.63-1.75 (m,
1H), 1.92 (td, J=11.9, 2.8Hz, 1H), 1.94-2.01 (m, 1H), 2.04 (t,
J = 11.4Hz, 1H), 2.36 (tt, J = 11.8, 3.7 Hz, 1H), 2.86 (d, J = 11.4 Hz,
1H), 3.11 (d, J = 11.4 Hz, 1H), 3.15 (d, J = 6.8 Hz, 2H), 3.77 (s, 6H),
5.32 (dt, J = 15.5, 6.8 Hz, 1H), 6.61 (d, J = 15.5Hz, 1H), 6.69 (dd,
J = 3.1, 1.3Hz, 1H), 6.77-6.86 (m, 5H), 6.94-7.02 (m, 4H), 7.35 (dd,
J = 5.0, 3.0 Hz, 1H) ppm. *C NMR (101 MHz, MeOD) § 25.83, 29.38,
46.41, 54.73, 55.77, 58.03, 58.08, 62.26, 114.06, 124.19, 125.81,
128.02, 130.74, 131.62, 139.54, 142.72, 149.49, 159.50, 182.78 ppm.
HRMS (ESD): [M+H]" caled. for CysH3304NS, 478.2046; found:
478.2048.
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4.3.6. (E)-1-[4-(Benzo[b]thiophen-5-yl)-4,4-bis(4-methoxyphenyl)but-2-
en-1-yl]piperidine-3-carboxylic acid, (rac-2f)

According to GP2: Ester rac-7f (37mg, 0.060mmol) NaOH
(0.3 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (29 mg, 85%).

IR (KBr): v = 3423, 3034, 2997, 2935, 2834, 1711, 1606, 1580, 1508,
1462, 1439, 1411, 1390, 1343, 1296, 1250, 1180, 1117, 1090, 1034, 994,
896, 869, 830, 808, 756, 737, 704, 592, 554cm ™. 'H NMR (500 MHz,
MeOD) 6 1.36 (qd, J = 12.9, 4.0 Hz, 1H), 1.57 (qt, J = 13.0, 3.8 Hz, 1H),
1.67-1.74 (m, 1H), 1.95 (td, J = 12.2, 2.8 Hz, 1H), 2.00 (d, J = 12.4 Hz,
1H), 2.07 (t, J = 11.5Hz, 1H), 2.38 (tt, J = 12.0, 3.7 Hz, 1H), 2.88 (d,
J = 11.4Hz, 1H), 3.16 (d, J = 11.0 Hz, 1H), 3.15-3.26 (m, 2H), 3.80 (s,
6H), 5.37 (dt, J = 15.5, 6.8 Hz, 1H), 6.77 (d, J = 15.5Hz, 1H), 6.82-6.87
(m, 4H), 6.99-7.05 (m, 4H), 7.13 (dd, J = 8.6, 1.8 Hz, 1H), 7.24 (d,
J = 5.5Hz, 1H), 7.48 (d, J = 1.7 Hz, 1H), 7.52 (d, J = 5.4 Hz, 1H), 7.79
(d, J = 8.6Hz, 1H) ppm. >C NMR (126 MHz, MeOD) § 25.88, 29.42,
46.46, 54.85, 55.71, 58.13, 60.66, 62.42, 114.04, 122.29, 125.22, 125.69,
127.61, 128.36, 128.66, 132.26, 139.06, 139.65, 140.85, 143.37, 144.36,
159.49, 182.67 ppm. HRMS (ESI): [M+H]" caled. for CspyH3404NS,
528.2202; found: 528.2205.

4.3.7. (S,E)-1-[4-(Benzo[b]thiophen-5-yl)-4,4-bis(4-methoxyphenyDbut-
2-en-1-yl]piperidine-3-carboxylic acid, [(S)-2f]

According to GP2: Ester (S)-7f (34mg, 0.060mmol) NaOH
(0.3 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (28 mg, 88%).

Analytical data correspond
[a]p*® = —14.5 (c = 0.6, DCM).

to those of rac-2f except

4.3.8. (E)-1-[4-Hydroxy-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]
piperidine-3-carboxylic acid, (rac-2g)

According to GP2: The ester rac-7g (30mg, 0.060 mmol) with
NaOH (0.6 mmol, 12 M in H,0) was hydrolyzed to get the pure product.
White solid (15 mg, 61%).

IR (KBr): ¥ = 3421, 2933, 2829, 1700, 1607, 1582, 1559, 1541,
1508, 1457, 1388, 1301, 1249, 1175, 1102, 1033, 987, 830, 802, 768,
694, 586, 513, 486cm™~!. 'H NMR (500 MHz, MeOD) § 1.34 (qd,
J=12.9, 4.1Hz, 1H), 1.56 (qt, J = 13.0, 3.8 Hz, 1H), 1.67-1.73 (m,
1H), 1.92 (td, J = 12.1, 2.9 Hz, 1H), 1.98 (d, J = 12.8 Hz, 1H), 2.04 (t,
J = 11.4Hgz, 1H), 2.37 (tt, J = 11.9, 3.7 Hz, 1H), 2.88 (d, J = 11.4 Hz,
1H), 3.10 (dd, J = 6.9, 1.2 Hz, 2H), 3.13 (d, J = 10.8 Hz, 1H), 3.77 (s,
6H), 5.60 (dt, J = 15.4, 6.9 Hz, 1H), 6.27 (dt, J = 15.4, 1.2 Hz, 1H),
6.81-6.87 (m, 4H), 7.21-7.26 (m, 4H) ppm. '°C NMR (126 MHz,
MeOD) § 25.85, 29.37, 46.35, 54.69, 55.76, 58.02, 61.78, 79.41,
114.14, 114.22, 126.39, 129.40, 129.45, 140.04, 140.06, 142.21,
159.92, 159.93, 182.75ppm. HRMS (ESI): [M+H]* caled. for
Cp4H3oNOs, 412.2118; found 412.2120.

4.3.9. (E)-1-[4,4-Bis(4-methoxyphenyDbut-2-en-1-yl]piperidine-3-
carboxylic acid, (rac-2h)

According to GP2: Ester rac-7h (43mg, 0.10 mmol) with NaOH
(0.5 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (36 mg, 91%).

IR (KBr): ¥ = 3421, 2997, 2935, 2834, 1710, 1608, 1583, 1509,
1463, 1440, 1389, 1301, 1247, 1175, 1110, 1032, 979, 855, 829, 772,
725, 663, 627, 580, 556 cm ™', 'H NMR (400 MHz, MeOD) § 1.33 (qd,
J =12.6, 3.9Hz, 1H), 1.55 (qt, J = 12.9, 3.8 Hz, 1H), 1.63-1.75 (m,
1H), 1.89 (td, J = 11.9, 2.9 Hz, 1H), 1.97 (d, J = 8.8 Hz, 1H), 2.02 (t,
J =11.4Hgz, 1H), 2.37 (tt, J = 11.8, 3.7 Hz, 1H), 2.86 (d, J = 11.4 Hz,
1H), 3.05 (d, J = 6.9 Hz, 2H), 3.12 (d, J = 11.6 Hz, 1H), 3.76 (s, 6H),
4.64 (d,J = 7.4Hz, 1H), 5.45 (dtd, J = 15.1, 6.9, 1.2 Hz, 1H), 6.09 (dd,
J = 15.3, 7.2 Hz, 1H), 6.79-6.87 (m, 4H), 7.03-7.10 (m, 4H) ppm. 13C
NMR (101 MHz, MeOD) § 25.85, 29.41, 46.41, 53.49, 54.64, 55.75,
58.02, 62.06, 114.77, 128.01, 130.42, 137.42, 137.47, 139.27, 159.49,
182.78 ppm. HRMS (ESI): [M+H] " caled. for Cy4H3004N, 396.2169;
found: 396.2170.
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4.3.10. (E)-1-[4,4,5-Tris(4-methoxyphenyl)pent-2-en-1-yl]piperidine-3-
carboxylic acid, (rac-2i)

According to GP2: Ester rac-7i (75mg, 0.14 mmol) with NaOH
(0.7 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (66 mg, 95%).

IR (KBr): ¥ = 3434, 2997, 2933, 2833, 1713, 1609, 1581, 1510,
1463, 1299, 1248, 1179, 1110, 1033, 829, 778, 732, 590, 546,
505cm™'. 'H NMR (400 MHz, MeOD) § 1.32 (qd, J = 12.8, 4.0 Hz,
1H), 1.52 (qt, J = 12.7, 3.5Hz, 1H), 1.62-1.73 (m, 1H), 1.86 (td,
J=11.9, 2.8 Hz, 1H), 1.92-2.04 (m, 2H), 2.34 (tt, J = 11.8, 3.7 Hz,
1H), 2.80 (d, J = 11.4Hz, 1H), 3.01 (d, J = 6.8Hz, 2H), 3.09 (d,
J =10.9Hz, 1H), 3.45 (s, 2H), 3.70 (s, 3H), 3.77 (s, 6H), 5.03 (dt,
J =15.6, 6.9Hz, 1H), 6.14 (d, J = 15.7 Hz, 1H), 6.57-6.67 (m, 4H),
6.77-6.85 (m, 4H), 7.01-7.10 (m, 4H) ppm. *C NMR (101 MHz,
MeOD) § 25.82, 29.41, 46.36, 47.62, 54.08, 54.68, 55.61, 55.73, 58.04,
62.46, 113.79, 114.07, 114.08, 127.70, 131.05, 131.13, 133.02,
140.26, 142.99, 159.23, 159.42, 182.77 ppm. HRMS (ESI): [M+H]"
caled. for C3,H3gNOs, 516.2744; found: 516.2752.

4.3.11. (E)-1-[4,4-Bis(4-methoxyphenyl)-5-phenylpent-2-en-1-yl]
piperidine-3-carboxylic acid, (rac-2j)

According to GP2: Ester rac-7j (42mg, 0.080 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (36 mg, 93%).

IR (KBr): v = 3420, 3030, 3000, 2934, 2863, 2835, 1711, 1607,
1581, 1509, 1454, 1384, 1345, 1289, 1250, 1180, 1151, 1120, 1033,
1002, 958, 830, 809, 756, 739, 702, 640, 601, 575cm™'. 'H NMR
(400 MHz, MeOD) 6 1.32 (qd, J = 12.8, 4.3 Hz, 1H), 1.52 (qt, J = 13.0,
3.8 Hz, 1H), 1.63-1.72 (m, 1H), 1.85 (td, J = 11.9, 2.9 Hz, 1H), 1.98 (t,
J = 11.5Hz, 2H), 2.34 (tt, J = 11.8, 3.7 Hz, 1H), 2.80 (d, J = 11.4 Hz,
1H), 3.01 (d, J = 6.9 Hz, 2H), 3.09 (d, J = 11.2 Hz, 1H), 3.52 (s, 2H),
3.78 (s, 6H), 5.04 (dt, J = 15.6, 6.9 Hz, 1H), 6.14 (d, J = 15.6 Hz, 1H),
6.69-6.77 (m, 2H), 6.79-6.84 (m, 4H), 7.01-7.10 (m, 7H) ppm. 3C
NMR (101 MHz, MeOD) § 25.84, 29.42, 46.39, 48.50, 54.04, 54.71,
55.70, 58.07, 62.45, 114.08, 127.04, 127.87, 128.35, 131.12, 132.15,
139.13, 140.17, 142.79, 159.29, 182.72 ppm. HRMS (ESI): [M+H] "
caled. for C31HaO04N, 486.2638; found 486.2639.

4.3.12. (E)-1-(4,4,4-Triphenylbut-2-en-1-yDpiperidine-3-carboxylic acid,
(rac-2k)

According to GP2: Ester rac-7k (22mg, 0.050 mmol) with NaOH
(0.25mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (20 mg, 97%).

IR (KBr): ¥ = 3083, 3060, 3030, 2924, 2854, 2793, 2760, 2739,
1952, 1679, 1582, 1491, 1464, 1443, 1397, 1365, 1345, 1305, 1365,
1345, 1305, 1269, 1241, 1203, 1180, 1147, 1138, 1116, 1090, 1031,
1001, 990, 974, 957, 936, 908, 787, 772, 755, 739, 711, 700, 668,
654 cm ™. '"H NMR (400 MHz, MeOD) § 1.41-1.55 (m, 1H), 1.53-1.69
(m, 1H), 1.70-1.82 (m, 1H), 1.95 (d, J = 12.9 Hz, 1H), 2.21-2.36 (m,
1H), 2.38-2.49 (m, 2H), 2.93 (d, J = 12.1 Hz, 1H), 3.13 (d, J = 7.6 Hz,
1H), 3.38 (d, J = 5.9 Hz, 2H), 5.38 (dt, J = 15.6, 7.0 Hz, 1H), 6.86 (d,
J = 15.5Hz, 1H), 7.05-7.11 (m, 6H), 7.18-7.32 (m, 9H) ppm. >°C NMR
(101 MHz, MeOD) § 24.93, 28.58, 45.15, 54.80, 57.33, 61.62, 62.07,
126.80, 127.54, 128.82, 131.26, 144.90, 147.05, 181.60 ppm. HRMS
(ESD): [M+H] " caled. for CogH3002N, 412.2270; found 412.2272.

4.3.13. (E)-1-(4,4,4-Tri-p-tolylbut-2-en-1-yDpiperidine-3-carboxylic acid,
(rac-21)

According to GP2: Ester rac-71 (40 mg, 0.080 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (33 mg, 91%).

IR (KBr): ¥ = 3022, 2921, 2859, 2519, 2284, 1722, 1508, 1452,
1402, 1310, 1275, 1189, 1145, 1120, 1071, 1038, 1020, 991, 952, 811,
784, 731, 567 cm™*. 'H NMR (400 MHz, MeOD) § 1.33 (qd, J = 12.6,
3.9 Hz, 1H), 1.54 (dddd, J = 16.8, 13.0, 8.4, 3.9 Hz, 1H), 1.64-1.73 (m,
1H), 1.91 (td, J = 12.0, 3.0Hz, 1H), 1.97 (d, J = 13.0 Hz, 1H), 2.04 (t,
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J = 11.4Hz, 1H), 2.30 (s, 9H), 2.35 (tt, J = 12.3, 3.9 Hz, 1H), 2.85 (d,
J =11.4Hz, 1H), 3.11 (d, J = 11.1 Hz, 1H), 3.15 (d, J = 6.8 Hz, 2H),
5.31 (dt, J = 15.5, 6.8 Hz, 1H), 6.66 (d, J = 15.5Hz, 1H), 6.87-6.97
(m, 6H), 7.02-7.08 (m, 6H) ppm. *C NMR (101 MHz, MeOD) § 25.94,
30.83, 34.40, 51.42, 59.70, 63.12, 65.94, 67.43, 133.44, 134.24,
136.12, 141.91, 148.19, 149.63, 187.76 ppm. HRMS (ESI): [M+H]™"
caled. for C31H3¢0,N, 454.2739; found 454.2739.

4.3.14. (E)-1-[5,5,5-Tris(4-methoxyphenyDpent-2-en-1-yl]piperidine-3-
carboxylic acid, (rac-2m)

According to GP2: Ester rac-7m (42mg, 0.080 mmol) with NaOH
(0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (31 mg, 80%).

IR (KBr): ¥ = 3423, 2025, 2997, 2934, 2834, 2054, 1709, 1607,
1580, 1508, 1462, 1441, 1389, 1294, 1249, 1181, 1119, 1034, 976,
824, 729, 628, 576cm™~'. 'H NMR (400 MHz, MeOD) § 1.26 (qd,
J =12.7, 3.9Hz, 1H), 1.36-1.52 (m, 1H), 1.52-1.63 (m, 2H), 1.93 (4,
J = 11.5Hz, 2H), 2.32 (tt, J = 11.6, 3.7 Hz, 1H), 2.51 (d, J = 11.2 Hz,
1H), 2.71 (dd, J = 12.9, 6.5Hz, 1H), 2.89 (dd, J = 12.9, 5.5Hz, 1H),
2.99 (d, J = 11.4Hz, 1H), 3.26 (dd, J = 14.5, 6.5Hz, 1H), 3.37 (dd,
J = 14.7, 5.2Hz, 1H), 3.76 (s, 9H), 5.35-5.54 (m, 2H), 6.76-6.84 (m,
6H), 7.02-7.13 (m, 6H) ppm. *C NMR (101 MHz, MeOD) § 25.84,
29.43, 45.50, 46.38, 53.98, 55.74, 58.17, 62.30, 114.01, 129.68,
131.38, 133.63, 141.19, 159.02, 182.71 ppm. HRMS (ESI): [M+H]*
calcd. for C35H3g05N, 516.2744; found: 516.2743.

4.3.15. (E)-1-[5,5,5-Triphenylpent-2-en-1-yl]piperidine-3-carboxylic acid,
(rac-2n)

According to GP2: The ester rac-7n (36 mg, 0.080 mmol) with
NaOH (0.4 mmol, 12 M in H,0) was hydrolyzed to get the pure product.
White solid (30 mg, 88%).

IR (KBr): ¥ = 3424, 3055, 3030, 2938, 2862, 1594, 1493, 1446,
1390, 1082, 1035, 1001, 977, 761, 703, 640, 614cm™'. 'H NMR
(400 MHz, MeOD) § 1.16-1.31 (m, 1H), 1.37-1.49 (m, 1H), 1.57 (¢,
J =11.4Hz, 2H), 1.83-1.95 (m, 2H), 2.29 (tt, J = 11.8, 3.8 Hz, 1H),
2.49 (d, J = 11.0Hz, 1H), 2.70 (dd, J = 12.8, 5.2Hz, 1H), 2.82-2.94
(m, 2H), 3.38 (dd, J = 14.6, 5.0Hz, 1H), 3.45 (dd, J = 14.6, 4.4 Hz,
1H), 5.37-5.46 (m, 2H), 7.14-7.28 (m, 15H) ppm. >*C NMR (101 MHz,
MeOD) & 25.74, 29.34, 44.94, 46.37, 54.83, 57.70, 57.92, 62.17,
127.08, 128.82, 129.97, 130.43, 133.13, 148.46, 182.86) ppm. HRMS
(ESD: [M+H] ™" caled. for CogH350,N, 426.2427; found 426.2431.

4.3.16. (E)-1-[5,5-Bis(4-methoxyphenyl)pent-2-en-1-yl]piperidine-3-
carboxylic acid, (rac-20)

According to GP2: The ester rac-7o (74 mg, 0.17 mmol) with NaOH
(0.85mmol, 12M in H,0) was hydrolyzed to get the pure product.
White solid (63 mg, 93%).

IR (KBr): v = 3443, 2996, 2934, 2835, 1713, 1608, 1582, 1509,
1463, 1442, 1302, 1247, 1176, 1145, 1034, 976, 863, 827, 767, 743,
668, 560cm~!. 'H NMR (500 MHz, MeOD) & 1.26 (qd, J = 12.8,
4.0Hz, 1H), 1.43 (qt, J=13.1, 4.0Hz, 1H), 1.53-1.61 (m, 2H),
1.89-2.00 (m, 2H), 2.32 (tt, J = 11.8, 3.8 Hz, 1H), 2.50 (d, J = 10.8 Hz,
1H), 2.69-2.79 (m, 3H), 2.91 (dd, J = 12.9, 6.1 Hz, 1H), 3.00 (d,
J=11.6Hz, 1H), 3.74 (s, 6H), 3.90 (t, J = 7.9Hz, 1H), 5.43 (dt,
J =15.4, 6.6 Hz, 1H), 5.50 (dt, J = 15.4, 6.5Hz, 1H), 6.79-6.83 (m,
4H), 7.11-7.16 (m, 4H) ppm. '*C NMR (126 MHz, MeOD) § 25.85,
29.42, 40.17, 46.34, 50.93, 53.84, 55.70, 55.73, 58.05, 62.08, 114.72,
114.73, 128.48, 129.76, 129.96, 134.88, 138.38, 138.60, 159.30,
159.31, 182.76 ppm. HRMS (ESD): [M+H]* caled. for CosHinOuN,
410.2325; found 410.2320.

4.3.17. (E)-1-[5,5-Diphenylpent-2-en-1-yl]piperidine-3-carboxylic
(rac-2p)

According to GP2: The ester rac-7p (38 mg, 0.10 mmol) with NaOH
(0.5 mmol, 12 M in H,0) was hydrolyzed to get the pure product. White
solid (29 mg, 83%).

acid,
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IR (KBr): ¥ = 3426, 3057, 3025, 2939, 2865, 1583, 1494, 1450,
1388, 1309, 1147, 1072, 1032, 975, 958, 756, 737, 701, 669, 636, 583,
536, 487, 475cm ™ '. '"H NMR (400 MHz, MeOD) & 1.25 (qd, J = 12.5,
3.9Hz, 1H), 1.42 (qt, J = 12.6, 3.6 Hz, 1H), 1.51-1.63 (m, 2H), 1.89 (t,
J =11.5Hz, 1H), 1.92 (d, J = 12.5Hz, 1H), 2.29 (it, J = 11.8, 3.7 Hz,
1H), 2.51 (d, J = 11.3 Hz, 1H), 2.70-2.83 (m, 3H), 2.89 (dd, J = 12.8,
5.7Hz, 1H), 2.95 (d, J = 11.7Hz, 1H), 4.01 (t, J = 7.9Hz, 1H),
5.40-5.57 (m, 2H), 7.10-7.17 (m, 2H), 7.22-7.29 (m, 8H) ppm. 3C
NMR (101 MHz, MeOD) § 25.79, 29.35, 39.65, 46.32, 52.56, 53.85,
57.87, 61.96, 127.17, 127.20, 128.71, 128.91, 129.07, 129.40, 129.42,
134.52, 145.87, 145.99, 182.88 ppm. HRMS (ESI): [M+H] " caled. for
Cy3Hy50,N, 350.2114; found 350.2114.

4.3.18. (E)-1-[4,4,4-Tri(benzofuran-5-yl)but-2-en-1-yl]piperidine-3-
carboxylic acid, (rac-6a)

According to GP2: The ester rac-2la (59mg, 0.10 mmol) with
NaOH (0.5 mmol, 12 M in H,0) was hydrolyzed to get the pure product.
White solid (35 mg, 66%).

IR (KBr): ¥ = 3434, 3114, 2935, 2859, 2794, 1713, 1590, 1535,
1506, 1463, 1393, 1330, 154, 1188, 1130, 1109, 1030, 991, 885, 812,
767, 738, 667 cm 1. 'H NMR (400 MHz, MeOD) § 1.28-1.41 (m, 1H),
1.55 (qt, J = 12.2, 3.3 Hz, 1H), 1.65-1.73 (m, 1H), 1.89-2.01 (m, 2H),
2.07 (t, J=11.4Hz, 1H), 2.36 (tt, J=11.8, 3.8 Hz, 1H), 2.88 (d,
J =11.3Hz, 1H), 3.16 (d, J = 11.4Hz, 1H), 3.22 (dd, J = 6.7, 2.2 Hz,
2H), 5.40 (dt, J = 15.5, 6.8 Hz, 1H), 6.72 (d, J = 2.1 Hz, 3H), 6.90 (d,
J =15.6Hz, 1H), 7.11 (dd, J = 8.8, 2.0 Hz, 3H), 7.28 (d, J = 2.0 Hz,
3H), 7.40 (d, J = 8.7 Hz, 3H), 7.70 (d, J = 2.3 Hz, 3H) ppm. '*C NMR
(101 MHz, MeOD) § 30.85, 34.39, 51.43, 59.85, 63.11, 66.85, 67.41,
112.91, 116.14, 128.71, 133.35, 133.93, 147.78, 148.99, 151.79,
159.92, 187.76 ppm. HRMS (ESI): [M+H]" caled. for Cg4H3005N,
532.2118; found 532.2116.

4.3.19. (E)-1-[4,4,4-Tris(benzo[d][1,3]dioxol-5-yDbut-2-en-1-yl]
piperidine-3-carboxylic acid, (rac-6b)

According to GP2: The ester rac-21b (44 mg, 0.080 mmol) with
NaOH (0.38 mmol, 12 M in H,0) was hydrolyzed to get the pure pro-
duct. White solid (37 mg, 91%).

IR (KBr): ¥ = 3444, 2892, 2777, 1715, 1609, 1503, 1483, 1435,
1398, 1348, 1234, 1124, 1094, 1039, 934, 895, 868, 799, 734, 700,
661 cm~'. '"H NMR (500 MHz, MeOD) & 1.33 (qd, J = 12.9, 4.1 Hz,
1H), 1.55 (qt, J = 13.0, 3.9Hz, 1H), 1.65-1.74 (m, 1H), 1.92 (td,
J=11.8, 2.8 Hz, 1H), 1.98 (d, J = 13.0 Hz, 1H), 2.05 (t, J = 11.4 Hz,
1H), 2.36 (tt, J = 11.7, 3.7 Hz, 1H), 2.86 (d, J = 11.3Hz, 1H), 3.10 (d,
J = 11.1Hz, 1H), 3.12-3.22 (m, 2H), 5.37 (dt, J = 15.5, 6.8 Hz, 1H),
5.92 (s, 6H), 6.51 (d, J = 1.9Hz, 3H), 6.54 (dd, J = 8.2, 2.0Hz, 3H),
6.58 (d, J =15.5Hz, 1H), 6.72 (d, J = 8.2Hz, 3H) ppm. °C NMR
(126 MHz, MeOD) § 25.85, 29.40, 46.37, 54.72, 58.18, 61.25, 62.30,
102.43, 108.15, 111.74, 124.33, 128.85, 141.44, 142.79, 147.48,
148.67, 182.77 ppm. HRMS (ESI): [M+H]" calcd. for CsHszoOgN,
544.1965; found 544.1964.

4.3.20. (E)-1-[4,4,4-Tris(benzo[b]thiophen-5-yl)but-2-en-1-yl]piperidine-
3-carboxylic acid, (rac-6¢)

According to GP2: The ester rac-21c (55mg, 0.090 mmol) with
NaOH (0.45 mmol, 12 M in H,0) was hydrolyzed to get the pure pro-
duct. White solid (43 mg, 87%).

IR (KBr): ¥ = 3429, 3069, 2926, 2854, 2361, 1708, 1596, 1499,
1465, 1436, 1411, 1323, 1263, 1202, 1154, 1089, 1050, 977, 896, 816,
792, 754, 699, 534, 510, 479, 419 cm ™. 'H NMR (500 MHz, MeOD) §
1.34 (qd, J =129, 4.1Hz, 1H), 1.55 (qt, J = 13.0, 3.9Hz, 1H),
1.66-1.71 (m, 1H), 1.93-2.00 (m, 2H), 2.08 (t, J = 11.4 Hz, 1H), 2.36
(tt, J=11.9, 3.8Hz, 1H), 2.88 (d, J=11.3Hz, 1H), 3.19 (d,
J = 11.4Hz, 1H), 3.21-3.29 (m, 2H), 5.44 (dt, J = 15.5, 6.8 Hz, 1H),
6.94 (d, J=15.6Hz, 1H), 7.20 (dd, J = 8.6, 1.9Hz, 3H), 7.23 (d,
J = 5.4Hz, 3H), 7.51 (d, J = 5.4 Hz, 3H), 7.55 (d, J = 1.9 Hz, 3H), 7.81
(d, J = 8.6 Hz, 3H) ppm. *C NMR (126 MHz, MeOD) § 25.90, 29.42,
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46.47, 54.95, 58.13, 61.98, 62.40, 122.53, 125.32, 125.95, 127.78,
128.45, 129.65, 139.32, 140.99, 143.20, 143.91, 182.67 ppm. HRMS
(ESD: [M+H]" caled. for C34H300-NS3, 580.1432; found 580.1433.

4.3.21. Ethyl (E)-1-[4,4,4-tris(4-methoxyphenyl)but-2-en-1-yl]piperidine-
3-carboxylate, (rac-7a)

According to GP1: N,O-acetal rac-10 (115 mg, 0.500 mmol), TMSCI
(65 pL, 0.50mmol), alkyne 11la (0.37g, 1.0mmol) and Cp,ZrHCl
(0.27 g, 1.0 mmol). The crude product was purified by flash chroma-
tography with DCM/ MeOH (97:3). Yellow oil (120 mg, 45%).

The characterization data are in agreement with previously pub-
lished data.?®

4.3.22. Ethyl (E)-1-[4-(benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxyphenyl)
but-2-en-1-yl]piperidine-3-carboxylate, (rac-7b)

According to GP2: N,O-acetal rac-10 (113 mg, 0.500 mmol), TMSCl
(56 mg, 0.50 mmol, 65 pL), alkyne 11b (390 mg, 1.00 mmol), Cp»ZrHCl
(275 mg, 1.00 mmol). The crude product was purified by flash chro-
matography with Et,0/ PE/ MeOH (50:50:2). Yellow oil (78 mg, 29%).

IR (Film): ¥ = 2939, 2905, 2835, 2048, 1729, 1607, 1580, 1505,
1484, 1464, 1441, 1392, 1367, 1296, 1249, 1180, 1152, 1134, 1096,
1037, 994, 936, 862, 830, 809, 737, 703, 639cm~'. 'H NMR
(500 MHz, CD,Cly) § 1.20 (t, J = 7.1Hz, 3H), 1.36-1.47 (m, 1H),
1.47-1.58 (m, 1H), 1.66-1.73 (m, 1H), 1.87 (dd, J = 12.9, 4.2 Hz, 1H),
1.99 (td, J = 11.0, 2.9Hz, 1H), 2.16 (t, J = 10.4Hz, 1H), 2.49 (tt,
J =10.3, 3.8Hz, 1H), 2.70 (d, J = 11.3 Hz, 1H), 2.87-2.95 (m, 1H),
3.04-3.15 (m, 2H), 3.78 (s, 6H), 4.08 (qd, J = 7.1, 2.5Hz, 2H), 5.27
(dt, J=15.4, 6.5Hz, 1H), 5.92 (s, 2H), 6.52 (d, J = 1.7Hz, 1H),
6.53-6.55 (m, 1H), 6.56 (d, J = 1.9 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H),
6.77-6.82 (m, 4H), 6.97-7.01 (m, 4H) ppm. °C NMR (126 MHz,
CD,Cly) § 14.59, 25.16, 27.43, 42.45, 54.25, 55.72, 56.09, 59.66,
60.69, 61.75, 101.72, 107.53, 111.34, 113.41, 123.64, 129.17, 131.56,
139.06, 140.93, 141.43, 146.38, 147.77, 158.52, 174.52 ppm. HRMS
(ED: [M]* caled. for C34H3yNOs, 543.2621; found: 543.2615.

4.3.23. Ethyl (E)-1-[4,4-bis(4-methoxyphenyl)-4-(thiazol-2-yD)but-2-en-1-
ylIpiperidine-3-carboxylate, (rac-7c)

According to GP1: N,O-acetal rac-10 (130 mg, 0.560 mmol), TMSCI
(62 mg, 0.56 mmol, 73 pL), alkyne 11c¢ (400 mg, 1.12 mmol), Cp,ZrHCl
(304 mg, 1.12mmol). The crude product was purified by flash chro-
matography with DCM/ MeOH (98:2). Yellow oil (145 mg, 51%).

IR (Film): ¥ = 2938, 2835, 2801, 2761, 1728, 1607, 1580, 1509,
1464, 1442, 1410, 1367, 1350, 1297, 1251, 1180, 1152, 1134, 1096,
1033, 991, 888, 863, 829, 727 cm™'. 'H NMR (400 MHz, CD,Cl,) &
1.20 (t, J=7.1Hz, 3H), 1.36-1.57 (m, 2H), 1.64-1.75 (m, 1H),
1.83-1.91 (m, 1H), 2.00 (td, J = 10.6, 2.3 Hz, 1H), 2.16 (t,J = 10.5 Hz,
1H), 2.49 (tt, J = 10.2, 3.8 Hz, 1H), 2.71 (d, J = 11.3 Hz, 1H), 2.93 (d,
J = 11.1Hz, 1H), 3.05-3.16 (m, 2H), 3.78 (s, 6H), 4.08 (qd, J = 7.1,
1.5Hz, 2H), 5.29 (dt, J = 15.6, 6.5, 6.4Hz, 1H), 6.72 (dt, J = 15.5,
1.4 Hz, 1H), 6.78-6.83 (m, 4H), 7.02-7.08 (m, 4H), 7.29 (d, J = 3.3 Hz,
1H), 7.80 (d, J = 3.3Hz, 1H) ppm. '*C NMR (101 MHz, CD,Cl,) §
14.60, 25.17, 27.42, 42.47, 54.27, 55.75, 56.15, 59.80, 60.68, 61.41,
113.55, 119.59, 130.78, 131.24, 137.78, 139.20, 143.17, 159.07,
174.51, 178.64 ppm. HRMS (ESI): [M+H] " caled. for CaoH3504N5S,
507.2311; found:507.2312.

4.3.24. Ethyl (E)-1-[4,4-bis(4-methoxyphenyl)-4-(1-methyl-1H-imidazol-
2-yDbut-2-en-1-yl]piperidine-3-carboxylate, (rac-7d)

According to GP1: N,O-acetal rac-10 (195 mg, 0.850 mmol), TMSCI
(95mg, 0.85mmol, 0.11 mL), alkyne 11d (580 mg, 1.70 mmol) and
Cp2ZrHCl (460 mg, 1.70 mmol). The crude product was purified by
flash chromatography with DCM/ MeOH (97:3). Yellow oil (250 mg,
58%).

IR (Film): v = 2938, 2836, 2802, 2362, 2342, 1728, 1608, 1582,
1508, 1465, 1397, 1368, 1349, 1299, 1279, 1251, 1180, 1151, 1135,
1095, 1033, 981, 831, 744, 684cm™'. 'H NMR (500 MHz, CD,Cl,) §
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1.20 (t, J = 7.1 Hz, 3H), 1.42 (qd, J = 11.6, 3.7 Hz, 1H), 1.45-1.57 (m,
1H), 1.64-1.73 (m, 1H), 1.82-1.91 (m, 1H), 1.99 (t, J = 10.8 Hz, 1H),
2.14 (t, J=10.5Hz, 1H), 2.49 (tt, J = 10.1, 3.8Hz, 1H), 2.70 (d,
J=11.2Hz, 1H), 2.91 (d, J = 10.3Hz, 1H), 3.00 (s, 3H), 3.07 (dt,
J = 6.6, 1.5 Hz, 2H), 3.78 (s, 6H), 4.07 (qd, J = 7.1, 2.6 Hz, 2H), 5.13
(dt, J = 15.7, 6.6 Hz, 1H), 6.60 (dt, J = 15.7, 1.4 Hz, 1H), 6.79-6.85
(m, 4H), 6.87 (d, J = 1.2Hz, 1H), 6.92 (d, J = 1.2 Hz, 1H), 6.95-7.00
(m, 4H) ppm. *C NMR (126 MHz, CD,Cl,) § 14.59, 25.14, 27.39,
35.37, 42.45, 54.31, 55.74, 56.07, 56.75, 60.69, 61.40, 113.72, 113.75,
123.13, 126.70, 127.68, 130.83, 130.87, 135.99, 136.02, 138.80,
151.19, 158.82, 174.46ppm. HRMS (ESI): [M+H]' caled. for
C30H3804N3, 5042856; found: 504.2856.

4.3.25. Ethyl (E)-1-[4,4-bis(4-methoxyphenyl)-4-(thiophen-3-y)but-2-en-
1-yllpiperidine-3-carboxylate, (rac-7e)

According to GP1: N,O-acetal rac-10 (115 mg, 0.500 mmol), TMSCl
(56 mg, 0.50 mmol, 65pL), alkyne 1le (340mg, 1.00 mmol) and
Cp2ZrHCl (275mg, 1.00 mmol). The crude product was purified by
flash chromatography with DCM/ MeOH (98:2). Yellow oil (125 mg,
49%).

IR (Film): v = 2937, 2834, 2799, 2758, 1728, 1607, 1579, 1508,
1464, 1440, 1366, 1349, 1296, 1249, 1179, 1151, 1112, 1096, 1034,
991, 829, 795, 776, 670, 650 cm ~'. "H NMR (400 MHz, CD5Cl) § 1.20
(t, J = 7.1 Hz, 3H), 1.36-1.57 (m, 2H), 1.69 (dt, J = 11.9, 3.8 Hz, 1H),
1.87 (dd, J = 12.6, 4.1Hz, 1H), 1.99 (t, J = 11.2Hz, 1H), 2.15 (t,
J = 10.5Hz, 1H), 2.49 (tt, J = 10.1, 3.8 Hz, 1H), 2.70 (d, J = 11.2 Hz,
1H), 2.91 (d, J = 11.1 Hz, 1H), 3.02-3.13 (m, 2H), 3.78 (s, 6H), 4.08
(qd, J=7.1, 1.9Hz, 2H), 5.26 (dt, J = 15.5, 6.5Hz, 1H), 6.50 (dd,
J =15.5, 1.4Hz, 1H), 6.68 (dd, J = 3.0, 1.4Hz, 1H), 6.78-6.82 (m,
4H), 6.84 (dd, J = 5.0, 1.4Hz, 1H), 6.97-7.03 (m, 4H), 7.28 (dd,
J = 5.1, 3.0Hz, 1H) ppm. >*C NMR (101 MHz, CD,Cl,) § 14.61, 25.17,
27.42, 42.46, 54.40, 55.73, 56.09, 57.27, 60.68, 61.66, 113.48, 123.78,
125.22, 128.93, 130.27, 131.01, 138.94, 140.31, 148.93, 158.61,
174.52 ppm. HRMS (EI): [M]" caled. for CsoH3sNO4S, 505.2287;
found: 505.2266.

4.3.26. Ethyl (E)-1-[4-(benzo[b]thiophen-5-yl)-4,4-bis(4-methoxyphenyl)
but-2-en-1-yl]piperidine-3-carboxylate, (rac-7f)

According to GP1: N,O-acetal rac-10 (113 mg, 0.500 mmol), TMSCI
(56 mg, 0.50 mmol, 65 puL), alkyne 11f (405 mg, 1.00 mmol), Cp,ZrHCl
(280 mg, 1.00 mmol).). The crude product was purified by MPLC with
Et,0/ PE/ MeOH (50:50:1). Yellow oil (65 mg, 23%).

IR (Film): v = 2938, 2834, 2799, 2758, 1728, 1606, 1578, 1508,
1463, 1438, 1411, 1367, 1296, 1249, 1180, 1151, 1094, 1033, 994,
893, 864, 830, 808, 754, 736, 703 cm 1. 'H NMR (400 MHz, CD,Cl,) §
1.19 (t, J=7.1Hz, 3H), 1.38-1.58 (m, 2H), 1.63-1.76 (m, 1H),
1.84-1.91 (m, 1H), 2.01 (td, J = 10.6, 2.7 Hz, 1H), 2.18 (t, J = 10.5 Hz,
1H), 2.50 (tt, J = 10.1, 3.8 Hz, 1H), 2.71 (d, J = 11.3 Hz, 1H), 2.94 (d,
J =11.1Hz, 1H), 3.07-3.17 (m, 2H), 3.79 (s, 6H), 4.08 (qd, J = 7.2,
2.0 Hz, 2H), 5.30 (dt, J = 15.5, 6.9 Hz, 1H), 6.65 (dd, J = 15.6, 1.4 Hz,
1H), 6.78-6.85 (m, 4H), 6.99-7.06 (m, 4H), 7.14 (dd, J = 8.6, 1.9 Hz,
1H), 7.23 (d, J=5.4Hz, 1H), 7.43 (d, J = 5.4Hz, 1H), 7.50 (d,
J=1.9Hz, 1H), 7.77 (d, J = 8.6 Hz, 1H) ppm. >C NMR (101 MHz,
CD,Cl) 6 14.58, 25.18, 27.45, 42.47, 54.27, 55.73, 56.08, 59.88,
60.69, 61.77, 113.46, 121.88, 124.75, 125.14, 126.98, 127.88, 129.40,
131.67, 138.13, 139.07, 139.96, 141.04, 143.83, 158.53, 174.53 ppm.
HRMS (ED: [M]™* caled. for C34H3,04NS, 555.2443; found: 555.2440.

4.3.27. Ethyl (S,E)-1-[4-(benzo[b]thiophen-5-yl)-4,4-bis(4-methoxyphenyl)
but-2-en-1-yl]piperidine-3-carboxylate, [(S)-7f]

According to GP1: N,O-acetal (S)-10 (113 mg, 0.500 mmol), TMSCI
(56 mg, 0.50 mmol, 65 puL), alkyne 11f (405 mg, 1.00 mmol), Cp,ZrHCl
(280 mg, 1.00 mmol). The crude product was purified by MPLC with
Et,0/ PE/ MeOH (50:50:1). Yellow oil (42 mg, 16%).

Analytical data correspond to those of
[alp?® = +12.6 (c = 0.6, DCM).

rac-7f except
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4.3.28. Ethyl (E)-1-{4,4-bis(4-methoxyphenyD-4-[(trimethylsilyl)oxy]but-
2-en-1-yl}piperidine-3-carboxylate, (rac-7g)

According to GP1: N,O-Acetal rac-10 (250 mg, 1.15 mmol), TMSCI
(125mg, 1.15mmol, 150pL), alkyne 11g (340mg, 1.00 mmol),
Cp2ZrHCl (275 mg, 1.00 mmol). The crude product was purified by
flash chromatography with DCM/MeOH (99:1). Yellow oil (300 mg,
59%).

IR (Film): v = 2952, 2906, 2836, 2801, 2058, 1731, 1684, 1608,
1583, 1508, 1465, 1442, 1368, 1350, 1302, 1250, 1173, 1151, 1095,
1034, 1009, 984, 926, 894, 839, 755, 684cm™"'. "H NMR (500 MHz,
CD,Cly) 8 -0.04 (s, 9H), 1.22 (t, J = 7.2 Hz, 3H), 1.35-1.47 (m, 1H),
1.47-1.60 (m, 1H), 1.65-1.74 (m, 1H), 1.85-1.92 (m, 1H), 1.98 (td,
J=10.9, 2.8Hz, 1H), 2.12 (t, J = 10.6 Hz, 1H), 2.50 (tt, J = 10.4,
3.8Hz, 1H), 2.71 (d, J = 11.2Hz, 1H), 2.94 (d, J = 10.9 Hz, 1H), 3.04
(dd, J = 6.5, 1.4 Hz, 2H), 3.78 (s, 6H), 4.03-4.14 (m, 2H), 5.47 (dt,
J =15.3, 6.5Hz, 1H), 6.20 (dt, J = 15.3, 1.4 Hz, 1H), 6.76-6.84 (m,
4H), 7.18-7.25 (m, 4H) ppm. '*C NMR (126 MHz, CD,Cl,) § 2.34,
14.61, 25.19, 27.43, 42.50, 54.29, 55.72, 56.17, 60.68, 61.19, 81.62,
113.41, 128.30, 129.12, 129.16, 139.72, 139.74, 139.78, 159.06,
159.08, 174.52 ppm. HRMS (ESI): [M+H]* caled. for CyoH4205NSi,
512.2826; found 512.2837.

4.3.29. Ethyl (E)-1-[4,4-bis(4-methoxyphenyDbut-2-en-1-yl]piperidine-3-
carboxylate, (rac-7h)

According to GP1: N,O-acetal rac-10 (115 mg, 0.500 mmol), TMSCI
(56 mg, 0.50mmol, 65uL) alkyne 11h (260mg, 1.00mmol) and
Cp,ZrHCI (275 g, 1.00 mmol). The crude product was purified by flash
chromatography with DCM/ MeOH (97:3). Yellow oil (210 mg, 56%).

IR (Film): ¥ = 2936, 2834, 2802, 2762, 1728, 1608, 1582, 1509,
1465, 1441, 1367, 1351, 1300, 1247, 1151, 1135, 1108, 1091, 1034,
979, 854, 830, 806, 772, 737 cm™'. '"H NMR (400 MHz, CD,Cl,) & 1.22
(t, J = 7.1 Hz, 3H), 1.33-1.59 (m, 2H), 1.63-1.75 (m, 1H), 1.83-1.92
(m, 1H), 1.97 (td, J = 10.9, 2.9 Hz, 1H, 1H), 2.13 (t, J = 10.5 Hz, 1H),
2.50 (i, J = 10.3, 3.8 Hz, 1H), 2.71 (d, J = 11.3Hz, 1H), 2.93 (d,
J=11.5Hz, 1H), 3.00 (d, J = 6.4Hz, 2H), 3.76 (s, 6H), 4.08 (q,
J =7.1Hz, 2H), 4.63 (d, J = 7.5Hz, 1H), 5.42 (dtd, J = 15.3, 6.6,
1.3Hz, 1H), 6.03 (ddt, J = 15.3, 7.5, 1.3 Hz, 1H), 6.79-6.86 (m, 4H),
7.04-7.11 (m, 4H) ppm. *C NMR (101 MHz, CD,Cl,) § 14.61, 25.19,
27.49, 42.50, 52.75, 54.16, 55.74, 56.03, 60.67, 61.42, 114.23, 128.98,
129.80, 136.71, 136.90, 158.66, 174.57 ppm. HRMS (EI): [M] " calcd.
for Co6H3304N, 423.2410; found: 423.2404.

4.3.30. Ethyl (E)-1-[4,4,5-tris(4-methoxyphenylDpent-2-en-1-yl]piperidine-3-
carboxylate, (rac-7i)

According to GP1: N,O-acetal rac-10 (160 mg, 0.700 mmol), TMSCI
(78 mg, 0.70 mmol, 91 pL), alkyne 11i (535 mg, 1.40 mmol), Cp,ZrHCl
(380mg, 1.40 mmol). The crude product was purified by flash chro-
matography with DCM/ MeOH (98:2). Yellow oil (320 mg, 84%).

IR (Film): v = 2935, 2834, 1728, 1609, 1580, 1509, 1464, 1367,
1299, 1248, 1179, 1151, 1035, 996, 830, 779cm~'. 'H NMR
(500 MHz, CD,Cl,) § 1.22 (t, J = 7.1Hz, 3H), 1.35-1.44 (m, 1H),
1.45-1.54 (m, 1H), 1.65-1.71 (m, 1H), 1.85-1.97 (m, 2H), 2.08 (t,
J = 10.7 Hz, 1H), 2.47 (tt, J = 10.4, 3.9 Hz, 1H), 2.67 (d, J = 11.3 Hz,
1H), 2.92 (d, J = 10.7 Hz, 1H), 2.97 (d, J = 6.5 Hz, 2H), 3.45 (s, 2H),
3.71 (s, 3H), 3.78 (s, 6H), 4.04-4.14 (m, 2H), 4.97 (dt, J = 15.6, 6.6 Hz,
1H), 6.08 (dt, J = 15.7, 1.3 Hz, 1H), 6.60-6.63 (m, 2H), 6.64-6.67 (m,
2H), 6.77-6.83 (m, 4H), 7.04-7.09 (m, 4H) ppm. >C NMR (126 MHz,
CD,Cly) § 14.62, 25.21, 27.52, 42.47, 46.99, 53.27, 54.15, 55.54,
55.68, 56.04, 60.68, 61.78, 113.21, 113.47, 128.55, 130.42, 132.46,
139.63, 140.56, 158.32, 158.52, 174.56 ppm. HRMS (ESI): [M+H]*
caled. for C34H4505N, 544.3057; found: 544.3067.

4.3.31. Ethyl  (E)-1-[4,4-bis(4-methoxyphenyD-5-phenylpent-2-en-1-yl]
piperidine-3-carboxylate, (rac-7j)

According to GP1: N,O-acetal rac-10 (135 mg, 0.600 mmol), TMSCI
(67 mg, 0.60 mmol, 78 uL), alkyne 11j (420 mg, 1.20 mmol), Cp,ZrHCl
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(330 mg, 1.20 mmol). The crude product was purified by flash chro-
matography with DCM/ MeOH (99:1). Yellow oil (255 mg, 83%).

IR (Film): ¥ = 2935, 1729, 1678, 1608, 1579, 1509, 1462, 1452,
1437, 1366, 1346, 1289, 1249, 1180, 1151, 1094, 1034, 994, 830, 804,
755, 739, 701, 663cm™~'. 'H NMR (400 MHz, CD,Cly) & 1.21 (t,
J = 7.1Hz, 3H), 1.32-1.54 (m, 2H), 1.61-1.73 (m, 1H), 1.84-1.98 (m,
2H), 2.07 (t, J = 10.6 Hz, 1H), 2.46 (tt, J = 10.3, 3.8 Hz, 1H), 2.67 (d,
J =11.3Hz, 1H), 2.91 (d, J = 9.4Hz, 1H), 2.97 (d, J = 6.5Hz, 2H),
3.51 (s, 2H), 3.78 (s, 6H), 4.10 (q, J = 6.9 Hz, 2H), 4.98 (dt, J = 15.6,
6.6 Hz, 1H), 6.08 (dt, J = 15.6, 1.4Hz, 1H), 6.73-6.77 (m, 2H),
6.77-6.82 (m, 4H), 7.04-7.13 (m, 7H) ppm. *C NMR (101 MHz,
CD.Cly) § 14.62, 25.20, 27.51, 42.48, 47.90, 53.21, 54.15, 55.69,
56.04, 60.68, 61.75, 113.49, 126.46, 127.84, 128.70, 130.40, 131.62,
138.60, 139.55, 139.57, 140.39, 158.36, 174.57 ppm. HRMS (ESD): [M
+H]" caled. for C33H4004N, 514.2951; found 514.2956.

4.3.32. Ethyl (E)-1-(4,4,4-triphenylbut-2-en-1-yDpiperidine-3-carboxylate,
(rac-7k)

According to GP1: N,O-acetal rac-10 (160 mg, 0.700 mmol), TMSCI
(78 mg, 0.70 mmol, 91 pL), alkyne 11k (395 mg, 1.40 mmol), Cp,ZrHCl
(380 mg, 1.40 mmol). The crude product was purified by flash chro-
matography with DCM/ MeOH (99:1). Yellow oil (170 mg, 55%).

IR (Film): ¥ = 3055, 2940, 2803, 1732, 1683, 1653, 1558, 1540,
1507, 1490, 1445, 1368, 1311, 1221, 1178, 1151, 1091, 1031, 991,
754, 700, 668 cm ™~ *. '"H NMR (400 MHz, CD5Cl,) § 1.20 (t, J = 7.1 Hz,
3H), 1.36-1.57 (m, 2H), 1.65-1.74 (m, 1H), 1.82-1.91 (m, 1H), 2.00
(td, J = 10.8, 2.8 Hz, 1H), 2.16 (t, J = 10.5Hz, 1H), 2.49 (tt, J = 10.2,
3.8Hz, 1H), 2.70 (d, J = 11.4Hz, 1H), 2.92 (d, J = 10.8 Hz, 1H),
3.06-3.17 (m, 2H), 4.07 (qd, J = 7.1, 2.2 Hz, 2H), 5.28 (dt, J = 15.6,
6.6 Hz, 1H), 6.64 (dt, J = 15.6, 1.4Hz, 1H), 7.07-7.13 (m, 6H),
7.20-7.30 (m, 9H) ppm. °C NMR (101 MHz, CD,Cl,) & 14.60, 25.18,
27.43, 42.48, 54.27, 56.11, 60.68, 61.23, 61.77, 126.78, 128.20,
129.89, 130.71, 140.47, 146.79, 174.53 ppm. HRMS (ESI): [M+H]*
calcd. for C3gH340,N, 440.2583; found 440.2585.

4.3.33. Ethyl
(rac-7D

According to GP1: N,O-Acetal rac-10 (115 mg, 0.500 mmol), TMSCl
(56 mg, 0.50 mmol, 65 uL), alkyne 111 (320 mg, 1.00 mmol), Cp,ZrHCl
(280 mg, 1.00 mmol). The crude product was purified by flash chro-
matography with DCM/ MeOH (99:1). Yellow oil (115 mg, 48%).

IR (Film): v = 2939, 2859, 2800, 2755, 1731, 1508, 1450, 1363,
1348, 1305, 1244, 1217, 1179, 1151, 1132, 1092, 1022, 989, 810, 784,
730 668 cm ™. '"H NMR (400 MHz, CD,Cl,) § 1.20 (t, J = 7.1 Hz, 3H),
1.35-1.56 (m, 2H), 1.63-1.74 (m, 1H), 1.83-1.90 (m, 1H), 1.98 (td,
J =10.6, 2.6 Hz, 1H), 2.14 (t, J = 10.5 Hz, 1H), 2.32 (s, 9H), 2.48 (tt,
J =10.1, 3.8 Hz, 1H), 2.69 (d, J = 11.4 Hz, 1H), 2.91 (d, J = 12.2 Hz,
1H), 3.03-3.13 (m, 2H), 4.07 (qd, J=7.1, 2.2Hz, 2H), 5.23 (dt,
J = 15.5, 6.5Hz, 1H), 6.57 (dt, J = 15.5, 1.4 Hz, 1H), 6.93-6.98 (m,
6H), 7.04-7.10 (m, 6H) ppm. '*C NMR (126 MHz, CD,Cl2) § 14.58,
21.15, 25.18, 27.45, 42.48, 56.09, 60.17, 60.67, 61.80, 128.79, 129.20,
130.48, 136.27, 140.86, 144.06, 174.55 ppm. HRMS (ED): [M]" calcd.
for C33H350,N, 481.2981; found 481.2986.

(E)-1-(4,4,4-tri-p-tolylbut-2-en-1-yDpiperidine-3-carboxylate,

4.3.34. Ethyl (E)-1-[5,5,5-tris(4-methoxyphenyDpent-2-en-1-yl]piperidine-3-
carboxylate, (rac-7m)

According to GP1: N,O-acetal rac-10 (260 mg, 1.15 mmol), TMSCI
(125mg, 1.15mmol, 145pL), alkyne 11m (380mg, 1.15mmol),
Cp2ZrHCl (290 mg, 1.15mmol). The crude product was purified by
flash chromatography with DCM/ MeOH (98:2). Yellow oil (310 mg,
57%)

IR (Film): ¥ = 3035, 2935, 2834, 2802, 1728, 1607, 1579, 1508,
1463, 1441, 1367, 1295, 1249, 1181, 1151, 1133, 1119, 1035, 983,
824cm™!. 'H NMR (400 MHz, CD,Cl,) § 1.21 (t, J = 7.1Hz, 3H),
1.22-1.50 (m, 2H), 1.53-1.66 (m, 2H), 1.67-1.78 (m, 1H), 1.79-1.89
(m, 1H), 1.97 (t, J = 10.6 Hz, 1H), 2.36-2.49 (m, 2H), 2.69-2.86 (m,
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2H), 3.20-3.39 (m, 2H), 3.76 (s, 9H), 4.08 (q, J = 7.1 Hz, 2H),
5.37-5.42 (m, 2H), 6.74-6.82 (m, 6H), 7.06-7.14 (m, 6H) ppm. '3C
NMR (101 MHz, CD,Cl,) & 14.58, 25.14, 27.59, 42.51, 44.80, 54.40,
55.07, 55.67, 55.90, 60.66, 61.55, 113.44, 130.76, 131.26, 140.47,
158.14, 174.59ppm. HRMS (EI): [M]' caled. for Cs4H4 05N,
543.2985; found: 543.2998.

4.3.35. Ethyl
(rac-7n)

According to GP1: N,O-acetal rac-10 (140 mg, 0.640 mmol), TMSCI
(72mg, 0.64mmol, 84 puL), alkyne 11n (165mg, 0.560 mmol) and
Cp2ZrHCI (180 mg, 0.640 mmol). The crude product was purified by
flash chromatography with DCM/ MeOH (99:1). Yellow oil (180 mg,
71%).

IR (Film): ¥ = 3056, 3031, 2979, 2938, 2862, 2801, 2758, 1730,
1596, 1559, 1541, 1492, 1466, 1446, 1367, 1307, 1217, 1179, 1150,
1094, 1033, 982, 908, 862, 758, 702, 886, 640cm '. 'H NMR
(500 MHz, CD,Cly) 6 1.22 (t, J = 7.2Hz, 3H), 1.28-1.46 (m, 2H),
1.55-1.63 (m, 1H), 1.70 (td, J = 11.1, 2.9 Hz, 1H), 1.80-1.87 (m, 1H),
1.92 (t, J =10.7 Hz, 1H), 2.35-2.45 (m, 2H), 2.69-2.81 (m, 3H),
3.33-3.46 (m, 2H), 4.08 (q, J = 7.1Hz, 2H), 5.33-5.45 (m, 2H),
7.14-7.22 (m, 3H), 7.20-7.30 (m, 12H) ppm. '*C NMR (126 MHz,
CD,Cl,) § 14.60, 25.16, 27.62, 42.55, 44.32, 53.73, 55.81, 57.12,
60.64, 61.47, 126.43, 128.28, 129.90, 130.76, 130.97, 147.81,
174.60 ppm. HRMS (ESI): [M+H]™" calcd. for Cs,H3505N, 454.2740;
found: 454.2741.

(E)-1-[5,5,5-triphenylpent-2-en-1-yl]piperidine-3-carboxylate,

4.3.36. Ethyl (E)-1-[5,5-bis(4-methoxyphenyDpent-2-en-1-yl]piperidine-3-
carboxylate, (rac-70)

According to GP1: N,0-Acetal rac-10 (115 mg, 0.500 mmol), TMSCl
(56 mg, 0.50 mmol, 65 pL), alkyne 110 (280 mg, 1.00 mmol), Cp,ZrHCl
(275 mg, 1.00 mmol). The crude product was purified by flash chro-
matography with Et,0/PE/MeOH (50:50:1). Yellow oil (170 mg, 78%).

IR (Film): v = 2936, 2835, 2802, 2754, 1729, 1609, 1583, 1510,
1464, 1444, 1367, 1301, 1247, 1177, 1151, 1134, 1094, 1035, 973,
861, 827, 766, 744cm™'. 'H NMR (400 MHz, CD,Cly) § 1.23 (t,
J=7.1Hz, 3H), 1.29-1.48 (m, 2H), 1.56-1.64 (m, 1H), 1.75 (td,
J=11.0, 2.9Hz, 1H), 1.81-1.88 (m, 1H), 1.98 (t, J = 10.6 Hz, 1H),
2.37-2.51 (m, 2H), 2.69-2.87 (m, 5H), 3.75 (s, 6H), 3.90 (t, J = 7.9 Hz,
1H), 4.04-4.14 (m, 2H), 5.37-5.50 (m, 2H), 6.77-6.83 (m, 4H),
7.10-7.15 (m, 4H) ppm. *C NMR (101 MHz, CD,Cl,) § 14.61, 25.19,
27.62, 39.39, 42.55, 50.28, 53.65, 55.69, 55.85, 60.65, 61.41, 114.20,
129.18, 129.25, 129.41, 132.49, 137.74, 137.80, 158.51, 174.62.
HRMS (ED: [M]" caled. for CoyH3504N, 437.2566; found 437.2554.

4.3.37. Ethyl (E)-1-(5,5-diphenylpent-2-en-1-yDpiperidine-3-carboxylate,
(rac-7p)

According to GP1: N,0O-Acetal rac-10 (250 mg, 1.15 mmol), TMSCI
(125mg, 1.15mmol, 150puL), alkyne 11p (210mg, 1.00 mmol),
Cp»ZrHCl (275 mg, 1.00 mmol). The crude product was purified by
flash chromatography with DCM/ MeOH (99:1). Yellow oil (265 mg,
70%).

IR (Film): ¥ = 3446, 3026, 2971, 2938, 2865, 2801, 2758, 1730,
1654, 1600, 1559, 1541, 1507, 1494, 1450, 1368, 1309, 1218, 1179,
1151, 1133, 1095, 1031, 972, 905, 864, 828, 796, 761, 753, 737, 700,
640, 632 cm ™', '"H NMR (500 MHz, CD,Cl,) § 1.24 (t, J = 7.1 Hz, 3H),
1.28-1.39 (m, 1H), 1.39-1.48 (m, 1H), 1.55-1.65 (m, 1H), 1.75 (td,
J=11.1, 3.0Hz, 1H), 1.81-1.88 (m, 1H), 1.96 (t, J = 10.7 Hz, 1H),
2.42 (tt, J = 10.5, 3.8 Hz, 1H), 2.45-2.52 (m, 1H), 2.74-2.86 (m, 5H),
4.00 (t, J = 7.9Hz, 1H), 4.09 (q, J = 7.1 Hz, 2H), 5.38-5.53 (m, 2H),
7.13-7.19 (m, 2H), 7.22-7.31 (m, 8H) ppm. '*C NMR (126 MHz,
CD.Cly) § 14.61, 25.18, 27.62, 38.99, 42.52, 51.97, 53.66, 55.73,
60.66, 61.34, 126.66, 128.41, 128.45, 128.92, 129.56, 132.27, 145.26,
145.29, 174.60 ppm. HRMS (ESI): [M+H]" caled. for Cy5Hsp05N,
378.2427; found 378.2429.
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4.3.38. Ethyl (E)-1-(4,4-dimethylpent-2-en-1-yDpiperidine-3-carboxylate,
(rac-7q)

According to GP1: N,0-Acetal rac-10 (120 mg, 0.500 mmol), TMSCl
(56 mg, 0.50 mmol, 65 pL), alkyne 11q (84 mg, 1.0 mmol, 0.13 mL),
Cp>ZrHCl (280mg, 1.00 mmol). The crude product was purified by
flash chromatography with DCM/ MeOH (99:1). Yellow oil (110 mg,
87%).

IR (Film): v = 2953, 2867, 2799, 2758, 1733, 1466, 1393, 1365,
1306, 1270, 1220, 1179, 1151, 1135, 1095, 1032, 975, 905, 863 cm ~ .
"H NMR (400 MHz, CD,Cl,) § 1.01 (s, 9H), 1.22 (t, J = 7.1 Hz, 3H),
1.34-1.59 (m, 2H), 1.63-1.75 (m, 1H), 1.83-1.99 (m, 2H), 2.09 (¢,
J =10.6 Hz, 1H), 2.49 (tt, J = 10.3, 3.8 Hz, 1H), 2.70 (d, J = 11.1 Hz,
1H), 2.83-2.98 (m, 2H), 4.08 (q, J = 7.1 Hz, 2H), 5.36 (dt, J = 15.6,
6.6 Hz, 1H), 5.59 (dt, J = 15.6, 1.3Hz, 1H) ppm. 3C NMR (101 MHz,
CD.Cl2) § 14.58, 25.20, 27.59, 29.93, 33.37, 42.53, 55.91, 60.65,
61.84, 121.95, 145.51, 174.66 ppm. HRMS (ESI): [M+H] " calcd. for
C15H2705N, 253.2042; found 253.2035.

4.3.39. Ethyl 1-(ethoxymethylpiperidine-3-carboxylate, (rac-10)

K5CO3 (4.2 g, 30 mmol) was added to a solution of ethyl nipecotate
(4.9 mL, 30mmol) in EtOH (7.0mL, 0.12mol) at 0°C. After 15 min
paraformaldehyde (PFA) (0.98 g, 30 mmol) was added, and the mixture
was stirred at 25 °C for 6 h. The mixture was diluted with Et,O and
filtered. The filtrate was concentrated under reduced pressure. The
crude product was purified by distillation (Kugelrohr distillation) at
130 °C (0.4 Torr) to obtain the product N,O-acetal (rac-10) as a colorless
oil (5.7 g, 88%).

The characterization data are in agreement with previously pub-
lished data.?’

4.3.40. Ethyl (S)-1-(ethoxymethyl)piperidine-3-carboxylate, (S)-10

K>CO3 (2.8 g, 20 mmol) was added to a solution of ethyl nipecotate
(3.2mL, 20 mmol) in EtOH (7.0 mL, 0.12mol) at 0°C. After 15 min
paraformaldehyde (PFA) (0.63 g, 20 mmol) was added, and the mixture
was stirred at 25 °C for 6 h. The mixture was diluted with Et,O and
filtered. The filtrate was concentrated under reduced pressure. The
crude product was purified by distillation (Kugelrohr distillation) at
130 °C (0.4 Torr) to obtain the product N,O-acetal (rac-10) as a colorless
oil (3.1g, 71%).

Analytical data corresponds to those of rac-10 except [a]p”’=
+13.3 (c = 2.0, DCM).

4.3.41. {[1,1-Bis(4-methoxyphenylprop-2-yn-1-yljoxy}trimethylsilane,
(119

Analogously to a literature procedure®” TMSCI (0.30 mL, 2.4 mmol)
was added to a solution of alkyne 11g* (0.46g, 1.7 mmol), DMAP
(11 mg, 0.090 mmol) and TEA (0.38 mL, 2.7 mmol) in THF (3mL) at
25 °C. After stirring for 4 h at 25 °C the mixture was quenched with H50,
extracted with Et,0, dried with Na,SO,4 and evaporated to dryness. The
crude product was purified by flash chromatography with PE/EtOAc
(97:3). Colorless oil (510 mg, 88%).

IR (Film): ¥ = 3283, 3000, 2956, 2903, 2836, 1607, 1585, 1507,
1464, 1441, 1415, 1303, 1249, 1195, 1172, 1119, 1079, 1035, 1024,
1006, 936, 916, 883, 842, 806, 782, 756, 636cm™'. 'H NMR
(500 MHz, CD,Cl) 6§ 0.11 (s, 9H), 2.93 (s, 1H), 3.77 (s, 6H), 6.79-6.84
(m, 4H), 7.41-7.46 (m, 4H) ppm. '*C NMR (126 MHz, CD,Cl,) § 1.75,
55.77, 75.35, 76.94, 87.31, 113.71, 127.71, 139.29, 159.44 ppm.
HRMS (ED): [M]* caled. for CooH2404Si, 340.1495; found 340.1486.

4.3.42. 1,1’-(But-3-yne-1,1-diyD)bis(4-methoxybenzene), (110)

TMS alkyne 140 (0.72 g, 2.0 mmol) was dissolved in MeOH (5 mL),
K>CO3 (0.43 g, 3.0mmol). The crude product was purified by flash
chromatography with PE/Et,0 (95:5). White solid (503 mg, 94%).

MP: 73-75°C. IR (KBr): ¥ = 3289, 3033, 3000, 2955, 2933, 2909,
2835, 1610, 1583, 1510, 1463, 1441, 1302, 1248, 1177, 1112, 1035,
955, 862, 826, 808, 773, 742, 639, 586, 567, 547cm~'. 'H NMR
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(400 MHz, CD,CL,) 8 1.97 (t, J = 2.6 Hz, 1H), 2.86 (dd, J = 7.7, 2.6 Hz,
2H), 3.77 (s, 6H), 4.13 (t, J=7.7Hz, 1H), 6.81-6.86 (m, 4H),
7.14-7.19 (m, 4H) ppm. *C NMR (101 MHz, CD,Cl,) § 26.08, 48.98,
55.73, 70.06, 83.60, 114.26, 129.19, 136.51, 158.83 ppm. HRMS (EI):
[M]" caled. for C;gH;50, 266.1307; found 266.1305.

4.3.43. But-3-yne-1,1-diyldibenzene, (11p)

TMS alkyne 14p (0.39 g, 1.2 mmol) was dissolved in MeOH (5 mL),
K,CO3 (0.27 g, 1.9 mmol). The crude product was purified by flash
chromatography with PE/DCM (90:10). White solid (210 mg, 82%).

The characterization data are in agreement with previously pub-
lished data.*®

4.3.44. [4,4-Bis(4-methoxyphenyDbut-1-yn-1-yl]trimethylsilane, (140)

Dibromoethane (35 pL, 0.40 mmol) was added to magnesium turn-
ings (0.260 g, 18.4 mmol) in Et,O (2 mL) and stirred at 25 °C for 15 min.
A solution of 3-(trimethylsilyl)propargyl bromide (1.6 mL, 9.2 mmol) in
Et,O (8 mL) was added dropwise at 25 °C. This mixture was stirred at
25°C for 1h to obtain the Grignard reagent. To a solution of diaryl
bromide 130 (2.5 g, 8.0 mmol) and CuBr (0.18 g, 1.2 mmol) in toluene
(8 mL) was added the previously prepared Grignard reagent at 0 °C.
After 2h at 40°C the mixture was quenched with saturated aqueous
NH,Cl. The aqueous layer was separated and extracted three times with
Et;0. The combined organic fractions were washed with brine, dried
with Na,SO4 and concentrated under reduced pressure. The crude
product was purified by flash chromatography with PE/EtOAc (98:2).
Yellow oil 140 (750 mg, 28%), and yellow oil 150 (650 mg, 24%).

IR (Film): ¥ = 3000, 2956, 2934, 2905, 2360, 2342, 2175, 1609,
1583, 1510, 1464, 1441, 1301, 1249, 1177, 1111, 1037, 1003, 842,
807, 760, 699, 668, 643 cm*. '"H NMR (500 MHz, CD,Cl,) & 0.08 (s,
9H), 2.86 (d, J = 7.4 Hz, 2H), 3.77 (s, 6H), 4.12 (t, J = 7.5 Hz, 1H),
6.81-6.86 (m, 4H), 7.14-7.18 (m, 4H) ppm. °C NMR (126 MHz,
CD,Cly) § 0.22, 27.70, 48.98, 55.74, 87.04, 106.47, 114.11, 129.40,
136.68, 158.79ppm. HRMS (ED): [M]* caled. for Cy1Hae0,Si,
338.1702; found 338.1686.

4.3.45. (4,4-Diphenylbut-1-yn-1-yDtrimethylsilane, (14p)

Dibromoethane (14 pL, 0.15 mmol) was added to magnesium turn-
ings (170 mg, 6.90 mmol) in Et,0 (2 mL) and stirred at 25 °C for 15 min.
A solution of 3-(trimethylsilyl)propargyl bromide (0.580mL,
3.45mmol) in Et,O (5 mL) was added dropwise at 25 °C. This mixture
was stirred at 25 °C for 1 h to obtain the Grignard reagent. To a solution
of diaryl bromide 13p (0.78 g, 3.0 mmol) and CuBr (65 mg, 0.45 mmol)
in toluene (7 mL) was added the previously prepared Grignard reagent
at 0°C. After 2h at 40°C the mixture was quenched with saturated
aqueous NH4ClL. The aqueous layer was separated and extracted three
times with Et;0. The combined organic fractions were washed with
brine, dried with Na,SO4 and concentrated under reduced pressure. The
crude product was purified by flash chromatography with PE/EtOAc
(98:2). White oil 14p (490 mg, 58%), and yellow oil 15p (50 mg, 6%).

The characterization data are in agreement with previously pub-
lished data.”

4.3.46. [1,1-Bis(4-methoxyphenylbuta-2,3-dien-2-yl]trimethylsilane,
(150)

Dibromoethane (35 pL, 0.40 mmol) was added to magnesium
turnings (0.260 g, 18.4 mmol) in Et,0 (2 mL) and stirred at 25 °C for
15 min. A solution of 3-(trimethylsilyl)propargyl bromide (1.6 mL,
9.2 mmol) in Et,0 (8 mL) was added dropwise at 25 °C. This mixture
was stirred at 25 °C for 1 h to obtain the Grignard reagent. To a so-
lution of diaryl bromide 130 (2.5g, 8.0 mmol) and CuBr (0.18g,
1.2mmol) in toluene (8 mL) was added the previously prepared
Grignard reagent at 0 °C. After 2 h at 40 °C the mixture was quenched
with saturated aqueous NH,Cl. The aqueous layer was separated and
extracted three times with Et,O. The combined organic fractions
were washed with brine, dried with Na,SO,4 and concentrated under

5958

Bioorganic & Medicinal Chemistry 26 (2018) 5944-5961

reduced pressure. The crude product was purified by flash chroma-
tography with PE/EtOAc (98:2). Yellow oil 140 (750 mg, 28%), and
yellow oil 150 (650 mg, 24%).

IR (Film): v = 2998, 2957, 2898, 2873, 2834, 1919, 1607, 1579,
1508, 1463, 1437, 1300, 1247, 1172, 1105, 1037, 999, 840, 809, 785,
761, 745, 699, 633cm ™~ '. TH NMR (400 MHz, CD,Cl,) § 0.02 (s, 9H),
3.76 (s, 6H), 4.32 (d, J=2.5Hz, 2H), 4.58 (t, J= 2.6Hz, 1H),
6.77-6.83 (m, 4H), 7.10-7.14 (m, 4H) ppm. *C NMR (101 MHz,
CD,Cly) 8 -1.08, 50.48, 55.69, 71.21, 100.33, 113.81, 130.21, 136.66,
158.60, 210.79ppm. HRMS (EI): [M]* caled. for Co1Hy60Si,
338.1702; found 338.1689.

4.3.47. (1,1-Diphenylbuta-2, 3-dien-2-yDtrimethylsilane, (15p)

Dibromoethane (14 pL, 0.15mmol) was added to magnesium
turnings (170 mg, 6.90 mmol) in Et;0 (2 mL) and stirred at 25 °C for
15 min. A solution of 3-(trimethylsilyl)propargyl bromide (0.580 mL,
3.45 mmol) in Et,0 (5 mL) was added dropwise at 25 °C. This mixture
was stirred at 25 °C for 1 h to obtain the Grignard reagent. To a so-
lution of diaryl bromide 13p (0.78 g, 3.0 mmol) and CuBr (65 mg,
0.45mmol) in toluene (7 mL) was added the previously prepared
Grignard reagent at 0 °C. After 2 h at 40° C the mixture was quenched
with saturated aqueous NH,4Cl. The aqueous layer was separated and
extracted three times with Et,O. The combined organic fractions
were washed with brine, dried with Na,SO, and concentrated under
reduced pressure. The crude product was purified by flash chroma-
tography with PE/EtOAc (98:2). White oil 14p (490 mg, 58%), and
yellow oil 15p (50 mg, 6%).

IR (Film): ¥ = 3085, 3061, 3026, 2956, 2896, 1928, 1599, 1494,
1450, 1405, 1248, 1077, 1030, 1007, 997, 915, 840, 812, 755, 723,
699, 642, 629 em ™! 'H NMR (500 MHz, CD,Cl,) & 0.03 (s, 9H), 4.33
(d, J = 2.5Hz, 2H), 4.68 (t, J = 2.5 Hz, 1H), 7.16-7.30 (m, 10H) ppm.
13C NMR (126 MHz, CD,Cly) & -1.11, 52.10, 71.29, 99.75, 126.77,
128.55, 129.41, 144.16, 210.97 ppm. HRMS (EI): [M]* caled. for
C10H15Si, 278.1491; found 278.1490.

4.3.48. Tri(benzofuran-5-yDmethanol, (17a)

According to GP3: Dibromoethane (77 mg, 0.40mmol, 35 plL),
magnesium turnings (700 mg, 28.0 mmol), 5-bromobenzofuran 16a
(5.15 g, 25.6 mmol, 3.27 mL) and diethyl carbonate (0.96 g, 8.0 mmol,
0.99 mL). The crude product was purified by flash chromatography
with PE /EtOAc (75:15). White solid (2.05 g, 67%).

MP: 130-132 °C. IR (KBr): ¥ = 3548, 3450, 4144, 3112, 3056, 2956,
1883, 1718, 1592, 1534, 1508, 1464, 1437, 1330, 1264, 1253, 1186,
1126, 1107, 1095, 1030, 958, 885, 848, 811, 767, 737, 666, 581,
560cm 1. 'H NMR (400 MHz, CD,Cl,) & 3.12 (s, 1H), 6.72 (dd,
J = 2.2,0.6 Hz, 3H), 7.31 (dd, J = 8.7, 2.0 Hz, 3H), 7.45 (d, J = 8.7 Hz,
3H), 7.51 (d, J = 2.0 Hz, 3H), 7.65 (d, J = 2.2 Hz, 3H) ppm. ‘*C NMR
(101 MHz, CD,Cly) & 82.96, 107.44, 111.09, 121.37, 125.36, 127.45,
143.21, 146.19, 154.61 ppm. HRMS (EI): [M]* caled. for CosHieOs,
380.1049; found 380.1044.

4.3.49. Tris(benzo[d][1,3]dioxol-5-yl)methanol, (17b)

According to GP3: Dibromoethane (96 mg, 0.50 mmol, 45 pL),
magnesium turnings (895mg, 36.0 mmol), 1-bromo-3,4-(methylene-
dioxy)benzene 16b (6.77 g, 33.0 mmol, 4.08 mL) and diethyl carbonate
(1.20 g, 10.0 mmol, 1.24 mL). The crude product was purified by flash
chromatography with PE /Et,O (60:40). White solid (3.51 g, 90%).

MP: 62-64°C. IR (KBr): ¥ = 3521, 3073, 2963, 2890, 2776, 1855,
1610, 1502, 1484, 1436, 1348, 1236, 1123, 1095, 1079, 1038, 933,
895, 869, 842, 798, 730, 717, 665 cm ™~ *. "H NMR (400 MHz, CD,Cl) &
2.76 (s, 1H), 5.94 (s, 6H), 6.69 (dd, J = 8.2, 1.8 Hz, 3H), 6.73 (d,
J =8.1Hz, 3H), 6.77 (d, J = 1.7 Hz, 3H) ppm. '>*C NMR (101 MHz,
CD,Cly) § 82.07, 101.89, 107.77, 109.15, 121.81, 141.82, 147.31,
147.99 ppm. HRMS (ESI): [M—H]* caled. for CyoHi50,, 391.0823;
found 391.0821.
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4.3.50. Tris(benzo[b]thiophen-5-yl)methanol, (17c)

According to GP3: Dibromoethane (78 mg, 0.42mmol, 37 L),
magnesium turnings (713 mg, 29.1 mmol), 5-bromobenzo[b]thiophene
16¢c (5.96g, 27.4mmol) and diethyl carbonate (1.01g, 8.30 mmol,
1.03mL). The crude product was purified by flash chromatography
with PE/ Acetone (80:20), and recrystallized from PE/ DCM. White
solid (1.7 g, 48%).

MP: 90-92 °C. IR (KBr): ¥ = 3595, 3102, 1757, 1595, 1433, 1411,
1325, 1285, 1257, 1220, 1203, 1161, 1118, 1086, 1047, 1023, 960,
894, 854, 811, 793, 754, 720, 698 cm ~'. "H NMR (400 MHz, CD,Cl,) §
3.16 (s, 1H), 7.27 (d, J = 5.4 Hz, 3H), 7.39 (dd, J = 8.6, 1.9 Hz, 3H),
7.47 (d, J = 5.4 Hz, 3H), 7.76 (d, J = 1.8 Hz, 3H), 7.85 (d, J = 8.5Hz,
3H) ppm. >C NMR (101 MHz, CD,Cl,) § 82.88, 122.53, 123.51,
124.78,125.29, 127.55, 139.28, 139.90, 144.21 ppm. HRMS (ED): [M]™*
caled. for Cy5H1608S3, 428.0363; found 428.0357.

4.3.51. 5,5’,5""-(ChloromethanetriyDtris(benzofuran), 18a)

According to GP4: Alcohol 17a (0.86g, 2.2 mmol), AcCl (1.41g,
17.6 mmol, 1.28 mL) in toluene (6 mL). The crude product was used
without any further purification. Red oil (0.87 g, 99%).

IR (KBr): ¥ = 1606, 1536, 1508, 1464, 1438, 1331, 1266, 1186,
1127, 1109, 1030, 953, 886, 845, 811, 766, 738, 668, 554 cm 1. 'H
NMR (400 MHz, CD.Cl,) é 6.70 (dd, J = 2.3, 0.9 Hz, 3H), 7.36 (dd,
J = 2.1, 0.7 Hz, 3H), 7.39 (dd, J = 8.7, 2.1 Hz, 3H), 7.47 (dt, J = 8.7,
0.9 Hz, 3H), 7.67 (d, J = 2.2 Hz, 3H) ppm. '*C NMR (101 MHz, CD,Cl,)
§ 83.71, 107.52, 111.06, 123.18, 127.20, 127.46, 141.46, 146.48,
154.76 ppm. HRMS (ESI): [M—CI]* caled. for CysHi503, 363.1021;
found 363.1015.

4.3.52. 5,5’,5"-(ChloromethanetriyDtris(benzo[d][1,3]dioxole), (18b)

According to GP4: Alcohol 17b (1.24 g, 3.00 mmol), AcCl (0.75g,
9.0 mmol, 0.68 mL) in toluene (6 mL). The crude product was used
without any further purification. Red solid (1.2 g, 97%).

IR (KBr): ¥ = 2889, 2774, 1869, 1736, 1648, 1604, 1502, 1484,
1473, 1444, 1350, 1245, 1193, 1111, 1098, 1033, 928, 862, 823, 789,
730, 693, 629 cm ™~ '. 'H NMR (500 MHz, CDCl;) & 5.99 (s, 6H), 6.59
(dd, J = 8.2, 2.1 Hz, 3H), 6.69 (d, J = 8.2 Hz, 3H), 6.89 (d, J = 2.0 Hz,
3H) ppm. '>C NMR (126 MHz, CDCl3) & 83.05, 101.55, 106.96, 110.84,
123.60, 139.55, 147.45, 147.53 ppm. HRMS (EI): [M—HCI] * calcd. for
CyoH1 406, 374.0796; found 374.0812.

4.3.53. 5,5’,5"-(ChloromethanetriyDtris(benzo[b]thiophene), (18c)

According to GP4: Alcohol 17c¢ (0.44 g, 1.0 mmol), AcCl (0.66 g,
8.0 mmol, 0.60mL) in toluene (3mL). The crude product was used
without any further purification. Red solid (440 mg, 98%).

IR (KBr): ¥ = 3102, 1898, 1793, 1755, 1632, 1595, 1499, 1457,
1436, 1409, 1325, 1260, 1221, 1203, 1166, 1154, 1087, 1048, 967,
928, 896, 845, 835, 815, 791, 773, 754, 730, 717, 699, 601, 542,
526, 482cm~'. 'H NMR (500 MHz, CDCls) § 7.24 (d, J = 5.4 Hz,
3H), 7.46 (d, J = 5.4 Hz, 3H), 7.50 (dd, J = 8.7, 2.0 Hz, 3H), 7.57 (d,
J = 1.9Hz, 3H), 7.86 (d, J = 8.5 Hz, 3H) ppm. *C NMR (126 MHz,
CDCl3) § 82.67, 122.06, 124.51, 124.75, 126.84, 127.31, 139.05,
139.39, 142.00 ppm. HRMS (ED: [M—Cl]" caled. for CosHisSa,
411.0335; found 411.0331.

4.3.54. Trimethyl[3, 3, 3-tri(benzofuran-5-yl)prop-1-yn-1-yl]silane, (19a)
Chloride 18a (0.88g, 2.1 mmol) in toluene (6mL), ethynyl-
trimethylsilane (245 mg, 2.42 mmol, 350 pL), nBuli (2.31 mmol, 2.5M
in hexanes) in Et,0 (83 mL). The crude product was purified by flash
chromatography with PE/ Et;0 (90:10). White solid (335 mg, 35%).
MP: 197-199 °C. IR (KBr): ¥ = 3137, 3106, 3058, 2961, 2154, 1879,
1749, 1608, 1533, 1464, 1438, 1328, 167, 1250, 1185, 1137, 1111,
1062, 1029, 919, 884, 844, 809, 772, 742, 667, 627 cm ™ *. 'H NMR
(400 MHz, CD»Cl,) § 0.26 (s, 9H), 6.67-6.72 (m, 3H), 7.36 (dd, J = 8.7,
2.0 Hz, 3H), 7.39-7.45 (m, 6H), 7.64 (d, J = 2.2 Hz, 3H) ppm. ‘>*C NMR
(101 MHz, CD,Cly) & 0.21, 56.77, 90.13, 107.42, 111.17, 113.53,
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122.27,126.62, 127.55, 141.21, 146.15, 154.39 ppm. HRMS (EI): [M] *
caled. for C3oH2404Si, 460.1495; found 460.1502.

4.3.55. Trimethyl[3,3,3-tris(benzo[d][1,3]dioxol-5-yDprop-1-yn-1-yl]
silane, (19b)

Chloride 18b (0.52g, 1.2mmol) in toluene (3mL), ethynyl-
trimethylsilane (140 mg, 1.38 mmol, 200 uL), nBuLi (1.38 mmol, 2.5M
in hexanes) in Et,O (2mL). The crude product was purified by flash
chromatography with PE/Acetone (80:20). Yellow oil (160 mg, 28%).

IR (Film): ¥ = 3073, 3012, 2960, 2896, 2778, 2586, 2162, 1857,
1738, 1612, 1504, 1484, 1435, 1352, 1236, 1124, 1095, 1040, 936,
896, 842, 800, 760, 737, 703, 662 cm ™~ '. 'H NMR (400 MHz, CDCl;) §
0.21 (s, 9H), 5.95 (s, 6H), 6.65 (dd, J = 8.2, 1.9Hz, 3H), 6.70 (d,
J = 8.2Hz, 3H), 6.80 (d, J = 1.9Hz, 3H) ppm. °C NMR (101 MHz,
CDCls) 6 0.14, 55.66, 89.41, 101.27, 107.50, 110.04, 111.95, 122.44,
139.46, 146.54, 147.56 ppm. HRMS (ED): [M] " calcd. for Cp;H2406Si,
472.1342; found 472.1331.

4.3.56. 5,5%,5"-(Prop-2-yne-1,1,1-triyDtris(benzofuran), (20a)

TMS alkyne 19a (0.34 g, 0.70 mmol), K,CO5 (0.450 g, 3.15 mmol) in
THF/MeOH (1 mL/ 2mlL). The crude product was purified by flash
chromatography with PE/ EA (98:2). White solid (210 mg, 77%).

MP: 173-175 °C. IR (KBr): ¥ = 3306, 3143, 3109, 1626, 1531, 1461,
1437, 1328, 1265, 1186, 1136, 1108, 1026, 883, 847, 814, 769, 741,
668, 640, 627 571 cm ™', '"H NMR (400 MHz, CD5Cl,) & 2.89 (s, 1H),
6.70 (dd, J = 2.2, 0.5 Hz, 3H), 7.37 (dd, J = 8.8, 2.0 Hz, 3H), 7.41-7.49
(m, 6H), 7.65 (d, J = 2.2 Hz, 3H) ppm. '*C NMR (101 MHz, CD,Cl,) §
55.90, 74.23, 91.34, 107.41, 111.22, 122.31, 126.55, 127.63, 140.91,
146.22, 154.44 ppm. HRMS (EI): [M]* caled. for Co7H1603, 388.1099;
found 388.1096.

4.3.57. 5,5’,5""-(Prop-2-yne-1,1,1-triyDtris(benzo[d][1,3]dioxole), (20b)
TMS alkyne 19b (0.15g, 0.30 mmol), K,CO3 (190 mg, 1.35 mmol)
in THF/MeOH (1 mL/ 2 mL). The crude product was purified by flash
chromatography with PE/ EA (90:10). White solid (105 mg, 87%).
MP: 104-105 °C. IR (KBr): v = 3284, 2888, 2775, 1610, 1504, 1480,
1434, 1349, 1235, 1123, 1093, 1038, 933, 894, 866, 840, 797, 727,
717,661 cm™'. "H NMR (400 MHz, CD,Cl) & 2.76 (s, 1H), 5.95 (s, 6H),
6.69 (dd, J = 8.2, 1.7 Hz, 3H), 6.72 (dd, J = 8.2, 0.6 Hz, 3H), 6.79 (dd,
J = 1.7, 0.7 Hz, 3H) ppm. *C NMR (101 MHz, CD,Cl,) & 55.20, 74.06,
90.19, 101.98, 107.82, 110.24, 122.78, 139.45, 147.19, 148.15 ppm.
HRMS (ED): [M] " calcd. for Co4H;606, 400.0947; found 400.0941.

4.3.58. 5,5%,5"-(Prop-2-yne-1,1,1-triyDtris(benzo[b]thiophene), (20c)

Chloride 18c (0.24g, 0.50mmol) in toluene (6mL), ethy-
nylmagnesium bromide (1.0 mmol, 0.5M in THF) auf 25°C 3 h. The
crude product was purified by flash chromatography with PE/EtOAc
(96:4). White solid (108 mg, 50%).

MP: 238-240 °C. IR (KBr): V¥ = 3287, 3073, 1896, 1800, 1757, 1633,
1593, 1543, 1498, 1434, 1410, 1311, 1260, 1210, 1164, 1088, 1048,
963, 944, 898, 856, 810, 794, 755, 721, 699, 679, 654, 640, 551, 532,
487cm™'. 'H NMR (400 MHz, CDCly) § 2.91 (s, 1H), 7.25 (d,
J = 5.4Hz, 3H), 7.44 (dd, J = 8.6, 1.9Hz, 3H), 7.47 (d, J = 5.4 Hz,
3H), 7.70 (d, J = 1.9 Hz, 3H), 7.84 (d, J = 8.6 Hz, 3H) ppm. '3C NMR
(101 MHz, CD,Cl,) § 56.02, 74.65, 90.55, 122.61, 124.51, 124.73,
126.54, 127.61, 139.07, 140.08, 141.96 ppm. HRMS (EI): [M]" calcd.
for Cy7H;6S3, 436.0414; found 436.0408.

4.3.59. Ethyl (E)-1-[4,4,4-tri(benzofuran-5-yl)but-2-en-1-yl]piperidine-3-
carboxylate, (rac-21a)

According to GP1: N,0-Acetal rac-10 (500 mg, 2.20 mmol), TMSCl
(245mg, 2.20mmol, 285puL), alkyne 20a (865mg, 2.00 mmol),
Cp2ZrHCl (600 mg, 2.20 mmol). The crude product was purified by
MPLC with DCM/ MeOH (99:1). Yellow oil (315 mg, 28%).

IR (Film): ¥ = 3108, 2940, 2859, 2802, 1727, 1613, 1535, 1463,
1439, 1368, 1315, 1267, 1220, 1185, 1152, 1135, 1109, 1030, 995, 886,
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858, 810, 768, 738, 701, 666 cm ™~ . 'H NMR (400 MHz, CD,Cl,) § 1.17 (t,
J = 7.1Hz, 3H), 1.40-1.48 (m, 1H), 1.53 (ddt, J = 12.8, 9.8, 3.3 Hz, 1H),
1.66-1.73 (m, 1H), 1.84-1.92 (m, 1H), 2.03 (td, J = 10.6, 2.7 Hz, 1H),
2.20 (t, J=10.5Hz, 1H), 250 (tt, J = 10.0, 3.8Hz, 1H), 2.73 (d,
J=11.0Hz, 1H), 2.96 (d, J = 11.0Hz, 1H), 3.16 (d, J = 6.5 Hz, 2H),
4.01-4.13 (m, 2H), 5.37 (dt, J = 15.7, 6.6 Hz, 1H), 6.69 (dd, J = 2.3,
0.9 Hz, 3H), 6.80 (d, J = 15.6 Hz, 1H), 7.15 (dd, J = 8.8, 2.1 Hz, 3H), 7.32
(d, J = 2.0Hz, 3H), 7.41 (d, J = 8.8Hz, 3H), 7.63 (d, J = 2.2Hz, 3H)
ppm. °C NMR (101 MHz, CD,Cl,) § 14.55, 25.18, 27.45, 42.46, 54.34,
56.05, 60.70, 61.11, 61.78, 107.46, 110.75, 123.16, 127.42, 127.90,
129.66, 141.76, 142.22, 145.87, 154.05, 174.54 ppm. HRMS (ESD): [M
+H] ™" caled. for CaH340sN, 560.2431; found 560.2429.

4.3.60. Ethyl  (E)-1-[4,4,4-tris(benzo[d][1,3]dioxol-5-yl)but-2-en-1-yl]
piperidine-3-carboxylate, (rac-21b)

According to GP1: N,0O-Acetal rac-10 (250 mg, 1.10 mmol), TMSCI
(125mg, 1.10mmol, 145uL), alkyne 20b (410mg, 1.00 mmol),
Cp»ZrHCl (300 mg, 1.10 mmol). The crude product was purified by
MPLC with DCM/ MeOH (98:2). Yellow oil (90 mg, 16%).

IR (Film): ¥ = 2940, 2898, 2801, 1728, 1503, 1483, 1435, 1350,
134,1182, 1152, 1130, 1094, 1039, 995, 935, 895, 869, 799, 736, 701,
660cm™~!. '"H NMR (500 MHz, CD,Cly) & 1.20 (t, J = 7.1 Hz, 3H),
1.37-1.46 (m, 1H), 1.46-1.56 (m, 1H), 1.66-1.73 (m, 1H), 1.83-1.91
(m, 1H), 1.96-2.03 (m, 1H), 2.16 (t, J = 10.5Hz, 1H), 2.49 (i,
J =10.2, 3.9Hz, 1H), 2.69 (d, J = 11.6 Hz, 1H), 2.91 (d, J = 9.9 Hz,
1H), 3.03-3.15 (m, 2H), 4.04-4.11 (m, 2H), 5.31 (dt, J = 15.5, 6.5 Hz,
1H), 5.93 (s, 6H), 6.48 (d, J = 15.5Hz, 1H), 6.55 (dd, J = 8.2, 1.9 Hz,
3H), 6.58 (d, J = 1.9 Hz, 3H), 6.70 (d, J = 8.2 Hz, 3H) ppm. °C NMR
(126 MHz, CD5Cl,) § 14.56, 25.15, 27.42, 42.44, 54.29, 56.11, 60.49,
60.69, 61.72, 101.77, 107.59, 111.35, 123.70, 129.66, 140.48, 140.90,
146.54, 147.81, 174.52 ppm. HRMS (ED): [M]* calcd. for Ca3Ha30gN,
571.2206; found 571.2198.

4.3.61. Ethyl (E)-1-[4,4,4-tris(benzo[b]thiophen-5-yDbut-2-en-1-yl]
piperidine-3-carboxylate, (rac-21c)

According to GP1: N,O-Acetal rac-10 (330 mg, 1.49 mmol), TMSCI
(165mg, 1.49mmol, 195pL), alkyne 20c (620mg, 1.35mmol),
Cp2ZrHCl (405 mg, 1.49 mmol). The crude product was purified by
MPLC with DCM/ MeOH (99:1). Yellow oil (160 mg, 20%).

IR (Film): ¥ = 3102, 3073, 2977, 2939, 2865, 2801, 2758, 1726,
1598, 1499, 1465, 1437, 1413, 1367, 1346, 1309, 1263, 1216, 1180,
1152, 1091, 1049, 994, 953, 897, 817, 793, 755, 710, 699 cm ™~ *. 'H
NMR (500 MHz, CD-Cl,) § 1.16 (t, J = 7.1 Hz, 3H), 1.39-1.56 (m, 2H),
1.65-1.74 (m, 1H), 1.84-1.91 (m, 1H), 2.04 (td, J = 10.7, 2.8 Hz, 1H),
2.21 (t, J = 10.5Hz, 1H), 2.50 (tt, J = 10.1, 3.8Hz, 1H), 2.73 (d,
J =11.1Hz, 1H), 2.96 (d, J = 9.8Hz, 1H), 3.17 (d, J = 6.5 Hz, 2H),
4.03-4.10 (m, 2H), 5.40 (dt, J=15.6, 6.5Hz, 1H), 6.81 (d,
J = 15.6 Hz, 1H), 7.21-7.25 (m, 6H), 7.44 (d, J = 5.4 Hz, 3H), 7.59 (d,
J=1.9Hz, 3H), 7.80 (d, J = 8.6 Hz, 3H) ppm. '*C NMR (126 MHz,
CD,Cly) 6 14.55, 25.20, 27.45, 42.48, 54.35, 56.07, 60.70, 61.20,
61.77, 122.07, 124.82, 125.41, 127.11, 128.03, 130.31, 138.35,
140.05, 140.89, 143.33, 174.54ppm. HRMS (ED: [M]* caled. for
CgnggOgNSg, 6071673, found 607.1663.

4.4. Biological evaluation

4.4.1. MS binding assays

The MS Binding Assays were performed with mGAT1 membrane
preparations obtained from a stable HEK293 cell line and NO711 as
non-labeled marker in competitive binding experiments as described
previously.’®

4.4.2. GABA uptake assay

The [*H]GABA uptake assays were performed in a 96-well plate
format with intact HEK293 cells stably expressing mGAT1, mGAT2,
mGAT3, mGAT4 as described earlier.*”
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List of the '"H NMR, '*C NMR, and HRMS data of synthesized compounds rac-2b—p.
1.1. (E)-1-[4-(Benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylic
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Prabenname: C:\Data\03-krtoph-607KT
Auftraggeber: Toth, Wanner

- Second publication -

Probe: 515, c31h33no8, fest, Aceton

Methode: 100 ul/min AcetonitrilWasser, FIAVESI, LTQ FT, Spah!
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1.2. (E)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiazol-2-yl)but-2-en-1-yl]p
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Probenname: C:\Data\04-krtoph-617KYT

- Second publication -

Probe: 478, 627h30n204s, fest, Aceton

Inj Voi: 0.000000

Auftraggeber: Methode: Toth, Wanner Zeit:
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1.3. (E)-1-[4,4-Bis(4-methoxyphenyl)-4-(1-methyl-1H-imidazol-2-yl)but-2-en-1-yl]piperidine-3-

, (rac-2d)
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Probenbezeichnung: C:\Data\01-krtoph-567KT. 170116095227

- Second publication -

Prabe: 475, ¢28h33n304, fost, Aceton
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1.4. (E)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiophen-3-yl)but-2-en-1-yl]p
TH NMR (400 MHz, MeOD)
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Probenname: C:\Data\04-krtoph-610KT

- Second publication -

Probe: 477, c28h31nods, fest, Aceton

Inj Vol: 1.000000

Auftraggeber: Toth, Wanner Methode: 100 ulimin AcetonitriliWasser, FIAMES], LTQ FT, Spahl Zeil:
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1.5. (E)-1-[4-(Benzo[b]thiophen-5-yl)-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylic

acid, (rac-2f)

THNMR (500 MHz, MeOD)
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Probenname: C:\Data\04-krtoph-612KT

- Second publication -

Probe: 527, ¢32h33n0ds, fest, Aceton

In] Vol: 0.000000
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1.6. (E)-1-[4-Hydroxy-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]p
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Probenbezeichnung: C:\Data\03-krtoph-422KT

- Second publication -

Probe: 411, c24h29n05, fest, Aceton

Inj Vol: 1.000000

Auftraggeber: Toth, Wanner Methode; 100 ulimin AcetonitriliWasser, FIAESL, LTQ FT, Spahl Zeit:
RT: 0.00 - 5.05
0.82 NL: 2.09E6
1007 Base Peak F: FTMS
o I -p ESI Full ms
S 80 [100.00-1000.00]
g 4 MS 03-krtoph-422KT
= 607
O =]
< ]
g 40
4= —
® ]
[e3] o
© 207
o028 343 3.96 4.42 4.64
0.79 NL: 1.68E7
1005 Base Peak F: FTMS
Q < +p ESI Full ms
S 80 {100.00-1000.00}
g R MS 03-krtoph-422KT
S 60-]
Q n
< Z
q) el
9 40—
E =1 —3
© E
@ 203 2.10
1 032 ===~ 267 310 347 392 4.30
0 R R L s N R LAt LA EEa A e e ey ST EaRN LA RN R AR R AARRRAN) Man A Al
0 1 2 3 4 5
Time (min)
03-krtoph-422KT #52-184 RT: 0.55-1.44 AV: 16 NL: 9.07E6 03-kroph-422KT #52-179 RT: 0.51-1.41 AV: 16 NL; 9.04E5
F: FTMS + p ESt Full ms [100.00-1000.00} F: FTMS - p ES! Full ms [100.00-1000.00)
412.21204 410.19753
C24Hzo OsN Ca4Has Os N
100— 0.18583 mmu 100 0.23100 mmu
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80 80 821.40163
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2 50 82341838 2 50+
@ @
£ 46 2 45
= = | 822.40506
& 40 x 407
35| 351 411.20089
30— 30 Co4H2a OsN
25 413.21619 824.42213 25| -4.23299 mmu
135.04423 CaeHsr OsN
201 CaH702 | -3.48619 mmu 20
15— 0.17542 mmu 15—
: 823.4085¢
- 394.20227 |426.22861 8
= CaeH2s 04N 82140432 | 837.43529 s o8 15202 | | 42421328 850.80300 835 41791
5 N 838.43886 51 470.21879 | 843.38405
j  Oessommmu || 43499499 o yonne " || o7 sorat 0.37372mmu || 'F | 819-38639 [ 87038231
O =TT Tt T T T T T ¢ e IS AN S R S S S R R N S B N S —
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- Second publication -

, (rac-2h)

ic aci

-3-carboxyl

iperidine

1.7. (E)-1-[4,4-Bis(4-methoxyphenyl)but-2-en-1-yl]p
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- Second publication -

Probenname: C\Data\02-krtoph-576KT Probe: 395, ¢24h29no4, fest, Aceton In] Vol: 1.000000
Aullraggeber: Toth, Wanner B Methode: 100 ulimin AcetonllrifWasser, FIAESI, LTQ FT, Spah! Zeit: _
RT: 0.00 - 5.05
0.81 NL: 1.31E6
1007 Base Peak F: FTMS
© N - p ESI Full ms
2 80 {100.00-1000.00]
8 ] MS 02-krtoph-576KT
S 60—
o i
< 4
[1}] 1
2 40
et —
® 2
@ |
¢ 20 1,53
o <% 179 220 263 348 3.70 4.14 4.43 4.95
0.78 NL: 1.56E7
100 Base Peak F: FTMS
& 7 +p ESI Full ms
9 80+ [100.00-1000.00]
5 - MS 02-krtoph-576KT
5 60
Qo "
< B
_g 40
= z
T 20 1.56
4 E 196 245 288 3.67 3.96 462 4.84
e LRLd LA A S e s e R
0 1 2 3 4 5
Time {min)
02-krioph-676KT #56-177 RT: 0.51-1.56 AV: 16 NL: 7.22E6 02-ketoph-576KT #56-173 RT: 0.54-1.46 AV: 15 NL: 3.82E5
F: FTMS + p £81 Full ms [100.00-1000.00} F: ETMS - p ES| Full ms [100.00-1000.00]
396.24705
CpgH3pOa N
Py 0.11031 mmu — 769.41359
95 95
394.20244
2 6 C24Hog O4 N
85+ 85— 005772 mmu
80 80~
75- 75
70 704
65 85~
8 60+ 8 60
S 55 3
2 55 £ 55 79041697
& 50 2 50
g a5 £ 45
8 8
& 40+ 2 40~
35_ 35ﬁ
791.42895
301 397.22072 36 395.20591
2571 60,0804 (;25 H:ﬂzo4 N il Cat Hao 04 N 987.15844
X | -4.03732 mmu -4.29881 mmu :
o o AUEA5569 - i 51130532
15 0.09880 mmu 15 311
33110281 AR 44020836 o4 20415
107 CatON || yos 17140 957.08062 10 255.23277 i 812.30884
51 3‘6414alnmu 418.19966 79343620 5 CigHa1 Q2 455.22760 459 17905 827,36064
45321085 759.47180 | 81341218 -0.18462 mmu
0~ ety [)l'__fzn T ?LF R Ojl LA I S B ‘a)'hrn_:—;l e B e |
200 400 600 800 1000 200 400 600 800 1000
miz miz
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- Second publication -

1.8. (E)-1-[4,4,5-Tris(4-methoxyphenyl)pent-2-en-1-yl]piperidine-3-carboxylic acid, (rac-2i)

IH NMR (400 MHz, MeOD) 3800
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Probenname: CADatal05-ketoph-622KT

- Second publication -

Probe: 515, ¢32h37nob, fest, Aceton

Inj Vol: 1.00000¢

Auftraggeber: Toth, Wanner Methode: 100 ul/min Acetenitril/Wasser, FINES!, LTQ FT, Spahl Zeil: _
RT: 0.00 - 5.07
0.74 NL: 5.55E5
1007 Base Peak F: FTMS
© _ - p ESI Full ms
2 80 [100.00-1000.00]
s 3 MS 05-krtoph-622KT
5 60+
o)
<C ]
'g 40—
«© 7
& 20
] 244 3146 341 3.82 4.15 4,72
g 0.71 NL: 1.68E6
1007 Base Peak F: FTMS
® ] +p ESI Full ms
2 80 [100.00-1000.00]
3 3 MS 05-kitoph-622KT
5 60
2 n
< .
.g 40
© 7
&’ 20;
— 3.04 3.53 3.86 4.27 4.84
0 ‘"I“'|"'I“‘I"‘|"'l"'|"‘|‘"P"'["'|"‘ LR "‘l“'|"‘5"‘|‘”l"'l"'|"‘l"‘l"'l"‘l""'
0 1 2 3 4 5

Time (min)

05-krtoph-622KT #49-165 RT: 0.50-1.46 AV: 15 NL: 8.54E5
F: FTMS + p ESI Full ms [160.00-1000,00]

Relative Abundance

516.27523
CaHaOsN
100 0.78223 mmu
95
90
85+
80
75
Wit
B85
60+
55
50+
45
40 517.27901
CazHaOsN
i -2.26489 mmu
30+
25
20+
7 518.28246
101 22276100 C32Han OsN
n CoHoe O -7.64249 mmu
s 02185 mmu 51203148 25751
m'I"‘l"l‘]ln|l|'||||
200 400 600 800 1000
mlz

100

Relative Abundance

222.75989
CgHgs O
242631 mmu

T

512.24340
Ca2H3: 05N
-0.84877 mmu

05-krtoph-622KT #49-161 RT: 0.54-1.42 AV: 14 NL: 2.18E5
F: FTMS - p £SI Full ms [100.00-1000.60]

514.25885

CazHge Os N
-1.04320 mmu

560.26436

| 561.26777

574,28010
775.32075
87528349 a55 08732
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- Second publication -

, (rac-2j)

ic aci

-3-carboxyl

iperidine

1.9. (E)-1-[4,4-Bis(4-methoxyphenyl)-5-phenylpent-2-en-1-yl]p
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Probenname: C:\Data\03-krtoph-599KT

- Second publication -

Probe: 485, ¢31h35no4, fest, Aceton

Inj Vol: 1.800000

Auftraggebes: Toth, Wanner Methode: 100 ul/min AcetonitrilWasser, FIA/ESI, LTQ FT, Spahl Zelt N
RT: 0.00 - 5.02
0.83 NL: 4.00E6
100 Base Peak F: FTMS
@ 7 -p ESI Full ms
9 80 [100.00-1000.00}
| MS 03-krtoph-599KT
5 60—
'Q 1
<
[43] —{
g 40
-t = |
s _
[] ¥
& 20 2,43
1 018 £ 2.89 343 377 452 4.886
0 0.74 NL: 9.60E6
100 Base Peak F: FTMS
@ 1 +p ESI Full ms
S 80 [100.00-1000.00]
3 7 MS 03-krtoph-599KT
5 60
o 3
< 3
g 40
-1(—6 2
3 207 228 2.80 3.06 346 387
O T P T T T T T [ T e
0 1 2 3 4 5
Time (min)
03-krloph-599KT #57-192 RT: 0.49-1.44 AV: 17 NL 6.09E6 03-krtoph-599KT #57-187 RT: 0.52-1.41 AV: 16 NL: 2.12E6
F: FTMS + p ESI Full ms {100.00-1000.00] F: FTMS - p ESI Full ms {100.00-1000.00]
486.26396 484.24952
CatHas O4N C31H3 04N
100— 0.07028 mmu 100+ 0.19265 mmu
95~ 951
90+ 90—
85 8§51
80 80-
75 751
70+ 70
865+ 651
@
& 60 8 60
3] o
T 55 £ 85
3 5
2 50+ 2 50+
@ @
5 45~ 2 45
) ki
g a- 487.26775 & 404 485.25310
.y Ca1Haz O4N 351 C31Has Q4N
[ -3.95785 mmu | .4.05488 mmu
30+ 30
26 254 989.50738
20 357.22779 566.37286 20
15 CzaH31 O3N 971.52266 455 54427115
-2.05672 mmu
10 24518603 10 24317159
o CizH2 0 ss7.ar7ie  940.076845 o] CrHaO 545.27470 967.77675
-3.95965 mmu 568.36966 gaq 37355 _3.84678 mmu i 35313
o T |i L =0 |" T T T T o e B L e e e T T ]
200 400 600 800 1000 200 400 600 800 1000
miz miz
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- Second publication -

, (rac-2k)

ic aci

-3-carboxyl

iperidine

(E)-1-(4,4,4-Triphenylbut-2-en-1-yl)p

1.10.
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Probenbezeichnung: C:\Data\06-kitoph-297KT

Second publication -

Probe: 411, ¢28h28n02, fest, Aceton

Inj Vol: 1.000000

Auftraggeber: Toth, Wanner Methode: 100 ulimin AcetonitrilWasser, FIA/ESE, LTQ FT, Spahl Zeit:
RT: 0.00-5.07
0.68 g5 NL: 2.64E5
100 - Base Peak F: FTMS
o 4 - p ESI Fullms
2 80 [100.00-1000.00]
8 _ MS 06-krtoph-297KT
= 60
Q _
< _
.‘12) 40
— ]
© 7
&> 20
7 1.70 1.97 2.71 3.08 3.63 438 4.84
0 083 : NL: 9.20E6
100 Base Peak F: FTMS
o ] + p ESI Full ms
2 80 [100.00-1000.00}
8 I MS 08-krtoph-297KT
5 60
Qo N
< ]
$ 407
© ]
[17] -
& 20
- L 2.58 3.42 4.15 4.89
G uuiuu||||»|<§|»|l|v||.>|||ll‘|l||||||\||||.|||u|||»||||l.|»|u||u||»|||1||In|lnn'||||n|||||l|
0 1 2 3 4 5
Time (min)
06-krtoph-207KT #39-123 RT: 0.56-1.48 AV: 11 NL: 3.26E6 06-ketoph-207KT #39-119 RT: 0.61-1.42 AV: 11 NL: 1.01E5
£ FTMS + p ESI Full ms {100.00-1000.00} F: FTMS - p ESI Full ms [100.00-1000.00]
412.22726 410.21278
CzaHao G2 N CogHos 02N
100 0.14967 mmu 100 0.22792 mmu
357 95
o0+ 90
85- 851
80~ 801
75_' 75_.
70+ 70
65- 651
g 60 g 60~
T 55 ° 55 466.21829
3 3
< 50 2 50
@ @
2 45 2 451
S 3 408.19719
4 S 40~ .
® 40 e CogH2sO2N
35 35 0.28635 mmu
30 30 821.43283
257 413.23108 il -
20 C20Hs1 02N M Jas04108 | 457.22166 o
L P ¥ CuHN 662.80566 e
104 410.21232 40 -0-77081 mmu 844,41805
C2H2s Oz N $22.36641 478.20028 a
5 0.86476mmu |  539.45857 823.45052 5~ 479.20358 [819.41726 | | 845.42117
i | [ 821'4-317§7| 84543218 Ll J {41t 1 5
L o S HAn At cecun S S S S B B B S S N A S 0 LA AL ER S S AR T B I SR B RN NN FR S R |
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- Second publication -

, (rac-2l)

ic aci

-3-carboxyl

iperidine

(E)-1-(4,4,4-Tri-p-tolylbut-2-en-1-yl)p

1.11.
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IH NMR (400 MHz, MeOD)
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- Second publication -

Probenname: C:\Data\03-kithoph-596KT Probe: 453, ¢31h35n02, fest, Aceton Inj Vo!: 1.0600000
Auftraggeber: Toth, Wanner Methode: 100 ulimin AcetonitrilWasser, FINESI, LTQ FT, Spahl Zeit:
RT: 0.00-5.02
0.81 NL: 2.37E8
100? Base Peak F:
B FTMS - p ESI Full
S g0 s P
g 7 [100.00-1000.00]
3 60— MS
< i 03-krthoph-596KT
¢ 407
&
& 20
0 ] 2.59 3.69 4.19 4.85
NL: 7.12E6
100+ 0.78

Relative Abundance

Base Peak F:
FTMS + p ESI Full
ms
[100.00-1000.00}
MS
03-krthoph-596KT

0

NS R i R i e e M e e L R PR T I Rl ERCH BN KRN L e e Rep R e e

1 2 3 4 5
Time (min})

03-krthoph-526KT #63-182 RT: 0.53-1.46 AV: 16 NL: 4.17E6
F: FTMS + p ESI Full ms {100.60-1000.00]

Relative Abundance

03-krthoph-596KT #53-177 RT: 0.49-1.42 AV: 16 NL: 1.09E6
F: FTMS - p ESI Full ms [100.00-$000.00}

454.27380 452.25969
CaiHas Oz N C31H34 O2 N
1060+ -0.15106 mmu 100+ 0.18507 mmu
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85 85-]
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65 65

80 8 50
o

56 T 55
oe §

50| 2 50

45 % 45

455.27786 5
a0 S 40 453.26325
C31Haz O2N 2 Ca1 Has 02N 905.52725

35 | -4.01801 mmu 35 -4,07459 mmu

30 30-]

25 25—

20+ 20 112.98554

15-1 AEEH 907.54318 15 CsHO 512.28128

- -17.75019 mmu 43.95023
10 452.26803 | Ca1Has 02N 10 450.24454 733.95
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- Second publication -

id, (rac-2m)

IC acl

-3-carboxyl

iperidine

(E)-1-[5,5,5-Tris(4-methoxyphenyl)pent-2-en-1-yl]pi

IH NMR (400 MHz, MeOD)
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- Second publication -

Probenbezsichnung: C:\Data\10-kritoph-536KT

Auftraggeber: Toth, Wanner

Probe: 515, ¢32h37n0b5, fest, Acefon

Methode: 100 ulfmin Acetonitri/Wasser, FIAESL LTQ FT, Spahl  Zeil:

Inj Vol: 1.600000

RT: 0.00 - 5.01
0.85 NL: 5.12E5
1007 Base Peak F: FTMS
® - -p ESIFull ms
S 80 [100.00-1000.00]
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2 40
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- Second publication -

, (rac-2n)

ic aci

-3-carboxyl

iperidine:

(E)-1-[5,5,5-Triphenylpent-2-en-1-yl]p

1.13.
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Probenbezeichnung: C:\Data\05-krtoph-443KT

- Second publication -

Probe: 425, ¢29h31no2, fest, Aceton

Inj Vol: 1.000000

Auftraggeber: Toth, Wanner Methede: 100 u¥min Acetonliril/Wasser, FIA/ESI, LTQ FT, Spahl Zeit:
RT: 0.00-5.05
0.81 NL: 2.87E6

100 Base Peak F: FTMS
) ] - p ESI Full ms
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- Second publication -

id, (rac-20)

IC acCl

-3-carboxyl

iperidine

(E)-1-[5,5-Bis(4-methoxyphenyl)pent-2-en-1-yl]pi

IH NMR (500 MHz, MeOD)

1.14.
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- Second publication -

Probenname: C\Data\07-kitoph-655KT

Probe: 409, c26h31no4, fest, Aceton

Inj Vol: 1.00G000

Auftraggeber: Toth, Wanner o Methode: 100 ulfmin AcetonitriliWasser, FIAESL LTQ FT, Spahl Zeit:
RT: 0.00 - 5.01%
0.85 NL: 1.42E7

100 Base Peak F: FTMS
® - - p ESI Full ms
S 80 [100.00-1000.00]
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- Second publication -

id, (rac-2p)

IC acCl

-3-carboxyl

iperidine

(E)-1-[5,5-Diphenylpent-2-en-1-yl]p

IH NMR (400 MHz, MpOD)

1.15.
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- Second publication -

Probenbezeichnung: C:\Data\02-krtoph-404KT

Probe: 349, ¢23h27n02, fest, Aceton

Inj Vol: 1.00000

Auftraggeber: Toth, Wanner Methode: 100 ulmin Acelonitri/Wasser, FIA/ESI, LTQ FT, Spahl Zeit: o
RT: 0.00-5.06 '
0.85 NL: 2.74E6
100 Base Peak F:
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- Second publication -

List of the 'H NMR, "*C NMR, and HRMS data of synthesized compounds rac-6a-b.

2.1. (E)-1-[4,4,4-Tri(benzofuran-5-yl)but-2-en-1-yl]piperidine-3-carboxylic acid, (rac-6a)
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- Second publication -

Probgnname: CAData\Q1-krtoph-723KT Probe: 531, ¢34h28no5, fest, Aceton Inf Voi: 1.000000
Auftraggeber: Toth, Wanner B Methode: 100 ulimin AcetonitrilWasser, FIA/ES], LTQ FT, Spahl Zeit,
RT: 0.00-5.04 :
0.87 NL: 4.31E6
100 0.75 Base Peak F: FTMS
© 7 ) - p ESI Ful ms
2 80 [100.00-1000.00]
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F: FTMS +p £81 Full ms [160.00-1000.00]

532.21163
CaaH3Os N
1004 -0.21808 mmu

95—

90

85~

80

75

70

651
& 60+
S
2 55
=
£ 50
& 45+
& 533.21532
@ 40 CapH3p OsNNa

35 | -1.94746 mmu

30+

25+

20

187 534.21925

109 28509142  522.22811 | Cs2Ha3OsNNa

51 CaHi0z C3sHwOsN| 584510 mmu 933,57236
060820 mmu
o O-fmefﬂ_'ql: t;' .| 608.24442 797.08178
T T T L} T T i T T
200 400 600 800
miz

01-krtoph-723KT #53-181 RT: 0.50-1.45 AV: 17 NL: 2.10E6
F: FTMS - p ESI Fuit ms [100.00-1000.00]
530.19806
C34H23 08N

100 0.76556 mmu

45 531.20172
C32H30 05N Na
| -0.99242 mmu

Relative Abundance
(923
T

52021451 57818329 | 87620417
CaaHgOsN C3¢H20sN — 916.36206
51 156120 mymy -64387mmu | {57 626.18735 ‘

i

T YT T |il'|‘| T LA —

1
200 400 600 800 1000
mlz

33




- Second publication -

, (rac-6b)

ic aci

-3-carboxyl

iperidine:

2.2. (E)-1-[4,4,4-Tris(benzo[d][1,3]dioxol-5-yl)but-2-en-1-yl]p
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Probenname: C:\Dalal02-krtop 734KT/ Proqu54\?c31h29n08 fest, Aceton Inj Vol: 1.000000
Auftraggeber: Toth, Wanner - Methode:™ 100 ul/min AcetonitrilWasser, FIVESI, LTQ FT, Spahl  Zsit:
RT: 0.00 - 5.06
0.80 NL: 4.86E6
100 Base Peak F: FTMS
& 7 -p ESI Full ms
2 80 [100.00-1000.00]
g - MS 02-krioph-734KT
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Synthesis and biological evaluation of novel N-substituted
nipecotic acid derivatives with a cis-alkene spacer as GABA
uptake inhibitors

Krisztian Téth, Georg Hofner, Klaus T. Wanner*

Department of Pharmacy—Center for Drug Research, Ludwig-Maximilians-Universitat Minchen, Butenandtstr. 5-13, 81377
Munich, Germany; klaus.wanner@cup.uni-muenchen.de

Abstract:

To discover new, potent, and selective inhibitors for the murine gamma-aminobutyric acid
transporter 4 (MGAT4), the structure-activity relationship (SAR) study of a new cis-alkene analog family
based on DDPM-1457 [(S)-2], which previously showed promising inhibitory potency at and subtype
selectivity for mGAT4, was conducted. To uncover the importance of the differences between the trans-
and the cis-alkene moiety in the spacer, this present publication describes the synthesis of the new
compounds via catalytic hydrogenation with Lindlar's catalyst and their biological results collected by

the SAR study in our group.

1. Introduction

Disorders in the GABAergic neurotransmission can cause severe neurological illnesses like
Alzheimer’s disease,’ depression,? epilepsy,>* and neuropathic pain.5 These conditions are closely
related to the levels of gamma-aminobutyric acid (GABA), the major inhibitory neurotransmitter in the
central nervous system (CNS).6 GABA concentration in the synaptic cleft, amongst other factors, is
regulated by the GABA transporter proteins (GATs).” Four different subtypes of these membrane-bound
proteins exist,®® which belong to the solute carrier 6 (SLC6) family.'%'" Depending on the species they
are cloned from, different nomenclatures can be applied for these transporters. The Human Genome
Organization (HUGO) denotes them as GAT1, BGT-1, GAT2, and GATS3. Alternatively, if the
transporters are originating from mice, they are termed as mGAT1 (=GAT1), mGAT2 (=BGT-1), mGAT3
(EGAT2), and mGAT4 (=GAT3)."”2 mGAT1 and mGAT4 have been found to be clearly predominating in
the CNS,'3 from which mGAT1 is mainly accountable for the neuronal uptake of GABA in presynaptic
cells and mGAT4, in particular, mediates GABA transport from the synaptic cleft into the adjacent glial
cells.’15 The next two subtypes (MGAT2-mGAT3) are mainly observed in the kidneys and liver'¢ and

are playing no significant role in the termination of the GABAergic neurotransmission in the brain.!”
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The inhibition of MGAT1 and mGAT4 leads to elevated GABA concentrations in the synaptic cleft,
which can be used as a treatment option in the above mentioned diverse neurological diseases. The
highly potent and selective mGAT1 inhibitor tiagabine (5) is already in medical use, but its main
drawbacks are the commonly observed side effects (asthenia, depression, diarrhea, dizziness,
nervousness, and tremor).18 19. 20 Additionally to mGAT1 selective reuptake inhibitors, a large selection
of ligands for mGAT2-mGAT4 were identified over the last years. However, these compounds in general
display only mediocre affinities and selectivities for their target.2" 22 23. 24, 25 Hence, there is a need for
more potent and subtype-selective GAT inhibitors on the one hand for mGAT2-mGAT4, but also for
mGAT1. This would allow a more in-depth study of the physiological role of these proteins, that could
serve as alternative treatment options for tiagabine (5), which might give rise to fewer side effects.
(S)-SNAP-5114 [(S)-1] was the first prototypic mMGAT4 inhibitor with reasonable potency at and
selectivity for this target.26 Based on the structure of (S)-1, carba-analogs such as DDPM-1457 [(S)-2]%"
were developed, the latter of which displays a similar potency and subtype selectivity for mGAT4 as
(S)-SNAP-5114 [(S)-1], and, in addition, a significantly enhanced chemical stability. Later on, a series
of substances including compound 3 (Figure 1) which is similar to (S)-2, but with an alkyne spacer
instead of a trans-alkene moiety were also synthesized. These compounds, however, showed
significantly lower potencies at the mGATs as compared to (S)-2.28 More recently, the compound family
represented by a frans-alkene spacer (S)-2 was expanded with analogs (4, Figure 1) by a variation of
the triaryl moiety, i.e. by substituting one of the three aryl rings by a variety of different substituents
(Table 1).2° Finally, as a representative of a new class of hGAT3 (EmGAT4) inhibitors isatin derivative 6

is to be mentioned which represents the most potent compound of this set of inhibitors.30
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Figure 1. Selected GABA uptake inhibitors. For the structure of residue R see Table 1 (R = R": a—h).

In this study, we aimed at the development of an additional carba-analog family of (S)-SNAP-5114
[(S)-1] with a cis-configured alkene spacer to supplement the already published results regarding
structure-activity relationship (SAR) of the alkyne (3, Figure 1) and the trans-alkene analogs ((S)-2 and
4, Figure 1) and to possibly identify more potent and selective inhibitors for mGAT4. The structure of
this new cis-alkene analog family is related to DDPM-1007 (rac-2), the racemic form of DDPM-1457
[(S)-2], and the applied modifications are shown in Figure 2. On the one hand, the spacer between the
nipecotic acid and the aromatic lipophilic residue should be modified by replacing the frans-alkene
moiety by a cis-alkene unit. In addition, as a major modification, one of the aromatic moieties of the
lipophilic triarylmethane unit should be replaced with a series of different residues, such as aromatic and
heteroaromatic rings, benzylic residues or sterically less demanding groups (rac-7a—h, Table 1). Finally,
we intended to increase the spacer length by one methylene group either by insertion of this unit
between the cis-alkene group and the lipophilic residue (rac-7i—j, Table 1) or between the nipecotic acid
and the cis-alkene moiety (rac-7k—l, Table 1). This should uncover which linker length would be most

beneficial regarding biological activity.
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o
N OCHj,

DDPM-1007 (rac-2)

Figure 2. General structures of targeted N-substituted nipecotic acid derivatives rac-7a-l. For structures of residues R' and R?
see Table 1.

2. Results and Discussion
2.1. Chemistry

As previously reported, the nipecotic acid derivatives rac-8a—I displaying an alkyne unit as spacer
(see Table 1) are easily accessible by trapping of a nipecotic acid derived iminium ion with an
appropriate organomagnesium species.?® In the present study, the thus obtained alkyne unit comprising
nipecotic acid derivatives rac-8a—l were intended to serve as starting material for the synthesis of the
desired target compounds rac-7a-l exhibiting an alkene-based spacer with a cis-configured double
bond. The transformation of these compounds should be accomplished by partial hydrogenation
employing Lindlar's catalyst which is well known to effect stereoselective reduction of alkynes to
cis-alkenes.?'. 32. 33 The conditions for the hydrogenation were briefly optimized to keep the amount of
side products at a minimum and hence to avoid a tedious separation of the desired cis-alkenes from
starting material and from alkanes resulting from overreduction. Two different sets of reaction conditions
were found to serve best this purpose. In any case, first mild reaction conditions (atmospheric pressure,
30 °C) were applied and in a separate experiment more harsh ones (30 bar, 50 °C) when the compound
appeared to be reluctant to hydrogenation. The yields for the hydrogenation reaction ranging between

49% — 73% are listed in Table 1.

Lastly, the carboxylic acid esters rac-9a—l were subjected to hydrolysis under conditions previously
reported for analogous compounds (12 M NaOH, MeOH) that gave the free acids rac-7a-l with good to

excellent yields (82% — 98%, Table 1).28
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Table 1. Formation of the N-substituted nipecotic acid esters rac-9a-l, and their hydrolysis to the corresponding free acids

rac-Ta—l.
O/COZEt UCOZH
N N
a b
—_— —_—
rac-9a—I rac-Ta—l
Entry Alyne R m n | B Gondiions®  Yield % | 299 vielg s

rac-8 rac-9 rac-7

R1
1 rac-8a  * \Q OCH; 1 0 rac-9a A 71 rac-Ta 82
OCHs

2 rac-8b i C‘> OCHj; 1 0 rac-9b A 54 rac-Tb 88
0}

3 rac-8¢ ) \, S OCH; 1 0 rac-9c B 57 rac-7c 97
I
NS

4 rac-8d m OCH; 1 0 | rac-9d B 59 rac-7d 93

S
5 rac-8e OH OCH; 1 0 rac-9e A 73 rac-Te 83

6 rac-8f H OCH; 1 0 rac-9f A 57 rac-Tf 98
OCH5

7 rac-8g ,\/©’ OCH; 1 0 rac-9g B 55 rac-7g 90

8 rac-8h \/@ OCH; 1 0 | rac-9h B 64 rac-Th 88

9 rac-8i ,’\Q OCH; 1 1 rac-9i A 49 rac-Ti 89
OCHj,

10 rac-8j ,"\© H 1 1 rac-9j A 68 rac-7j 98

11 rac-8k ,'\@\ OCHj; 2 0 rac-9k A 61 rac-Tk 90
OCHj4

12 rac-8l \© H 2 0 | rac9l A 53 rac-T1 98

Reagents and conditions: (a) Lindlar’s catalyst, Quinoline, H,, EtOH, Conditions A: atmospheric pressure, 30 °C, Conditions B:
30 bar, 50 °C; (b) 12 M NaOH, MeOH; °Isolated yield after chromatography; dIsolated yield after extraction.
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2.2. Biological evaluation

The synthesized N-substituted nipecotic acid derivatives with a cis-alkene spacer rac-7a-l were
evaluated for their inhibitory potencies at mMGAT4 and additionally for the other murine GABA transporter
subtypes (NGAT1-mGAT3) in a standardized [?H]GABA uptake assay based on HEK cells developed
in our group.3* Binding affinities of these compounds towards mGAT1 (expressed in HEK cells) were
also determined using a standardized MS Binding Assay.3® The measurements were done in triplicates
and wherever possible, the potencies of the tested compounds in the uptake assays are given as
plCso values. In cases where test compounds at a concentration of 100 uM were not able to reduce
[BH]GABA uptake to a value of below 50%, which equals plCso values < 4.00, only the percent values of

the remaining [BH]GABA uptake are given.

The comparison of (S)-SNAP-5114 [(S)-1] with its chemically more stable carba-analog DDPM-1457
[(S)-2] shows that replacing the ether moiety of the spacer with a frans-alkene unit causes only minor
differences in their binding affinity and inhibitory potencies (Table 2). As the cis-alkene analogs of the
present study are all racemic compounds, we also included DDPM-1007 (rac-2),%?” the racemic analog
of (S)-2, in Table 2 as it appears to be the more suitable reference compound in this case. Compound
3,28 a representative of analogs of DDPM-1007 (rac-2), with an alkyne spacer shows that the transition
from a trans-alkene spacer to an alkyne spacer causes a significant decrease in the inhibitory potencies
and binding affinities. Furthermore, tiagabine (5) is listed in Table 2 as a reference compound for potent

mGAT1 inhibitors with high selectivity for this target (Table 2, entry 6).36

Compound rac-7a presents the structural closest analog of DDPM-1007 (rac-2) in this study (Table
3, entry 1) possessing a cis- instead of a frans-configured alkene spacer. Remarkably, this relatively
small change of the structure results in a significant reduction of the inhibitory potencies at all mGAT
proteins, but without loss of the selectivity in favor of mGAT4. However, compared to the
alkyne-analog 3, the so obtained results for rac-7a shows a significant selectivity for and slightly higher
potency at mGAT4. Similarly to rac-7a, the cis-alkene analogs rac-7b, rac-7d, and rac-7f, where one
4-methoxyphenyl ring was replaced by a 1,3-benzodioxole, thiophene, or H substituent, respectively,
showed, as compared to rac-2, lower potencies at all mMGAT proteins combined with a slight subtype
selectivity in favor of mGAT4. Analogs rac-7¢ having a thiazole ring, and rac-7e, an OH substituent
replacing one methoxyphenyl unit of the lipophilic residue, were more or less devoid of any reasonable

potency at all mGAT proteins. Derivatives with a benzylic residue rac-7g and rac-7h instead of one of

6
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the three 4-methoxyphenyl moieties in rac-7a had greatly reduced inhibitory potencies at mGAT4,
compared to rac-2, partly also at other mGAT proteins, the potencies at all mMGATSs getting very close in

a range from about 4.0 to 4.5.

Compounds rac-7i-l gave insight on the influence of the spacer length on the inhibitory potencies at
the different mGAT proteins. An additional methylene group between the lipophilic residue and the
cis-alkene group resulted in a significantly lower inhibitory potency at mGAT4 for analog rac-7i having
three 4-methoxyphenyl residues compared to rac-7a all plCso values being now close to 4. Surprisingly,
compound rac-7j as an analog of rac-7i, but devoid of the three methoxy substituents, displayed a
significantly increased potency at mGAT1 by almost 2 log units to a value of plCso = 6.00 = 0.04 (Table
3, entry 10). Also the potency at mMGAT4 rose (from plCso = 4.21 for rac-7i to 4.82) being now almost as

high as that of rac-7a (plCso = 4.99 + 0.06, Table 3 entry 1). Hence, though the potency at mGAT1 of

|+

rac-Ti still lays somewhat behind that of tiagabine (5) with plCso = 6.88 £ 0.12 (Table 2, entry 5), it

possesses at the same time a reasonable potency at mGAT4 (plCso = 4.82, Table 3, entry 10).
Compounds rac-7Tk and rac-71 represent analogs of rac-7i and rac-7j, respectively, the spacer extension
being now a result of the insertion of a CH2 group adjacent to the amino function. Both compounds have
slightly lower potencies at mMGAT4 and somewhat higher potencies at mGAT1, as compared to rac-7a,
the plCso values for mMGAT1-mGAT3 being now in a similar range, around 4.0 — 4.5 and only for mGAT4
somewhat higher (~ 4.8, Table 3, entries 11-12). Remarkably, for rac-71, a significantly increased

inhibitory potency could not be observed at mGAT1, as it was the case for rac-7j with the same ftrityl

residue and spacer length, but the additional methylene group being in a different position.

The binding affinities of rac-7a—I determined in binding assays for mGAT1 and given as pKi values
were in the same range as the potencies found in the uptake assays (plCso values) for this same
transporter. As a general phenomenon already well known from the literature, also here the pKi values

turned out to be about half a log unit higher than the corresponding plCso values.?1.28.29.35
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Table 2. Binding affinities and inhibitory potencies of reference compounds (S)-1, (S)-2, (rac)-2, 3, and 5 from the literature.

O‘\COZH (j,COZH O/COZH CO,H
OCH (j’
N OCH; N OCHj 3

Ne e P
¢ OCH3 & OCH3 O OCH3 iy

HaCd HsCJ H3CO
(S)-SNAP-5114 [(S)-1] DDPM-1457 [(S)-2] v ini 3 Tiagabine (5)
DDPM-1007 (rac-2) w : —
pICso®
Entry Compound Conf. pK?
mGAT1 mGAT2 mGAT3 mGAT4
1 (S)-SNAP-5114 s 4.56¢ 4.07 56% 5.29 5.71
[(S)-1]° +0.02 +0.09 ° +0.04 +0.07
2 DDPM-1457 s 4.33¢ 4.40 4.42 5.47 5.87
[(S)-2]° +0.06 +0.05 10.11 $0.02 +0.08
3 DDPM-1007 rac 4.83¢ 4.32 4.68 5.19 5.67
rac-2° 10.04 +0.05 +0.09 +0.06 +0.06
4 30 rac 5.36 4.84 4.36 4.61 4.53
+0.02
: . 7.43 6.88
6 Tiagabine (5)° R +0.11 +0.12 50% 64% 73%

aResults of the MS Binding Assays are given as pKi + SEM; "Results of the [PH]JGABA uptake assays are given as plCso = SEM.
Percentages represent remaining [°HJGABA uptake in presence of 100 uM test compound; °Reference literature,?” “Reference
literature,?® ®Reference literature.®



Table 3. Binding affinities and inhibitory potencies of the N-substituted nipecotic acids with a cis-alkene spacer rac-7a-l.
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rac-Ta—|
pICso®
Entry Compound R R? n pK:?
(rac-7) mGAT1 mGAT2 mGAT3  mGAT4
1 rac-Ta OCH 0 475 4.14 65% 4.14 4.99
‘ @ 3 : : : +0.06
OCH,
g ps 0 5.00
2 rac-Tb ; \©: N OCHs 0 4.27 4.02 4.21 4.34 +0.20
o
3 rac-Tc \T S OCH;, 0 78% 69% 67% 78% 83%
NS
4 rac-7d \“\/\\ OCH, 0 62% 4.10 4.05 49% 4.48
S
5 rac-Te OH OCH;, 0 53% 81% 85% 97% 80%
6 rac-Tf H OCHs 0 458 62% 68% 72% 4.31
OCH,
7 rac-7g \/@’ OCHs 0 459 413 65% 4.01 4.24
8 rac-Th \/@ OCH; 0 4.38 4.42 452 57% 4.20
9 rac-Ti \Q OCHs 1 4.62 4.38 52% 4.07 4.21
OCH,
. 6.29 6.00 . .
10 rac-Tj . \© H 1 +0.08 +0.04 70% 56% 4.82
11 rac-Tk \Q OCH;, 0 463 451 63% 4.34 479
OCH,
12 rac-l H 0 513 439 4.26 410 476
¢ \© +0.11 : : : :

2Results of the MS Binding Assays are given as pKi + SEM. For low pK; values, only one measurement was performed in triplicate,
therefore no SEM could be calculated. Percentages represent remaining specific NO711 binding in presence of 100 uM test
compound; *Results of the [*H]GABA uptake assays are given as plCs, + SEM. For low plCs, values, only one measurement was
performed in triplicate, therefore no SEM could be calculated. Percentages represent remaining [*HJGABA uptake in presence of

100 puM test compound.
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3. Conclusion
The design and synthesis of a new cis-alkene analog family of (S)-SNAP-5114 [(S)-1] was continued
using DDPM-1007 (rac-2) as the starting point with the aim to identify more potent and selective

inhibitors of MGATA4.

The synthesis of the desired cis-alkene derivatives rac-9a—l was accomplished by heterogenic,
catalytic reduction of the known alkyne-analogs rac-8a—I employing Lindlar's catalyst. The new
cis-alkene analogs rac-7a-l, as compared to the frans-alkene isomer DDPM-1007 (rac-2), generally

show slightly lower potencies at mGAT1-mGAT3 and significantly decreased potency at mGAT4.

Analogs with an increased spacer length and three aromatic rings showed diverse results at mGAT1.
Compound rac-7j having an additional methylene group between the trityl moiety and the cis-alkene unit
exhibited surprisingly high inhibitory potency at mGAT1 (pICso = 6.00 £ 0.04) which was not present if
the additional methylene group was placed between the nipecotic acid and the cis-alkene moiety

(rac-TI, pICso = 4.39).

This research revealed that by changing only the stereochemistry of the potent trans-alkene analog
DDPM-1007 (rac-2) into a cis-alkene isomer (rac-7a) results in significantly lowered potency at mGAT4
suggesting that the frans-double bond in the spacer plays a significant role for the biological activity of

these analogs.

10
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4. Experimental section
4.1. Chemistry

Reactions were carried out in vacuum dried glassware under argon atmosphere. All commercially
available starting materials were used without further purification and solvents were distilled before use.
As petroleum ether (PE) the fraction 40—60 °C was used. Flash chromatography was performed on silica
gel (Merck 60 F-254, 0.040-0.063 mm). Medium pressure liquid chromatography (MPLC) was
performed using a Blchi instrument (C-605 binary pump system, C-630 UV detector at 254 nm, and
C-660 fraction collector) and a Sepacore glass column B-685 (26*230 mm) equipped with silica gel
(YMC Gel SIL-HG, 12 nm, S-20 ym). HRMS data were obtained with JMS-GCmate Il (El, Jeol) or
Thermo Finnigan LTQ FT Ultra (ESI, Thermo Finnigan). NMR spectra were recorded with a JNMR-GX
(JEOL 400 or 500 MHz) or Bruker BioSpin Avance IIl HD (400 or 500 MHz). As an internal standard,
the known chemical shift of solvent traces was used to reference the spectra. Spectra were processed
using the software MestReNova. For IR spectroscopy, a Perkin Elmer FT-IR Spectrometer 1600 was
used.

4.2. General procedures

4.2.1. Hydrogenation of the N-substituted nipecotic acid esters with an alkyne spacer to the
corresponding N-substituted nipecotic acid esters with a cis-alkene spacer under standard reaction
conditions (GP 1)

For mild reaction conditions, Lindlar’s catalyst (0.25 equiv.) was added to the solution of the ester
with an alkyne spacer (1 equiv.) and quinoline (0.1 equiv.) in ethanol (20 mL/mmol). The flask was
evacuated and purged with hydrogen three times and a balloon filled with hydrogen was attached to the
sealed flask (atmospheric pressure). The mixture was stirred at 30 °C until most of the starting material
was converted to the corresponding ester with a cis-alkene spacer, which was followed by thin layer
chromatography (TLC) and NMR experiments. Finally, the mixture was filtered through celite, rinsed
with Et20, and concentrated in vacuum. The crude product was purified by flash chromatography or
MPLC on silica gel with DCM/MeOH (99:1) or with Et2O/PE/MeOH (50:50:1).

4.2.2. Hydrogenation of the N-substituted nipecotic acid esters with an alkyne spacer to the
corresponding N-substituted nipecotic acid esters with a cis-alkene spacer under enhanced reaction
conditions (GP 2)

For the harsher reaction conditions, Lindlar’s catalyst (0.35 equiv.) was added to the solution of the
ester with an alkyne spacer (1 equiv.) and quinoline (0.05 equiv.) in ethanol (20 mL/mmol). The pressure
vessel was evacuated and purged with hydrogen three times and finally filled with hydrogen (30 bar).
The mixture was stirred at 50 °C until most of the starting material was converted to the corresponding
ester with a cis-alkene spacer which was followed by thin layer chromatography (TLC) and NMR
experiments. Finally, the mixture was filtered through celite, rinsed with Et.O, and concentrated in
vacuum. The crude product was purified by flash chromatography or MPLC on silica gel with
DCM/MeOH (99:1) or with Et2O/PE/MeOH (50:50:1).

4.2.3. Hydrolysis of the N-substituted nipecotic acid esters (GP 3)

The ester (1 equiv.) was dissolved in MeOH (1 mL/mmol), then an excess of NaOH (5 equiv., 12 M
in H20) was added dropwise at 0 °C. The mixture was stirred at 25 °C for 3—-6 h until the hydrolysis was
complete (TLC). The mixture was diluted with H20, stirred for 1 h at 25 °C and extracted with Et2O. The
water phase was collected and pH= 6.0 was set by adding HCI (5 equiv., 6 M in H20) and phosphate
buffer (pH= 6.0, 1.0 M). This solution was extracted with DCM. The combined organic layers were dried
over Na2S0O4 and concentrated under reduced pressure to get the pure product as a thick oil. To get the
N-substituted nipecotic acid as a solid, the oil was dissolved in DCM (0.1 mL), H20 (2 mL) was added
and an emulsion was prepared by sonication. This emulsion was freeze-dried to obtain a white,
amorphous solid.
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4.3. Synthesized compounds
4.3.1. (2)-1-[4,4,4-Tris(4-methoxyphenyl)but-2-en-1-yllpiperidine-3-carboxylic acid, (rac-7a)

According to GP3: Ester rac-9a (40 mg, 0.070 mmol) with NaOH (0.37 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (30 mg, 82%).

IR (KBr): v = 3428, 3032, 2998, 2934, 2834, 1717, 1700, 1606, 1580, 1507, 1464, 1396, 1295, 1250,
1179, 1117, 1034, 915, 826, 700, 669, 638, 573 cm'. '"H NMR (400 MHz, MeOD) 5 1.15 - 1.31 (m, 1H),
1.42 —1.65 (m, 3H), 1.73 (t, J = 11.4 Hz, 1H), 1.91 (d, J = 13.0 Hz, 1H), 2.28 — 2.34 (m, 3H), 2.63 (d, J
=9.1 Hz, 1H), 2.92 (d, J = 11.3 Hz, 1H), 3.78 (s, 9H), 5.79 (dt, J=11.9, 5.8 Hz, 1H), 6.54 (d, J = 12.2 Hz,
1H), 6.78 — 6.84 (m, 6H), 6.97 — 7.04 (m, 6H) ppm. '3C NMR (101 MHz, MeOD) 5 25.79, 29.12, 46.30,
54.68, 55.83, 58.24, 58.36, 59.68, 114.12, 130.55, 131.98, 140.91, 141.80, 159.28, 182.65 ppm. HRMS
(ESI): [M+H]* calcd. for C31H360sN, 502.2587; found 502.2586.

4.3.2. (Z)-1-[4-(Benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxyphenyl) but-2-en-1-yl]piperidine-3-carboxylic
acid, (rac-7Tb)

According to GP3: Ester rac-9b (42 mg, 0.080 mmol), NaOH (0.38 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (34 mg, 88%).

IR (KBr): ¥ = 3425, 2935, 2835, 1717, 1607, 1580, 1506, 1483, 1440, 1396, 1333, 1296, 1248, 1180,
1119, 1097, 1036, 932, 862, 826, 811, 731, 678, 638, 569 cm-". 'H NMR (500 MHz, MeOD) & 1.23 (qd,
J =125, 4.0 Hz, 1H), 1.43 — 1.58 (m, 2H), 1.58 — 1.64 (m, 1H), 1.74 (t, J = 11.4 Hz, 1H), 1.91 (d, J =
13.3 Hz, 1H), 2.26 — 2.40 (m, 3H), 2.65 (d, J = 9.7 Hz, 1H), 2.92 (d, J = 10.9 Hz, 1H), 3.78 (s, 6H), 5.80
(dt, J = 11.9, 5.8 Hz, 1H), 5.90 (s, 2H), 6.52 (d, J = 12.3 Hz, 1H), 6.52 (d, J = 2.0 Hz, 1H), 6.58 (dd, J =
8.2, 1.9 Hz, 1H), 6.69 (d, J = 8.1 Hz, 1H), 6.80 — 6.84 (m, 4H), 7.00 — 7.04 (m, 4H) ppm. 3C NMR
(126 MHz, MeOD) & 25.80, 29.11, 46.32, 54.68, 55.83, 58.28, 58.34, 60.10, 102.37, 108.10, 111.66,
114.17, 123.96, 130.76, 131.98, 132.00, 140.59, 140.63, 141.64, 143.01, 147.21, 148.80, 159.36,
182.61 ppm. HRMS (ESI): [M+H]* calcd. for CaiH3406N, 516.2380; found: 516.2375.

4.3.3. (2)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiazol-2-yl)but-2-en-1-yl]piperidine-3-carboxylic acid,
(rac-7c)

According to GP3: Ester rac-9¢ (32 mg, 0.060 mmol) NaOH (0.3 mmol, 12 M in H20) was hydrolyzed
to get the pure product. White solid (28 mg, 97%).

IR (KBr): ¥ = 3423, 2934, 2835, 1717, 1606, 1580, 1508, 1463, 1389, 1297, 1252, 1180, 1131, 1032,
887, 865, 826, 757, 728, 669, 591, 562, 538 cm-'. 'H NMR (400 MHz, MeOD) & 1.17 — 1.31 (m, 1H),
1.42 —1.65 (m, 3H), 1.74 (t, J = 11.4 Hz, 1H), 1.91 (d, J = 12.1 Hz, 1H), 2.26 — 2.34 (m, 1H), 2.34 — 2.42
(m, 2H), 2.67 (d, J = 9.1 Hz, 1H), 2.93 (d, J = 10.9 Hz, 1H), 3.79 (s, 6H), 5.89 (dt, J = 11.9, 5.9 Hz, 1H),
6.66 (d, J = 12.1 Hz, 1H), 6.84 — 6.89 (m, 4H), 7.06 — 7.12 (m, 4H), 7.49 (d, J = 3.4 Hz, 1H), 7.79 (d, J
= 3.3 Hz, 1H) ppm. '3C NMR (101 MHz, MeOD) & 25.77, 29.08, 46.30, 54.76, 55.90, 58.12, 58.27, 60.03,
114.51, 121.14, 131.63, 131.74, 138.50, 138.55, 138.95, 143.54, 160.16, 181.49, 182.62 ppm. HRMS
(ESI): [M+H]* calcd. for C27H3104N2S, 479.1998; found:479.1999.

4.3.4. (Z2)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiophen-3-yl)but-2-en-1-yljpiperidine-3-carboxylic acid,
(rac-7d)

According to GP3: Ester rac-9d (23 mg, 0.050 mmol) and NaOH (0.23 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (20 mg, 93%).

IR (KBr): ¥ = 2423, 2934, 2834, 1717, 1606, 1579, 1508, 1463, 1389, 1361, 1296, 1250, 1179, 1116,
1033, 828, 795, 779, 729, 670, 652, 572 cm-". 'H NMR (500 MHz, MeOD) & 1.23 (qd, J = 12.5, 4.0 Hz,
1H), 1.43 — 1.57 (m, 2H), 1.58 — 1.63 (m, 1H), 1.73 (t, J = 11.4 Hz, 1H), 1.91 (d, J = 11.6 Hz, 1H), 2.30
(tt, J = 11.8, 3.8 Hz, 1H), 2.34 — 2.41 (m, 2H), 2.64 (d, J = 10.0 Hz, 1H), 2.93 (d, J = 11.8 Hz, 1H), 3.77
(s, 6H), 5.78 (dt, J = 12.0, 5.9 Hz, 1H), 6.48 (d, J = 12.1 Hz, 1H), 6.78 (d, J = 3.2 Hz, 2H), 6.80 — 6.84
(m, 4H), 7.00 — 7.07 (m, 4H), 7.33 — 7.35 (m, 1H) ppm. *C NMR (126 MHz, MeOD) & 25.79, 29.12,
46.32, 54.72, 55.82, 57.47, 57.93, 58.21, 114.23, 123.93, 126.32, 130.47, 130.91, 131.42, 140.40,
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140.44, 140.69, 150.25, 159.46, 182.63 ppm. HRMS (ESI): [M+H]* calcd. for C2sH3204NS, 478.2046;
found: 478.2043.

4.3.5. (2)-1-[4-Hydroxy-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylic acid, (rac-Te)

According to GP3: The ester rac-9e (45 mg, 0.10 mmol) with NaOH (0.5 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (34 mg, 83%).

IR (KBr): ¥ = 3201, 3000, 2931, 2832, 1607, 1583, 1507, 1454, 1389, 1342, 1304, 1247, 1174, 1102,
1063, 1036, 983, 911, 830, 803, 766, 751, 709, 676, 636, 616, 592, 553 cm-". 'H NMR (500 MHz, MeOD)
51.27 (qd, J = 12.8, 3.9 Hz, 1H), 1.41 (qt, J = 12.8, 3.9 Hz, 1H), 1.55 — 1.62 (m, 1H), 1.79 (td, J = 11.8,
2.8 Hz, 1H), 1.93 — 1.99 (m, 2H), 2.28 (tt, J = 11.8, 3.8 Hz, 1H), 2.81 (d, J = 11.4 Hz, 1H), 2.87 (dd, J =
14.2, 6.3 Hz, 1H), 2.92 (ddd, J = 13.8, 5.7, 1.3 Hz, 1H), 3.06 (d, J = 11.3 Hz, 1H), 3.77 (s, 3H), 3.77 (s,
3H), 5.72 (dt, J = 11.9, 5.9 Hz, 1H), 6.32 (d, J = 12.1 Hz, 1H), 6.81 — 6.86 (m, 4H), 7.27 — 7.33 (m,
4H) ppm. 13C NMR (126 MHz, MeOD) & 25.93, 29.37, 46.28, 54.25, 55.77, 56.28, 57.66, 79.21, 114.21,
114.26, 126.72, 128.87, 128.94, 141.45, 141.50, 142.81, 159.81, 159.85, 182.55 ppm. HRMS (ESI):
[M+H]* calcd. for CasH30NOs, 412.2118; found 412.2117.

4.3.6. (2)-1-[4,4-Bis(4-methoxyphenyl)but-2-en-1-yllpiperidine-3-carboxylic acid, (rac-7f)

According to GP3: Ester rac-9f (43 mg, 0.10 mmol) with NaOH (0.5 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (39 mg, 99%).

IR (KBr): ¥ = 3424, 2998, 2935, 2835, 1708, 1608, 1583, 1509, 1464, 1442, 1368, 1302, 1248, 1176,
1113, 1033, 828, 815, 719, 590, 542 cm-". 'H NMR (400 MHz, MeOD) 5 1.34 (qd, J = 13.0, 4.6 Hz, 1H),
1.54 (qt, J = 12.8, 3.8 Hz, 1H), 1.62 — 1.70 (m, 1H), 1.86 (td, J = 11.8, 2.9 Hz, 1H), 1.96 (d, J = 12.9 Hz,
1H), 2.06 (t, J = 11.4 Hz, 1H), 2.38 (tt, J = 11.8, 3.7 Hz, 1H), 2.85 (d, J = 11.4 Hz, 1H), 3.09 — 3.17 (m,
3H), 3.75 (s, 3H), 3.76 (s, 3H), 4.91 — 4.93 (m, 1H), 5.65 (dt, J = 11.2, 6.7 Hz, 1H), 6.02 (t, J = 10.4 Hz,
1H), 6.80 — 6.85 (m, 4H), 7.05 — 7.11 (m, 4H) ppm. 13C NMR (101 MHz, MeOD) & 25.86, 29.29, 46.48,
54.69, 55.77, 56.56, 58.37, 114.86, 126.32, 130.07, 130.10, 137.37, 138.07, 138.13, 159.43,
182.72 ppm. HRMS (ESI): [M+H]* calcd. for C2sH3004N, 396.2169; found: 396.2165.

4.3.7. (2)-1-[4,4,5-Tris(4-methoxyphenyl)pent-2-en-1-yllpiperidine-3-carboxylic acid, (rac-7g)

According to GP3: Ester rac-9g (34 mg, 0.060 mmol) with NaOH (0.3 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (28 mg, 90%).

IR (KBr): ¥ = 3424, 3033, 2998, 2938, 2934, 2834, 1716, 1609, 1580, 1510, 1464, 1442, 1392, 1299,
1249, 1179, 1151, 1119, 1035, 784, 759, 745, 702, 669, 592, 550 cm-'. 'TH NMR (500 MHz, MeOD) &
1.21(qd, J = 12.4, 4.6 Hz, 1H), 1.40 — 1.50 (m, 2H), 1.53 — 1.61 (m, 1H), 1.71 (t, J = 11.4 Hz, 1H), 1.90
(d, J = 13.0 Hz, 1H), 2.29 (tt, J = 11.8, 3.8 Hz, 1H), 2.33 — 2.39 (m, 2H), 2.58 (d, J = 6.4 Hz, 1H), 2.90
(d, J = 9.9 Hz, 1H), 3.44 (s, 2H), 3.70 (s, 3H), 3.78 (s, 3H), 3.78 (s, 3H), 5.61 (dt, J = 12.1, 6.0 Hz, 1H),
6.12 (dt, J = 12.2, 2.2 Hz, 1H), 6.58 — 6.65 (m, 4H), 6.79 — 6.85 (m, 4H), 7.12 — 7.18 (m, 4H) ppm. 3C
NMR (126 MHz, MeOD) 5 25.76, 29.16, 46.31, 48.41, 53.37, 54.53, 55.58, 55.76, 57.49, 58.20, 113.72,
114.20, 129.43, 131.00, 131.05, 131.23, 133.01, 138.86, 140.53, 140.62, 159.27, 159.29, 159.47,
182.58 ppm. HRMS (ESI): [M+H]* calcd. for Ca2HssNOs, 516.2744; found: 516.2736.

4.3.8. (2)-1-[4,4-Bis(4-methoxyphenyl)-5-phenylpent-2-en-1-yl]piperidine-3-carboxylic acid, (rac-7h)

According to GP3: Ester rac-9h (21 mg, 0.040 mmol) with NaOH (0.2 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (17 mg, 88%).

IR (KBr): ¥ = 3429, 3025, 2995, 2934, 2835, 1715, 1607, 1579, 1509, 1454, 1396, 1290, 1250, 1181,
1151, 1118, 1034, 830, 767, 734, 702, 668, 600, 565 cm-'. 'H NMR (400 MHz, MeOD) & 1.21 (qd, J =
12.2, 4.3 Hz, 1H), 1.41 = 1.50 (m, 2H), 1.53 = 1.61 (m, 1H), 1.71 (t, J = 11.5 Hz, 1H), 1.90 (d, J = 13.3 Hz,
1H), 2.29 (tt, J = 11.8, 3.7 Hz, 1H), 2.36 (d, J = 5.7 Hz, 3H), 2.58 (d, J = 7.1 Hz, 1H), 2.90 (d, J = 11.0 Hz,
1H), 3.50 (s, 2H), 3.78 (s, 3H), 3.78 (s, 3H), 5.61 (dt, J = 12.2, 6.0 Hz, 1H), 6.12 (dt, J = 12.2, 2.2 Hz,
1H), 6.70 — 6.74 (m, 2H), 6.79 — 6.85 (m, 4H), 7.00 — 7.10 (m, 3H), 7.12 — 7.19 (m, 4H) ppm. 3C NMR
(101 MHz, MeOD) & 25.75, 29.15, 46.31, 49.19, 53.30, 54.53, 55.78, 57.46, 58.20, 114.22, 127.06,
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128.28, 129.53, 130.97, 131.01, 132.12, 138.71, 139.26, 140.49, 140.59, 159.29, 182.59 ppm. HRMS
(ESI): [M+H]* calcd. for Ca1HasOsN 486.2638; found 486.2635.

4.3.9. (2)-1-[5,5,5-Tris(4-methoxyphenyl)pent-2-en-1-yllpiperidine-3-carboxylic acid, (rac-7i)

According to GP3: Ester rac-9i (29 mg, 0.050 mmol) with NaOH (0.25 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (23 mg, 89%).

IR (KBr): ¥ = 3424, 3034, 2998, 2934, 2834, 1717, 1607, 1580, 1508, 1463, 1441, 1387, 1295, 1249,
1182, 1119, 1035, 823, 577 cm-". 'H NMR (400 MHz, MeOD) & 1.31 (qd, J = 12.6, 4.1 Hz, 1H), 1.42 —
1.58 (m, 1H), 1.59 — 1.69 (m, 1H), 1.73 (td, J = 11.9, 2.7 Hz, 1H), 1.89 — 1.97 (m, 1H), 1.98 (t, J =
11.4 Hz, 1H), 2.34 (tt, J = 11.7, 3.7 Hz, 1H), 2.68 (d, J = 11.2 Hz, 1H), 2.79 — 2.94 (m, 2H), 3.05 (d, J =
11.5 Hz, 1H), 3.23 —3.29 (m, 1H), 3.32 — 3.39 (m, 1H), 3.76 (s, 9H), 5.39 (dt, J = 12.0, 6.6 Hz, 1H), 5.49
(dt, J = 12.3, 6.3 Hz, 1H), 6.75 — 6.84 (m, 6H), 7.03 — 7.12 (m, 6H). 13C NMR (101 MHz, MeOD) & 25.83,
29.30, 40.40, 46.45, 54.59, 55.70, 55.78, 56.71, 58.26, 114.05, 127.72, 131.31, 131.97, 141.18, 159.04,
182.76. HRMS (ESI): [M+H]* calcd. for Ca2H3s0sN, 516.2744; found: 516.2742.

4.3.10. (2)-1-[5,5,5-Triphenylpent-2-en-1-yllpiperidine-3-carboxylic acid, (rac-7j)

According to GP3: The ester rac-9j (56 mg, 0.12 mmol) with NaOH (0.6 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (50 mg, 98%).

IR (KBr): ¥ = 3054, 3027, 2937, 2859, 2788, 1952, 1887, 1709, 1595, 1492, 1467, 1445, 1388, 1338,
1304, 1269, 1188, 1135, 1103, 1035, 1001, 961, 866, 760, 749, 700, 625, 613, 521 cm-". 'H NMR
(500 MHz, MeOD) 5 1.31 (qd, J = 12.8, 4.2 Hz, 1H), 1.50 (qt, J = 13.0, 3.9 Hz, 1H), 1.61 — 1.67 (m, 1H),
1.76 (td, J = 11.9, 2.9 Hz, 1H), 1.92 — 2.00 (m, 2H), 2.35 (tt, J = 11.8, 3.7 Hz, 1H), 2.70 (d, J = 11.4 Hz,
1H), 2.79 — 2.91 (m, 2H), 3.04 (d, J = 11.3 Hz, 1H), 3.43 (qd, J = 15.4, 6.5 Hz, 2H), 5.36 — 5.43 (m, 1H),
545 — 552 (m, 1H), 7.15 — 7.28 (m, 15H) ppm. 3C NMR (126 MHz, MeOD) & 30.88, 34.31, 44.97,
51.50, 59.70, 61.69, 62.71, 63.26, 132.10, 133.08, 133.84, 135.45, 136.56, 153.52, 187.68 ppm. HRMS
(ESI): [M+H]* calcd. for C2oH320:N, 426.2427; found 426.2437.

4.3.11.  (2)-1-[5,5,5-Tris(4-methoxyphenyl)pent-3-en-1-ylpiperidine-3-carboxylic acid, (rac-7k)

According to GP3: Ester rac-9k (40 mg, 0.070 mmol) with NaOH (0.36 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (23 mg, 89%).

IR (KBr): ¥ = 3448, 2998, 2934, 2834, 1717, 1606, 1579, 1507, 1463, 1442, 1399, 1294, 1249, 1178,
1117, 1034, 915, 826, 79, 707, 669, 637, 609, 571 cm-". 'H NMR (400 MHz, MeOD) & 1.23 (qd, J = 12.6,
3.8 Hz, 1H), 1.43 (qt, J = 12.5, 3.5 Hz, 1H), 1.52 — 1.63 (m, 2H), 1.68 — 1.76 (m, 2H), 1.83 (t, J = 11.4 Hz,
1H), 1.89 (d, J = 13.0 Hz, 1H), 1.97 — 2.07 (m, 1H), 2.07 — 2.17 (m, 1H), 2.27 (tt, J = 11.8, 3.7 Hz, 1H),
2.44 (d, J= 11.1 Hz, 1H), 2.81 (d, J = 11.0 Hz, 1H), 3.77 (s, 9H), 5.59 (dt, J = 11.7, 7.4 Hz, 1H), 6.46 (d,
J = 11.7 Hz, 1H), 6.76 — 6.82 (m, 6H), 6.96 — 7.03 (m, 6H) ppm. *C NMR (101 MHz, MeOD) & 25.71,
27.67,29.36, 46.28, 54.32, 55.79, 58.17, 58.63, 59.63, 114.07, 131.72, 131.96, 141.56, 141.65, 159.19,
182.71 ppm. HRMS (ESI): [M+H]* calcd. for Cs2H3s0sN, 516.2744; found: 516.2739.

4.3.12.  (Z)-1-[5,5,5-Triphenylpent-3-en-1-yllpiperidine-3-carboxylic acid, (rac-71)

According to GP3: The ester rac-91 (51 mg, 0.11 mmol) with NaOH (0.55 mmol, 12 M in H20) was
hydrolyzed to get the pure product. White solid (46 mg, 98%).

IR (KBr): ¥ = 3427, 3055, 3019, 2938, 2858, 2804, 1711, 1594, 1490, 1445, 1395, 1301, 1186, 1154,
1103, 1088, 1033, 1001, 930, 901, 871, 757, 701, 667, 600, 526 cm-". '"H NMR (400 MHz, MeOD) &
1.22 (qd, J = 12.8, 4.2 Hz, 1H), 1.42 (qt, J = 12.9, 3.8 Hz, 1H), 1.52 — 1.62 (m, 2H), 1.68 — 1.74 (m, 2H),
1.78 (t, J = 11.4 Hz, 1H), 1.88 (d, J = 12.8 Hz, 1H), 2.04 (qt, J = 12.3, 7.0 Hz, 2H), 2.25 (it, J = 11.8,
3.7 Hz, 1H), 2.44 (d, J = 11.1 Hz, 1H), 2.76 (d, J = 11.1 Hz, 1H), 5.67 (dt, J = 11.7, 7.4 Hz, 1H), 6.54 (dt,
J =116, 1.8 Hz, 1H), 7.11 = 7.29 (m, 15H) ppm. '*C NMR (101 MHz, MeOD) & 25.71, 27.91, 29.32,
46.31, 54.38, 58.10, 58.43, 61.62, 127.19, 128.84, 131.10, 132.59, 141.10, 148.97, 182.71 ppm. HRMS
(ESI): [M+H]* calcd. for C2oH320:N, 426.2427; found 426.2424.
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4.3.13.  Ethyl (Z2)-1-[4,4,4-tris(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylate, (rac-9a)

According to GP1: Ester rac-8a (211 mg, 0.400 mmol), quinoline (5 mg, 0.04 mmol), Lindlar’s catalyst
(85 mg, 0.040 mmol) in ethanol (10 mL). The crude product was purified by flash chromatography with
DCM/MeOH (99:1). Yellow oil (150 mg, 71%).

IR (Film): ¥ = 2937, 2833, 2794, 1728, 1606, 1580, 1506, 1463, 1294, 1248, 1178, 1151, 1134, 1098,
1035, 826 cm™'. '"H NMR (500 MHz, CD2Cl2) 8 1.23 (t, J = 7.1 Hz, 3H), 1.27 — 1.37 (m, 1H), 1.39 — 1.49
(m, 1H), 1.57 — 1.64 (m, 1H), 1.69 (td, J = 11.2, 2.8 Hz, 1H), 1.76 — 1.90 (m, 2H), 2.29 (dd, J = 6.1,
2.2 Hz, 2H), 2.41 (tt, J = 10.3, 3.8 Hz, 1H), 2.46 (d, J = 10.4 Hz, 1H), 2.65 (d, J = 11.1 Hz, 1H), 3.77 (s,
9H), 4.08 (q, J = 7.1 Hz, 2H), 5.74 (dt, J = 12.1, 6.0 Hz, 1H), 6.48 (dt, J = 12.1, 2.2 Hz, 1H), 6.75 - 6.80
(m, 6H), 7.01 — 7.06 (m, 6H) ppm. 3C NMR (126 MHz, CD2Cl2) 6 14.60, 25.16, 27.29, 42.49, 54.09,
55.73, 55.97, 57.44, 58.87, 60.66, 113.49, 131.34, 131.81, 140.40, 158.32, 174.48 ppm. HRMS (EI):
[M]* calcd. for Ca3sH390sN, 529.2828; found: 529.2817.

4.3.14.  Ethyl (Z)-1-[4-(benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-
carboxylate, (rac-9b)

According to GP2: Ester rac-8b (42 mg, 0.080 mmol), quinoline (1 mg, 0.01 mmol), and Lindlar’s
catalyst (40 mg, 0.019 mmol) in ethanol (4 mL). The crude product was purified by MPLC with
DCM/MeOH (98:2). Yellow oil (22 mg, 54%).

IR (Film): ¥ = 2939, 2900, 2835, 2782, 1729, 1607, 1579, 1506, 1483, 1465, 1440, 1299, 1248, 1180,
1151, 1134, 1098, 1037, 935, 862, 826, 810, 732, 699, 677 cm-". 'H NMR (500 MHz, CD2Cl2) 5 1.23 (t,
J=7.1Hz, 3H), 1.27 - 1.37 (m, 1H), 1.40 — 1.49 (m, 1H), 1.57 — 1.64 (m, 1H), 1.66 — 1.74 (m, 1H), 1.77
—1.89 (m, 2H), 2.31 (d, J = 3.9 Hz, 2H), 2.42 (tt, J = 10.3, 3.9 Hz, 1H), 2.48 (d, J = 10.8 Hz, 1H), 2.66
(d, J = 11.2 Hz, 1H), 3.77 (s, 6H), 4.08 (q, J = 7.1 Hz, 2H), 5.75 (dt, J = 12.1, 6.0 Hz, 1H), 5.92 (s, 2H),
6.46 (dt, J = 12.1, 2.2 Hz, 1H), 6.59 — 6.62 (m, 2H), 6.68 (d, J = 8.9 Hz, 1H), 6.76 — 6.80 (m, 4H), 7.02
— 7.07 (m, 4H) ppm. 3C NMR (126 MHz, CD2Cl) & 14.59, 25.14, 27.27, 42.48, 54.11, 55.74, 55.99,
57.42, 59.32, 60.68, 101.72, 107.54, 111.21, 113.53, 123.32, 131.36, 131.94, 140.09, 140.16, 140.34,
142.49, 146.26, 147.94, 158.40, 174.49 ppm. HRMS (ESI): [M+H]* calcd. for CasHssNOs, 544.2693;
found: 544.2689.

4.3.15.  Ethyl (2)-1-[4,4-bis(4-methoxyphenyl)-4-(thiazol-2-yl)but-2-en-1-yl]piperidine-3-carboxylate,
(rac-9c)

According to GP2: Ester rac-8c (67 mg, 0.13 mmol), quinoline (2 mg, 0.01 mmol), and Lindlar’s
catalyst (70 mg, 0.033 mmol) in ethanol (4 mL). The crude product was purified by MPLC with
DCM/MeOH (97:3). Yellow oil (38 mg, 58%).

IR (Film): ¥ = 2936, 2829, 1727, 1606, 1579, 1508, 1461, 1440, 1384, 1298, 1251, 1180, 1148, 1130,
1097, 1032, 890, 861, 825, 719, 668 cm-". 'H NMR (500 MHz, CD2Clz) 5 1.23 (t, J = 7.2 Hz, 3H), 1.29
—1.37 (m, 1H), 1.40 — 1.50 (m, 1H), 1.56 — 1.67 (m, 1H), 1.68 — 1.76 (m, 1H), 1.77 — 1.84 (m, 1H), 1.84
~1.92 (m, 1H), 2.30 — 2.39 (m, 2H), 2.40 — 2.46 (m, 1H), 2.49 (d, J = 10.2 Hz, 1H), 2.68 (d, J = 10.0 Hz,
1H), 3.79 (s, 6H), 4.08 (q, J = 7.1 Hz, 2H), 5.83 (dt, J = 12.0, 6.0 Hz, 1H), 6.65 (d, J = 12.1 Hz, 1H), 6.79
— 6.83 (m, 4H), 7.10 — 7.15 (m, 4H), 7.27 (d, J = 3.3 Hz, 1H), 7.77 (d, J = 3.3 Hz, 1H) ppm. *C NMR
(101 MHz, CDCl2) & 14.60, 25.11, 27.26, 42.43, 54.13, 55.78, 56.00, 57.25, 59.23, 60.68, 113.74,
119.84, 131.05, 132.71, 138.01, 138.28, 138.35, 143.25, 159.08, 174.47, 179.78 ppm. HRMS (ESI):
[M+H]* calcd. for CasH3504N2S 507.2312; found: 507.2313.

4.3.16.  Ethyl (2)-1-[4,4-bis(4-methoxyphenyl)-4-(thiophen-3-yl)but-2-en-1-yllpiperidine-3-
carboxylate, (rac-9d)

According to GP2: Ester rac-8d (26 mg, 0.050 mmol), quinoline (1 mg, 0.01 mmol), and Lindlar's
catalyst (32 mg, 0.015 mmol) in ethanol (3 mL). The crude product was purified by MPLC with
DCM/MeOH (98:2). Yellow oil (15 mg, 59%).

IR (Film): ¥ = 2927, 2853, 1729, 1607, 1578, 1508, 1459, 1375, 1297, 1249, 1180, 1151, 1116, 1099,
1034, 828, 793, 782, 669, 654 cm'. '"H NMR (500 MHz, CD2Cl2) 6 1.23 (t, J = 7.1 Hz, 3H), 1.27 — 1.38
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(m, 1H), 1.39 — 1.50 (m, 1H), 1.57 — 1.64 (m, 1H), 1.65 — 1.74 (m, 1H), 1.76 — 1.91 (m, 2H), 2.33 (d, J =
4.8 Hz, 2H), 2.42 (tt, J = 10.2, 3.8 Hz, 1H), 2.47 (d, J = 10.6 Hz, 1H), 2.67 (d, J = 10.1 Hz, 1H), 3.77 (s,
6H), 4.08 (q, J = 7.1 Hz, 2H), 5.74 (dt, J = 12.1, 6.0 Hz, 1H), 6.42 (dt, J = 12.1, 2.2 Hz, 1H), 6.77 — 6.81
(m, 6H), 7.04 — 7.08 (m, 4H), 7.26 (dd, J = 5.1, 3.0 Hz, 1H) ppm. 3C NMR (126 MHz, CD2Cl>) 5 14.60,
25.12, 27.26, 42.45, 54.11, 55.74, 55.97, 56.69, 57.03, 60.67, 113.61, 123.50, 125.61, 130.45, 130.78,
131.75, 139.33, 139.86, 139.92, 149.63, 158.52, 174.48 ppm. HRMS (ESI): [M+H]* calcd. for
C30H3sNO4S, 506.2359; found: 506.2354.

4.3.17.  Ethyl (Z)-1-[4-hydroxy-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylate,
(rac-9e)

According to GP1: Ester rac-8e (63 mg, 0.14 mmol), quinoline (2 mg, 0.01 mmol), and Lindlar’s
catalyst (45 mg, 0.021 mmol) in ethanol (2 mL). The reaction time was 20 min. The crude product was
purified by flash chromatography with Et2O/PE/MeOH (50:50:2). Yellow oil (45 mg, 73%).

IR (Film): v = 2938, 2833, 1729, 1607, 1583, 1506, 1465, 1440, 1301, 1246, 1171, 1151, 1131, 1086,
1034, 1000, 914, 829, 692, 668 cm-'. 'H NMR (500 MHz, CDCl3) 5 1.23 (t, J = 7.1 Hz, 3H), 1.23 — 1.35
(m, 1H), 1.36 — 1.46 (m, 1H), 1.56 — 1.65 (m, 1H), 1.83 — 2.02 (m, 3H), 2.29 (it, J = 11.3, 3.8 Hz, 1H),
2.83 (d, J = 11.1 Hz, 1H), 2.89 (ddd, J = 13.7, 6.0, 1.1 Hz, 1H), 2.99 (ddd, J = 13.7, 5.5, 1.4 Hz, 1H),
3.07 (d, J = 11.1 Hz, 1H), 3.77 (s, 3H), 3.78 (s, 3H), 4.08 (qd, J = 7.1, 1.8 Hz, 2H), 5.65 (dt, J = 11.8,
5.7 Hz, 1H), 6.38 (d, J = 12.2 Hz, 1H), 6.78 — 6.83 (m, 4H), 7.32 — 7.38 (m, 4H), 8.71 (s, 1H) ppm. 13C
NMR (126 MHz, CDCls) & 14.30, 24.35, 27.04, 41.38, 53.16, 54.70, 55.06, 55.32, 55.36, 60.50, 77.76,
113.35, 113.39, 123.68, 127.63, 127.69, 140.96, 141.00, 143.12, 158.27, 158.32, 173.82 ppm. HRMS
(EI): [M]* calcd. for C26HasOsN 439.2359; found 439.2361.

4.3.18.  Ethyl (Z)-1-[4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylate, (rac-9f)

According to GP1: Ester rac-8f (108 mg, 0.250 mmol), quinoline (4 mg, 0.03 mmol), and Lindlar’s
catalyst (54 mg, 0.025 mmol) in ethanol (3 mL). The crude product was purified by flash chromatography
with DCM/MeOH (99:1). Yellow oil (60 mg, 57%).

IR (Film): ¥ = 2936, 1728, 1674, 1609, 1577, 1508, 1465, 1437, 1301, 1247, 1176, 1148, 1097, 1034,
908, 826, 728 cm-'. 'H NMR (400 MHz, CDCl3) & 1.23 (t, J = 7.1 Hz, 3H), 1.42 (qd, J = 12.0, 4.0 Hz,
1H), 1.51 — 1.63 (m, 1H), 1.65— 1.75 (m, 1H), 1.89 — 2.01 (m, 2H), 2.13 (t, J = 10.7 Hz, 1H), 2.50 — 2.60
(m, 1H), 2.78 (d, J = 11.2 Hz, 1H), 3.01 (d, J = 11.3 Hz, 1H), 3.13 (dd, J = 6.8, 1.7 Hz, 2H), 3.77 (s, 3H),
3.78 (s, 3H), 4.1 (q, J = 7.1 Hz, 2H), 4.92 (d, J = 9.9 Hz, 1H), 5.65 (dt, J = 10.9, 6.7 Hz, 1H), 5.98 (t, J
= 10.4 Hz, 1H), 6.79 — 6.85 (m, 4H), 7.05 — 7.11 (m, 4H) ppm. 3C NMR (101 MHz, CDCls) & 14.36,
24.73,27.03, 42.08, 47.08, 53.89, 55.38, 55.67, 55.70, 60.44, 113.97, 126.49, 129.21, 135.74, 136.76,
158.11, 174.24 ppm. HRMS (ESI): [M+H]* calcd. for CasHaaOaN, 424.2482; found: 424.2477.

4.3.19.  Ethyl (Z)-1-[4,4,5-tris(4-methoxyphenyl)pent-2-en-1-yl]piperidine-3-carboxylate, (rac-9g)

According to GP2: Ester rac-8g (56 mg, 0.10 mmol), quinoline (1 mg, 0.01 mmol), and Lindlar’s
catalyst (53 mg, 0.025 mmol) in ethanol (3 mL). The crude product was purified by MPLC with
DCM/MeOH (98:2). Yellow oil (30 mg, 55%).

IR (Film): ¥ = 2935, 2829, 1729, 1609, 1579, 1511, 1467, 1440, 1372, 1301, 1249, 1179, 1151, 1109,
1035, 828, 775, 668 cm-'. "TH NMR (500 MHz, CD2Cl2) 6 1.22 (t, J = 7.1 Hz, 3H), 1.25 — 1.36 (m, 1H),
1.38 - 1.47 (m, 1H), 1.55 - 1.68 (m, 2H), 1.75—-1.83 (m, 2H), 2.32 (dd, J = 6.1, 2.1 Hz, 2H), 2.37 — 2.47
(m, 2H), 2.64 (d, J = 11.3 Hz, 1H), 3.44 (s, 2H), 3.71 (s, 3H), 3.78 (s, 6H), 4.07 (q, J = 7.1 Hz, 2H), 5.59
(dt, J=12.3, 6.2 Hz, 1H), 6.07 (dt, J = 12.1, 2.1 Hz, 1H), 6.58 — 6.62 (m, 2H), 6.63 — 6.67 (m, 2H), 6.76
—6.81 (m, 4H), 7.13 = 7.17 (m, 4H) ppm. '3C NMR (126 MHz, CD2Cl2) d 14.59, 25.08, 27.26, 42.42,
47.59, 52.55, 54.04, 55.55, 55.72, 55.91, 56.64, 60.66, 113.16, 113.59, 130.22, 130.57, 130.74, 132.46,
137.44, 140.02, 140.08, 158.29, 158.58, 174.49 ppm. HRMS (El): [M+H]* calcd. for CzsH420sN,
544.3058; found: 544.3059.
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4.3.20. Ethyl (Z2)-1-[4,4-bis(4-methoxyphenyl)-5-phenylpent-2-en-1-yl]piperidine-3-carboxylate,
(rac-9h)

According to GP2: Ester rac-8h (32 mg, 0.060 mmol), quinoline (1 mg, 0.01 mmol), and Lindlar’s
catalyst (32 mg, 0.015 mmol) in ethanol (3 mL). The crude product was purified by MPLC with
DCM/MeOH (98:2). Yellow oil (20 mg, 64%).

IR (Film): ¥ = 2938, 2835, 1730, 1677, 1607, 1579, 1509, 1454, 1372, 1290, 1249, 1181, 1150, 1097,
1034, 858, 829, 804, 757, 733, 702, 668 cm". '"H NMR (500 MHz, CD2Cl2) 6 1.22 (t, J = 7.1 Hz, 3H),
1.26 — 1.36 (m, 1H), 1.38 — 1.48 (m, 1H), 1.56 — 1.62 (m, 1H), 1.66 (t, J = 10.8 Hz, 1H), 1.76 — 1.84 (m,
2H), 2.33 (dd, J = 6.2, 2.2 Hz, 2H), 2.37 — 2.47 (m, 2H), 2.65 (d, J = 10.6 Hz, 1H), 3.51 (s, 2H), 3.78 (s,
6H), 4.07 (q, J = 7.1 Hz, 2H), 5.60 (dt, J = 12.2, 6.1 Hz, 1H), 6.09 (dt, J = 12.2, 2.2 Hz, 1H), 6.74 — 6.77
(m, 2H), 6.77 —6.81 (m, 4H), 7.04 —7.12 (m, 3H), 7.14 — 7.18 (m, 4H) ppm. '3C NMR (126 MHz, CD2Cl2)
0 14.60, 25.10, 27.27, 42.44, 48.38, 52.47, 54.07, 55.72, 55.94, 56.64, 60.66, 113.61, 126.50, 127.79,
130.18, 130.89, 131.61, 137.27, 138.73, 140.01, 140.07, 158.32, 174.50 ppm. HRMS (EIl): [M]* calcd.
for CasH3904N, 513.2879; found 513.2880.

4.3.21.  Ethyl (Z2)-1-[5,5,5-tris(4-methoxyphenyl)pent-2-en-1-yl]piperidine-3-carboxylate, (rac-9i)

According to GP1: Ester rac-8i (83 mg, 0.15 mmol), quinoline (10 mg, 0.080 mmol), and Lindlar’s
catalyst (64 mg, 0.030 mmol) in ethanol (2 mL). The crude product was purified by flash chromatography
with DCM/MeOH (98:2). Yellow oil (40 mg, 49%).

IR (Film): v = 2937, 2835, 1728, 1676, 1607, 1579, 1509, 1464, 1441, 195, 1250, 1182, 1152, 1035,
826, 734 cm™'. 'H NMR (400 MHz, CD2Cl>) & 1.23 (t, J = 7.1 Hz, 3H), 1.34 — 1.57 (m, 2H), 1.62 — 1.72
(m, 1H), 1.81 = 1.95 (m, 2H), 2.09 (t, J = 10.5 Hz, 1H), 2.49 (it, J = 10.2, 3.8 Hz, 1H), 2.60 (d, J= 11.3 Hz,
1H), 2.82 — 2.89 (m, 1H), 2.89 (d, J = 5.1 Hz, 2H), 3.23 — 3.40 (m, 2H), 3.77 (s, 9H), 4.09 (q, J = 7.1 Hz,
2H), 5.33 — 5.45 (m, 2H), 6.75 — 6.82 (m, 6H), 7.06 — 7.13 (m, 6H) ppm. *C NMR (101 MHz, CDCl2) &
14.60, 25.20, 27.49, 39.88, 42.53, 54.25, 54.99, 55.69, 56.16, 56.31, 60.69, 113.51, 128.73, 130.26,
130.71, 140.51, 158.20, 174.55 ppm. HRMS (EI): [M]* calcd. for C3sHa10sN, 543.2985; found: 543.2964.

4.3.22.  Ethyl (Z2)-1-[5,5,5-triphenylpent-2-en-1-yl]piperidine-3-carboxylate, (rac-9j)

According to GP1: Ester rac-8j (56 mg, 0.12 mmol), quinoline (2 mg, 0.01 mmol), and Lindlar’s
catalyst (51 mg, 0.024 mmol) in ethanol (2 mL). The crude product was purified by flash chromatography
with Et2O/PE/MeOH (50:50:0.5). Yellow oil (37 mg, 68%).

IR (Film): ¥ = 3056, 3021, 2937, 2853, 2788, 1730, 1595, 1492, 1445, 1374, 1306, 1217, 1179, 1150,
1133, 1100, 1032, 855, 801, 759, 700, 669 cm-'. '"H NMR (400 MHz, CD2Cl2) 8 1.24 (t, J = 7.1 Hz, 3H),
1.36 — 1.56 (m, 2H), 1.64 — 1.71 (m, 1H), 1.84 — 1.94 (m, 2H), 2.08 (t, J = 10.5 Hz, 1H), 2.49 (i, J =
10.3, 3.8 Hz, 1H), 2.60 (d, J=11.8 Hz, 1H), 2.82 — 2.89 (m, 3H), 3.37 —3.48 (m, 2H), 4.10 (q, J = 7.1 Hz,
2H), 5.35-5.45 (m, 2H), 7.18 — 7.30 (m, 15H) ppm. 3C NMR (101 MHz, CD2Cl2) d 14.61, 25.20, 27.48,
39.45, 42.56, 54.27, 56.17, 56.25, 57.03, 60.69, 126.52, 128.36, 129.13, 129.80, 129.88, 147.88,
174.56 ppm. HRMS (EI): [M]* calcd. for C31H3502N, 453.2668; found: 453.2650.

4.3.23.  Ethyl (Z)-1-[5,5, 5-tris(4-methoxyphenyl)pent-3-en-1-yl]piperidine-3-carboxylate, (rac-9k)

According to GP1: Ester rac-8k (83 mg, 0.15 mmol), quinoline (1 mg, 0.01 mmol), and Lindlar’s
catalyst (64 mg, 0.030 mmol) in ethanol (3 mL). The crude product was purified by flash chromatography
with DCM/MeOH (99:1). Yellow oil (50 mg, 61%).

IR (Film): v = 2938, 2834, 2807, 1729, 1606, 1579, 1506, 1464, 1442, 1370, 1297, 1249, 1178, 1151,
1116, 1035, 914, 826, 703, 668, 572 cm-'. 'H NMR (400 MHz, CD2Cl2) & 1.22 (t, J = 7.1 Hz, 3H), 1.29
—1.49 (m, 2H), 1.56 — 1.65 (m, 3H), 1.75 (td, J = 10.9, 2.9 Hz, 1H), 1.79 — 1.86 (m, 1H), 1.92 (t, J =
10.6 Hz, 1H), 2.01 — 2.13 (m, 2H), 2.37 — 2.46 (m, 2H), 2.66 (d, J = 10.9 Hz, 1H), 3.77 (s, 9H), 4.08 (q,
J=7.2Hz, 2H), 5.64 (dt, J = 11.7, 7.3 Hz, 1H), 6.42 (dt, J = 11.8, 1.9 Hz, 1H), 6.76 — 6.81 (m, 6H), 7.02
— 7.07 (m, 6H) ppm. 3C NMR (101 MHz, CDCl2) & 14.59, 25.16, 27.53, 27.56, 42.51, 54.04, 54.40,
55.70, 56.07, 58.16, 58.91, 113.47, 131.34, 132.11, 139.94, 140.86, 158.26, 174.57 ppm. HRMS (EI):
[M-H]* calcd. for CasHaoOsN, 542.2912; found: 542.2900.
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4.3.24.  Ethyl (Z)-1-[5,5,5-triphenylpent-3-en-1-yl]piperidine-3-carboxylate, (rac-9l)

According to GP1: Ester rac-81 (78 mg, 0.17 mmol), quinoline (2 mg, 0.02 mmol), and Lindlar's
catalyst (73 mg, 0.034 mmol) in ethanol (4 mL). The crude product was purified by flash chromatography
with DCM/MeOH (99:1). Yellow oil (41 mg, 53%).

IR (Film): ¥ = 3057, 3019, 2978, 2940, 2853, 2806, 1731, 1594, 1490, 1467, 1445, 1370, 1311, 1271,
114, 1179, 1151, 1134, 1103, 1033, 1001, 964, 931, 901, 862, 752, 701, 667 cm-". 'H NMR (500 MHz,
CD:Clz) & 1.22 (t, J = 7.1 Hz, 3H), 1.28 — 1.37 (m, 1H), 1.37 — 1.46 (m, 1H), 1.55 — 1.63 (m, 3H), 1.73
(td, J = 10.9, 3.0 Hz, 1H), 1.78 — 1.84 (m, 1H), 1.88 (t, J = 10.6 Hz, 1H), 1.98 — 2.07 (m, 2H), 2.36 — 2.43
(m, 2H), 2.62 (d, J = 11.1 Hz, 1H), 4.07 (q, J = 7.1 Hz, 2H), 5.70 (dt, J = 11.7, 7.3 Hz, 1H), 6.49 (dt, J =
11.7, 2.0 Hz, 1H), 7.16 — 7.21 (m, 9H), 7.24 — 7.28 (m, 6H) ppm. '*C NMR (126 MHz, CD2Cl>) & 14.60,
25.13, 27.49, 27.70, 42.47, 53.99, 55.99, 57.91, 60.63, 60.92, 126.48, 128.29, 130.50, 132.94, 139.48,
148.28, 174.57 ppm. HRMS (El): [M-H]* calcd. for Ca1Ha:O:N, 452.2595; found: 452.2573.

4.4. Biological evaluation
4.4.1. MS Binding Assays

The MS Binding Assays were performed with mGAT1 membrane preparations obtained from a stable
HEK293 cell line and NO711 as non labeled marker in competitive binding experiments as described
previously.35

4.4.2. GABA uptake assay

The [?H]GABA uptake assays were performed in a 96-well plate format with intact HEK293 cells stably
expressing mGAT1, mGAT2, mGAT3, mGAT4 as described earlier.34
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Supplementary data to this article can be found online at: https://doi.org/XXXX
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1.1. (2)-1-[4,4,4-Tris(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylic acid, (rac-7a)

IH NMR (400 MHz, MeOD)
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1.2. (Z)-1-[4-(Benzo[d][1,3]dioxol-5-yl)-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylic

acid, (rac-7b)

ITH NMR (500 MHz, Me()D)
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1.3. (2£)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiazol-2-yl)but-2-en-1-yl]piperidine-3-carboxylic acid,

(rac-Tc)
IH NMR (400 MHz, MeOD)
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1.4. (Z)-1-[4,4-Bis(4-methoxyphenyl)-4-(thiophen-3-yl)but-2-en-1-yl]piperidine-3-carboxylic acid,

(rac-7d)
TH NMR (500 MHz,|MedlD)
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1.5. (Z)-1-[4-Hydroxy-4,4-bis(4-methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylic acid, (rac-7e)

IHNMR (500 MHz, MeOD)
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1.6. (2)-1-[4,4-Bis(4-methoxyphenyl)but-2-en-1-yl]p
IH NMR (400 MHz, MeOD)
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IH NMR (400 MHz, Me()D)
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I3C NMR (101 MHz, MeOD)
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TH NMR (400 Mzl MeOD)
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13C NMR (101 MHz, MeOD)
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