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1 Introduction

The tight regulation of the biosynthesis, liberation, and removal of synaptically released
y-aminobutyric acid (GABA) is of fundamental importance for the maintenance of the
brain function. Drugs targeting GABA transporters represent potential therapeutic tools
for the treatment of several neurologic and psychiatric disorders that are associated
with a dysfunction of the GABAergic system. Inhibitors of GABA transporters exert their
beneficial effects by increasing the available GABA concentration at synaptic and
extrasynaptic GABA receptors. To this point, a deeper understanding of the molecular
biology, anatomical distribution, and regulation of GABA transporters will be necessary
for the development of new classes of therapeutic agents. Thus, the design of novel
compounds may add new insights into the structure—activity relationship of GABA
transporter inhibitors and could therefore provide a promising starting point for the

development of new CNS drugs.

1.1 CNS Diseases and GABA Transporters as Pharmacological Targets

1.1.1 GABA Neurotransmission

y-Aminobutyric acid (GABA), the most abundant inhibitory neurotransmitter in the
mammalian central nervous system, is essential for the overall balance between
neurological excitation and inhibition. GABA is used by more than one third of the brain
neurons for the synaptic communication.! The biosynthesis of GABA (2) includes the
decarboxylation of glutamic acid (1) through the enzyme glutamic acid decarboxylase

(GAD) with pyridoxal phosphate as cofactor (Scheme 1).

glutamic acid decarboxylase

HOOC>JCOOH (GAD) /_ICOOH

HoN -CO, H2N

Glutamic acid (1) y-Aminobutyric acid
(GABA) (2)

Scheme 1: Biosynthesis of GABA (2).
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GABA is stored in synaptic vesicles by the vesicular neurotransmitter transporter
VGAT and is liberated from nerve terminals into the synaptic cleft either by calcium-
dependent exocytosis or release via transporter reversal (Figure 1). The effect of
GABA is mediated by the activation of ionotropic or metabotropic receptors (GABAAa,
GABAB), which are localized pre- and postsynaptically (Figure 1). GABA acts at the
ionotropic GABAAa receptors to increase the membrane chloride ion conductance,
whereby chloride ions stream into the cell and hyperpolarize the resting membrane
potential, which implicates a deactivation of the neuron. The binding of GABA to
metabotropic GABAs receptors causes presynaptic inhibition by suppressing the
calcium influx reducing the neurotransmitter release, and achieves postsynaptic
inhibition by inducing potassium currents that deactivate the cell through
hyperpolarization. GABA signaling is terminated by the reuptake of GABA into nerve
terminals and into surrounding glial cells via plasma-membrane bound high affinity
GABA transporters (Figure 1).2 Through sequential actions of GABA-transaminase
(GABA-T) and succinic semialdehyde dehydrogenase (SSDH) GABA is finally

metabolized to succinic acid.!

Presynaptic

Glutamate

Postsynaptic

<
K* channel

Figure 1: GABA neurotransmission according to Owens et al.?
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1.1.2 Pathology and Therapy

GABA deficiency is associated with several neurological disorders, such as epilepsy,®
schizophrenia,* Alzheimer's disease,® Huntington’s chorea® and Parkinson’s
disease,”® and psychiatric disorders like depression,® neuropathic pain,'° panic, and
mania.!! Epileptic seizures for example are associated with an imbalance between
excitatory and inhibitory synaptic activity. The latter is mediated by GABA and several
currently approved antiepileptic drugs target components of the GABAergic synapse
to compensate low GABAergic neurotransmission in the brain.? Due to its high polarity
GABA itself is not able to cross the blood-brain barrier (BBB). A successful approach
to increase GABA neurotransmission in the brain is the application of GABA derivatives
that are capable of crossing the BBB and furthermore display complete functional
activity. Hence, GABA analogues have been designed with regard to higher lipophilicity
and structural rigidity, usually through implementing rings or enabling intramolecular
hydrogen bond formation.!

Cl

0]

COOH
H,N
OH
H,N COOH N N

(R)-Baclofen (3) Vigabatrin (4) Nipecotic acid (5)

Figure 2: GABA analogues.

The GABA analogue (R)-baclofen (3, Figure 2) for example, described as first
selective GABAB receptor agonist, acts as muscle relaxant and antispastic agent.'3
Another mode of action is shown by vigabatrin (4, Figure 2) that specifically and
irreversibly inhibits GABA-T, a catabolic enzyme involved in the degradation of GABA.
The structural similarity to GABA allows vigabatrin (4) to interact with GABA-T and as

a mechanism-based suicide substrate it is finally covalently bound via the vinyl moiety
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to the enzyme.** The inhibition of brain GABA-T results in elevated GABA levels
whereby the probability of seizures is decreased. The rigid GABA analogue nipecotic
acid (5, Figure 2) increases GABA levels by blocking the GABA reuptake through
inhibition of the GABA transporters. Thus, nipecotic acid (5) is a useful tool for the

investigation of GABA transport mechanisms.!

1.1.3 GABA Transporters

High affinity GABA transporters (GATS) in neurons and astrocytes are responsible for
the removal of GABA from the synaptic cleft after a neuronal impulse. GATs are Na*/
Cl-dependent transporters which belong to the solute carrier family 6 (SLC-6).1516
Besides the already mentioned GABA transporters, the SLC6 transporter family
includes the monoamine transporters and group | and Il of amino acid transporters.6
These neurotransmitter sodium symporters (NSS) are polytopic membrane proteins
mediating the ion-coupled secondary active transport of their substrates across the
membrane. The co-transport of Na* along its concentration gradient conveys the
transport of the substrate GABA, against the concentration gradient into the cell.'®> For
GABA transporters the stoichiometric ratio of substrate and co-transported ions is
based on novel findings proposed as 3 Na*:1 Cl:1 GABA.Y" Recent X-ray analysis of
leucine transporter LeuTaa, a bacterial homologue of the SLC6 transporters from
Aquifex aeolicus, entailed deeper insights into the structure of this neurotransmitter
transporter family.’® LeuTaa displays 20-25% sequence identity to its mammalian
counterparts. X-ray revealed a dimeric protein whereat each of the protomers contains
12 transmembrane segments (TM) and a binding site for L-leucine in the center, called
the S1 site (Figure 3).%® Besides the S1 binding site a second substrate binding site

(S2) located in the extracellular vestibule has been identified.*® The substrate in S2
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allosterically triggers intracellular release of Na* and substrate from the primary site,

thereby acting as a “symport effector”.*®

By B2 EL3

EL4b EL4a

Figure 3: Schematic representation of the transmembrane topology of the Na*/Cl-coupled neurotransmitter
transporter homologue from Aquifex aeolicus (LeuTaa). The binding pocket for L-leucine (yellow triangle)
and Na* (dark blue dots) is formed by TM1 (red), TM3 (light orange), TM6 (green), and TM8 (light blue).18

During the transport of L-leucine and Na* from the extracellular site into the cell, the
transporter is assumed to adopt three states: the substrate occluded, the inward facing
and the outward facing state. According to Yamashita et al. these three transporter
states illustrated in Figure 4 can be adopted by conformational changes of TM1 (red)

and TM6 (green), which help to open and close the outward and inward gates.®

Na*
® &substrate
Na+® Current structure
EL4
Out
DaR4 o | (@R
IL1 In
Outward facing Substrate occluded Inward facing

Figure 4: Postulated transport mechanism of LeuTaa according to Yamashita et al.!®
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Cloning of the GABA transporter genes has revealed the existence of the four GAT
subtypes GAT1, GAT2, GAT3 and BGT1.2° The four subtypes are termed as mGAT1,
MGAT2, mGAT3, and mGAT4 when cloned from mouse brain, whereas according to
the International Union of Basic and Clinical Pharmacology (IUPHAR) for the GABA
transporters the nomenclature GAT1, BGT1, GAT2, and GAT3 is used irrespective of
the species (Table 1).2t All subtypes differ in their primary expression site resulting in
differentially pronounced pharmacological significance. The subtypes GAT1 and GAT3
are exclusively found in the brain, whereas GAT2 and BGT1 are found in multiple other
organs such as liver and kidney. GAT1 is expressed close to the GABAergic pathways,
thus being widely distributed throughout the entire brain and primarily localized on
presynaptic neurons in the synapse. Compared to GAT1, the localization of GAT3 is
more restricted, being predominantly expressed on glial cells in direct contact with
GABAergic neurons. Therefore, both transporter subtypes, GAT1 together with GAT3,
are involved in the uptake and recycling of GABA and are consequently playing an
important role in the termination of GABA neurotransmission. In contrast to GAT1 and
GATS3, the expression of GAT2 and BGT1 in the brain is very limited, hence they

appear to have a low level of influence on the control of seizure susceptibility.12.22-24

Table 1: GABA transporter nomenclature?!

species nomenclature
human hGAT-1 hBGT-1 hGAT-2 hGAT-3
mouse MGAT1 MGAT?2 MGAT3 MGAT4
IUPHAR GAT1 BGT1 GAT2 GAT3

1.1.4 Inhibition of GABA Transporters

Currently available antiepileptic drugs (AEDs) can be divided into three groups
according to their mechanism of action. This includes the modulation of voltage-

dependent ion-channels, the attenuation of excitatory neurotransmission and the
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enhancement of inhibitory neurotransmission.'? The latter mode of action can be
achieved through the inhibition of GABA transporters whereby the extracellular GABA
level is increased and the inhibitory GABAergic neurotransmission is facilitated. The
first generation of in vitro inhibitors of GABA uptake includes cyclic analogues of GABA
such as racemic nipecotic acid (5, Figure 5) and the areca nut alkaloid guvacine (6,
Figure 5).2526 Although they exhibit reasonable inhibitory potency at mGAT1 (5:
pICso = 4.88 + 0.07, pKi = 4.24 + 0.10; 6: plCso = 4.87 £ 0.07, pKi = 3.75 £ 0.09),?” one
drawback of these compounds is their inability to cross the blood-brain barrier in
significant amounts due to their polar and zwitterionic character.?82° This resulted in
the development of nipecotic acid prodrugs and related compounds with possibly
higher inhibitory potencies and selectivities. Upon N-substitution of parent compounds
5 and 6 with lipophilic aromatic residues the compounds are able to penetrate the
blood-brain barrier and substantially improved potencies at and subtype selectivities
for GAT1 are obtained. With the introduction of the GAT1 selective drug tiagabine (7,
Figure 5), the therapeutic potential of GAT inhibition has been confirmed and GABA
transporters, in particular GAT1, have been validated as interesting molecular targets

for the development of antiepileptic drugs.*?

(¢} (0] 0]

N N N
H H
Nipecotic acid (5) Guvacine (6) $ \
N >
7 s

Tiagabine (7)

Figure 5: GAT inhibitors.
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1.1.5 mGAT1 Selective Inhibitors

Nipecotic acid (5) and guvacine (6) have subsequently been used as lead structures
in the efforts to synthesize potent mGAT1 inhibitors. The introduction of lipophilic
aromatic residues like 4,4-diphenylbut-3-en-1-yl to the lead structures, such as
nipecotic acid (5), resulted in compounds like SK&F-89976-A (9, Table 2), which is
about 20 times more potent than the parent compound 5.2 To further improve the
potency of GAT inhibitors, related compounds have been synthesized in which the
length and electronegativity of the spacer was altered along with the attached di-
aromatic domain. Two examples for such compounds are tiagabine (Gabitril®) (7,
Table 2), a derivative of (R)-nipecotic acid which is used as add-on antiepileptic drug
for the treatment of partial epileptic seizures, and NO711 (8, Table 2), a guvacine
derivative representing an experimental drug. To improve the unfavorable
pharmacokinetic properties of tiagabine (7) and to reduce the frequently observed side
effects such as dizziness, asthenia, nervousness, tremor, and depression, several
different structural elements of tiagabine (7) and related compounds have been varied
in order to detect compounds with higher selectivities and potencies and hence
possibly less side effects.3° Structure-activity relationship (SAR) studies of Anderson
et al.®! indicated that a 2-biphenyl residue as aromatic moiety attached via a spacer to
the amino nitrogen of nipecotic acid (5) or guvacine (6), might be advantageous
regarding the inhibitory potency towards mGATL1. Later on, it was found that the most
interesting lipophilic domain appears to be represented by a 2-biphenyl moiety carrying
substituents, like for example chlorine, in 2’ and 4’ position of the terminal phenyl. The
four- to five-carbon atom spacer between the polar head and the lipophilic aromatic
domain has been modified through the introduction of alkenes, alkynes and hetero
atoms. Guvacine derivative DDPM-2571 (10, Table 2) and nipecotic acid derivatives

11 and 12 (Table 2) are representatives for this new generation of mGAT1 selective
21



inhibitors, which are displaying inhibitory potencies up to 8.27 (Table 2). Regarding the
stereochemistry of the polar nipecotic acid subunit, it is well known that the mGAT1
inhibition potency mainly resides in the (R)-configured isomer of the corresponding

derivatives.

Table 2: Selection of highly potent and selective mGAT1 inhibitors

N N
,0
- s\\ o\ \ O O O o 2 I O cl
& o O Q)
_ cl Cl
Tiagabine (7) NO711 (8) SK&F-89976-A (9) DDPM-2571 (10) 1 12
pK;2 pICso?
Compound
MGAT1P MGAT1P MGAT2b MGAT3P MGAT4b
tiagabine (7) 7.43+0.119 | 6.88 +0.12¢ 52%° 64%° 73%¢
NO711 (8) 7.50+0.039 | 6.83+0.06¢ | 3.20+0.09¢ | 3.62 + 0.04¢ | 3.07 + 0.05°¢
SK&F-89976-A (9) | 6.73+0.029 | 6.16 + 0.05¢ | 3.43+0.07¢ | 3.71 +0.04¢ | 3.56 + 0.06°¢
DDPM-2571 (10) | 8.29 £ 0.02¢ | 8.27 £ 0.03¢ 4.31¢ 4.35¢ 4.07¢
11 8.05+0.134 | 7.28 + 0.08¢ 4.044 4,394 4,314
12 8.16 + 0.047 | 7.26 + 0.08f 70%f 4.65f 4.59f

For the sake of comparability all listed functional inhibitory potencies (pICso values) and binding affinities (pKi
values) are obtained from the biological testing in our research group.
a Data are the mean + SEM. In case of low inhibitory potencies percentages are given that represent
remaining GABA uptake in presence of 100 pM test compound.
b Results of [*H]GABA uptake assays performed with HEK cells stably expressing mGAT1-mGAT4 in our

laboratory.

¢ Values from reference literature 27,

d Values from reference literature 32,

€ Values from reference literature 33.
fValues from reference literature 34,

9 Value from binding assay with [*H]NO711.
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1.1.6 Inhibitors of mMGAT4

MGAT4, the second most abundant transporter subtype in the brain, has gained
increasing research interest as potential target for the development of antiepileptic
drugs with improved pharmacological profile.3>37 It differs from mGAT1 not only with
regard to its localization, but also to its distribution in different brain regions. Although
plenty of highly potent and subtype selective inhibitors are available for mGATL1, the
lack of equivalent inhibitors for mGAT4 still retards the pharmacological elucidation of
this transporter subtype. The first prototypic mGAT4 inhibitor with moderate potency
and selectivity is represented by (S)-SNAP-5114 (13, Table 3).28 However, the
application of (S)-SNAP-5114 (13) in vivo is limited due to its low brain uptake and
modest chemical stability.®° In addition, its selectivity is not sufficiently pronounced to
exclude effects on other GABA transporter subtypes. To improve the chemical stability
of (S)-SNAP-5114 (13), which is easily undergoing side chain decomposition due to
carbenium ion formation, the ether function of the spacer has been replaced by an
alkene moiety, yielding the analogue DDPM-1457 (14, Table 3). Moreover, DDPM-
1457 (14) displays the same or even slightly better subtype selectivity for mMGAT4 over
MGAT3 as compared to (S)-SNAP-5114 (13). Both compounds possess a triarylmethyl
moiety as lipophilic anchor, whereby the aryl part is defined by a 4-methoxyphenyl
group. In contrast to mGATL1 inhibitors, mGAT4 inhibition potency mainly resides in the
(S)-configured isomer of the corresponding nipecotic acid derivatives. To further
evaluate the physiological roles and therapeutic potential of this transporter subtype,

the development of more potent and selective mGAT4 inhibitors is necessary.
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Table 3: Selection of mMGAT4 inhibitors

(0] (o]

Oy

N OCH;

I |

W ... W ...

HCO
DDPM-1457 (14)

H3CO
(S)-SNAP-5114 (13)

pICso?
Compound
MGAT1P MGAT2b MGAT3P MGAT4b
(S)-SNAP-5114 (13) | 4.07 £ 0.09°¢ 63%° 5.29 £ 0.04¢ | 5.65 * 0.02¢
DDPM-1457 (14) 4.40+0.05¢9 | 442 +£0.11¢ | 5.47 +0.02¢ | 5.87 + 0.08

For the sake of comparability all listed functional inhibitory potencies (pICso values) are
obtained from the biological testing in our research group.

a Data are the mean + SEM. In case of low inhibitory potencies percentages are given that
represent remaining GABA uptake in presence of 100 uM test compound.

b Results of [°H]GABA uptake assays performed with HEK cells stably expressing mGAT1-
MGAT4 in our laboratory.

¢ Values from reference literature 4°.

4 Values from reference literature 2.
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1.2 Allenes as Interesting Moiety in Pharmaceuticals

Allenes are important and useful building blocks in organic synthesis. Many natural
products, molecular materials and pharmaceuticals with allene moiety are known.4?-4°
Numerous allenic natural products display fascinating biological activities, which
inspired to systematically introduce allene moieties in pharmacologically active
compound classes such as steroids, prostaglandins, amino acids, and nucleosides.*
Allenic derivatives of GABA, 15 and 16 (Figure 6), for example, have been synthesized
as potential inhibitors of the pyridoxalphosphate-dependent enzyme GABA-
aminotransferase.*®4’ However, experimental investigations regarding the biogenesis
of allenes*®4? and structure-activity relationships are rare, and due to this lacking
evidence it is difficult to estimate the potential benefit of such cumulated double bond

systems in pharmaceuticals.*

= COy,” = COy”
/./‘Y\/ F\/-/\(\/

NH3* NH3*

15 16

Figure 6: Allenic derivatives of GABA.

Allenes are the simplest class of cumulenes, possessing two contiguous C=C bonds.°
Due to the prejudice that such systems are thought to be highly unstable, allenes have
been regarded as chemical curiosities for a long period.** Properties like the intrinsic
three-carbon axial chirality (Figure 7), sterically less demanding linear structure and
high substituent-loading ability evoked a constantly growing interest in this moiety. As
a result of their unique chemical properties, allenes show interesting reactivity patterns,
which makes them an integral part of modern synthetic methods. Hence, efficient
synthesis methods for allenes from simple and readily available starting materials are

highly desirable.>®
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R R’ R3

J,\\\\R4 1/:°:<

R2 RS R2 R4
(R"2R2#R3#RY) (R"#R% R3#R%
one-carbon central chirality three-carbon axial chirality

Figure 7: One-carbon central chirality vs. three-carbon axial chirality.5?

1.2.1 Synthesis of Allenes via Allenylation of Terminal Alkynes

Until now, many synthetic methods have been developed to access allenes.>? One
frequently employed method is the so called ATA reaction, the allenylation of terminal
alkynes by their reaction with aldehydes or ketones and secondary amines in the
presence of metal promoters like CuBr, Cdl2 and Znl2.53%¢ The ATA reaction is based
on the Crabbé homologation,®3 the generation of monosubstituted allenes 20 by a
three-component reaction of terminal alkynes 17, paraformaldehyde (18), and
diisopropylamine (19) in the presence of substoichiometric amounts of CuBr (Scheme

2).

CuBr
_ dioxane R H
R—== +HCHO + Pr,NH ——o> >:=/

17 18 19 H 20 H

Scheme 2: Crabbé homologation.>?

Several modifications of the Crabbé homologation have been reported until now. For
example, Ma and coworkers reported a one-pot synthesis of 1,3-disubstituted allenes
24 from terminal alkynes 21, aldehydes 22, and morpholine (23) in the presence of

Znl2 at elevated temperature (Scheme 3).56
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an2

o R' H
toluene, 130 °C V4
+ RZ-CHO + >=-—,/
N H R2
H
21 22 23 and enantiomer
24

R' = alkyl, aryl; R? = alkyl, aryl

Scheme 3: One-pot synthesis of 1,3-disubstituted allenes from alkynes, aldehydes, and morpholine according to
Ma and coworkers.56

In addition, Ma and coworkers developed an efficient Cdl2-mediated ATA reaction
(Scheme 4) for the synthesis of 1,3,3-trisubstituted allenes 27 by applying ketones 25
instead of aldehydes and pyrrolidine (26) as amine.>* One major advantage of the
straight forward ATA reaction is that all the starting materials (terminal alkynes, amines,

aldehydes, ketones) are common chemicals in any chemical laboratory.

cdl,

0 . R! RS
R . J]\ . / \ toluene, 130 °C . .—,
27 R3 N ; -
R N H R2
21 25 26 and enantiomer for R # R3

27
R', R? = alkyl, aryl; R® = alkyl, H

Scheme 4: Cadmium iodide-mediated allenylation of terminal alkynes with ketones according to Ma and
coworkers.>*

Later on, several groups developed asymmetric versions of this kind of reaction either
by using chiral ligands in combination with Lewis acids®’ or by the application of chiral
secondary amines®8%0 for the synthesis of chiral propargylic amines as precursors.
Che and coworkers for instance described a two-step procedure for the synthesis of
axially chiral allenes 32, including first a gold(lll)salen complex catalyzed synthesis of
chiral propargylic amines 31 from chiral amine 30 followed by a Au®* or Ag* mediated
rearrangement providing chiral allenes 32 under mild reaction conditions in high

enantioselectivity (Scheme 5).61.62
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O/\OH a) KAuCl, or b) AgNO,

R’ H
Au(Salen)Cl N CH3CN, 40 °C -
1- 2 O/\ —_— 3 ’ —
R'-CHO+ R + OH ‘ H,— =<RZ

N R S
H
H N R2 a) up to 97% ee
28 29 30 b) 96-99% ee
31 32

Scheme 5: Enantioselective synthesis of axially chiral allenes according to Che and coworkers 5162

A one-step procedure to axially chiral 1,3-disubstituted allenes 32 mediated by chiral
amine 33 has been reported by Periasamy et al.®° as well as by Ma and coworkers®8.63

applying either ZnBr2 or CuBr2 as catalyst (Scheme 6).

Ph ZnBry 1

Okph toluene, 120 °C R,, H
1 2_— - —
R-CHO+ R—= + ( OH H/_:<R2
H Periasamy conditions
up to 99% ee
28 29 33 32
CuBr,

dioxane, 130 °C
Ma conditions

R H
/:-:<
H R?
up to 98% ee
32

Scheme 6: One-pot synthesis of axially chiral allenes according to Periasamy et al.®® and Ma and coworkers.5863

According to the reaction mechanism proposed by Ma and coworkers®® in the ATA
reaction at first propargylic amines are formed as precursors, which upon [1,5]-hydride
transfer reaction and subsequent elimination of the thus formed iminium subunit yield
the final allenes (Scheme 7). In detail, the alkynyl zinc species 34, generated from a
terminal alkyne in the presence of morpholine, reacts with the iminium ion 35 formed
in situ out of aldehyde and morpholine, to give the corresponding precursor 36. The
carbon-carbon triple bond in 36 coordinates then to Znl2 to form complex 37, which
subsequently undergoes a [1,5]-hydride transfer and B-elimination to afford via 38 the

corresponding 1,3-disubstituted allene 39 and to regenerate the Lewis acid catalyst.
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o 0 H
H\<:> ( J

Scheme 7: Postulated mechanism for the ATA reaction by Ma and coworkers.>®

Since it is reported that the generation of the propargylic amine precursors from
terminal alkynes, aldehydes, and secondary amines can be performed at room
temperature,®4%° it is reasonable to assume that the [1,5]-hydride transfer process
described by Ma is the rate-determining step in the ATA reaction. Accordingly, this is
the step which requires elevated temperature to proceed. To accelerate the [1,5]-
hydride transfer reaction, Yu and coworkers®* selected their employed amine on the
criterion of the best hydride donating ability, resulting in tetrahydroisoquinoline as

hydride donor, which delivered good yields in the synthesis of 1,3-disubstituted allenes.
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1.2.2 Synthesis of Allenes via Cu(l)-Catalyzed Cross-Coupling of N-

Tosylhydrazones or Diaryldiazomethanes with Terminal Alkynes

a)
H H H H Grubbs catalyst H R
o+ o o=
R H R H R H
40 40 41
3
b) /R R ,
H R
R—N R cat. Au(l)
— + H——FR* >=C
R1 R2 R4 R1
42 43 44
) Cu(MeCN),PFg (5 mol%)
Cs,CO3 (3 equiv.) R "
NNHTs 1,4-dioxane, 90 °C
+ H—=R® - >=C=<
R! R2 0 o, R? RS
a5 46 W/\W 48
N N un
(%)
47
6 mol%
d)
NNHTs Cul (20 mol%) H R?
*  H—FR? > >=C=<
R! H LiOtBu (3.5 equiv.) R' H
49 50 1,4--(:’i0)(a|'1eY 90 °C 51

Scheme 8: a) Allene cross-metathesis, b) carbene/vinylidene cross-coupling, c) copper-catalyzed cross-coupling
of N-tosylhydrazones with terminal alkynes to trisubstituted allenes, d) copper-catalyzed cross-coupling
of N-tosylhydrazones with terminal alkynes to disubstituted allenes.

The direct coupling of two fragments mediated by a transition-metal catalyst is very
attractive to generate allenes due to efficiency and versatility. Examples for
corresponding methods include allene cross-metathesis®® (Scheme 8a), carbene/
vinylidene cross-couplings®’ (Scheme 8b), the above described Crabbé homologation
(Scheme 2) and its modifications (Schemes 3-6), and the cross-coupling of N-
tosylhydrazones with terminal alkynes®® (Scheme 8c,d). The latter method
describes copper(l)-catalyzed cross-coupling reactions, which afford trisubstituted
allenes 48 using N-tosylhydrazones 45 derived from ketones (Scheme 8c) and
disubstituted allenes 51 applying aldehyde derived N-tosylhydrazones 49 (Scheme

8d) with high efficiency under mild reaction conditions. Besides the easily available
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starting materials it is advantageous that the reaction tolerates various functional

groups, such as esters and ethers.

A possible mechanism for the Cu(l)-catalyzed cross-coupling of N-tosylhydrazones
and terminal alkynes proposed by Wang and coworkers®8%° is shown in Scheme 9.
Copper acetylide 55 is formed from terminal alkyne 53 in the presence of a base and
copper(l) salt. The diazo substrate 54, which is generated in situ from N-
tosylhydrazone 52 in the presence of a base, subsequently reacts with the copper
acetylide 55 under release of nitrogen to form the copper-carbene species 56.
Migratory insertion of the alkynyl group to the carbenic carbon atom results in
intermediate 57, which is then protonated to form the allene 58 and to regenerate the
Cu(l) catalyst. In this mechanistic pathway, the protonation occurs regioselectively at

the triple bond carbon atom.8

H_ R®
NNHTs cat. Cu(l) \”/
* H—R > C
1 2 base
RO R 53 R1J\R2
52 58
- Cu(l
H* base M
R® H
A R3 )
N2 — 3 S X\ ~Cu
JJ\ + Cu———R E— lCu) —_— X
1 2 -Nj )
R R 55 R1J\R2 R R
54
56 57

Scheme 9: Cu-carbene migratory insertion process described by Wang and coworkers.8:6°

Further developments of the Cu(l)-carbene migratory insertion process, concerning the
synthesis of tri-aryl-substituted allenes 61, led to the replacement of N-tosylhydrazones
against diaryldiazomethanes 59 (Scheme 10).7° The resulting improved reaction
procedure outlined in Scheme 10a tolerates a wide substrate scope and can easily be

carried out at relatively low temperature with Cul as a cheap catalyst. In contrast to the
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coupling reaction via the N-tosylhydrazones (Scheme 8c), no additional ligand, such
as 47, is necessary. The applied diaryldiazomethanes 59 are accessible in two steps
(Scheme 10b). First, the diarylmethanone hydrazones 63 are prepared in a general
procedure applying hydrazine monohydrate and the commercially available ketones
62. Next, through treatment with activated y-MnO2 and anhydrous MgSQOa4 at 0 °C the

hydrazones 63 are oxidized to obtain the purple-colored diaryldiazomethanes 59.7°

1,4-dioxane, 30 °C

Cul (20 mol%)
+ H——R3 > C=<
i-ProNH (1.1 equiv.) H
: : - v
61

59 60
R2
b)
HzN\
NP
2NNH2 MgSO4
O O — aq O O y_MnOZ O
R2 EtOH R? DCM, R R2
0°C-rt
62 63 59

Scheme 10: a) Cu(l)-catalyzed cross-coupling of diaryldiazomethanes with terminal alkynes according to Wang
and coworkers™, b) Synthesis route to diaryldiazomethanes.
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2 Aims and Scope

Within this thesis, a new compound class, clearly related to nipecotic acid derivatives
11 and 12 (Table 2), bearing an allene moiety containing spacer instead of an alkenyl
and alkynyl spacer (Figure 8), should be synthesized and biologically evaluated with
regard to their inhibitory activity at the GABA transporters mGAT1-4, with the
preliminary aim to identify new highly potent and selective GAT inhibitors. In addition,
this should allow to further explore the influence of the orientation of the ligands,
resulting from the different geometry of the allenic spacer compared to other spacer
types, on the biological activity. For this purpose, a suitable synthesis method for
nipecotic acid derived allenes, including three different allene substitution patterns, i.e.
terminal (64, 65; Figure 8), 1,3-disubstituted (66, 68; Figure 8) and 1,3,3-trisubstituted

(67, 69; Figure 8), should be developed.

(@] (0]
N N
N i
C
Py H™ SC_H
64 65
O (@] (0] O
(j)%H (j)%H (j)%H o
N N N N
H(H H(H
C C 2
)J\ JJ\ H C R H C R
H R R’ R2 Y .
H R
66 67 68 69

Figure 8: Target compounds: nipecotic acid derived allenes possessing different substitution patterns and spacer
lengths.
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2.1 Method Development for the Synthesis of Nipecotic Acid Derivatives
with N-Allenic Spacers

The key steps of the target synthesis route outlined in Scheme 11 should be based on
the ATA reaction modified by Ma and coworkers (Scheme 3,4) as known in
literature.>*%¢ N-alkylation of ethyl nipecotate (74) with 3-bromoprop-1-yne and 4-
bromobut-1-yne, respectively, should deliver the terminal alkyne building block 73,
which should then be applied in an alkyne-aldehyde-amine coupling reaction (A3
coupling) to get access to the intermediate propargylic amines 72. With a suitable
Lewis acid catalyst, the obtained precursors 72 should then be converted into the
desired allenes 71 and subsequent hydrolysis should deliver the desired nipecotic acid

derived allenes 70.

J

70 7 72 73

Scheme 11: Retro synthesis of the target compounds. Key steps are labeled with solid black arrows. R = H, aryl,
alkyl; n=1,2.

Parent compounds 64 and 65 (Figure 8), exhibiting a terminal allene moiety in the
lipophilic N-substituent, should be synthesized in order to allow a comparison of the
inhibitory potency of the latter with higher substituted nipecotic acid derived allenes
(1,3-disubstituted and 1,3,3-trisubstituted at the allene moiety). Propargylic amine 75
(Scheme 12), an important intermediate in the intended synthesis route (Scheme 11),
exhibits two amino groups in propargylic position. Thus, the [1,5]-hydride transfer
process may deliver either the allenyl substituted amine 76 (Scheme 12) or the desired

nipecotic acid derivative 64, depending on the propensity of the introduced amino
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function NR2 as compared to the nipecotic acid residue to serve as hydride donor.
Therefore, amines HNR2 with distinctly better capabilities in mediating the allene
formation than a nipecotic acid residue should be identified to exclude the latter to
participate in the [1,5]-hydride transfer process. Within this method development, it
should be studied how the nature of the hydride donor influences the formation of
terminal and 1,3-disubstituted allenes. To this end, it is necessary to diverge from the
frequently applied one-pot procedure and to perform the ATA reaction in two steps,
which comprises the synthesis of the propargylic amine precursors and the separate
rearrangement of the latter to the corresponding allenic products. The cyclic amines
pyrroline and 1,2,5,6-tetrahydropyridine should serve as starting points for the method
development. With the amino residue identified best suitable, nipecotic acid derivatives

64-69 (Figure 8) should be synthesized.

CO,Et CO,Et
(T (T o
N N
Nt -
H
A H)H
C
it N N
H™ H N N
64 75 76

Scheme 12: Intramolecular competition reaction.

2.2 Variation of the Spacer Length, the Polar Subunit and the Allene
Substitution Pattern

The developed synthesis method should be applied to introduce various lipophilic
residues, such as alkyl, monoaryl, and biaryl groups, to generate a variety of 1,3-
disubstituted allenes (Figure 9; R! = aryl, alkyl; R? = H). It should be examined whether

the developed synthesis method is capable of accepting ketones instead of aldehydes
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as substrates to generate 1,3,3-trisubstituted allenes (Figure 9; R' = R? = aryl; R #
R?). The allenyl spacer should be varied with regard to length, including a four- and
five-carbon atom spacer. In addition, guvacine should be implemented as polar subunit
instead of nipecotic acid (Figure 9). For all synthesized nipecotic acid and guvacine
derivatives, binding affinities for mGAT1 should be determined in MS Binding Assays
with NO711 as native MS marker.”* In addition, their functional activity should be
characterized in [*H]JGABA-Uptake-Assays on HEK293 cells stably expressing the

individual mouse GABA transporters mGAT1-mGAT4.%’

(\j)LOH

r~|l guvacine as
R polar subunit

spacer length:

C4 or C5

allene substitution:
R = aryl, alkyl; R? = H
R'=R2=aryl
R'#R2

Figure 9: Variation points of the basic target structure.
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3 Results and Discussion

3.1 First Publication: “Synthesis of Allene Substituted Nipecotic Acids by

Allenylation of Terminal Alkynes” (J. Org. Chem. 2017, 82, 8371-8388)

3.1.1 Summary of the Results

Within this study the relative reactivities of several secondary amines serving as
hydride donors in amino methylation products undergoing a [1,5]-hydride transfer (see
Scheme 7) to yield the respective terminal and 1,3-disubstituted allenes have been

examined.

Instead of the usually applied one-pot procedure, for this study a two-step procedure
was employed, allowing the exclusive investigation of how the electronic nature, steric
demand and conformational properties of different amines influence the [1,5]-hydride
transfer process. The two-step procedure comprises the synthesis of amino
methylation products from 4,4-diphenylbut-1-yne, paraformaldehyde and various
secondary amines (e.g. morpholine, 1,2,5,6-tetrahydropyridine, allyl(tert-butyl)amine,
diallylamine) in a Cu' catalyzed aldehyde-alkyne-amine coupling reaction, the product
of which is subsequently subjected to a Lewis acid catalyzed rearrangement reaction,
yielding the desired terminal allene. Among the various secondary amines employed,
allyl(tert-butyl)amine was identified as the best hydride donor for the synthesis of
terminal allenes. It has been found that the application of sterically demanding hydride
donors, such as allyl(tert-butyl)amine, suppresses the reactivity limiting complexation
of the hydride donor nitrogen by the Lewis acid catalyst, whereby the [1,5]-hydride
transfer reaction could occur in significantly higher yields. Hence, besides the known
influence of the electronic properties of the hydride donating amine, the steric demand
of the latter was found to play an important role regarding the synthesis of terminal

allenes. With allyl(tert-butyl)amine an amine was found, which due to its electronic and
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steric characteristics is well suited for both, the synthesis of terminal and of 1,3-

disubstituted allenes.

For the transformation of amino methylation products derived from aldehydes other
than formaldehyde (such as 72 in Scheme 11, R! # H) to the corresponding 1,3-
disubstituted allenes, the steric encumbrance of the hydride donating amine was found
to be less important for the reduction of the amino nitrogen complexation by the Lewis
acid. This might be due to the additional residue R?, introduced through the aldehyde,
in the direct neighborhood to the amino nitrogen contributing to the steric shielding of
the latter. Hence, in addition to allyl(tert-butyl)amine another high performing hydride
donor with excellent electronic properties, that is 1,2,5,6-tetrahydropyridine, performed
very well in the synthesis of 1,3-disubstituted allenes. In contrast to the synthesis of
1,3-disubstituted allenes applying allyl(tert-butyl)amine as hydride donor, the
corresponding 1,2,5,6-tetrahydropyridine derived amino methylation products have
been obtained in higher yields, due to the lower steric demand of 1,2,5,6-
tetrahydropyridine as compared to allyl(tert-butyl)amine, what seems to be beneficial
for the A3 coupling. In addition, the 1,2,5,6-tetrahydropyridine mediated [1,5]-hydride

transfer reaction required shorter reaction times.

To demonstrate the applicability of the developed method for the synthesis of terminal
allenes applying precursors equipped with allyl(tert-butyllamine as hydride donor,
alkynes exhibiting different functional groups, such as alkyl, halogen, nitrile, and ether,
were shown to undergo the transformation to the corresponding allene in excellent
yields (83-97%). Finally, with the developed procedure, nipecotic acid derivatives
containing an N-allenyl substituent could be synthesized with good yields using either
Znl2 as catalyst for the preparation of terminal allenes or Cdlz2 for the synthesis of 1,3-

disubstitued allenes.
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ABSTRACT: The relative reactivities of several secondary amines serving as hydride
donors in propargylic amines undergoing a [1,5]-hydride transfer reaction to yield the
respective terminal and 1,3-disubstituted allenes were studied. For this study, a two-step
procedure was employed. At first, the synthesis of propargylic amines via the Cu-
catalyzed aldehyde-alkyne-amine reactions (A® coupling) was accomplished. The obtained
propargylic amines were subsequently transformed to the desired allenes under CdI, or
Znl, catalysis. As a result, among the various secondary amines employed, differing in
steric bulk, electronic nature, and conformational properties, allyl(tert-butyl)amine was
found to be the best hydride donor for the synthesis of terminal allenes. For the synthesis
of 1,3-disubstituted allenes, the propyne derivatives containing either a allyl(tert-
butyl)amine or a 1,2,3,6-tetrahydropyridine unit in propargylic position performed best.
Finally, with the developed procedure, nipecotic acid derivatives containing an N-allenyl
substituent were synthesized with good yields using either Znl, as catalyst for the
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chlorobenzene

R —_—
=/ { a:92%

b: 50%

> for a: Cdl (0.4 eq), 130 °C
N

o

L P

(from A reaction)

Cdl, (0.8 eq)
R NR'R? chlorobenzene
— 100/130 °C

a: 76-89%

b: 74-82%

CO,Et
NeUelio]
a b

X

4

é;

NR'R? = \/\N)< or
!

-z

preparation of 1-substituted or CdI, for the synthesis of 1,3-disubstitued allenes.

B INTRODUCTION

Allenes are important and useful building blocks in organic
synthesis. Many natural products, molecular materials, and
pharmaceuticals with an allene moiety are known.' * For
example, allenic derivatives of y-aminobutyric acid (GABA) 1
and 2 have been synthesized as potential inhibitors of the
pyridoxalphosphate-dependent enzyme GABA-aminotransfer-
ase (Scheme 1).%°

Scheme 1. Allenic Derivatives of y-Aminobutyric Acid

P COy” P COy”
/.w F\/'W
NH3* NHz*
1 2

With GABA being the major inhibitory neurotransmitter in
the mammalian central nervous system, a malfunction of its
neurotransmission is involved in several diseases such as
epilepsy,” Alzheimer’s disease,” neuropathic pain,” and
depression.'” mGATT1 is considered to be the most important
GABA transporter subtype for the regulation of neuro-
transmitter levels in the synaptic cleft.'’ Lipophilic derivatives
of the nipecotic acid are known to inhibit the uptake of
mGATI. One example of such a nipecotic acid based drug is
Tiagabine (Gabitril) (3), which is used as add-on therapy for
epilepsy (Scheme 2, structure 3)."” It is known that nipecotic
acid derivatives with a diaryl moiety attached via a spacer to the
cyclic amino acid exhibit good inhibitory activities at mGAT1.
Hence, it appears promising to synthesize similar nipecotic acid
derivatives, for example by implementation of an allene moiety

-4 ACS Publications  © 2017 American Chemical Society
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Scheme 2. Tiagabine (3) and New Nipecotic Acid
Derivatives with Allenyl Spacer (4 and $)

O)k (TCOZH gcozH

E%) 7‘

3 Tiagabine 5

in the spacer (Scheme 2, structure 4) as new potential mGAT1
inhibitors. To be able to compare the inhibitory activity of
nipecotic acid derivatives such as 4 with the nipecotic acid
derivative containing solely an allenyl spacer, the parent
compound $ is of interest, too, as this would allow to analyze
the contribution of the different subunits to the overall
potencies of the final inhibitors.

Efficient synthetic methods for the preparation of terminal
and 1,3-disubstituted allenes are of high interest in organic
chemistry. Until now, many synthetic methods have been
developed to access allenes."”'* One of these methods is the so-
called ATA reaction, the allenylation of terminal alkynes by
their reaction with aldehydes or ketones and secondary amines
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in the presence of metal promoters such as CuBr, Cdl,, and
ZnL,.""~'® This method is based on the pioneering Crabbé
homologation (Scheme 3), the generation of monosubstituted
allenes 9 by a three-component reaction of terminal alkynes 6,
paraformaldehyde (7), and diisopropylamine (8) in the
presence of substoichiometric amounts of CuBr."® Until now,
several modifications of this reaction have been reported. For
example, Ma and co-workers reported a one-pot synthesis of

Scheme 3. Previous Works

Crabbé homologation™
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1,3-disubstituted allenes 13 from terminal alkynes 10, aldehydes
11, and morpholine (12) in the presence of Znl, at elevated
temperature (Scheme 3).'” Later on, several groups developed
asymmetric versions of this kind of reaction by using either
chiral ligands in combination with Lewis acids'’ or chiral
secondary amines (20 and 23)*°7***"7* for the synthesis of
chiral propargylic amines as intermediates. Che and co-workers
for instance described a two-step procedure for the synthesis of
axially chiral allenes 22, including first a gold(III)salen complex
catalyzed synthesis of chiral propargylic amines 21 from chiral
amine 20 followed by a Au’* or Ag" mediated rearrangement
providing chiral allenes 22 in high enantioselectivity (Scheme
3).>*** A one-step procedure to axially chiral 1,3-disubstituted
allenes was reported by Periasamy and co-workers”"** as well as
by Ma and co-workers””*’ = (Scheme 3).

According to the reaction mechanism proposed by Ma et
al," in the ATA reaction, at first propargylic amines are formed
which, upon [1,5]-hydride transfer and subsequent elimination
of the thus formed iminium subunit, yield the final allenes
(Scheme 4). Because it is reported that the generation of
propargylic amines from terminal alkynes, aldehydes, and
secondary amines can be performed at room temperature,”**>
it is reasonable to assume that the [1,5]-hydride transfer process
described by Ma'® is the rate-determining step®* in the allene
synthesis. Accordingly, this is the step which requires elevated
temperature to proceed (Scheme 4). To accelerate the [1,5]-
hydride transfer reaction, Yu and co-workers’* selected their
amine on the criterion of the best hydride donating ability
(Scheme 3), but despite their good results with tetrahydroiso-
quinoline (THIQ, 17) as hydride donor for the synthesis of 1,3-
disubstituted allenes 13, they were not able to perform the
formation of terminal allenes 9 with paraformaldehyde and
THIQ in noticeable yields. On the basis of this observation, we
assumed that, besides the known electronic influence of the
hydride donor, there might be some additional factors that
could have an important impact on the allene formation. Hence,
we were interested in studying how the nature of the hydride
donor influences the formation of terminal and 1,3-
disubstituted allenes. To this end, the ATA reaction should
be performed in two steps, i.e. the synthesis of the propargylic
amines, and the rearrangement of the latter to the
corresponding allene derivatives.

For the intended synthesis of allene substituted nipecotic acid
derivatives such as § and related compounds by a [1,5]-hydride
transfer process, alkyne derivatives such as 25 had to serve as
starting materials. However, with two amino groups in
propargylic position in 25, the [1,5]-hydride transfer process
may deliver either the allenyl substituted amine 26 or the
desired nipecotic acid derivative 24 depending on the
propensity of the amino function NR, as compared to the
nipecotic acid residue to serve as hydride donor (Scheme $).
This study identifies amines with distinctly better capabilities in
mediating the allene formation than a nipecotic acid residue to
exclude the latter to participate in the [1,5]-hydride transfer
process. With amino residues NR, suitable for this purpose,
nipecotic acid derivatives 24 (Scheme 5) and 53a—e (Table S)
containing an allene moiety in the spacer should be synthesized.

B RESULTS AND DISCUSSION

Synthesis of Propargylic Amines. To be able to study the
[1,5]-hydride transfer process separately from the formation of
the propargylic amines, a two-step procedure was followed, i.e.
at first, the propargylic amines were synthesized and

DOI: 10.1021/acs.joc.7b00630
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Scheme 4. Postulated Mechanism for the ATA Reaction by Ma and Co-workers'’
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Scheme 5. Intramolecular Competition Reaction
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subsequently subjected to a rearrangement reaction to give the
corresponding allenes. The propargylic amines 29a—o and
31a—o required for this study were synthesized by A coupling
from alkynes 27a, 27b, and 30, and a set of different secondary
amines and aldehydes (Scheme 6, Table S1, for the use of
ketones in this reaction, see chapter 1 of the Supporting
Information).The propargylic amines 29a—o derived from 4,4-

diphenylbut-1-yne (27a and b) were intended to serve as test
systems to study the [1,5]-hydride transfer process in the
absence of a nipecotic acid residue. The substituents on the
amino nitrogen were varied with respect to sterical demand,
utilizing methyl, ally, iPr, and t-Bu residues, and with respect to
electronic properties, introducing residues such as methyl, allyl,
and iPr as the hydride donating part of the amine.

Effect of Different Hydride Donors on the Formation
of Terminal Allene 32. For the conversion of propargylic
amines 29a—k derived from formaldehyde as carbonyl
component to terminal allene 32, reaction conditions similar
to a protocol established by Ma and co-workers were
employed.'® However, to improve the solubility of the reactants,
chlorobenzene instead of toluene was used as solvent in the
present experiments. Initial allene formation reactions were
carried out with the propargylic amine 29a, derived from the
known hydride donor morpholine, also frequently used by Ma
and co-workers'” (Table 1, entry 1). This reaction and all other
reactions listed in Table 1 were conducted by heating the

Scheme 6. Synthetic Route to Employed Propargylic Amines
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(for amine substituents see Table 4, 5 and S3)
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Table 1. Effect of Different Hydride Donors*® on the Formation of Terminal Allene 32

Cdl, (0.8 equiv)
chlorobenzene

130 °C
N |
NR'R? I
29a-k 32
entry starting material NR'R® t[h] yield [%]
1° 29a =N 0 3.75 2
—/
2° 29b §—N 3.75 3
3 29¢ =N ) 2.00 29
4° 20d g_NQ 450 6
CO,Et
b N
5 29e SN 2.00 88
N\
b e
6 29f i—N 2.00 65
)
7° 29¢g §—N 3.50 24
\
8° 29h = 3.00 18
N\
9o 29i §—»>t 4.00 21
10° 29j 5_% 3.25 66
11° 29k §—»¢ 1.25 82

“The reaction was conducted using propargylic amine (0.5 mmol) and CdI, (0.8 equiv) at 130 °C in 4.0 mL of anhydrous chlorobenzene. ®The
reaction was stopped when all starting material was consumed (detection by TLC). “The reaction was stopped when no further transformation was

observed (detection by TLC).

respective propargylic amine (29a—k) with 0.8 equiv of Cdl, in
chlorobenzene at 130 °C, conditions under which all
compounds were found to undergo a transformation reaction.
In each case, the reaction was run until all starting material had
been consumed or, in the case of the less reactive hydride

donors, until no further transformation was observed by TLC.
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Electronic Properties of Hydride Donors. In case of 29a, the
yield of 32 was surprisingly low (2%, Table 1, entry 1). Utilizing
piperidine as hydride donor afforded a similar low yield of allene
32 (3%, Table 1, entry 2), whereas the 1,2,3,6-tetrahydropyr-
idine (THP) mediated allene conversion resulted in a
significantly higher yield of 29% (Table 1, entry 3). Similar to
THIQ which, according to Yu et al.** is especially well suited as
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hydride donor because of its electronic properties, also THP
can be assumed to possess improved hydride donor capabilities.
In addition to the ring structure, THP possesses two hydrogens
in allylic position, adjacent to the amino group that should
exhibit an increased propensity for the hydride shift reaction.
This explains well the increased yield of allene 32 when utilizing
the THP derivative 29¢.”*

Steric Properties of Hydride Donors. With the electronic
properties having clearly a positive effect on the [1,5]-hydrogen
transfer reaction, next, allene formation reactions were studied,
employing acyclic amines with an allyl group as hydride
donating moiety for which the second amine substituent was
varied with respect to the steric demand. With increasing steric
demand of the second amine substituent, i.e. in the row from
methyl to allyl to iPr and t-Bu, the yields for allene 32 increased
from 18 to 88% (Table 1, entries S—8). As indicated in Scheme
7 depicting the reaction mechanism for the formation of the

Scheme 7. Proposed Mechanism for the Allene Formation
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allenes, the Lewis acid, Cdl,, will promote the [1,5]-hydride
transfer reaction by complexation of the alkyne moiety (34).
This will initiate the hydride transfer to give the corresponding
iminium ion 35, which undergoes an elimination to give allene
13 as final product. Instead of complexing the triple bond, the
Lewis acid may also complex the tertiary amino function
present in the starting material (36). '"H NMR spectra obtained
from mixtures of propargylic amine 29g and Znl, in
chlorobenzene-dS are in support of this assumption. In the
presence of Znl,, signals arising from protons closest to the
amino nitrogen experience a clear line broadening’’ and
downfield shift compared to those in the "H NMR spectrum
of the pure amine 29g (Figure S1). This may be best
rationalized by the assumed complexation of the amino
nitrogen of the propargylic amines by the Lewis acids (for
more information, see the Supporting Information). Due to the
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electron withdrawing effect of the Lewis acid when attached to
the amino group, this species will not be able to undergo a
[1,5]-hydride transfer reaction even if an additional molecule of
Lewis acid was present at the triple bond. These three forms,
the free starting material (33), the starting material complexing
the CdI, via the triple bond (34), and the starting material
complexing the Cdl, via the amino function (36) will exist in an
equilibrium (Scheme 7). The position of this equilibrium will
depend on the steric demand of the amino subunit. With
increasing steric demand, the amino function will be less
capable of complexing the Lewis acid Cdl,. Accordingly, the
equilibrium will shift toward the reactive species with the triple
bond attached to the Lewis acid, resulting in an increased
reaction rate for the desired rearrangement reaction. In line with
this hypothetical model, the yields of the final product steadily
increase with the steric demand of the second residue of the
amino function in 29h—e.

Conformational Properties of Hydride Donors. The data
listed for the rearrangement reaction of 29e, 29i, and 29j also
allow a comparison of the influence the nature of the hydride
donating residue has on the outcome of the reaction. All of
these compounds contain the same inert t-Bu group but vary
with regard to the hydride donating N-substituent, which is an
allyl (29e), iPr (29i), or methyl substituent (29j). Whereas the
yield of the product decreases from 88% (Table 1, entry S) to
only 21% (Table 1, entry 9) when the allyl moiety is replaced by
an iPr residue, it raises to 66% (Table 1, entry 10) when a
methyl group is present. With this trend not being in line with
the electron donating ability of the varied residues (allyl, iPr,
methyl), the rearrangement must be governed by additional
factors. For the [1,5]-hydride shift to occur, the hydride
donating residue must place the migrating hydride in a syn
orientation to the alkyne acceptor. In case of the isopropyl(tert-
butyl)amino substituent in 29i, the two major conformations
given in Scheme 8 should exist in which the migrating hydride is

Scheme 8. Isopropyl(tert-butyl)amine as Hydride Donor

) H
H\(\ ( >
(L AL
R'—— — R'—= allene
)R LR
Cdl, Cdl,
syn anti
37 38

either oriented syn (37) or anti (38) to the alkyne acceptor.
Because of severe steric interactions between the methyl groups
of the iPr residue with the bulky t-Bu group, the syn orientation
of the hydride should be strongly disfavored and, as
consequence thereof, also the [1,5]-hydride shift reaction,
which nicely explains the low yield observed in this case.

Best Performing Hydride Donor: A Comparison. According
to the results of the above-described experiments, the allyl
group appears to possess the highest propensity to act as
hydride donor, whereas the t-Bu residue is best suited as second
N-substituent, due to its steric demand it hinders the formation
of a complex between the amino function and the Lewis acid,
that would hamper the desired rearrangement reaction. For
comparison of the above-described results with those of Crabbé
and co-workers utilizing diisopropylamine as hydride donor
(Scheme 3)," in addition, transformation of the propargylic
amine 29k into allene 32 was studied (Table 1, entry 11). With
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the diisopropylamine residue in 29k as hydride donor, terminal
allene 32 was obtained in a good yield of 82%. This is in line
with the reasoning outlined above. For electronic reasons, the
iPr residues should exhibit favorable hydride donating abilities,
whereas the steric demand of the two iPr residues will lower the
tendency of the amino nitrogen to form a complex with the
Lewis acid that would negatively affect the transfer reaction.
Obviously, there is also a subtle control of the reactive
conformation. Whereas a t-Bu residue as second substituent in
combination with an iPr as hydride donating moiety appears to
disfavor the reactive conformation required for the hydride
transfer reaction (Scheme 8), an iPr instead of an t-Bu residue is
obviously compatible with it. Besides, also the influence of the
amount of Cdl, on the formation of terminal allene 32 was
studied, employing propargylic amine 29e that had led to the
highest yield of the rearrangement product 32 (Table 1, entry
5). Applying 0.4, 0.8, and 1.2 equiv of Cdl, under the same
reaction conditions as for the reactions listed in Table 1, neither
a trend nor a significant variation of the yield of allene 32 was
observed (Table S2, entries 1—3, 88—93% yield).

Scope of Terminal Alkynes. To demonstrate the
applicability of the developed method for the synthesis of
terminal allenes applying allyl(tert-butyl)amine as hydride
donor, additionally alkynes 39—42 exhibiting different residues
were included in this study (Table 2). All substrates (39—42)

Table 2. Scope of Terminal Alkynes”

R! Cdl, (0.8 equiv)
\ chlorobenzene ;
130 °C R
—.
e N j<
39-42 43-46
entry R t [h] yield [%]
1 CH,(CH,), 3.00 94
2 CI(CH,), 3.00 83
3 NC(CH,), 3.00 97
4 PhCH,0CH, 275 95

“The reaction was conducted using propargylic amine (0.5 mmol) and
Cdl, (0.8 equiv) at 130 °C in 4.0 mL of anhydrous chlorobenzene.
The reaction was stopped when all starting material was consumed
(detection by TLC).

exhibiting either a pure alkyl residue or a halogen, nitrile, or
ether functional group underwent transformation to the
corresponding allene in excellent yields (83—97%, Table 2,
entries 1—4).

Effect of Different Hydride Donors on the Formation
of 1,3-Disubstituted Allene 47. In additional experiments,
the suitability of some of the above-mentioned amino residues
in [1,5]-hydride transfer reactions should be studied in which
the substrate carries an additional substituent, i.e. a phenyl
residue next to the amino group. For these experiments, THP,
allyl(methyl)amine, allyl(tert-butyl)amine, and diallylamine with
different steric and electronic properties were selected as
hydride donors. In contrast to the less substituted starting
materials 29¢, 29g, and 29h exhibiting the same, sterically less
demanding amino residues, i.e. THP, diallylamine, and
allyl(methyl)amine, due to this feature giving low yields of
the rearrangement product 32 (18—29%), the corresponding
phenyl derivatives performed significantly better. In the case of
THP derivative 291, the yield rose from 29% (for 29¢ — 32) to
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89% (for 291 — 47). Thereby, a temperature of only 100 °C
(instead of 130 °C for 29¢) was sufficient to effect the desired
transformation. For the diallylamine and allyl(methyl)amine
derivatives 29n and 290, the yields for the rearrangement
product 47 were likewise substantially higher, 75% for the
transformation of 29n to 47 (Table 3, entry 4) and 43% for the
transformation of 290 in 47 (Table 3, entry 6) compared to
those of the less substituted propargylic amines (Table 1, entry
7,29g — 32,24%; Table 1, entry 8, 29h — 32, 18%). However,
for this transformation, again a reaction temperature of 130 °C
was required, the yields at a temperature of 100 °C being in
both cases with 10% of 47 much lower (Table 3, entries 3 and
S). As with the formation of terminal allene 32, allyl(tert-
butyl)amine performed well as hydride donor in the synthesis of
1,3-disubstituted allene 47 (29m, Table 3, entry 2), providing it
in 76% yield, whereby the [1,5]-hydride transfer occurs already
at a lower temperature of 100 °C. Diisopropylamine as well
should be studied as a hydride donor in the formation of 1,3-
disubsituted allene 47. However, all attempts to synthesize the
required propargylic amine from the corresponding alkyne 27a,
benzaldehyde (28), and diisopropylamine failed, indicating that
this amine is not suitable for this purpose, which is most likely
due to its high steric demand. Overall, the transformations of
the propargylic amines 291—o to 1,3-disubstituted allene 47
appears to be less sensitive to the steric demand of R' and R?
attached to the amino residue. This supports the assumption
that complexation of the amino nitrogen by the Lewis acid, in
competition with the complexation of the triple bond required
for the induction of the rearrangement reaction, negatively
affects the hydride donating ability of the respective alkyl amino
subunit. With a phenyl residue in the direct neighborhood to
the amino nitrogen contributing to the steric shielding of the
latter, the steric encumbrance of the amino function provided
by R' and R* becomes obviously less important for the
reduction of the complexation of the amino nitrogen by the
Lewis acid.

Synthesis of Allene Substituted Nipecotic Acid Ester
24. Based on the above-described results, the formation of the
nipecotic acid derived allene 24 was undertaken with the
propargylic amine 3la exhibiting an allyl(tert-butyl)amino
residue as hydride donor, which had performed well in the
[1,5]-hydride transfer reaction independent of the substitution
in propargylic position adjacent to the hydride donor. Using the
same conditions as given in Table 1 for the preparation of 32,
i.e. treating 31a in chlorobenzene with 0.8 equiv of CdI, at 130
°C for 2 h, no terminal allene 24 but only side products 51 and
52 (Scheme 9) were obtained (Table 4, entry 1). It appeared
likely that the desired allene 24 might have formed but
underwent subsequent transformation reactions to give the two
side products 51 and 52. This assumption was supported by
literature data, according to which buta-2,3-dienyl amines are
prone to rearrangement reactions, giving rise to 2,5-
dihydropyrroles, which may further easily under%o an oxidation
reaction to give the corresponding pyrroles.”®” A reasonable
reaction pathway for the formation of the pyrrole derivatives 51
and 52 from allene 24 is given in Scheme 9. As indicated in the
first step, the Lewis acid causes the aminobutadiene subunit to
form the dihydropyrrole ring 48 as part of a spirocyclic ring
system. The latter undergoes a retro Michael reaction to give
the N-monosubstituted dihydropyrrole derivative 49 which,
after exchange of the metal substituent by a proton and either a
subsequent oxidation or disproportionation, yields pyrrole
derivatives 51 and 52.
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Table 3. Effect of Different Hydride Donors on the Formation of 1,3-Disubstituted Allene 47

X
NR'R?

29l-0

Cdl; (0.8 equiv)
chlorobenzene

C _—
.

47

entry starting material

NR'R?

temp [°C] t[h] yield [%]

1° 291
2 29m §—
3° 29n §—N
4° 29n §—N
c §—N
5 290
c E—N
6 290

SO

PV ENVAN

100 3.25 89

100 4.25 76

100 6.00 10

130 4.50 75

100 5.00 10

130 4.00 43

“The reaction was conducted using propargylic amine (0.5 mmol) and CdI, (0.8 equiv) at 100/130 °C in 4.0 mL of anhydrous chlorobenzene. *The
reaction was stopped when all starting material was consumed (detection by TLC). “The reaction was stopped when no further transformation was

observed (detection by TLC).

Scheme 9. Proposed Mechanism for the Formation of Side Products 51 and 52 from Allene 24
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Optimization of the Reaction Conditions. This led us to
vary the reaction conditions to possibly be able to isolate 24
under milder reaction conditions. Indeed, when the reaction
temperature was lowered to 100 °C after 2 h, minute amounts
(<4%) of allene 24 together with 5% of the side products 51
and 52 were isolated (Table 4, entry 2). Lowering the
temperature to 90 °C led to a slightly improved yield of 7%
for 24 after 2 h (Table 4, entry 3) together with neglectable
amounts of 51 and 52 (1%). However, when the reaction time
was extended to 3.75 h, the desired product 24 was not
detectable any longer, whereas the yield of the side products 51

and 52 had increased to 10% (Table 4, entry 4). Lowering the
reaction temperature to 70 °C neither met any success, leading
only to 51 and 52 (11%), after an extended reaction time of 72
h required for a detectable conversion of small amounts of the
starting material 31a (Table 4, entry S). With the subsequent
reaction of allene 24 leading to the side products 51 and 52,
being quite fast compared to the formation of 24, further
attempts to optimize the reaction with Cdl, as catalyst were
considered futile. Interestingly, with 0.8 equiv of Znl, instead of
CdL, at 90 °C after 7.75 h, 25% of allene 24 was isolated,
whereas only 1% of the side products 51 and 52 had formed

8377 DOI: 10.1021/acs.joc.7b00630

J. Org. Chem. 2017, 82, 8371—-8388


http://dx.doi.org/10.1021/acs.joc.7b00630

The Journal of Organic Chemistry

Table 4. Optimization of Reaction Conditions for the
Synthesis of Allene 24“

CO,Et (j/ CO,Et
chlorobenzene N
N catalyst
- - 5
X K!I
N N T<
31a 24
temp yield side products 51/52
entry catalyst equiv [°C] t [h] [%] [%]

1 CdL, 0.8 130 2.00 47
2 CdL, 0.8 100 2.00 <4 S
3 cd, o8 90 2.00 7
4 CdL, 0.8 20 3.75 10
5 cd, 08 70 72 11
6 Znl, 0.8 130 4.75 36
7 Znl, 0.8 100 4.75 37
8¢ znl, 08 90 7.75 25 1
9 Znl, 1.6 100 4.00 50
10 Znl, 0.4 100 4.50 29

“The reaction was conducted using propargylic amine (0.5 mmol) and
catalyst in 4.0 mL of anhydrous chlorobenzene. “About 15% of starting
material was covered. “Small amount of 24 was observed after 6.50 h;
after 72 hours, all of 24 was transformed into 51/52, and starting
material was still present. “About 20% of starting material was covered.

(Table 4, entry 8). The yield of 24 was further increased to 37%
when the reaction was conducted at 100 °C with no side
products 51 and 52 being detectable (Table 4, entry 7). In this
case, the reaction had been stopped after 4.75 h, when still some
starting material was left, but no further conversion was
observed by TLC. However, increasing the temperature to 130
°C was detrimental for the formation of the desired product:
only the side products S1 and 52 (36%) but no allene 24 was
isolated (Table 4, entry 6). To support the assumption
according to which side products 51 and 52 are formed via
allene 24, additional experiments were performed. When allene
24 was treated either with 0.8 equiv of Znl, or 0.8 equiv of CdI,
(in chlorobenzene) at a reaction temperature from 80 to 100
°C, TLC analysis of the reaction mixture revealed that, with
Cdl, as catalyst, the formation of side products 51 and 52
started already at 80 °C, whereas with Znl,, side product
formation started at a distinctly higher temperature, i.e. 100 °C.
Furthermore, up to 150 °C, barely any of the side product 51
and 52 formed when neither of the catalyst was present.
Obviously, CdI, appears to affect the transformation of 24 into
the side products 51 and 52 already at lower temperature
compared to Znl,, whereas the [1,5]-hydride transfer reaction
seems to be faster under Znl, compared to under Cdl, catalysis.
Hence, Znl, is the more appropriate Lewis acid for the synthesis
of allene 24 from propargylic amine 31a.

Effect of Different Hydride Donors on the Formation of
Allene 24. The yields for converting propargylic amines 31c—f
(Table S3, entries 5—8) bearing different hydride donors under
optimized reaction conditions applying 0.8 equiv of Znl, follow
trends the same as those in the test system (Table 1). Whereas
diisopropylamine (Table S3, entry 3, 31b) as well as allyl(tert-
butyl)amine (Table S3, entry 1, 31a) as hydride donors
afforded allene 24 in good yields, the starting materials with
amino residues, which are less hindered (Table S3, entries 5—7,
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THP 31, diallylamine 31d, allyl(methyl)amine 31e) or adopt a
conformation less favorable for the [1,5]-hydride transfer
reaction (Table S3, entry 8, isopropyl(tert-butyl)amine 31f),
afforded much lower yields of allene 24. The generally lower
yields compared to the test system 29 (Table 1) might be due
to additional coordination of the catalyst to the nitrogen of the
nipecotic acid subunit. But most notably, in none of the above-
described transformations of 31a—f was detected an alternative
allene product resulting from the nipecotic acid residue serving
as a hydride donor. This agrees with former results according to
which the nipecotic acid residue appeared to be among the least
suited hydride donors tested (Table 1, entry 4, 29d — 32, 6%).

Effect of Amount of Lewis Acid. Next, it was investigated
how the amount of Lewis acid effects the outcome of the
rearrangement reaction (Table 4). In contrast to the test system
where the yields of allene 32 were not influenced by the catalyst
loading (Table S2), the use of 1.6 equiv instead of 0.8 equiv of
Znl, increased the yield for the transformation of 31a into
allene 24 from 37% (Table 4, entry 7) to 50% (Table 4, entry
9). In line with this result, the yield of 24 decreased to 29%
when only 0.4 equiv Znl, was used (Table 4, entry 10). Similar
to the allyl(tert-butyl)amino derivative 31a, also 31b (Table S3)
containing the sterically demanding diisopropylamino residue
gave upon treatment with 0.8 equiv of Znl, a high yield of 24
(42%, Table S3, entry 3) which, in contrast to the trans-
formation of 31a in 24, however, lowered to 12% when the
amount of Znl, was doubled (Table S3, entry 4). Hence, in the
case of nipecotic acid derived propargylic amines, it depends on
the hydride donor of what influence the catalyst loading has on
the yield of allene 24.

Synthesis of Nipecotic Acid Ethyl Esters with 1,3-
Disubstituted Allene Residues. Finally, the two-step
procedure comprising preparation of the respective propargylic
amine and subsequent rearrangement to an allene was also used
for the preparation of the nipecotic acid derivatives rac-(R,,R)-
53a—e and rac-(R,,S)-53a—e exhibiting an N-allene substituent
with a terminal aryl or alkyl residue (Table S), employing the
propargylic amines 31g—o as starting materials (mixture of
racemic diastereomers, ~1:1; for preparation, see Scheme 6 and
Table S1). Propargylic amines 31g exhibiting an allyl(tert-
butyl)amino residue and 31h equipped with a THP moiety gave
good yields of the allene derivative mixture rac-(R,,R)-53a/rac-
(R,,S)-53a (82 and 74%, respectively, Table S, entries 1 and 2).
This is in good line with the results obtained so far, the sterically
demanding allyl(tert-butyl)amino moiety leading to good results
independent of whether an additional residue in propargylic
position adjacent to the amino function is present or not and
the THP hydride donor only when, as in this case, a residue
increasing the steric encumbrance of the amino nitrogen such as
a phenyl group is nearby. An attempt to improve the yield for
the transformation of 31h into rac-(R,R)-53a/rac-(R,S)-53a
by increasing the reaction temperature from 100 to 130 °C led
to the opposite, the yield being lower (Table S, entry 3). This is
likely to be assigned to an instability inferred by the nipecotic
acid moiety.

To explore the scope of aldehydes applicable in this method,
furthermore propargylic amines 31i—o derived from different
aromatic (2-naphthaldehyde and biphenyl-2-carboxaldehyde)
and aliphatic (butyraldehyde and isobutyraldehyde) aldehydes,
allyl(tert-butyl)amine, and THP were employed as starting
materials in this rearrangement reaction (Table S, entries 4—
11). When compounds with aryl residues were applied, both
hydride donors allyl(tert-butyl)amine and THP performed well,
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Table S. Synthesis of 1,3-Disubstituted Allenes 53a—e”

(j/COZEt

% R3
NR'R?

rac-(R,R)/rac-(R,S) (~1:1)

Cdl, (0.8 equiv)
N chlorobenzene

—_—

(j/COZEt
N
K!I
Jl
R3
rac-(R,,R)/Irac<(R,,S) (~1:1)

entry starting material®  NR'R? R3 product temp [°C] t[h] y[',:z]d
1 rac-(R,S)-31g é_r}L phenyl rac-(R,,S)-53a 100 375 82
rac-(R,R)-31g rac-(R,;,R)-53a ’

A\
rac-(R,S)-31h . rac-(R,,S)-53a
2 ciRRI31h | N: /> phenyl o C(R.R)-53a 100 300 74
rac-(R,S)-31h _ rac-(R,,S)-53a
3 lac(RR)3th | N: /> phenyl @ c(R.R)-53a 130 125 51
4 racRS)3i §—N>L 2-naphthyl "¢ (RaS)-53b 0 525 76
rac-(R,R)-31i rac-(R,,R)-53b ’
A\
rac-(R,S)-31j _ : rac-(R,,S)-53b
5 rac(R.R).-3j §—N ) Znaphthyl e s3b 100 150 75
g  rac(RS)-31k §—N>L 2-biphenyl MA¢HRaS)-53¢ 450 400 63
rac-(R,R)-31k rac-(R,,R)-53¢c ’
A\
rac-(R,S)-311 B " rac-(R,,S)-53¢
7 rac(R RY311 N ) 2-biphenyl rac(R.R).53¢ 100 175 86
8 rac-(R,S)-31m §-">L n-propyl rac-(R,,S)-53d 100 250 51
rac-(R,R)-31m rac-(R,,R)-53d )
A\
rac-(R,S)-31n _ . rac-(R.,S)-53d
9 ac(RR)3n | N: /> n-propyl pac(R,R)}53d 100 150 90
rac-(R,S)-31n _ g rac-(R,,S)-53d
10 e(RR3MIn | : /> n-propyl Lac(R.R)}53d 100 250 76
rac-(R,S)-310 _ . rac-(R,,S)-53e
" ae(RR) 310 § ) isopropyl rac(R..R)-53e 100 150 84

“The reaction was conducted using propargylic amine (0.5 mmol) and Cdl, (0.8 equiv) at 100/130 °C in 4.0 mL of anhydrous chlorobenzene. The
reaction was stopped when all starting material was consumed (detection by TLC). bApproximately a 1:1 mixture of both racemic diastereomers.

providing allenes 53b and $3c in yields of 63—86% (Table S,
entries 4—7). In the case of propargylic amines 31m and 31n
with an alkyl residue present, i.e. an n-propyl substituent, the
THP mediated allene formation (Table S, entry 9) performed
distinctly better than the allene formation based on propargylic
amine 31m, containing allyl(tert-butyl)amine as hydride donor
(Table S, entry 8). Compared to those of the THP-mediated
allene formation, the allene formation mediated by allyl(tert-
butyl)amine required longer reaction times. In a control
experiment, the reaction time of THP containing propargylic
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amine 31n was extended from 1.5 to 2.5 h. This led to a
decrease in yield from 90% to 76% (Table S, entries 9 and 10),
which is likely to be due to product instability. Therefore, the
longer reaction time required for the complete consumption of
31m might explain the lower yield with allyl(tert-butyl)amine as
hydride donor as compared to the excellent yield of the faster
THP-mediated allene formation. The synthesis of allene $3e
exhibiting an isopropyl residue could be performed only with
propargylic amine 31o exhibiting THP as the hydride donor
(Table S, entry 11), as attempts to synthesize the analogous
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propargylic amine based on isobutyraldehyde and allyl(tert-
butyl)amine failed, which is likely to be attributed to the high
steric demand of these two components. Nonetheless, as
indicated by these results, THP and allyl(tert-butyl)amine are
well-suited hydride donors in [1,5]-hydride transfer reactions,
allowing a broad range of substituents in propargylic position
next to the aforementioned amino groups.

B CONCLUSION

Studying the synthesis of terminal and 1,3-disubstituted allenes
from propargylic amines via [1,5]-hydride transfer reactions
under CdI, or Znl, catalysis gave insight of how the electronic,
steric, and conformational properties of different secondary
amines serving as hydride donors influence this reaction. In
addition to the known influence of the electronic properties of
the amines, steric demand was found to play an important role
regarding the synthesis of terminal allenes. Through application
of sterically demanding hydride donors such as allyl(fert-
butyl)amine, the reactivity limiting complexation of the hydride
donor nitrogen by the Lewis acid is suppressed, and the [1,5]-
hydride transfer reaction can occur in significantly higher yields.
With allyl(tert-butyl)amine, an amine was found which, due to
its electronic and steric characteristics, is well suited for the
synthesis of both terminal and 1,3-disubstituted allenes. With
this herein reported method, terminal and 1,3-disubstituted
allenes attached to a nipecotic acid building block were also
accessible in good yields.

B EXPERIMENTAL SECTION

Unless otherwise noted, all reactions were performed in oven-dried
glassware under moisture-free conditions and argon or nitrogen
atmosphere. All commercially available reagents were used without
further purification. Chlorobenzene was dried over CaCl,, distilled
under nitrogen atmosphere, and stored over molecular sieves (4 A)
under nitrogen atmosphere prior to use. For chromatographic
purposes only, distilled solvents were used (EtOAc, PE 42—62 °C,
DCM, MeOH). Flash column chromatography was performed using
silica gel (grading 0.035—0.070 mm). Thin layer chromatography
(TLC) was carried out on precoated silica gel F,, glass plates. NMR
spectra were measured at 298.1 K on 400 MHz ('"H NMR: 400 MHz,
3C NMR: 101 MHz) and 500 MHz (*H NMR: 500 MHz, *C NMR:
126 MHz) spectrometers. These NMR spectrometers were also used
for DEPT, HMQC, HMBC, and COSY experiments. The coupling
constants were stated with an accuracy of 0.5 Hz. MestreNova was
used for further analysis of the NMR data (s, = broad singlet, hept =
septet, Nip = nipecotic acid residue, dia = diastereomeric racemate; *C
signals separated by a slash are illustrating the slightly different ppm
values of the diastereomeric racemates). IR spectra were recorded with
an FT-IR spectrometer, and Spectrum v2.00 software was used for
analysis. High-resolution mass spectrometry was performed with sector
field mass spectrometer or LTQ FT Ultra mass spectrometer.
Synthesis of Alkynes. (4,4-Diphenylbut-1-yn-1-yl)-
trimethylsilane (27b). To a Schlenk flask was added diphenylmethane
(1.00 g, 5.94 mmol) in anhydrous THF (20 mL). After cooling to 0 °C
in an ice bath, a 1.6 M solution of n-BuLi in hexane (3.71 mL, 5.94
mmol) was added dropwise. The reaction mixture was stirred at 0 °C
for 2 h. Then, 3-bromo-1-(trimethylsilyl)-1-propine (1.09 mL, 6.54
mmol) was added dropwise, and the reaction mixture was stirred at
room temperature for 20 h. The completion of the reaction was
monitored by TLC (PE:DCM = 9:1). The reaction mixture was
quenched with 40 mL of phosphate buffer (pH 7) and extracted 6
times with Et,O. The combined organic phases were then dried over
MgSO, and concentrated under vacuum. The crude product was
purified by column chromatography (PE:DCM = 9:1) to afford 27b
(1.59 g, 96%) as colorless viscous oil: TLC: R = 0.33 (PE:DCM =
9:1); '"H NMR (500 MHz, CDCl;) 6 0.04 (s, 9 H, Si(CH;)5), 2.91 (d,]
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=7.6 Hz, 2 H, CHCH,), 421 (t, ] = 7.6 Hz, 1 H, CHCH,), 7.16—7.25
(m, 2 H, ArH), 7.21-7.33 (m, 8 H, ArH); *C NMR (126 MHz,
CDCLy) & —0.1, 26.9, 50.0, 86.9, 105.6, 126.4, 128.0, 128.3, 143.4; IR
(neat) 3374, 3086, 3062, 3028, 2958, 2361, 2176, 1600, 1494, 1450,
1249, 1043, 842, 757, 697 cm™'; HRMS (ESI) m/z caled for CyoH,,Si
278.1491, found 278.1471.

4,4-Diphenylbut-1-yne (27a). This compound is literature
known.** Because of already synthesized compound 27b, a simple
deprotection reaction*' instead of the procedure described in literature
was performed. Analytical data obtained agreed with published data.
To a solution of TMS protected alkyne 27b (3.31 g, 11.9 mmol) in
THF (55 mL) was added 1 M TBAF solution in THF (1.50 eq, 5.17
mL, 17.9 mmol), and the mixture was stirred at rt overnight. After
evaporation, the residue was filtered through a pad of silica gel
(PE:DCM = 9:1) to afford 27a as pale yellow crystals (1.80 g, 73%):
mp = 72.1 °C (lit. 73.0—73.5 °C); TLC: R, = 0.29 (PE:DCM = 9:1).

Ethyl 1-(Prop-2-yn-1-yl)piperidine-3-carboxylate (30). Compound
30 was synthesized employing a synthesis route similar to a procedure
described in literature.*” Propargyl bromide solution (80 wt % in
xylene, 1.00 equiv, 1.08 mL, 10.0 mmol) and ethyl nipecotate (1.20
equiv, 1.87 mL, 12.0 mmol) were dissolved in acetone (20 mL), and
Na,CO; (2.50 equiv, 2.65 g, 25.0 mmol) and Nal (0.50 equiv, 749 mg,
5.00 mmol) were added. The reaction mixture was refluxed for 72 h,
and the reaction was monitored by TLC. For quenching, DCM (50
mL) and water (50 mL) were added, and the product was extracted five
times with DCM. The combined organic phases were then dried over
Na,SO, and concentrated under vacuum. The crude product was
purified by column chromatography (PE:EtOAc = 8:2) to afford 30 as
pale yellow oil (1.85 g, 95%): TLC: R; = 0.60 (PE:EtOAc = 1:1); 'H
NMR (400 MHz, CDCl,) 6 1.26 (t, ] = 7.1 Hz, 3 H, OCH,CH,), 1.44
(qd, J = 117/39 Hz, 1 H, NCH,CHCH,H,), 1.60 (m, 1 H,
NCH,CH, H,,CH,CH), 1.71-1.83 (m, 1 H, NCH,CH,H,,CH,CH),
1.89-2.00 (m, 1 H, NCH,CHCH,H,,), 222 (td, ] = 11.0/3.1 Hz, 1 H,
NCH,H,.,CH,CH,CH), 2.26 (t, ] = 2.4 Hz, 1 H, NCH,CCH), 2.38 (t,
J = 10.4 Hz, 1 H,NCH,H,,CHCH,), 2.59 (ddt, ] = 11.0/10.4/3.9 Hg,
1 H, NCH,CH,,CH,), 2.72-2.82 (m, 1 H, NCH,H,,CH,CH,CH),
2.96—3.05 (m, 1 H, NCH,H,,CHCH,), 3.32 (d, ] = 2.4 Hz, or AB, ] =
17.2 Hz, 2 H, NCH,CCH), 4.14 (q, ] = 7.1 Hz, 2 H, OCH,CH,); *C
NMR (101 MHz, CDCL,) & 14.2, 24.5, 26.5, 41.9, 47.3, 52.2, 54.2, 60.4,
73.3,78.7, 173.9; IR (neat) 3291, 2942, 2864, 2807, 1730, 1468, 1450,
1368, 1311, 1223, 1183, 1153, 1133, 1095, 1031, 1002, 900, 864, 791,
654 cm™'; HRMS (ESI) m/z caled for C;;H;sNO, [M + H]*
196.1338, found 196.1332.

Synthesis of Propargylic Amines. General Procedure 1. To a
Schlenk flask was added CuCl (1.5 equiv). Dioxane anhydrous (12.0
mL/mmol) was then added, followed by TMS-protected alkyne (1.0
equiv), paraformaldehyde (1.2 equiv), amine (1.2 equiv) and BF;-OEt,
(1.0 equiv). The reaction mixture was stirred at rt for 10 min and at S0
°C overnight. The completion of the reaction was monitored by TLC.
After cooling to rt the reaction mixture was added to a 1:1 solution of
saturated potassium sodium tartrate solution and saturated sodium
hydrogen carbonate solution (44.0 mL/mmol) and extracted S times
with EtOAc. The combined organic phases were then filtrated, dried
over MgSO,, and concentrated under vacuum. The crude product was
purified by column chromatography to afford the corresponding
propargylic amine.

General Procedure 2. To a Schlenk flask was added CuBr (0.15
equiv) and molecular sieve (4 A). Toluene anhydrous (5.00 mL/
mmol) was then added, followed by the addition of the corresponding
aldehyde (1.80 equiv), amine (1.40 equiv), and alkyne (1.00 equiv).
The reaction mixture was stirred at rt overnight. Completion of the
reaction was monitored by TLC. The reaction mixture was then
filtrated, washed with EtOAc, and concentrated under vacuum. The
crude product was purified by column chromatography to afford the
corresponding propargylic amine. This procedure was performed
according to a procedure described by Ma et al.>”**

4-(5,5-Diphenylpent-2-yn-1-yl)morpholine (29a). GP1 was fol-
lowed using 27b (200 mg, 0.720 mmol), CuCl (107 mg, 1.08 mmol),
BF;-OEt, (213 mg, 0.720 mmol), morpholine (74.5 yL, 0.864 mmol),
and paraformaldehyde (27.3 mg, 0.864 mmol). Purification by column

DOI: 10.1021/acs.joc.7b00630
J. Org. Chem. 2017, 82, 8371-8388


http://dx.doi.org/10.1021/acs.joc.7b00630

The Journal of Organic Chemistry

chromatography (PE:EtOAc = 1:1, 1% NEt;) afforded 29a (162 mg,
74%) as yellow oil: TLC: R; = 0.18 (PE:EtOAc = 1:1, 1% NEt,); 'H
NMR (500 MHz, CDCl,) & 2.24-2.32 (m, 4 H,
NCH,CH,0CH,CH,), 2.92 (dt, ] = 7.8/2.2 Hz, 2 H,
CHCH,CCCH,N), 3.10 (t, J] = 2.2 Hz, 2 H, CHCH,CCCH,N),
3.59-3.67 (m, 4 H, NCH,CH,0OCH,CH,), 421 (t, ] = 7.8 Hz, 1 H,
CHCH,CCCH,N), 7.15-7.22 (m, 2 H, ArH), 7.22—-7.34 (m, 8 H,
ArH); *C NMR (126 MHz, CDCl;) 6 25.7, 47.5, 50.4, 52.1, 66.8, 76.5,
84.0, 126.5, 127.9, 128.4, 143.4; IR (neat) 3357, 3060, 3026, 2957,
2922, 2852, 2809, 1599, 1494, 1451, 1346, 1330, 1313, 1288, 1115,
1004, 860, 737, 699 cm™*; HRMS (ESI) m/z calced for C,H,,NO* [M

H]* 306.1858, found 306.1852.

1-(5,5-Diphenylpent-2-yn-1-yl)piperidine (29b). GP1 was followed
using 27b (267 mg, 0.958 mmol), CuCl (142 mg, 1.44 mmol), BF;-
OEt, (283 mg, 0.958 mmol), piperidine (115 uL, 1.15 mmol), and
paraformaldehyde (36.3 mg, 1.15 mmol). Purification by column
chromatography (PE:EtOAc = 1:1, 1% NEt;) afforded 29b (263 mg,
91%) as yellow oil: TLC: R = 0.15 (PE:EtOAc = 1:1); '"H NMR (400
MHz, CDCl,) 8 1.32 (s, 2 H, NCH,CH,CH,CH,CH,), 1.49 (p, ] =
5.7 Hz, 4 H, NCH,CH,CH,CH,CH,), 2.22 (s, 4 H,
NCH,CH,CH,CH,CH,), 2.92 (dt, J] = 7.8/2.2 Hz, 2 H,
NCH,CCCH,), 3.11 (t, J = 22 Hz, 2 H, NCH,CCCH,), 421 (t, |
=7.8Hz, 1 H, CHCH,), 7.13—7.26 (m, 2 H, ArH), 7.21-7.33 (m, 8 H,
ArH); C NMR (101 MHz, CDCl;) 6 23.8, 25.7, 25.9, 47.9, 50.5, 52.9,
772, 83.3, 126.4, 128.0, 128.3, 143.6; IR (neat) 3085, 3060, 3026,
2932, 2852, 2796, 2753, 1945, 1878, 1800, 1748, 1600, 1494, 1466,
1451, 1384, 1367, 1340, 1325, 1308, 1298, 1275, 1251, 1187, 1155,
1116, 1104, 1081, 1037, 993, 958, 908, 858, 781, 738, 699, 613 cm™;
HRMS (ESI) m/z caled for C,,H,gN* [M + H]* 304.2065, found
304.2060.

1-(5,5-Diphenylpent-2-yn-1-yl)-1,2,3,6-tetrahydropyridine (29c).
GP1 was followed using 27b (557 mg, 2.00 mmol), CuCl (297 mg,
3.00 mmol), BF;-OEt, (591 mg, 2.00 mmol), 1,2,3,6-tetrahydropyr-
idine (223 pL, 2.40 mmol), and paraformaldehyde (75.9 mg, 2.40
mmol). Purification by column chromatography (PE:EtOAc = 1:1, 1%
NEt;) afforded 29¢ (439 mg, 73%) as yellow oil: TLC: R; = 0.37
(PE:EtOAc = 1:1, 1% NEt,); "H NMR (400 MHz, CDCl,) & 2.04—
2.14 (m, 2 H, NCH,CHCHCH,CH,), 2.37 (t, ] = 5.7 Hz, 2 H,
NCH,CHCHCH,CH,), 2.78—2.86 (m, 2 H, NCH,CHCHCH,CH,),
2.92 (dt, J = 7.8/2.2 Hz, 2 H, CHCH,CCCH,N), 3.23 (t, ] = 2.2 Hz, 2
H, CHCH,CCCH,N), 420 (t, J = 7.8 Hz, 1 H, CHCH,CCCH,N),
5.53—5.72 (m, 2 H, NCH,CHCHCH,CH,), 7.13—7.21 (m, 2 H,
ArH), 7.21-7.33 (m, 8 H, ArH); *C NMR (101 MHz, CDCL,) § 25.7,
262, 46.9, 48.4, 50.4, 50.7, 76.9, 83.5, 124.6, 1252, 1264, 127.9, 128.4,
143.5; IR (neat) 3028, 2909, 2799, 1948, 1874, 1802, 1713, 1599,
1494, 1450, 1430, 1327, 1195, 1128, 1113, 1031, 1004, 970, 803, 738,
699 cm™; HRMS (ESI) m/z caled for C,,H,,N* [M + HJ* 302.1909,
found 302.1905.

N,N-Diallyl-5,5-diphenylpent-2-yn-1-amine (29g). GP1 was fol-
lowed using 27b (200 mg, 0.720 mmol), CuCl (107 mg, 1.08 mmol),
BF;-OEt, (213 mg, 0.720 mmol), diallylamine (107 L, 0.864 mmol),
and paraformaldehyde (27.3 mg, 0.864 mmol). Purification by column
chromatography (PE:EtOAc = 9:1, 1% NEt;) afforded 29g (170 mg,
75%) as pale yellow oil: TLC: R, = 021 (PE:EtOAc = 9:1); 'H NMR
(500 MHz, CDCl,) 6 2.85 (dt, ] = 6.6/1.3 Hz, 4 H, N(CH,CHCH,),),
2.94 (dt, J = 7.8/2.1 Hz, 2 H, CHCH,CCCH,N), 3.23 (t, ] = 2.1 Hz, 2
H, CHCH,CCCH,N), 421 (t, ] = 7.8 Hz, 1 H, CHCH,CCCH,N),
5.02-5.10 (m, 4 H, N(CH,CHCH,),), 5.66—5.78 (m, 2 H,
N(CH,CHCH,),), 7.15-7.23 (m, 2 H, ArH), 7.23—-7.32 (m, 8 H,
ArH); 3C NMR (126 MHz, CDCl;) 6 25.7, 41.6, 50.6, 56.1, 76.1, 83.7,
117.8, 126.5, 127.9, 128.4, 135.5, 143.5; IR (neat) 3377, 3062, 3027,
2919, 2815, 1642, 1494, 1450, 1327, 1110, 921, 738, 698 cm™; HRMS
(ESI) m/z caled for Co3H,gN* [M + H]* 316.2065, found 316.2061.

N-Allyl-N-methyl-5,5-diphenylpent-2-yn-1-amine (29h). GP1 was
followed using 27b (557 mg, 2.00 mmol), CuCl (297 mg, 3.00 mmol),
BF;-OEt, (591 mg, 2.00 mmol), allyl(methyl)amine (23S uL, 2.40
mmol), and paraformaldehyde (75.9 mg, 2.40 mmol). Purification by
column chromatography (PE:EtOAc = 6:4, 1% NEt;) afforded 29h
(498 mg, 86%) as pale yellow oil: TLC: R; = 0.61 (PE:EtOAc = 6:4);
'"H NMR (400 MHz, CDCl;) 6 2.07 (s, 3 H, NMe), 2.79 (dt, ] = 6.6/
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1.3 Hz, 2 H, NMeCH,CHCH,), 2.93 (dt, J = 7.8/22 Hz, 2 H,
CHCH,CCCH,N-), 3.18 (t, ] = 2.2 Hz, 2 H, CHCH,CCCH,N), 4.21
(t, J] = 78 Hz, 1 H, CHCH,CCCH,N), 500—5.11 (m, 2 H,
NMeCH,CHCH,), 5.73 (ddt, J = 17.1/10.6/6.6 Hz, 1 H,
NMeCH,CHCH,), 7.13-7.22 (m, 2 H, ArH), 7.22—7.34 (m, 8 H,
ArH); BC NMR (101 MHz, CDCl,) 6 25.7, 41.3, 45.4, 50.5, 58.6, 76.4,
837, 117.7, 126.4, 1279, 128.4, 135.5, 143.5; IR (neat) 3027, 2913,
2788, 2359, 1945, 1600, 1494, 1450, 1327, 1192, 1128, 1082, 1031,
996, 922, 836, 789, 737, 699 cm™'; HRMS (ESI) m/z caled for
C, Hy,N* [M + HJ* 290.1909, found 290.1904.

N,N-Diisopropyl-5,5-diphenylpent-2-yn-1-amine (29k). GP1 was
followed using 27b (382 mg, 1.37 mmol), CuCl (203 mg, 2.06 mmol),
BF,;-OEt, (405 mg, 1.37 mmol), diisopropylamine (231 uL, 1.64
mmol), and paraformaldehyde (52.0 mg, 1.64 mmol). Purification by
column chromatography (PE:EtOAc = 1:1, 1% NEt;) afforded 29k
(269 mg, 61%) as pale yellow oil: TLC: R = 0.26 (PE:EtOAc = 1:1, 1%
NEt;); '"H NMR (500 MHz, CDCl;) 6 0.94 (d, J = 6.5 Hz, 12 H,
N(CH(CH,;),),), 2.89 (dt, J = 7.8/2.2 Hz, 2 H, CHCH,CCCH,N),
295 (h, ] = 6.5 Hz, 2 H, N(CH(CH,),),), 3.28 (t, ] = 2.2 Hz, 2 H,
CHCH,CCCH,N), 4.18 (t,] = 7.8 Hz, 1 H, CHCH,CCCH,N), 7.14—
7.21 (m, 2 H, ArH), 7.21-7.33 (m, 8 H, ArH); '*C NMR (126 MHz,
CDCL,) § 20.4, 25.9, 34.1, 47.9, 504, 80.5, 81.7, 126.4, 127.9, 128.3,
143.7; IR (neat) 3086, 3062, 3027, 2966, 2928, 2873, 2613, 1945,
1875, 1802, 1600, 1494, 1451, 1380, 1362, 1326, 1202, 1176, 1117,
1081, 1032, 749, 737, 698 cm™; HRMS (ESI) m/z calcd for C,;H; N*
[M + H]* 320.2378, found 320.2376.

Ethyl 1-(5,5-Diphenylpent-2-yn-1-yl)piperidine-3-carboxylate
(29d). GP2 was followed using 27a (206 mg, 1.00 mmol), CuBr
(21.5 mg, 0.150 mmol), ethyl nipecotate (0.23 mL, 1.4 mmol), and
paraformaldehyde (56.9 mg, 1.80 mmol). Purification by column
chromatography (PE:EtOAc = 1:1) afforded 29d (333 mg, 89%) as
pale yellow oil: TLC: R; = 0.33 (PE:EtOAc = 1:1); 'H NMR (400
MHz, CDCl;) § 1.26 (t, ] = 7.1 Hz, 3 H, OCH,CHj,), 1.20—1.36 (m, 1

H, NCH,CHCH.H,,CH,CH,), 1.40-1.55 (m, 1 H,
NCH CHCH, CH H”CH) 1.56-1.67 (m, 1 H,
NCH,CHCH, CH ~CH,), 1.80-1.91 (m, 2 H,
NCH,CHCH, HSXCHZCH Hax), 2.11 (t, J = 10.7 Hz, 1 H,
NCH, HMCHCH CH,CH,), 2.42-2.55 (m, 2 H,
NCHZCHCHZCHZCH Hax), 281 (dd, J = 11.1/3.6 Hz, 1 H,
NCH, HaxCHCHZCHZCHz), 2.92 (dt, J = 7.8/22 Hz, 2 H,

CHCHZCCCHZN) 3.17 (dt, J = 3.1/2.2 Hz, 2 H, CHCH,CCCH,N),
4.09-4.17 (m, 2 H, OCH,CH;), 421 (t, ] = 7.8 Hz, 1 H,
CHCH,CCCH,N), 7.10-7.23 (m, 2 H, ArH), 7.20-7.35 (m, 8 H,
ArH); C NMR (101 MHz, CDCl;) 6 14.2,24.5,25.7, 26.4, 41.9, 47.6,
50.4, 51.8, 54.0, 60.3, 76.6, 83.8, 126.4, 127.9, 128.4, 143.5, 174.0; IR
(neat) 3086, 3061, 3027, 2937, 2854, 2806, 1947, 1882, 1730, 1600,
1494, 1467, 1451, 1367, 1316, 1223, 1181, 1153, 1132, 1090, 1031,
1000, 979, 956, 906, 868, 790, 750, 700, 608 cm™'; HRMS (ESI) m/z
caled for CysHyoNO,* [M + H]* 3762277, found 376.2271.
N-Allyl-N-(tert-butyl)-5,5-diphenylpent-2-yn-1-amine (29e). GP2
was followed using 27a (598 mg, 2.90 mmol), CuBr (62.4 mg, 0.435
mmol), allyl(tert-butyl)amine (0.61 mL, 4.06 mmol), and paraformal-
dehyde (165 mg, 5.22 mmol). Purification by column chromatography
(PE:EtOAc = 6:4) afforded 29e (877 mg, 91%) as pale yellow oil:
TLC: R; = 0.82 (PE:EtOAc = 6:4); 'H NMR (500 MHz, CDCL,) &
1.03 (s, 9 H, t-Bu), 2.90 (dt, J = 7.7/2.1 Hz, 2 H, NCH,CCCH,), 3.04
(d, J = 6.5 Hz, 2 H, NCH,CHCH,), 335 (t, J = 2.1 Hz, 2 H,
NCH,CCCH,), 4.19 (t, J = 7.7 Hz, 1 H, NCH,CCCH,CH), 4.97—
5.06 (m, 2 H, NCH,CHCH,), 5.70 (ddt, J = 16.7/10.1/6.5 Hz, 1 H,
NCH,CHCH,), 7.15—7.24 (m, 2 H, ArH), 7.20—7.32 (m, 8 H, ArH);
BC NMR (126 MHz, CDCL,) § 25.8, 27.6, 36.3, 49.7, 50.4, 54.7, 79.8,
82.4, 116.7, 126.4, 127.9, 128.4, 137.4, 143.6; IR (neat) 3063, 3027,
2971, 2913, 1944, 1800, 1728, 1640, 1600, 1494, 1451, 1432, 1416,
1389, 1362, 1334, 1307, 1270, 1217, 1203, 1128, 1081, 1032, 1018,
994, 941, 917, 860, 826, 783, 748, 737, 699, 645, 617 cm™*; HRMS
(ESI) m/z caled for Co,H;oN* [M + H]* 332.2378, found 332.2376.
N-Allyl-N-isopropyl-5,5-diphenylpent-2-yn-1-amine (29f). GP2
was followed using 27a (237 mg, 1.15 mmol), CuBr (24.7 mg, 0.172
mmol), allyl(isopropyl)amine (160 mg, 1.61 mmol), and paraformal-
dehyde (65.4 mg, 2.07 mmol). Purification by column chromatography
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(PE:EtOAc = 1:1) afforded 29f (185 mg, 51%) as pale yellow oil: TLC:
R¢=0.58 (PE:EtOAc = 1:1); 'H NMR (400 MHz, CDCl;) 6 0.93 (d, ]
65 Hz, 6 H, NCH(CH,),), 2.66 (hept, ] = 65 Hz, 1 H,
NCH(CH,;),), 2.91 (dt, J = 7.8/2.2 Hz, 2 H, CHCH,CCCH,N), 2.94
(dt, J = 6.6/1.3 Hz, 2 H, NCH,CHCH,), 3.25 (t, ] = 2.2 Hz, 2 H,
CHCH,CCCH,N), 420 (t, ] = 7.8 Hz, 1 H, CHCH,CCCH,N), 4.99—
5.10 (m, 2 H, NCH,CHCH,), 5.73 (ddt, ] = 16.9/10.2/6.6 Hz, 1 H,
NCH,CHCH,), 7.12—7.22 (m, 2 H, ArH), 7.22—7.34 (m, 8 H, ArH);
13C NMR (101 MHz, CDCL,) § 19.8, 25.8, 38.9, 50.5, 50.6, 52.6, 77.8,
82.8, 117.2, 126.4, 1279, 128.4, 136.5, 143.6; IR (neat) 3062, 3027,
2964, 2927, 2811, 1944, 1733, 1641, 1600, 1494, 1450, 1382, 1362,
1325, 1253, 1171, 1140, 1115, 1081, 1032, 995, 949, 918, 876, 780,
737, 698 cm™; HRMS (ESI) m/z caled for C,3HyN* [M + H]*
318.2222, found 318.2218.
N-(tert-Butyl)-N-isopropyl-5,5-diphenylpent-2-yn-1-amine (29i).
GP2 was followed using 27a (297 mg, 1.44 mmol), CuBr (31.0 mg,
0.216 mmol), isopropyl(tert-butyl)amine (0.32 mL, 2.02 mmol), and
paraformaldehyde (81.9 mg, 2.59 mmol). Purification by column
chromatography (PE:EtOAc = 9:1) afforded 29i (363 mg, 76%) as
white solid: TLC: R; = 0.23 (PE:EtOAc = 9:1); mp = 47.7 °C; 'H
NMR (500 MHz, CDCl,) 5 0.95 (d, J = 6.6 Hz, 6 H, NCH(CHS,),),
1.04 (s, 9 H, Nt-Bu), 2.88 (dt, ] = 7.7/2.1 Hz, 2 H, NCH,CCCH,),
3.20 (hept, J = 6.6 Hz, 1 H, NCH(CH,;),), 3.31 (t, J = 2.1 Hz, 2 H,
NCH,CCCH,), 4.17 (t, ] = 7.7 Hz, 1 H, CHCH,), 7.13—7.20 (m, 2 H,
ArH), 7.21-7.30 (m, 8 H, ArH); *C NMR (126 MHz, CDCL,) § 22.4,
259, 284, 31.7, 46.6, 504, 55.1, 80.0, 84.1, 126.3, 127.9, 128.3, 143.8;
IR (neat) 3062, 3027, 2970, 2926, 1600, 1558, 1540, 1494, 1451, 1388,
1362, 1338, 1306, 1253, 1218, 1170, 1113, 1081, 1051, 1032, 923, 788,
737, 698 cm™; HRMS (ESI) m/z caled for C,,H,N* [M + H]*
334.2535, found 334.2533.
N-(tert-Butyl)-N-methyl-5,5-diphenylpent-2-yn-1-amine (29j).
GP2 was followed using 27a (297 mg, 1.44 mmol), CuBr (31.0 mg,
0.216 mmol), methyl(tert-butyl)amine (0.25 mL, 2.02 mmol), and
paraformaldehyde (81.9 mg, 2.59 mmol). Purification by column
chromatography (PE:EtOAc = 1:1) afforded 29j (423 mg, 96%) as pale
yellow oil: TLC: R; = 0.26 (PE:EtOAc = 1:1); '"H NMR (400 MHz,
CDCl,) 6 1.00 (s, 9 H, Nt-Bu), 2.17 (s, 3 H, NMe), 2.90 (dt, ] = 7.7/
2.1 Hz, 2 H, CHCH,), 3.21 (t,] = 2.1 Hz, 2 H, NCH,CCCH,), 4.20 (t,
J=7.7 Hz, 1 H, CHCH,), 7.14—7.21 (m, 2 H, ArH), 7.21-7.31 (m, 8
H, ArH); *C NMR (101 MHz, CDCl;) & 25.9, 26.3, 34.9, 40.6, 50.3,
54.1,79.7, 823, 1264, 127.9, 128.3, 143.7; IR (neat) 3086, 3061, 3027,
2971, 2785, 1945, 1801, 1600, 1494, 1451, 1387, 1361, 1262, 1218,
1120, 1081, 1000, 947, 823, 750, 737, 698 cm™Y; HRMS (ESI) m/z
caled for Cp,H,gN* [M + H]* 306.2222, found 306.2219.
N-Allyl-N-(tert-butyl)undec-2-yn-1-amine (39). GP2 was followed
using 1-decyne (0.36 mL, 2.0 mmol), CuBr (43 mg, 0.30 mmol),
allyl(tert-butyl)amine (0.43 mL, 2.8 mmol), and paraformaldehyde
(114 mg, 3.60 mmol). Purification by column chromatography
(PE:EtOAc = 9:1) afforded 39 (477 mg, 90%) as colotless oil: TLC:
R = 0.56 (PE:EtOAc = 8:2); '"H NMR (400 MHz, CDCl,) 5 0.88 (t, J
= 6.9 Hz, 3 H, CH,CHj,), 1.17 (s, 9 H, NC(CHj,);), 1.21-1.34 (m, 8
H, (CH,),), 1.34—143 (m, 2 H, CH,CH,CH,CC), 1.43—1.54 (m, 2
H, CH,CH,CH,CC), 2.16 (tt, ] = 7.0/2.2 Hz, 2 H, CH,CH,CH,CC),
328 (d, ] = 6.6 Hz, 2 H, NCH,CHCH,), 3.46 (t, ] = 2.2 Hz, 2 H,
NCH,CC), 5.09 (ddt, ] = 10.0/2.3/1.2 Hz, 1 H, NCH,CHCH,y,,.H.,),
5.23 (dq, J = 16.9/1.6 Hz, 1 H, NCH,CHCH,,,,.H,), 5.83 (ddt, J =
16.9/10.0/6.6 Hz, 1 H, NCH,CHCH,); *C NMR (101 MHz, CDCl,)
0 14.1, 18.8, 22.7, 27.7, 28.9, 28.9, 29.1, 29.3, 31.9, 36.6, 50.0, 54.9,
78.0, 84.4, 116.6, 137.6; IR (neat) ¥ 2959, 2928, 2856, 1745, 1641,
1465, 1432, 1389, 1362, 1332, 1270, 1216, 1203, 1129, 1073, 1018,
993, 940, 915, 825 cm™!; HRMS (ESI) m/z caled for CgHy N* [M +
H]* 264.2691, found 264.2686.
N-Allyl-N-(tert-butyl)-6-chlorohex-2-yn-1-amine (40). GP2 was
followed using S-chloro-1-pentyne (0.22 mL, 2.0 mmol), CuBr (43
mg, 0.30 mmol), allyl(tert-butyl)amine (0.43 mL, 2.8 mmol), and
paraformaldehyde (114 mg, 3.60 mmol). Purification by column
chromatography (PE:EtOAc = 9:1) afforded 40 (443 mg, 97%) as
colorless oil: TLC: R; = 0.34 (PE:EtOAc = 8:2); '"H NMR (400 MHz,
CDCly) 6§ 1.16 (s, 9 H, NC(CH,);), 1.94 (p, ] = 6.6 Hz, 2 H,
CICH,CH,CH,), 2.37 (tt, ] = 6.6/2.2 Hz, 2 H, CICH,CH,CH,), 3.27
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(dt, J = 6.5/1.3 Hz, 2 H, NCH,CHCH,), 345 (t, ] = 2.2 Hz, 2 H,
NCH,CC), 3.66 (t, ] = 6.6 Hz, 2 H, CICH,CH,CH,), 5.10 (ddt, J =
10.0/2.3/1.3 Hz, 1 H, NCH,CHCH,,,, H.;,), 523 (dg, ] = 16.9/1.3 Hz,
1 H, NCH,CHCH,,,H.,), 5.82 (ddt, ] = 16.9/10.0/6.5 Hz, 1 H,
NCH,CHCH,); *C NMR (101 MHz, CDCl,) § 16.3,27.7, 31.5, 36.5,
43.8,50.1, 54.9, 79.3, 82.1, 116.6, 137.5; IR (neat) ¥ 2972, 1716, 1642,
1433, 1416, 1390, 1362, 1333, 1290, 1270, 1218, 1203, 1128, 1073,
1019, 994, 940, 918, 859 cm™'; HRMS (ESI) m/z caled for
C,3H,;CIN* [M + H]* 228.1519, found 228.1515.

7-(Allyl(tert-butyl)lamino)hept-5-ynenitrile (41). GP2 was followed
using hex-S-ynenitrile (0.22 mL, 2.0 mmol), CuBr (43 mg, 0.30 mmol),
allyl(tert-butyl)amine (0.43 mL, 2.8 mmol), and paraformaldehyde
(114 mg, 3.60 mmol). Purification by column chromatography
(PE:EtOAc = 7:3) afforded 41 (408 mg, 94%) as pale yellow oil:
TLC: R, = 0.31 (PE:EtOAc = 7:3); '"H NMR (500 MHz, CDCL,) §
1.16 (s, 9 H, NC(CH,;);), 1.85 (p, ] = 7.0 Hz, 2 H, NCCH,CH,CH,),
2.37 (tt, ] = 7.0/2.2 Hz, 2 H, NCCH,CH,CH,), 2.49 (t, ] = 7.0 Hz, 2
H, NCCH,CH,CH,), 3.27 (dt, ] = 6.4/1.3 Hz, 2 H, NCH,CHCH,),
345 (t, J = 2.2 Hz, 2 H, NCH,CC), 5.10 (ddt, ] = 10.0/2.2/1.2 Hz, 1
H, NCH,CHCH,,, H,,), 522 (dq, J = 16.9/1.6 Hz, 1 H,
NCH,CHCH,,,, H,,), 5.82 (ddt, J = 16.9/10.0/64 Hz, 1 H,
NCH,CHCH,); *C NMR (126 MHz, CDCl;) § 16.2, 18.0, 24.7,
27.6, 36.5, 50.2, 54.9, 80.4, 81.1, 116.7, 119.2, 137.4; IR (neat) ¥ 2972,
1640, 1454, 1431, 1390, 1363, 1333, 1311, 1269, 1216, 1203, 1128,
1110, 1074, 1019, 994, 939, 918 cm™'; HRMS (ESI) m/z calcd for
CHyN* [M + HJ* 219.1861, found 219.1857.

N-Allyl-4-(benzyloxy)-N-(tert-butyl)but-2-yn-1-amine (42). GP2
was followed using [(prop-2-yn-1-yloxy)methyl]benzene (0.29 mL,
2.0 mmol), CuBr (43 mg, 0.30 mmol), allyl(tert-butyl)amine (0.43 mL,
2.8 mmol), and paraformaldehyde (114 mg, 3.60 mmol). Purification
by column chromatography (PE:EtOAc = 8:2) afforded 42 (478 mg,
88%) as colorless oil: TLC: R; = 0.57 (PE:EtOAc = 7:3); '"H NMR
(500 MHz, CDCL,) 6 1.19 (s, 9 H, NC(CH,),), 3.31 (d, ] = 6.5 Hz, 2
H, NCH,CHCH,), 3.55 (t, ] = 1.9 Hz, 2 H, NCH,CC), 4.19 (t, ] = 1.9
Hz, 2 H, OCH,CC), 4.60 (s, 2 H, ArCH,), 5.11 (ddt, J = 10.0/2.3/1.2
Hz, 1 H, NCH,CHCH,,,H), 525 (dq, ] = 16.9/1.6 Hz, 1 H,
NCH,CHCH,,,,H), 5.83 (ddt, J 16.9/10.0/6.5 Hz, 1 H,
NCH,CHCH,), 7.23—7.43 (m, 5 H, ArH); *C NMR (126 MHz,
CDCI3) 6 27.7, 36.6, 50.2, 54.9, 57.7, 71.4, 79.8, 85.2, 116.8, 127.8,
128.1, 1284, 137.3, 137.6; IR (neat) ¥ 3065, 3030, 2972, 2500, 1809,
1641, 1496, 1454, 1428, 1416, 1389, 1362, 1332, 1268, 1203, 1101,
1070, 1026, 994, 940, 918, 735, 697 cm™'; HRMS (ESI) m/z calcd for
C,sH,NO* [M + HJ* 272.2014, found 272.2009.

Ethyl 1-{4-[Allyl(tert-butyl)Jamino]but-2-yn-1-ylipiperidine-3-car-
boxylate (31a). GP2 was followed using 30 (586 mg, 3.00 mmol),
CuBr (64.6 mg, 0.450 mmol), allyl(tert-butyl)amine (0.63 mL, 4.20
mmol), and paraformaldehyde (171 mg, 5.40 mmol). Purification by
column chromatography (PE:EtOAc = 1:1) afforded 31a (898 mg,
93%) as pale yellow oil: TLC: R; = 0.27 (PE:EtOAc = 1:1); 'H NMR
(400 MHz, CDCl;) § 1.17 (s, 9 H, Nt-Bu), 1.25 (t, J = 7.1 Hz, 3 H,
OCH,CH), 142 (qd, ] = 11.7/3.9 Hg, 1 H, NCH,CHCH,H,,),
1.52-1.68 (m, 1 H, NCH,CH,H,,CH,CH), 1.76 (dp, ] ~ 13.2/3.9
Hz, 1 H, NCH,CH,H, CH,CH), 1.89-2.06 (m,
NCH,CHCH,H,,), 2.19 (td, J = 11.1/3.9 Hg,
NCH,,H.,CH,CH,CH), 2.34 (t, ] = 10.5 Hz,
NCH,H,CHCH,), 2.58 (ddt, J » 11.7/10.5/3.9 Hz, 1 H,
NCH,CH,CH,), 2.73-2.83 (m, 1 H, NCH,H,CH,CH,CH),
2.99-3.08 (m, 1 H, NCH,,H,,CHCH,), 3.29 (dt, ] = 6.5/1.3 Hz, 2
H, NCH,CH = CH,), 3.32 (t, ] = 2.0 Hz, 2 H, NCH,CCCH,Nip),
3.51 (t, ] = 2.0 Hz, 2 H, NCH,CCCH,Nip), 4.13 (q, ] = 7.1 Hz, 2 H,
OCH,CH,), 5.10 (ddt, J = 10.0/2.2/1.3 Hz, 1 H, NCH,CH =
CHyunoHeio), 524 (ddt, J = 17.1/2.2/1.3 Hz, 1 H, NCH,CH
CH,,,Hg,), 5.81 (ddt, ] = 17.1/10.0/6.5 Hz, 1 H, NCH,CH=CH,);
3C NMR (101 MHz, CDCl,) § 14.2, 24.6, 26.6, 27.7, 36.5, 42.0, 47.8,
50.1, 52.4, 54.3, 54.9, 60.3, 78.8, 83.5, 116.7, 137.5, 174.0; IR (neat)
3076, 2973, 2805, 1733, 1641, 1467, 1451, 1390, 1364, 1322, 1270,
1217, 1203, 1181, 1152, 1133, 1095, 1046, 1031, 995, 940, 916, 866
cm™'; HRMS (ESI) m/z caled for C,oH;3N,0," [M + H]* 321.2542,
found 321.2540.
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Ethyl 1-[4-(Diisopropylamino)but-2-yn-1-ylipiperidine-3-carbox-
ylate (31b). GP2 was followed using 30 (391 mg, 2.00 mmol), CuBr
(43.0 mg, 0.300 mmol), diisopropylamine (0.39 mL, 2.80 mmol), and
paraformaldehyde (114 mg, 3.60 mmol). Purification by column
chromatography (DCM:MeOH = 9:1) afforded 31b (586 mg, 95%) as
yellow oil: TLC: Ry = 0.37 (DCM:MeOH = 9:1); '"H NMR (400 MHz,
CDCl,) 6 1.13 (d, ] = 6.6 Hz, 12 H, N(CH(CH,),),)), 1.25 (t, ] = 7.1
Hz, 3 H, OCH,CH;), 1.41 (qd, J ~ 11.8/3.7 Hz, 1 H,
NCH,CHCH,H,,), 1.52-1.68 (m, 1 H, NCH,CH,H,,CH,CH),
1.76 (dp, J ~ 13. 3/34 Hz, 1 H, NCH,CH,H,,CH,CH), 189 2.00
(m, 1 H, NCH,CHCH_H,,), 2.18 (td, ] = 11.1/3.0 Hz, 1 H,
NCH,H,CH,CH,CH), 2.33 (t, 10.6 Hz, 1 H,
NCHﬂxHeqCHCHz), 2.58 (ddt, J 11.8/10.6/38 Hz, 1 H,
NCH,CH,,CH,), 2.73-2.82 (m, 1 H, NCH,H,CH,CH,CH),
2.98-3.07 (m, 1 H, NCH,,H,,CHCH,), 3.24 (hept ] 6.6 Hz, 2 H,
N(CH(CH,),),), 3.31 (t ] = 2.0 Hz, 2 H, NCH,CCCH,N-
(diisopropyl)), 3.48 (t, J = 2.0 Hz, 2 H, NCH,CCCH,N(diisopropyl)),
4.13 (q,J = 7.1 Hz, 2 H, OCH,CH,); *C NMR (101 MHz, CDCL;) §
14.2, 20.5, 24.6, 26.6, 34.3, 42.0, 47.8, 48.7, 52.4, 54.4, 60.3, 78.5, 83.7,
174.0; IR (neat) 3420, 2966, 2939, 2872, 2804, 1733, 1466, 1381,
1363, 1321, 1179, 1153, 1134, 1095, 1031, 867 cm™'; HRMS (ESI) m/
z caled for CgH;3N,0," [M + H]* 309.2542, found 309.2539.

Ethyl 1-{4-[3,6-Dihydropyridin-1(2H)-yl]but-2-yn-1-yl}piperidine-
3-carboxylate (31c). GP2 was followed using 30 (391 mg, 2.00
mmol), CuBr (43.0 mg, 0.300 mmol), 1,2,3,6-terahydropyridine (0.26
mL, 2.80 mmol), and paraformaldehyde (114 mg, 3.60 mmol).
Purification by column chromatography (DCM:MeOH = 9:1) afforded
31c (540 mg, 93%) as yellow oil: TLC: R; = 0.40 (DCM:MeOH =
9:1); '"H NMR (500 MHz, CDCl,) 6 1.25 (t, J = 7.1 Hz, 3 H,
OCH,CH,), 142 (qd, J = 11.5/39 Hz, 1 H, NCHZCHCHmHeq),
1.54-1.66 (m, 1 H, NCH,CH,,H.,CH,CH), 1.76 (dp, ] = 13.3/3.9
Hz, 1 H, NCH,CH,H,CH CH) 1.91-1.98 (m, 1 H,
NCH2CHCHaxHEq), 2132225 (m, 3 H, NCHZCHCHCHZCHZ and
NCH,H,.,CH,CH,CH), 2.33 (t, 10.5 Hz, 1 H,
NCH,H, CHCHZ), 2.58 (ddt, J 11.5/10.5/3.9 Hz, 1 H,
NCH2CHMCH2) 265 (t, ] = 5.7 Hz, 2 H, NCH,CHCHCH,CH,),
2.75-2.83 (m, 1 H, NCH,H,CH,CH,CH), 2.98-3.06 (m, 1 H,
NCH,H,,CHCH,), 3.06-3.12 (m, 2 H, NCH,CHCHCH,CH,),
3.31-3.36 (m, 2 H, NCH,CCCH,Nip), 342 (t, ] = 2.0 Hz, 2 H,
NCH,CCCH,Nip), 4.07—4.20 (m, 2 H, OCH,CH;), 5.63—5.72 (m, 1
H, NCH,CHCHCH,CH,), §5.72-5.82 (m, 1 H,
NCH,CHCHCH,CH,); *C NMR (126 MHz, CDCL,) § 14.2, 24.6,
26.2,26.6,41.9,47.0,47.7,48.9, 51.1, 52.5, 54.4, 60.4, 79.7, 80.2, 124.8,
125.1, 174.0; IR (neat) 3373, 3033, 2939, 2908, 2801, 1731, 1465,
1448 1323, 1223, 1182, 1153, 1134, 1094, 1031, 1004, 867, 803, 654
cm™'; HRMS (ESI) m/z caled for C;,H,,N,O," [M + H]* 291.2073,
found 291.2068.

Ethyl 1-[4-(Diallylamino)but-2-yn-1-yl]piperidine-3-carboxylate
(31d). GP2 was followed using 30 (391 mg, 2.00 mmol), CuBr
(43.0 mg, 0.300 mmol), diallylamine (0.35 mL, 2.80 mmol), and
paraformaldehyde (114 mg, 3.60 mmol). Purification by column
chromatography (PE:EtOAc = 1:1) afforded 31d (546 mg, 90%) as
colorless oil: TLC: R; = 0.21 (PE:EtOAc = 1:1); '"H NMR (500 MHz,
CDCly) § 1.25 (t, ] = 7.1 Hz, 3 H, OCH,CH,), 1.43 (qd, ] = 12.4/4.2
Hz, 1 H, NCH,CHCH,H,,), 1.55-1.67 (m, 1 H,
NCHZCHMH CHZCH), 1.77 (dp, J ~ 13.4/3.7 Hz, 1 H,
NCH,CH,H,, CHZCH) 1.92-2.03 (m, 1 H, NCH,CHCH,H,,),
221 (td, J = 1L 2/3.1 Hz, 1 H, NCH, H,.CH,CH,CH), 2.37 (t, ] =
10.5 Hz, 1 H, NCH,H,,CHCH,), 2.59 ?tt J ~ 11.5/39 Hz, 1 H,
NCH,CH,,CH,), 2.75— 283 (m, 1 H, NCH,H,,CH,CH,CH), 3.00—
3.07 (m, 1 H, NCH,H,CHCH,), 3.13 (dt, ] = 6.5/1.2 Hz, 4 H,
N(CH,CHCH,),), 3.36 (t, J = 2.0 Hz, 2 H, NCH,CCCH,N(diallyl)),
3.40 (t, ] = 2.0 Hz, 2 H, NCH,CCCH,N(diallyl)), 4.09—4.18 (m, 2 H,
OCH,CH;), S5.15 (ddt, | 10.1/1.8/1.2 Hz, 2 H, N-
(CH,CHCH,, H.ii),), 524 (dq, J 17.0/1.8 Hz, 2 H, N-
(CH,CHCH,,,,,H.,),), 5.84 (ddt, J] ~ 17.0/10.1/6.5 Hz, 2 H,
N(CH,CHCH,,,,.H,,),); >°C NMR (126 MHz, CDCl,) & 14.2, 24.6,
26.6,41.7,42.0,47.7, 52.4, 54.3, 56.5, 60.3, 79.8, 118.0, 135.4, 174.0; IR
(neat) 3077, 2978, 2939, 2812, 1732, 1643, 1467, 1449, 1429, 1367,
1322, 12585, 1222, 1181, 1153, 1133, 1095, 1031, 996, 921, 850, 792
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cm™!; HRMS (ESI) m/z caled for C,sH,,N,0,* [M + H]* 305.2229,
found 305.2226.

Ethyl 1-{4-[Allyl(methyl)amino]but-2-yn-1-yl}piperidine-3-car-
boxylate (31e). GP2 was followed using 30 (391 mg, 2.00 mmol),
CuBr (43.0 mg, 0.300 mmol), allyl(methyl)amine (0.27 mL, 2.80
mmol), and paraformaldehyde (114 mg, 3.60 mmol). Purification by
column chromatography (DCM:MeOH = 9:1) afforded 31e (525 mg,
94%) as pale yellow oil: TLC: R; = 0.68 (DCM:MeOH = 18:2); 'H
NMR (500 MHz, CDCL,) § 1.25 (t, ] = 7.1 Hz, 3 H, OCH,CH,), 1.43
(qd, J ~ 11.5/4.0 Hz, 1 H, NCH,CHCH,H,,), 1.54-1.67 (m, 1 H,
NCH,CH,,H.,CH,CH), 177 (dp, ] ~ 13.3/4.0 Hz, 1 H,
NCH,CH, H, CHZCH ), 1.88—2.02 (m, 1 H, NCH,CHCH,H,,),
220 (td, J ~ 11.2/4.0 Hz, 1 H, NCH,H., CH,CH,CH), 231 (s, 3 H,
-NMe), 2.36 (t, ] ~ 10.7 Hz, 1 H, NCHMH (CHCH,), 2.59 (ddt, J ~
11.5/10.7/3.9 Hz, 1 H, NCHZCHMCHZ) 2.75-2.83 (m, 1 H,
NCH,H,,CH,CH,CH), 2.99-3.07 (m, 1 H, NCH,H,CHCH,),
3.06 (dt, ] ~ 6.6/1.2 Hz, 2 H, NCH,CH = CH,), 3.32—3.38 (m, 4 H,
NCH,CCCH,), 4.09—4.18 (m, 2 H, OCH,CH,), 5.15 (ddt, J ~ 10.1/
1.8/1.2 Hz, 1 H,NCH,CH = CH,,,H.,), 5.22 (dq, ] ~ 17.0/1.8 Hz, 1
H, NCH,CH = CH,,,H), 5.84 (ddt, ] ~ 17.0/10.1/6.6 Hz, 1 H,
NCH,CH=CH,); *C NMR (126 MHz, CDCl;) § 14.2, 24.6, 26.6,
417, 41.9, 45.5, 47.7, 524, 543, 59.1, 60.4, 79.9, 80.0, 118.0, 135.4,
174.0; IR (neat) 3404, 2941, 2793, 1732, 1644, 1558, 1450, 1321,
1222, 1181, 1153, 1133, 1095, 1031, 997, 922 cm™"; HRMS (ESI) m/z
caled for C,¢H,,N,0," [M + H]* 279.2073, found 279.2068.

Ethyl 1-{4-[tert-Butyl(isopropyl)amino]but-2-yn-1-yl}piperidine-3-
carboxylate (31f). GP2 was followed using 30 (391 mg, 2.00 mmol),
CuBr (43.0 mg, 0.300 mmol), isopropyl(tert-butyl)amine (0.44 mL,
2.80 mmol), and paraformaldehyde (114 mg, 3.60 mmol). Purification
by column chromatography (DCM:MeOH = 9:1) afforded 31f (596
mg, 93%) as colorless oil: TLC: R = 0.40 (DCM:MeOH = 9:1); 'H
NMR (400 MHz, CDCl;) 6 1.13 (d, ] = 6.6 Hz, 6 H, NCH(CH,),),
1.22 (s, 9 H, N#Bu), 1.25 (t, ] = 7.1 Hz, 3 H, OCH,CH;), 1.41 (qd, J =
12.2/45 Hz, 1 H, NCH,CHCH,H,,), 1.52-1.68 (m, 1 H,
NCH,CH,,H.,CH CH) 1.75 (dp, ] ~ 13.2/3.8 Hz, 1 H,
NCH,CH_H, CHZCH) 1.89-2.00 (m, 1 H, NCH,CHCH,H,,),
2,18 (td, J = 1L 3/3.0 Hz, 1 H, NCH, H,,CH,CH,CH), 2.33 (t, ] =
10.7 Hz, 1 H, NCH,H,,CHCH,), 2.58 U, 7~ 11.5/39 Hy, 1 H,
NCH,CH,,CH,), 2.73—2.83 (m, 1 H, NCH_ H, ,CH,CH,CH), 2.99—
307 (m, 1 H, NCH,H,CHCH,), 3.30 (t ] = 19 Hz, 2 H,
NipCH,CCCH,), 3.37 (hept, ] = 6.6 Hz, 1 H, NCH(CH,),), 3.46—
3.53 (m, 2 H, NipCH,CCCH,), 4.13 (q, ] = 7.1 Hz, 2 H, OCH,CH,);
3C NMR (101 MHz, CDCl,) 6 14.2, 22.5, 24.6, 26.6, 28.5, 31.9, 42.0,
47.0, 47.9, 52.5, 54.4, 55.7, 60.3, 77.3, 87.6, 174.0; IR (neat) 2971,
2940, 2869, 2802, 1734, 1465, 1389, 1362, 1309, 1253, 1218, 1173,
1152, 1134, 1114, 1095, 1047, 1031, 862, 794 cm™'; HRMS (ESI) m/z
caled for C;uHyN,O," [M + H]* 323.2699, found 323.2696.

N,N-Diallyl-1,5,5-triphenylpent-2-yn-1-amine (29n). GP2 was
followed using 27a (413 mg, 2.00 mmol), CuBr (43.0 mg, 0.300
mmol), diallylamine (0.35 mL, 2.80 mmol) and benzaldehyde (0.37
mL, 3.60 mmol). Purification by column chromatography (PE:EtOAc
= 19:1) afforded 29n (728 mg, 93%) as white solid: mp = 44.0 °C;
TLC: R; = 0.54 (PE:EtOAc = 19:1); '"H NMR (500 MHz, CDCL;) §
2.62 (ddt, J = 14.1/8.2/1.0 Hz, 2 H, N(CH,CHCH,),), 2.97 (ddt, J =
14.1/4.2/1.9 Hz, 2 H, N(CH,CHCH,),), 3.08 (dd, ] = 7.8/2.1 Hz, 2
H,NCHCCCH,), 429 (t, ] = 7.8 Hz, 1 H, NCHCCCH,CH), 4.71 (t, ]
= 2.1 Hz, 1 H, NCHCCCH,CH), 5.00-5.07 (m, 2 H, N-
(CHZCHCHCISHtrans)Z)J 5.07-5.15 (m, 2 H) N(CHZCHCHcisHtmns)Z)J
5.71 (dddd, J = 17.1/10.1/8.2/4.2 Hz, 2 H, N(CH,CHCH,),), 7.14—
7.26 (m, S H, ArH), 7.27—7.34 (m, 8 H, ArH), 7.34—7.41 (m, 2 H,
ArH); *C NMR (126 MHz, CDCl;) 6 25.8, 50.8, 53.1, 55.9, 77.3, 86.1,
117.0, 126.5, 127.0, 127.8, 128.0, 128.2, 128.5, 136.8, 139.6, 143.5; IR
(neat) 3062, 3027, 2923, 2817, 1946, 1726, 1641, 1600, 1493, 1449,
1417, 1351, 1328, 1274, 1122, 1081, 1030, 995, 971, 918, 874, 841,
814, 782, 736, 698 cm™'; HRMS (ESI) m/z calcd for C,gH;)N* [M +
H]* 392.2378, found 392.2376.

N-Allyl-N-methyl-1,5,5-triphenylpent-2-yn-1-amine (290). GP2
was followed using 27a (349 mg, 1.69 mmol), CuBr (36.4 mg, 0.254
mmol), allyl(methyl)amine (0.23 mL, 2.37 mmol) and benzaldehyde
(0.31 mL, 3.04 mmol). Purification by column chromatography
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(PE:EtOAc = 19:1) afforded 290 (407 mg, 66%) as colorless resin:
TLC: Ry = 0.18 (PE:EtOAc = 19:1); 'H NMR (400 MHz) 6 1.92 (s, 3
H, NMe), 2.79 (ddt, J = 13.4/7.5/1.1 Hz, 1 H, NCH,H,CHCH,), 2.88
(ddt, J = 13.4/5.5/1.6 Hz, 1 H, NCH,H,CHCH,), 3.07 (dd, ] = 7.8/
21 Hz, 2 H, NCHCCCH,CH), 429 (t, ] = 7.8 Hz, 1 H,
NCHCCCH,CH), 460 (t, J = 2.1 Hz, 1 H, NCHCCCH,CH),
5.01-5.16 (m, 2 H, NCH,CHCH,), 5.78 (dddd, J = 174, 10.1, 7.5, 5.5
Hz, 1H, NCH,CHCH,), 7.15—7.27 (m, § H, ArH), 7.27—7.39 (m, 10
H, ArH); *C NMR (101 MHz, CDCl;) & 25.8, 37.4, 50.7, 57.4, 59.1,
76.9, 86.6, 117.3, 126.5, 127.1, 127.9, 128.0, 128.4, 128.5, 136.4, 139.1,
143.5; IR (neat) 3061, 3027, 2977, 2913, 2876, 2845, 2814, 2788,
1947, 1802, 1642, 1600, 1493, 1449, 1349, 1324, 1272, 1195, 1155,
1127, 1081, 1019, 995, 962, 919, 874, 840, 782, 736, 698 cm™'; HRMS
(ESI) m/z caled for Cy;H,gN* [M + H]* 366.2222, found 366.2219.
rac-[Ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-phenylbut-2-
yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31h) and rac-[Ethyl
(R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-phenylbut-2-yn-1-yl}(R)-pi-
peridine-3-carboxylate] (rac-(R,R)-31h). GP2 was followed using 30
(293 mg, 1.50 mmol), CuBr (323 mg 0225 mmol), 1,2,3,6-
tetrahydropyridine (0.20 mL, 2.10 mmol), and benzaldehyde (0.27
mL, 2.70 mmol). Purification by column chromatography (PE:EtOAc
= 1:1) afforded 31h as mixture of both diastereomeric racemates (341
mg, 62%) as yellow oil: TLC: R; = 0.45 (PE:EtOAc = 1:1); '"H NMR
(400 MHz, CDCL,) 5 1.25 (t, ] = 7.1 Hz, 3 H, OCH,CH,), 1.44 (qd, J
11.6/40 Hz, 1 H, NCH,CHCH,H,), 1.53-170 (m, 1 H,
NCH,CH,,H,,CH,CH), 1.73—1.84 (m, 1 H, NCH,CH,,H, CH,CH),
1.89-1.99 (m, 1 H, NCH,CHCH,H,), 2.06-2.22 m, 2 H,
NCH,CHCHCH,CH,), 2.27 (td, J = 11.0/3.1 Hz, 1 H,
NCH,H.,CH,CH,CH), 2.44 (t, ] 10.6 Hz, 1 H,
NCH,H,,CHCH,), 2.54-2.70 (m, 3 H, NCH,CH,CH, and
NCH,CHCHCH,CH,), 2.77-2.86 (m, 1 H, NCH,H,,CH,CH,CH),
3.01-3.15 (m, 3 H, NCH,,H,,CHCH, and NCH,CHCHCH,CH,),
3.45-3.51 (m, 2 H, NCHPhCCCH,N), 4.08—4.18 (m, 2 H,
OCH,CH,), 4.74 (s,, 1 H, NCHPhCCCH,N), 5.66 (m, 1 H,
NCH,CHCHCH,CH,), 5.72 (m, 1 H, NCH,CHCHCH,CH,), 7.22—
7.30 (m, 1H, ArH), 7.30—7.38 (m, 2H, ArH), 7.56—7.63 (m, 2 H,
ArH); BC NMR (101 MHz, CDCl;) 6 14.2,24.6, 26.5, 41.9, 46.3, 47.8,
49,0, 52.4, 54.4, 60.3, 61.2, 81.1, 82.4, 125.0, 125.6, 127.5, 128.1, 128.5,
138.4, 174.0; IR (neat) 3031, 2939, 2807, 1731, 1466, 1449, 1319,
1268, 1223, 1181, 1152, 1132, 1095, 1029, 999, 973, 950, 727, 697,
654, 626 cm™'; HRMS (ESI) m/z caled for Cp3H; N,O,* [M + H]*
367.2386, found 367.2386; stereochemistry has not been assigned.
1-(1,5,5-Triphenylpent-2-yn-1-yl)-1,2,3,6-tetrahydropyridine
(29]). To a Schlenk flask was added CuBr (66 mg, 0.460 mmol). Then,
dioxane anhydrous (12.0 mL/mmol) was added, followed by
benzaldehyde (0.24 mL, 2.40 mmol), 1,2,3,6-tetrahydropyridine
(022 mL, 2.40 mmol), 27b (557 mg, 2.00 mmol), and BF;-OFEt,
(591 mg, 2.00 mmol). The reaction mixture was stirred for 10 min at rt
and at 50 °C for 25 h. Completion of the reaction was monitored by
TLC. After cooling to rt, the reaction mixture was added to a 1:1
solution of saturated potassium sodium tartrate solution and saturated
sodium hydrogen carbonate solution (44.0 mL/mmol) and extracted 5
times with EtOAc. The combined organic phases were then filtrated,
dried over MgSO,, and concentrated under vacuum. The crude
product was purified by column chromatography (PE:EtOAc = 9:1) to
afford 291 (203 mg, 27%) as colorless crystals: mp = 94.6 °C; TLC: Ry
= 0.66 (PE:EtOAc = 9:1); '"H NMR (400 MHz, CDCL,) § 1.95-2.14
(m, 2 H, NCH,CHCHCH,CH,), 2.29-2.43 (m, 2 H,
NCH,CHCHCH,CH,), 2.75-2.92 (m, 2 H, NCH,CHCHCH,CH,),
3.05 (dd, J = 7.8/2.1 Hz, 2 H, CHCH,CC), 427 (t, ] = 7.8 Hz, 1 H,
CHCH,CC), 4.54 (t, ] = 2.1 Hz, 1 H, NCHCC), 5.57 (m, 1 H,
NCH,CHCHCH,CH,), 5.66 (m, 1 H, NCH,CHCHCH,CH,), 7.15—
7.26 (m, 5 H, ArH), 7.26—7.37 (m, 10 H, ArH); *C NMR (101 MHz,
CDClLy) § 25.9, 26.5, 45.8, 48.6, 50.7, 61.0, 77.7, 86.3, 124.7, 125.7,
126.5, 127.2, 127.9, 128.0, 128.4, 128.5, 138.5, 143.5; IR (neat) 3417,
3060, 3028, 2910, 2811, 1949, 1600, 1493, 1449, 1028, 727, 697 cm™’;
HRMS (ESI) m/z caled for C,sH,gN* [M + H]* 378.2222, found
378.2222; synthesis based on the procedure of Ma et al.””**
N-Allyl-N-(tert-butyl)-1,5,5-triphenylpent-2-yn-1-amine (29m).
To a Schlenk flask was added CuBr (43.0 mg, 0.300 mmol). Toluene
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anhydrous (5.00 mL/mmol) was then added, followed by
benzaldehyde (0.37 mL, 3.60 mmol), allyl(tert-butyl)amine (0.42
mL, 2.80 mmol), 27b (557 mg, 2.00 mmol), and BF;-OEt, (591 mg,
2.00 mmol). The reaction mixture was stirred at rt for 27 h. The
completion of the reaction was monitored by TLC. The reaction
mixture was then filtrated over a short pad of silica gel and eluted with
DCM. The crude product was purified by MPLC (PE, $% EtOAc) on
silica gel to afford 29m as colorless resin (270 mg, 33%): TLC: R; =
0.68 (PE:EtOAc = 19:1); 'H NMR (500 MHz, CDCl,) 6 1.11 (s, 9 H,
Nt-Bu), 2.97—3.03 (m, 2 H, NCH,CHCH,), 3.05 (dd, ] = 7.8/2.0 Hz,
2 H, NCHCCCH,), 428 (t, ] = 7.8 Hz, 1 H, CHCH,CC), 4.57 (dq, J
~ 10.1/1.8 Hz, 1 H, NCH,CHCH, H,..), 4.69 (dq, ] = 17.2/1.8 Hz, 1
H, NCH,CHCH_H,,...), 4.87 (s, 1 H, NCHCC), 5.38 (ddt, J = 17.2/
10.1/5.9 Hz, 1 H, NCH,CHCH,), 7.10-7.25 (m, 5 H, ArH), 7.25—
7.38 (m, 10 H, ArH); '3C NMR (126 MHz, CDCL,) & 26.0, 28.6, 48.5,
50.7, 53.0, 56.2, 81.4, 85.5, 112.6, 126.6, 126.6, 127.6, 128.1, 128.3,
128.6, 141.6, 142.1, 143.7; IR (neat) 3061, 3027, 2971, 2911, 1946,
1877, 1804, 1637, 1600, 1493, 1449, 1390, 1363, 1203, 910, 733, 697
cm™!; HRMS (ESI) m/z caled for CyHy,N* [M + H]* 408.2691,
found 408.2695; synthesis based on the procedure of Ma et al.””**

rac-[Ethyl (R)-1-{4-[allyl(tert-butyllamino]-4-phenylbut-2-yn-1-
yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31g) and rac-[Ethyl (R)-
1-{4-[allyl(tert-butyl)amino]-4-phenylbut-2-yn-1-yl}(R)-piperidine-3-
carboxylate] (rac-(R,R)-31g). To a Schlenk flask was added CuBr
(21.5 mg, 0.150 mmol). Toluene anhydrous (5.0 mL/mmol) was then
added, followed by benzaldehyde (0.18 mL, 1.80 mmol), allyl(tert-
butyl)amine (0.21 mL, 1.40 mmol), BF;-OEt, (296 mg, 1.00 mmol),
and 30 (195 mg, 1.00 mmol). The reaction mixture was stirred at S0
°C for 20 h. The completion of the reaction was monitored by TLC.
After cooling to rt, the reaction mixture was filtrated, washed with
EtOAc, and concentrated under vacuum. The crude product was then
purified by column chromatography (PE:EtOAc = 1:1) to afford 31g as
mixture of both diastereomeric racemates (118 mg, 30%) as yellow oil:
TLC: R; = 0.69 (PE:EtOAc = 1:1); 'H NMR (400 MHz, CDCL,) &
1.25 (t, ] = 7.1 Hz, 3 H, OCH,CH;,), 1.25 (s, 9 H, NtBu), 1.37—1.53
(m, 1 H, NCH,CHCH, H,,), 1.55-1.71 (m, 1 H,
NCH,CH,H,,CH,CH), 1.73-1.85 (m, 1 H, NCH,CH,,H,,CH,CH),
1.91-2.00 (m, 1 H, NCH,CHCH,H, ), 2.29 (tt, ] = 11.1/3.3 Hz, 1 H,
NCH,H,,CH,CH,CH), 240-2.51 (m, 1 H, NCH,H,CHCH,),
2.55-2.68 (m, 1 H, NCH,CH,.CH,), 2.79-2.89 (m, 1 H,
-NCH,_H,,CH,CH,CH), 3.05-3.14 (m, 1 H, -NCH,H,,CHCH,-),
3.26—3.33 (m, 2 H, NCH,CH = CH,,,H,), 341-3.54 (m, 2 H,
NCHCCCH,N), 4.14 (q, ] = 7.1 Hz, 2 H, OCH,CH,), 4.63 (dq, J =
10.2/1.8 Hz, 1 H, NCH,CH = CH,,,,H,;), 4.79 (dq, J = 17.3/1.8 Hz, 1
H, NCH,CH = CH,,,H..), 5.08 (s, 1 H, NCHCCCH,N), 5.41—
5.56 (m, 1 H, NCH,CH=CH,), 7.16—7.25 (m, 1 H, ArH), 7.25—7.33
(m, 2 H, ArH), 7.55—7.70 (m, 2 H, ArH); *C NMR (101 MHz,
CDCL,) 5 14.2, 24.6, 26.6, 28.7, 42.0, 47.9, 48.8, 52.5, 53.1, 54.4, 56.3,
60.3, 82.0, 85.0, 112.9, 126.8, 127.6, 1282, 141.3, 141.8, 174.0; IR
(neat) 3061, 2973, 2941, 2802, 1947, 1732, 1637, 1600, 1491, 1467,
1449, 1415, 1391, 1365, 1322, 1255, 1217, 1203, 1181, 1152, 1133,
1096, 1068, 1046, 1030, 994, 911, 750, 731, 696 cm™"; HRMS (ESI)
m/z caled for C,sHyN,O," [M + H]* 397.2855, found 397.2857;
synthesis procedure based on a procedure published by Ma et al,,””**
and stereochemistry has not been assigned.

rac-[Ethyl (R)-1-{4-[allyl(tert-butyl)amino]-4-(naphthalen-2-yl)-
but-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31i) and rac-
[Ethyl (R)-1-{4-[allyl(tert-butyl)amino]-4-(naphthalen-2-yl)but-2-yn-
1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31i). GP2 was followed
applying CuBr (129 mg, 0.900 mmol, 0.3 equiv), toluene abs. (12 mL),
2-naphthaldehyde (843 mg, 5.40 mmol), allyl(tert-butyl)amine (0.63
mL, 4.2 mmol), BF;-OEt, (0.66 mL, 3.0 mmol, instead of molecular
sieve), and 30 (586 mg, 3.00 mmol) at S0 °C overnight. The crude
product was purified by column chromatography (PE:EtOAc = 8:2) to
afford 31i as mixture of both diastereomeric racemates as pale yellow
resin (278 mg, 21%): TLC: R; = 0.21 (PE:EtOAc = 7:3); 'H NMR
(400 MHz, CDCl;) § 1.24 (t, J = 7.1 Hz, 3 H, OCH,CHj;), 1.30 (s, 9
H, NC(CH,),), 141-1.54 (m, 1 H, NCH,CHCH_H,,), 1.60~1.73
(m, 1 H, NCH,CH,H,,CH,CH), 181 (dq, J = 14.8/3.6 Hz, 1 H,
NCH,CH,H,,CH,CH), 1.92-2.05 (m, 1 H, NCH,CHCH,H,),
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229-241 (m, 1 H, NCH, H, CH,CH,CH), 2.47-2.58 (m, 1 H,
NCH,,H, CHCH,), 2.60—2.71 Em, 1 H, NCH,CH, CH,), 2.84—2.95
(m, 1 H, NCH,H,,CH,CH,CH), 3.16 (d, ] = 107 Hz, 1 H,
NCH,H,,CHCH,), 3.27-3.40 (m, 2 H, NCH,CH = CH,), 3.55 (s, 2
H, NCHCCCH,N), 4.14 (q, ] = 7.1 Hz, 2 H, OCH,CH,), 4.56 (dq, ] =
10.2/1.7 Hz, 1 H, NCH,CH = CH,,,, ,H..), 477 (dq, J = 17.2/1.7 Hz, 1
H, NCH,CH = CH,,H,,), 522 (s, 1 H, NCHCCCH,N), 5.36—5.52
(m, 1 H, NCH,CH=CH,), 7.40—7.49 (m, 2 H, ArH), 7.69—7.87 (m, 4
H, ArH), 8.09 (s, 1 H, ArH); *C NMR (101 MHz, CDCl;) § 14.4,
24.8,26.8,28.9, 42.1, 48.1, 48.8, 52.6/52.7, 53.4, 54.5/54.6, 56.6, 60.5,
82.4,85.1, 113.1, 125.7, 125.9, 126.6, 127.3, 127.6, 1282, 132.8, 133.2,
139.3, 1414, 174.1; IR (neat) ¥ 3057, 2972, 2940, 2869, 2805, 1731,
1634, 1602, 1506, 1467, 1451, 1416, 1391, 1364, 1325, 1275, 1239,
1217, 1201, 1182, 1152, 1133, 1095, 1031, 995, 910, 860, 814, 788, 735
cm™'; HRMS (ESI) m/z caled for C,gH;oN,0," [M + H]* 447.3012,
found 447.300S; stereochemistry has not been assigned.

rac-[Ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(naphthalen-
2-yl)but-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31j) and
rac-[Ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(naphthalen-2-
yl)but-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31j). GP2
was followed applying CuBr (43 mg, 0.30 mmol), toluene abs. (8
mL), 2-naphthaldehyde (562 mg, 3.60 mmol), 1,2,3,4-tetrahydropyr-
idine (0.26 mL, 2.8 mmol), and 30 (391 mg, 2.00 mmol). The crude
product was purified by column chromatography (PE:EtOAc = 7:3) to
afford 31j as mixture of both diastereomeric racemates as pale yellow
resin (695 mg, 83%): TLC: R; = 0.13 (PE:EtOAc = 7:3); 'H NMR
(500 MHz, CDCl,y) 6 1.23 (t,J = 7.1 Hz, 1.5 H, OCH,CHj, dia 1 or dia
2),1.23 (t, ] = 7.1 Hz, 1.5 H, OCH,CHj, dia 1 or dia 2), 1.47 (qd, ] =
11.8/3.5 Hz, 1 H, NCH,CHCH,H,,), 1.59-1.68 (m, 1 H,
NCH,CH,H,,CH,CH), 1.76-1.83 (m, 1 H, NCH,CH, H, CH,CH),
1.96 (dq, J = 12.8/4.1 Hz, 1 H, NCH,CHCH, H,,), 2.08-2.22 (m, 2
H, NCH,CH,CHCHCH,), 2.31 (td, J = 11.0/3.1 Hz, 1 H,
NCH,H,,CH,CH,CH), 2.49 (t, ] = 10.6 Hz, 0.5 H,
NCH, H.,CHCH,, dia 1 or dia 2), 2.50 (t, ] = 10.6 Hz, 0.5 H,
NCH, H,,CHCH,, dia 1 or dia 2), 2.58-2.73 (m, 3 H,
NCH,CH,,CH, and NCH,CH,CHCHCH,), 2.81-2.89 (m, 1 H,
NCH,H,,CH,CH,CH), 3.03-3.20 (m, 3 H, NCH,H,,CHCH, and
NCH,CH,CHCHCH,), 3.48—3.57 (m, 2 H, NCHCCCH,N), 4.10—
417 (m, 2 H, OCH,CHS,), 4.88 (t, ] = 1.3 Hz, 1 H, NCHCCCH,N),
5.60—5.79 (m, 2 H, NCH,CH,CHCHCH,), 7.41-7.51 (m, 2 H,
ArH), 7.72 (dd, ] = 8.5/1.7 Hz, 1 H, ArH), 7.77—7.90 (m, 3 H, ArH),
8.06 (s, 1 H, ArH); '*C NMR (126 MHz, CDCL) § 14.2, 24.6, 26.6,
26.6, 42.0, 46.3/46.4, 47.8, 49.3/49.3, 52.5, 54.5/54.5, 60.3, 61.4, 81.2/
81.2, 82.8/82.8, 125.1, 125.7, 125.9, 126.0, 126.6, 127.3, 127.6, 127.8,
128.1, 133.0, 133.1, 136.2, 174.0; IR (neat) ¥ 3029, 2937, 2805, 1729,
1601, 1507, 146S, 1449, 1366, 1349, 1316, 1223, 1181, 1152, 1130,
1095, 1028, 999, 975, 955, 902, 860, 824, 795, 781, 761, 736 cm™;
HRMS (ESI) m/z calcd for C,;H;3N,0," [M + H]* 417.2542, found
417.2538; stereochemistry has not been assigned.

rac-[Ethyl (R)-1-{4-([1,1'-biphenyl]-2-yl)-4-[allyl(tert-butyl)-
amino]but-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31k)
and rac-[Ethyl (R)-1-{4-([1,1'-biphenyl]-2-yl)-4-[allyl(tert-butyl)-
aminojbut-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31k).
GP2 was followed applying CuBr (86 mg, 0.60 mmol), dioxane abs.
(8.0 mL), [1,1’-biphenyl]-2-carbaldehyde (0.58 mL, 3.6 mmol),
allyl(tert-butyl)amine (0.42 mL, 2.8 mmol), and 30 (391 mg, 2.00
mmol). After stirring for 1 h at rt, the mixture was heated to 50 °C,
BF;-OEt, (0.51 mL, 2.00 mmol) was added, and the reaction mixture
stirred at 50 °C overnight. The crude product was purified by flash
column chromatography (PE:EtOAc = 7:3) to afford 31k as mixture of
both diastereomeric racemates as pale yellow resin (200 mg, 21%):
TLC: R; = 0.32 (PE:EtOAc = 7:3); '"H NMR (400 MHz, CDCl,) §
0.74 (s, 9 H, t-Bu),1.25 (t, ] = 7.2 Hz, 3 H, OCH,CH,, dia 1 and dia 2),
1.44 (qd, ] = 11.9/4.3 Hz, 1 H, NCH,CHCH,,H,,), 1.54—1.69 (m, 1
H, NCH,CH,H,,CH,CH), 1.73-1.84 (m, 1 H,
NCH,CH,H, CH,CH), 1.90-2.02 (m, 1 H, NCH,CHCH,H,,),
2.25 (ddt, J = 11.2/7.9/4.1 Hz, 1 H, NCH,,H,,CH,CH,CH), 242 (t, ]
10.7 Hz, 1 H, NCH,H,,CHCH,), 2.55-2.66 (m, 1 H,
NCH,CH,,CH,), 2.82 (d,, ] = 11.4 Hz, 1 H, NCH,H,,CH,CH,CH),
3.01-321 (m, 2 H, NCH,_H,,CHCH, and NCH,CH = CH,), 3.33
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(ddt, J = 17.2/5.5/1.8 Hz, 1 H, NCH,CH = CH,), 3.37—3.49 (m, 2 H,
NCHCCCH,N), 4.14 (q, ] = 7.2 Hz, 2 H, OCH,CHS,), 4.51 (dq, J =
10.1/1.7 Hz, 1 H, NCH,CH = CH,,,.H..), 4.60 (dq, ] = 17.3/1.7 Hz, 1
H, NCH,CH = CH,,,H,,), 5.06—5.18 (m, 1 H, NCH,CH=CH,),
521 (t, J = 2.2 Hz, 1 H, NCHCCCH,N), 7.07—7.13 (m, 1 H, ArH),
7.22—7.44 (m, 7 H, ArH), 7.81 (dt, ] = 7.3/2.1 Hz, 1 H, ArH); *C
NMR (101 MHz, CDCL,) 6 14.2, 24.6, 26.6, 27.4, 42.0, 47.1, 48.0, 50.5,
52.5/52.6, 54.5, 56.2, 60.3, 81.8, 86.0, 112.1, 126.7, 126.8, 126.9, 127.7,
129.3,129.4, 129.7, 130.1, 138.4, 140.8, 141.9, 142.9, 174.0; IR (neat) ¥
2956, 1732, 1475, 1439, 1390, 1364, 1309, 1281, 1252, 1214, 1199,
1182, 1152, 1133, 1095, 1071, 1031, 912, 753, 701 cm™'; HRMS (ESI)
m/z caled for C3HyN,O," [M + H]* 473.3168, found 473.3166;
stereochemistry has not been assigned.

rac-[Ethyl (R)-1-{4-([1,1’-biphenyl]-2-yl)-4-[3,6-dihydropyridin-
1(2H)-yllbut-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-311)
and rac-[Ethyl (R)-1-{4-([1,1'-biphenyl]-2-yl)-4-[3,6-dihydropyridin-
1(2H)-yllbut-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31I).
GP2 was followed applying CuBr (21.5 mg, 0.15 mmol), toluene
abs. (5.00 mL), [1,1’-biphenyl]-2-carbaldehyde (0.29 mL, 1.8 mmol),
1,2,3,4-tetrahydropyridine (0.13 mL, 1.4 mmol), and 30 (195 mg, 1.00
mmol). The crude product was purified by column chromatography
(PE:EtOAc = 8:2) to afford 311 as mixture of both diastereomeric
racemates as colorless resin (373 mg, 84%): TLC: R; = 023
(PE:EtOAc = 8:2); '"H NMR (400 MHz, CDCl,) 6 1.24 (t, J = 7.1
Hz, 3 H, OCH,CHy, dia 1 and dia 2), 1.42 (qd, ] = 11.3/3.5 Hz, 1 H,
NCH,CHCH,_H,,), 1.51-1.66 (m, 1 H, NCH,CH,H,,CH,CH),
1.75 (dp, J = 13.1/3.8 Hz, 1 H, NCH,CH,,H,,CH,CH), 1.87-1.97
(m, 1 H, NCH,CHCH_H,,), 1.96-2.17 (m, 2 H, NCH,CH
CHCH,CH,), 2.22 (td, ] = 11.0/3.0 Hz, 1 H, NCH,H,,CH,CH,CH),
2.34-2.49 (m, 2 H, NCH,H,CHCH, and NCH,CH =
CHCH,CH,), 2.52—2.68 (m, 2 H, NCH,CH,,CH, and NCH,CH =
CHCH,CH,), 2.76 (dy, ] = 11.3 Hz, 1 H, NCH,H,,CH,CH,CH),
2.85-3.08 (m, 3 H, NCH,,H,,CHCH, and NCH,CH = CHCH,CH,),
3.34-348 (m, 2 H, NCHCCCH,N), 4.12 (q, ] = 7.1 Hz, 2 H,
OCH,CH;, dia 1 and dia 2), 4.52 (t, ] = 1.9 Hz, 1 H, NCHCCCH,N),
5.55=5.72 (m, 2 H, NCH,CH=CHCH,CH,), 7.22-7.29 (m, 1 H,
ArH), 7.29-7.42 (m, 5 H, ArH), 7.46—7.56 (m, 2 H, ArH), 7.72—7.81
(m, 1 H, ArH); 3C NMR (101 MHz, CDCl,) § 14.2, 24.5, 26.5/26.5,
419, 46.4, 47.7, 48.2, 52.4/52.4, 543, 58.1, 60.3, 81.7/81.7, 82.3/82.3,
124.8, 125.6, 126.8, 127.0, 127.4, 127.7, 129.2, 129.7, 130.3, 136.5,
141.1, 142.6, 174.0; IR (neat) ¥ 3057, 3030, 2938, 2909, 2864, 2804,
1731, 1477, 1466, 1449, 1367, 1347, 1315, 1279, 1252, 1222, 1181,
1152, 1132, 1095, 1047, 1029, 1009, 998, 973, 948, 774, 750, 702, 654
628, 617 cm™'; HRMS (ESI) m/z caled for C0H;N,0,* [M + H]*
443.2699, found 443.2702; stereochemistry has not been assigned.

rac-[Ethyl (R)-1-{4-[allyl(tert-butyl)lamino]hept-2-yn-1-yl}(R)-pi-
peridine-3-carboxylate] (rac-(R,R)-31m) and rac-[Ethyl (R)-1-{4-
[allyl(tert-butyl)amino]hept-2-yn-1-yl}(S)-piperidine-3-carboxylate]
(rac-(R,S)-31m). GP2 was followed applying CuBr (86 mg, 0.60 mmo],
0.30 equiv), dioxane abs. (8 mL), butyraldehyde (0.33 mL, 3.6 mmol),
allyl(tert-butyl)amine (0.42 mL, 2.8 mmol), and 30 (391 mg, 2.00
mmol) at rt for 2 h. Then BF;-OEt, (0.44 mL, 2.0 mmol) was added,
and the reaction mixture was heated to 50 °C for 3 h and was stirred at
rt overnight. The crude product was purified by column chromatog-
raphy (PE:EtOAc = 8:2) to afford 31m as mixture of both
diastereomeric racemates as yellow oil (235 mg, 32%): TLC: R; =
0.31 (PE:EtOAc = 7:3); 'H NMR (400 MHz, CDCl;) § 0.88 (t, ] = 7.1
Hz, 3 H, NCHCH,CH,CH,), 1.11 (s, 9 H, N(CH;)5), 1.25 (t, J = 7.1
Hz, 3 H, OCH,CH,), 1.35-1.52 (m, S H, NCH,CHCH,H,, and
NCHCH,CH,CH,), 1.55-1.67 (m, 1 H, NCH,CH,H,,CH,CH),
1.72-1.81 (m, 1 H, NCH,CH,H,CH,CH), 1.90-2.00 (m, 1 H,
NCH,CHCH,H,,), 2.19 (tt, ] 11.2/2.9 Hz, 1 H,
NCH,,H,,CH,CH,CH), 2.34 (t, ] 10.5 Hz, 1 H,
NCH,H,,CHCH,), 2.54-2.64 (m, 1 H, NCH,CH,CH,), 2.77
(dt,, J = 11.2/3.5 Hz, 1 H, NCH,H, CH,CH,CH), 2.99—3.07 (m,
1 H, NCH,H, CHCH,), 3.22-3.40 (m, 4 H, NCHCCCH,N and
NCH,CH = CH,), 3.72 (t, ] = 6.1 Hz, 1 H, NCHCCCH,N), 4.14 (q, ]
=7.1 Hz, 2 H, OCH,CHj;), 492 (dd, J = 10.2/2.1 Hz, 1 H, NCH,CH
= CHyansHoi), 5.13 (dq, J = 16.4/2.1 Hz, 1 H,NCH,CH = CH,, H.,,),
5.87 (ddt, J] = 16.4/10.2/5.3 Hz, 1 H, NCH,CH=CH,); *C NMR
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(101 MHz, CDCL,) § 13.9, 14.4, 19.9, 24.7, 26.7, 28.3, 39.6, 42.1, 47.9,
48.1, 49.8, 52.5/52.5, 54.4/54.4, 56.0, 60.5, 78.6, 88.2, 112.9, 142.6,
174.2; IR (neat) ¥ 2958, 2871, 2804, 1734, 1643, 1467, 1453, 1391,
1365, 1309, 1242, 1218, 1202, 1182, 1152, 1133, 1094, 1031, 995, 910
cm™; HRMS (ESI) m/z caled for C,,H3oN,O," [M + H]* 363.3012,
found 363.3005; stereochemistry has not been assigned.

rac-[Ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]hept-2-yn-1-yl}-
(R)-piperidine-3-carboxylate] (rac-(R,R)-31n) and rac-[Ethyl (R)-1-
{4-[3,6-dihydropyridin-1(2H)-yllhept-2-yn-1-yl}(S)-piperidine-3-car-
boxylate] (rac-(R,S)-31n). GP2 was followed using CuBr (32.3 mg,
mmol, 0.225 equiv), toluene abs. (6 mL), butyraldehyde (0.25 mL, 2.7
mmol), 1,2,3,4-tetrahydropyridine (0.20 mL, 2.1 mmol), and 30 (293
mg, 1.50 mmol). The crude product was purified by column
chromatography (PE:EtOAc = 8:2) to afford 31n as mixture of both
diastereomeric racemates as yellow oil (385 mg, 77%): TLC: R;= 0.17
(PE:EtOAc = 1:1); 'H NMR (400 MHz, CDCl;) 6 0.94 (t, ] = 7.3 Hg,
3 H, NCHCH,CH,CH,), 1.25 (t, ] = 7.0 Hz, 3 H, OCH,CH,), 1.35—
1.72 (m, 6 H, NCHCH,CH,CH,;, NCH,CHCH,H,,,
NCH,CH,H,,CH,CH), 1.72-182 (m, 1 H, NCH,CH,H, CH,CH),
1.89-2.00 (m, 1 H, NCH,CHCH,H,,), 2.09-2.30 Zm, 3 H,
NCH,CH = CHCH,CH, and NCH,H, .CH,CH,CH), 235 (t, ] =
10.7 Hz, 1 H, NCH,H,CHCH,), 2.48-2.65 (m, 2 H,
NCH,CH,,CH, and NCH,CH = CHCH,CH,), 2.69—2.86 (m, 2 H,
NCH,CH = CHCH,CH, and NCH,H,,CH,CH,CH), 2.94-3.11 (m,
2 H,NCH,H,,CHCH, and NCH,CH = CHCH,CH,), 3.11-3.24 (m,
1 H, NCH,CH = CHCH,CH,), 3.30-3.41 (m, 2 H, NCHCCCH,N),
3.45 (t,, ] = 7.5 Hz, 1 H, NCHCCCH,N), 4.13 (q, ] = 7.0 Hz, 2 H,
OCH,CH,), 5.62—5.82 (m, 2 H, NCH,CH=CHCH,CH,); '*C NMR
(101 MHz, CDCL,) 5 13.8, 14.2, 20.0, 24.6, 26.5, 26.6, 35.7, 41.9, 46.6,
477, 48.5, 52.4/52.4, 54.3/54.3, 57.2, 603, 79.9, 83.0, 125.0, 125.5,
174.0; IR (neat) ¥ 3031, 2956, 2937, 2870, 2804, 1732, 1465, 1449,
1366, 1321, 1222, 1180, 1151, 1133, 1093, 1046, 1030 cm™'; HRMS
(ESI) m/z caled for CyHy;3N,O," [M + HJ* 333.2542, found
333.2534; stereochemistry has not been assigned.

rac-[Ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-5-methylhex-2-
yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-310) and rac-[Ethyl
(R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-5-methylhex-2-yn-1-yl}(S)-pi-
peridine-3-carboxylate] (rac-(R,S)-310). GP2 was followed applying
CuBr (43 mg, 0.30 mmol), toluene abs. (8 mL), isobutyraldehyde
(0.33 mL, 3.6 mmol), 1,2,3,4-tetrahydropyridine (0.26 mL, 2.8 mmol),
and 30 (391 mg, 2.00 mmol). The crude product was purified by
column chromatography (PE:EtOAc = 7:3) to afford 310 as mixture of
both diastereomeric racemates as colorless resin (651 mg, 98%): TLC:
R = 0.26 (PE:EtOAc = 7:3); "H NMR (500 MHz, CDCl;) § 0.98 (d, J
= 6.6 Hz, 3 H, NCH(CHS,),), 1.06 (d, ] = 6.6 Hz, 3 H, NCH(CHS,),),
1.25 (t, ] = 7.1 Hz, 3 H, OCH,CHj,), 1.42 (dq, J = 12.0/3.5 Hz, 1 H,
NCH,CHCH,H,,), 1.55-1.65 (m, 1 H, NCH,CH,H,CH,CH),
1.73—1.80 (m, 1 H, NCH,CH,H,,CH,CH), 1.86 (dp, ] = 9.8/6.6 Hz,
1 H, NCH(CH,),), 1.90-1.98 (m, 1 H, NCH,CHCH,H, ), 2.13—
2.25 (m, 3 H, NCH,CH = CHCH,CH, and NCH, H,,CH,CH,CH),
2.37 (t, ] = 10.7 Hz, 1 H, NCH,,H,,CHCH,), 2.45 (dt, ] = 11.3/5.7
Hz, 1 H, NCH,CH = CHCH,CH,), 2.59 (tt, ] = 10.7/3.9 Hz, 1 H,
NCH,CH,,CH,), 2.72 (dt, ] = 11.3/5.7 Hz, 1 H, NCH,CH
CHCH,CH,), 2.75—2.83 (m, 1 H, NCH,H,,CH,CH,CH), 2.94 (dt, ]
9.8/1.9 Hz, 1 H, NCHCCCH,), 2.96-3.08 (m, 2 H,
NCH,H,,CHCH, and NCH,CH = CHCH,CH,), 3.09-3.17 (m, 1
H, NCH,CH = CHCH,CH,), 3.34—3.43 (m, 2 H, NCHCCCH,N),
413 (qd, J = 7.1/1.0 Hz, 2 H, OCH,CH,), 5.62—5.78 (m, 2 H,
NCH,CH=CHCH,CH,); *C NMR (126 MHz, CDCl;) § 14.3, 20.0,
20.8, 24.7, 26.7, 26.7, 30.6, 42.1, 46.4, 47.8, 49.3, 52.5, 54.4/54.4, 60.5,
64.6, 80.2, 82.8, 125.1, 126.0, 174.2; IR (neat) ¥ 3032, 2955, 2868,
2806, 1732, 1637, 1466, 1450, 1381, 1366, 1321, 1260, 1222, 1181,
1152, 1133, 1095, 1031, 1001, 976, 956 cm™"; HRMS (ESI) m/z calcd
for C,)Hy3N,O," [M + HJ™ 333.2542, found 333.2534; stereo-
chemistry has not been assigned.

Synthesis of Allenes. General Procedure 3. To a Schlenk tube
was added Cdl, (0.8 equiv) under argon atm. The Cdl, was then
heated with a heat gun under vacuum until the pale yellow solid turned
to darker yellow. Chlorobenzene anhydrous (8.0 mL/mmol) was
added, followed by the propargylic amine (1.0 equiv). The reaction
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mixture was stirred at 100/130 °C until all starting material was
consumed (detection via TLC). After cooling to rt, the crude product
was purified by column chromatography to afford the corresponding
allene.

Penta-3,4-diene-1,1-diyldibenzene (32). GP3 was followed apply-
ing CdI, (146 mg, 0.399 mmol), chlorobenzene anhydrous (4.0 mL),
and 29e (166 mg, 0.500 mmol) at 130 °C for 2.00 h. The crude
product was purified by column chromatography (PE:EtOAc = 9:1) to
afford allene 32 (97.0 mg, 88%) as colorless resin: TLC: R; = 0.83
(PE:EtOAc = 9:1); '"H NMR (400 MHz, CDCl;) § 2.76 (ddt, J = 7.9/
7.1/29 Hz, 2 H, CHCH,CHCCH,), 404 (t, ] = 79 Hz, 1 H,
CHCH,CHCCH,), 4.56 (dt, ] = 6.8/2.9 Hz, 2 H, CHCH,CHCCH,),
5.00 (p, J = 6.8 Hz, 1 H, CHCH,CHCCH,), 7.12—7.19 (m, 2 H, ArH),
7.19—7.30 (m, 8 H, ArH); *C NMR (101 MHz, CDCl,) § 34.6, 51.2,
74.7, 88.2, 126.2, 128.0, 128.4, 144.2, 209.1; IR (neat) 3085, 3061,
3026, 2915, 1954, 1599, 1494, 1450, 1082, 1030, 845, 784, 751, 738,
699 cm™; HRMS (DEP/EI) m/z caled for C;,H,4 220.1252, found
220.1250.

Undeca-1,2-diene (43). GP3 was followed applying Cdl, (146 mg,
0.399 mmol), chlorobenzene anhydrous (4.0 mL), and 39 (132 mg,
0.500 mmol) at 130 °C for 3 h. The crude product was purified by
column chromatography (PE, 5% EtOAc) to afford 43 (71.4 mg, 94%)
as colorless oil: TLC: R; = 0.73 (PE, 5% EtOAc); the analytical and
spectroscopic data are consistent with those reported in literature.*’

6-Chlorohexa-1,2-diene (44). GP3 was followed applying CdI,
(146 mg, 0.399 mmol), chlorobenzene anhydrous (4.0 mL), and 40
(114 mg, 0.500 mmol) at 130 °C for 3 h. The crude product was
purified by column chromatography (PE) to afford 44 (48.2 mg, 83%)
as colorless oil: TLC: Ry = 0.53 (PE, 4% EtOAc); analytical and
spectroscopic data are consistent with those reported in literature.**

Hepta-5,6-dienenitrile (45). GP3 was followed applying CdI, (146
mg, 0.399 mmol), chlorobenzene anhydrous (4.0 mL), and 41 (109
mg, 0.500 mmol) at 130 °C for 3 h. The crude product was purified by
column chromatography (DCM) to afford 45 (52 mg, 97%) as
colorless oil: TLC: R; = 0.55 (DCM); analytical and spectroscopic data
are consistent with those reported in literature.*

[(Buta-2,3-dien-1-yloxy)methyllbenzene (46). GP3 was followed
applying Cdl, (146 mg, 0.399 mmol), chlorobenzene anhydrous (4.0
mL), and 42 (136 mg, 0.500 mmol) at 130 °C for 2.75 h. The crude
product was purified by column chromatography (DCM) to afford 46
(76 mg, 95%) as colorless oil: TLC: R; = 0.63 (DCM); analytical and
spectroscogic data are consistent with those previously reported in
literature.*

Penta-3,4-diene-1,1,5-triyltribenzene (47). GP3 was followed
applying Cdl, (146 mg, 0.399 mmol), chlorobenzene anhydrous (4.0
mL), and 29m (204 mg, 0.500 mmol) at 100 °C for 4.25 h. The crude
reaction mixture was purified by column chromatography (PE:DCM =
1:1) to afford allene 47 (113 mg, 76%) as colorless resin: TLC: R; =
0.65 (PE, 5% EtOAc); 'H NMR (400 MHz, CDCl;) 6 2.83—2.97 (m, 2
H, CHCH,CHCCH), 4.12 (t, ] = 7.8 Hz, 1 H, CHCH,CHCCH), 5.49
(9] = 6.7 Hz, 1 H, CHCH,CHCCH), 6.03 (dt, ] = 6.7/2.8 Hz, 1 H,
CHCH,CHCCH), 691-7.03 (m, 2 H, ArH), 7.10~7.37 (m, 13 H,
ArH); 3C NMR (101 MHz, CDCL,) § 35.3, 51.2, 93.3, 94.75, 126.24,
12628, 126.6, 126.7, 127.9, 128.1, 128.4, 128.5, 128.5, 134.5, 144.2,
205.8; IR (neat) 3083, 3060, 3027, 2908, 1949, 1598, 1494, 1450,
1265, 1176, 1072, 1028, 912, 875, 790, 772, 741, 699, 629 cm™;
HRMS (DEP/EI) m/z calcd for C,3H,, 296.1565, found 296.1558.

Ethyl 1-(Buta-2,3-dien-1-yl)piperidine-3-carboxylate (24). To a
Schlenk tube was added Znl, (255 mg, 0.799 mmol). The Znl, was
then heated with a heat gun under vacuum until the pale yellow solid
turned to darker yellow. Chlorobenzene anhydrous (4.0 mL) was
added, followed by 31a (160 mg, 0.499 mmol). The reaction mixture
was stirred at 100 °C for 4.00 h. After cooling to rt, the reaction
mixture was directly purified by column chromatography (PE:EtOAc =
1:1) to afford allene 24 (52.6 mg, 50%) as pale yellow oil: TLC: R =
0.39 (PE:EtOAc = 1:1); 'H NMR (500 MHz, CDCL,) § 1.25 (t, ] = 7.1
Hz, 3 H, OCH,CH;), 143 (qd, J = 11.9/4.1 Hz, 1 H,
NCH,CHCH,H,,), 152-1.65 (m, 1 H, NCH,CH,H, CH,CH),
174 (dp, J = 13.4/3.6 Hz, 1 H, NCH,CH,H, CH,CH), 1.91-1.99
(m, 1 H, NCH,CHCH,H,,), 204 (td, ] = 11.2/29 Hz, 1 H,
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NCH,H.,CH,CH,CH), 2.19 (t, ] 10.9 Hz, 1 H,
NCH,H,,CHCH,), 2.56 (tt, ] = 10.9/3.9 Hz, 1 H, NCH,CH,,CH,),
2.82 (dty, J = 11.2/4.1 Hz, 1 H, NCH,,H,,CH,CH,CH), 2.99-3.06
(m, 1 H, NCH,H,,CHCH,), 3.06 (dtd, ] = 7.2/2.5/1.3 Hz, 2 H,
NCH,CHCCH,), 4.13 (q, ] = 7.1 Hz, 2 H, OCH,CH,), 471 (dt, ] =
6.6/2.5 Hz, 2 H, NCH,CHCCH,), 516 (p, ] ~ 7.0 Hz, 1 H,
NCH,CHCCH,); *C NMR (126 MHz, CDCl,) § 14.2, 24.6, 27.0,
41.9, 53.2, 54.9, 57.7, 60.3, 74.8, 86.5, 174.2, 209.4; IR (neat) 3345,
2940, 2803, 1956, 1731, 1630, 1467, 1452, 1367, 1309, 1277, 1253,
1218, 1180, 1152, 1134, 1094, 1030, 844, 793 cm™"; HRMS (ESI) m/z
caled for C;,H,,NO," [M + H]* 210.1494, found 210.1488.

rac-[Ethyl (R,)-1-(4-phenylbuta-2,3-dien-1-yl)(S)-piperidine-3-car-
boxylate] (rac-(R,S)-53a) and rac-[Ethyl (R,)-1-(4-phenylbuta-2,3-
dien-1-yl)(R)-piperidine-3-carboxylate] (rac-(R,R)-53a). GP3 was
followed applying CdI, (146 mg, 0.399 mmol), chlorobenzene
anhydrous (4.0 mL), and 31g (198 mg, 0.499 mmol) at 100 °C for
3.75 h. The crude reaction mixture was purified by column
chromatography (PE:EtOAc = 1:1) to afford allene 53a as mixture
of both diastereomeric racemates (117 mg, 82%) as pale yellow oil:
TLC: R; = 044 (PE:EtOAc = 1:1); 'H NMR (500 MHz, CDCL,) &
1.25 (t, ] = 7.1 Hz, 1.5 H, OCH,CHj, dia 1 or dia 2), 1.26 (t, ] = 7.1
Hz, 1.5 H, OCH,CH,, dia 1 or dia 2), 1.39—-152 (m, 1 H,
NCH,CHCH,H,,), 1.53—-1.68 (m, 1 H, NCH,CH, H,CH,CH),
1.71-1.82 (m, 1 H, NCH,CH,H,CH,CH), 1.92-2.01 (m, 1 H,
NCH,CHCH,H,,), 2.07-2.17 (m, 1 H, NCH,H,,CH,CH,CH),
2.27 (t, ] = 10.3 Hz, 0.5 H, NCH,,H,,CHCH,, dia 1), 2.29 (t, ] = 10.3
Hz, 0.5 H, NCH,H,CHCH,, dia 2), 2.53-2.65 (m, 1 H,
NCH,CH,,CH,), 2.82-2.92 (m, 1 H, NCH,H,CH,CH,CH),
3.04-3.10 (m, 0.5 H, NCH,H,,CHCH,, dia 2), 3.10-3.16 (m, 0.5
H, NCH,,H,,CHCH,, dia 1), 3.16—3.26 (m, 2 H, NCH,CHCCH),
4.09-4.18 (m, 2 H, OCH,CH;), 559 (q, ] = 7.0 Hz, 0.5 H,
NCH,CHCCH, dia 1 or dia 2), 561 (q, J = 7.0 Hz, 0.5 H,
NCH,CHCCH, dia 1 or dia 2), 6.14—6.21 (m, 1 H, NCH,CHCCH),
7.15—7.24 (m, 1 H, ArH), 7.25—7.37 (m, 4 H, ArH); 3*C NMR (126
MHyz, CDC13) 614.2/14.3,24.6/24.7, 26.8/26.9, 41.9/42.0, 53.2/53.2,
54.9/55.0, 57.8, 60.3, 91.3/91.4, 94.6/94.7, 126.8, 126.9, 128.6, 134.3,
174.1/174.1, 206.1/206.1; IR (neat) 3406, 2940, 2798, 1949, 1730,
1597, 1495, 1459, 1366, 1311, 1218, 1181, 1152, 1134, 1094, 1029,
911, 875,774,719, 691 cm™; HRMS (ESI) m/z calced for CgH,,NO,*
[M + HJ]* 286.1807, found 286.1801; stereochemistry has not been
assigned.

rac-{Ethyl (R,)-1-[4-(naphthalen-2-yl)buta-2,3-dien-1-yl](R)-pi-
peridine-3-carboxylate} (rac-(R,R)-53b) and rac-{Ethyl (R,)1-[4-
(naphthalen-2-yl)buta-2,3-dien-1-yl](S)-piperidine-3-carboxylate}
(rac-(R,S)-53b). GP3 was followed applying CdI, (146 mg, 0.399
mmol), chlorobenzene abs. (4 mL), and 31i (223 mg, 0.500 mmol) at
100 °C for 2.75 h, and the crude product was purified by column
chromatography (PE:EtOAc = 7:3) to afford 53b as mixture of both
diastereomeric racemates (128 mg, 76%) as pale yellow resin: TLC: R¢
=0.16 (PE:EtOAc = 7:3); 'H NMR (400 MHz, CD,CL,) 6 1.13 (t, ] =
7.1 Hz, 1.5 H, OCH,CH,, dia 2), 1.15 (t,] = 7.1 Hz, 1.5 H, OCH,CH,,
dia 1), 1.31-1.43 (m, 1 H, NCH,CHCH,,H,,), 143—1.57 (m, 1 H,
NCH,CH,H,,CH,CH), 1.60—1.72 (m, 1 H, NCH,CH,H,,CH,CH),
1.83 (dt, J = 12.9/4.3 Hz, 1 H, NCH,CHCH,_H,,), 2.01-2.13 (m, 1 H,
NCH,H.,CH,CH,CH), 2.21 (t, ] 10.7 Hz, 0.5 H,
NCH, H,,CHCH,, dia 1), 2.24 (t, ] = 10.7 Hz, 0.5 H,
NCH,H,,CHCH,, dia 2), 241-2.54 (m, 1 H, NCH,CH,,CH,),
2.68-2.83 (m, 1 H, NCH,,H,,CH,CH,CH), 2.91-2.99 (m, 0.5 H,
NCH,H,,CHCH,, dia 2), 2.99-3.07 (m, 0.5 H, NCH,,H,,CHCH,,
dia 1), 3.12 (dd, J = 7.2/2.4 Hz, 2 H, NCH,CHCCH), 4.00 (qd, J =
7.1/0.6 Hz, 1 H, OCH,CH,, dia 2), 403 (q, J = 7.1 Hz, 1 H,
OCH,CH,, dia 1), 5.59 (q, ] = 6.8 Hz, 1 H, NCH,CHCCH), 6.28 (dt,
] =6.3/2.4 Hz, 1 H, NCH,CHCCH), 7.30—7.46 (m, 3 H, ArH), 7.58
(s, 1 H, ArH), 7.65-7.79 (m, 3 H, ArH); '*C NMR (101 MHz,
CD,CL,) 6 14.6/14.6, 25.3, 27.4, 42.6/42.6, 53.8/53.8, 55.6, 58.3/58.3,
60.7/60.8, 92.6/92.6, 95.3/95.3, 1252, 126.0, 1262, 126.8, 1282,
128.2, 128.7, 132.7, 133.2, 134.3, 174.5, 207.0/207.0; IR (neat) ¥ 3054,
2940, 2796, 1946, 1730, 1628, 1598, 1558, 1540, 1508, 1466, 1450,
1366, 1351, 1308, 1271, 1216, 1180, 1152, 1134, 1094, 1030, 949, 893,
857, 819, 752, 732 cm™'; HRMS (ESI) m/z caled for C,,H,(NO,* [M
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+ H]* 336.1964, found 336.1958; stereochemistry has not been
assigned.

rac-[Ethyl (R,)-1-{4-[(1,1'-biphenyl)-2-yllbuta-2,3-dien-1-yI}(R)-pi-
peridine-3-carboxylate] (rac-(R,R)-53c) and rac-[Ethyl (R,)-1-{4-
[(1,1'-biphenyl)-2-yl]buta-2,3-dien-1-yl}(S)-piperidine-3-carboxy-
late] (rac-(R,,S)-53c). GP3 was followed applying Cdl, (146 mg, 0.399
mmol), chlorobenzene abs. (4.00 mL), and 311 (221 mg, 0.500 mmol)
at 100 °C for 1.75 h, and the crude product purified by column
chromatography (PE:EtOAc = 7:3) to afford 53¢ as mixture of both
diastereomeric racemates (156 mg, 86%) as pale yellow resin: TLC: R;
= 0.39 (PE:EtOAc = 7:3); 'H NMR (500 MHz, CDCL,) § 1.23 (t, ] =
7.1 Hz, 1.5 H, OCH,CH,, dia 1 or dia 2), 1.25 (t, J = 7.1 Hz, 1.5 H,
OCH,CHs, dia 1 or dia 2), 144 (qd, J = 11.8/3.8 Hz, 1 H,
NCH,CHCH,H,,), 1.52-1.65 (m, 1 H, NCH,CH,H,CH,CH),
1.70-1.81 (m, 1 H, NCH,CH,H,CH,CH), 1.87-2.02 (m, 1 H,
NCH,CHCH,H,,), 2.02-2.14 (m, 1 H, NCH,H,,CH,CH,CH),
2.25 (t, J = 10.7 Hz, 1 H, NCH,H,,CHCH,), 2.52-2.63 (m, 1 H,
NCH,CH,,CH,), 2.79-2.89 (m, 1 H, NCH,,H,,CH,CH,CH), 3.08—
3.01 (m, 0.5 H, NCH,H,,CHCH,, dia 1 or dia 2), 3.08-3.22 (m, 2.5
H, NCH,CHCCHPh and NCH,H,,CHCH,, dia 1 or dia 2), 4.12 (g,
=7.1 Hz, 1 H, OCH,CHj, dia 1), 4.14 (q, ] = 7.1 Hz, 1 H, OCH,CH,,
dia 2), 5.49-5.58 (m, 1 H, NCH,CHCCH), 6.19—-6.26 (m, 1 H,
NCH,CHCCH), 7.21-7.46 (m, 8 H, ArH), 7.50—7.56 (m, 1 H, ArH);
3C NMR (101 MHz, CDCl,) § 14.2/14.2, 24.6/24.6, 26.9/26.9, 42.0/
42.0,53.1/53.2, 55.0/55.0, 57.8/57.8, 60.3, 91.0/91.0, 92.8/92.8, 126.7,
127.1, 127.4/127.4, 127.5, 1282, 129.7, 1302, 131.7, 140.3/140.3,
140.8/140.8, 174.1/174.1, 206.5/206.6; IR (neat) ¥ 3428, 3057, 3024,
2939, 2855, 2796, 1947, 1730, 1596, 1480, 1466, 1450, 1435, 1366,
1342, 1309, 1217, 1181, 1151, 1133, 1095, 1047, 1030, 1008, 881, 770,
746, 702 cm™'; HRMS (ESI) m/z caled for C,,H,gNO,* [M + H]*
362.2120, found 362.2118; stereochemistry has not been assigned.

rac-[Ethyl (R,)-1-(hepta-2,3-dien-1-yl)(R)-piperidine-3-carboxy-
late] (rac-(R,R)-53d) and rac-[Ethyl (R,)-1-(hepta-2,3-dien-1-yl)-
(S)-piperidine-3-carboxylate] (rac-(R,S)-53d). GP3 was followed
applying Cdl, (146 mg, 0.399 mmol), chlorobenzene abs. (4 mL), and
31n (166 mg, 0.500 mmol) at 100 °C for 1.5 h, and the crude product
was purified by column chromatography (PE:EtOAc = 7:3) to afford
53d as mixture of both diastereomeric racemates (113 mg, 90%) as
colorless oil: TLC: R; = 0.25 (PE:EtOAc = 7:3); 'H NMR (500 MHz,
CD,CL,) 5 0.84 (t, ] = 7.4 Hz, 3 H, CH,CH,CH,), 1.1 (t, ] = 7.1 Hz, 3
H, OCH,CH,;), 1.28-1.39 (m, 3 H, CH,CH,CH; and
NCH,CHCH,H,,), 145 (dddt, ] = 13.0/11.6/10.7/3.9 Hz, 1 H,
NCH,CH,H,,CH,CH), 1.58—1.66 (m, 1 H, NCH,CH,,H, CH,CH),
1.77-1.84 (m, 1 H, NCH,CHCH,H,), 186-198 (m, 3 H,
CH,CH,CH, and, NCHMHeqCHZCHZCHg, 2,05 (t, ] = 10.6 Hz, 0.5
H, NCH,H,CHCH,, dia 1), 2.09 (t ] = 10.6 Hz, 0.5 H,
NCH,H,,CHCH,, dia 2), 2.42 (ddtd, J = 11.0/10.1/3.9/1.0 Hz, 1
H, NCH,CH,,CH,), 2.63-2.72 (m, 1 H, NCH,H,,CH,CH,CH),
2.84-2.96 (m, 3 H, NCH,CHCCH and NCH,,H,,CHCH,), 4.01 (qd,
J=7.1/0.8 Hz, 2 H, OCH,CH,), 4.92—5.10 (m, 2 H, NCH,CHCCH);
3C NMR (126 MHz, CD,Cl,) § 14.0, 14.6, 22.9/23.0, 25.2/25.2,
27.5/27.5, 31.4/31.4, 42.6/42.6, 53.7/53.8, 55.5/55.6, 58.9/59.0, 60.7,
88.1/88.1, 91.2/91.2, 174.6/174.6, 205.6/205.7; IR (neat) ¥ 2957,
2935, 2871, 2797, 1962, 1733, 1466, 1454, 1367, 1335, 1309, 1274,
1218, 1181, 1152, 1134, 1095, 1047, 1031, 995, 960, 877, 863, 795
cm™'; HRMS (ESI) m/z caled for C;sH,(NO,* [M + H]* 252.1964,
found 252.1957; stereochemistry has not been assigned.

rac-[Ethyl (R,)-1-(5-methylhexa-2,3-dien-1-yl)(R)-piperidine-3-
carboxylate] (rac-(R,R)-53e) and rac-[Ethyl (R,)-1-(5-methylhexa-
2,3-dien-1-yl)(S)-piperidine-3-carboxylate] (rac-(R,S)-53e). GP3
was followed applying Cdl, (146 mg, 0.399 mmol), chlorobenzene
abs. (4 mL), and 310 (166 mg, 0.500 mmol) at 100 °C for 1.5 h. The
crude product was purified by column chromatography (PE:EtOAc =
7:3) to afford 53e as mixture of both diastereomeric racemates (105
mg, 84%) as colorless oil: TLC: R; = 0.24 (PE:EtOAc = 7:3); '"H NMR
(400 MHz, CD,Cl,) 6 1.01 (dd, J = 6.8/0.7 Hz, 6 H, CH(CHj,),), 1.22
(t, J = 7.1 Hz, 1.8 H, OCH,CH,, dia 1), 1.23 (t, ] = 7.1 Hz, 12 H,
OCH,CHj, dia 2), 1.34—147 (m, 1 H, NCH,CHCH,H,,), 1.47-1.59
(m, 1 H, NCH,CH,H,CH,CH), 1.66-1.75 (m, 1 H,
NCH,CH,H,,CH,CH), 1.84-195 (m, 1 H, NCH,CHCH,H,),
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2.03 (td, ] = 11.1/3.0 Hz, 1 H, NCH,H,,CH,CH,CH), 2.12 (t, ] =
10.7 Hz, 0.6 H, NCH,,H,,CHCH,, dia 1), 2.19 (t, ] = 10.7 Hz, 0.4 H,
NCH, H.,CHCH,, dia 2), 2.22—2.37 (m, 1 H, NCH(CH,),), 2.45—
2.55 (m, 1 H, NCH,CH,,CH,), 2.71-2.81 (m, 1 H,
NCH,H,,CH,CH,CH), 2.90-3.09 (m, 3 H, NCH,CHCCH and
NCH,H,,CHCH,), 4.09 (q, ] = 7.1 Hz, 2 H, OCH,CHj), 5.06—5.20
(m, 2 H, NCH,CHCCH); *C NMR (101 MHz, CD,Cl,)  14.6, 22.9,
25.2/25.2,27.5/27.5, 28.5/28.6, 42.5/42.6, 53.9, 55.6/55.7, 59.1/59.2,
60.7, 89.6/89.6, 98.9/99.0, 174.6/174.6, 203.9/204.0; IR (neat) ¥
2959, 2868, 2796, 1960, 1733, 1620, 1466, 1453, 1366, 1344, 1303,
1217, 1181, 1152, 1134, 1095, 1031, 995, 874 cm™"; HRMS (ESI) m/z
caled for C;H,,NO," [M + HJ]" 252.1964, found 252.1957;
stereochemistry has not been assigned.
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1. General Procedures for the Propargylic Amine Synthesis

For the preparation of propargylic amines 29a-o0, 31a-0 and 39-42 different protocols,
depending on the nature of the amine, the aldehyde and the presence of an existing
trimethylsilyl protection group of the terminal alkyne, were applied (Scheme 6 and
Table S1). Utilizing substoichiometric amounts of CuBr in the presence of molecular
sieve in toluene at room temperature afforded the highest yields, especially for the
reaction of 4,4-diphenylbut-1-yne (27a) with paraformaldehyde (7) or benzaldehyde
(28) and even with sterically demanding amines, resulting in 29a-o0 as well as for the
synthesis of the propargylic amines 3la-o derived from ethyl 1-(prop-2-yn-1-
yl)piperidine-3-carboxylate (30) and propargylic amines 39-42. For sterically less
hindered amines instead of 27a, TMS-protected alkyne 27b could be employed when
the reaction was performed in the presence of BF3-OEt2 in addition to CuCl. This allows
to save the deprotection step for the removal of the TMS group from 4,4-diphenyl(but-
1-yn-1-ylhtrimethylsilane (27b) which is a remnant from the synthesis of 27a (Table

S1). The removal of the TMS group from 27b might be attributed to an interaction of

S2



27b with CuClI*? as a complex of the latter with BFs resulting in a direct transfer of the

alkynyl residue to Cu® or might be mediated by fluoride originating from BF3-OEt2.34

KA? reactions (ketone-alkyne-amine coupling) have been attempted as well with
ketones like cyclohexanone, cyclopentanone and benzylacetone in combination with
1-decyne and allyl(tert-butyl)amine, and 1-decyne and THP. Unfortunately, when
applying the conditions of GP2 none of the desired propargylic amines could be
obtained, which is most likely to be attributed to the lower reactivity of ketones as
compared to aldehydes (Table S1), as for these KA? reactions obviously harsher
reaction conditions, i.e. higher temperature, were required. Different literature
procedures®® that have been used for reactions with ketones have been applied, but
none of them provided the desired propargylic amines in sufficient yield (merely 9-

11%).

1 Ito, H.; Arimoto, K.; Sensui, H.; Hosomi, A. Tetrahedron Lett. 1997, 38, 3977-3980.

2 Sakai, N.; Uchida, N.; Konakahara, T. Synlett 2008, 10, 1515-1519.

3 Islas-Gonzélez, G.; Puigjaner, C.; Vidal-Ferran, A.; Moyano, A.; Riera, A.; Pericas, M. A. Tetrahedron
Lett. 2004, 45, 6337-6341.

4 Mabic, S.; Lepoittevin, J.-P. Synlett 1994, 851-852.

5 Palchak, Z. L.; Lussier, D. J.; Pierce, C. J.; Larsen, C. H. Green Chem. 2015, 17, 1802-1810.

6 Kuang, J.; Tang, X.; Ma, S. Org. Chem. Front. 2015, 2, 470-475.
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Table S1. Overview of synthesis protocols for propargylic amines 29a-0, 31a-h and 39-42

propargylic . yield
entry amine alkyne amine aldehyde (%]
12 29a 27b morpholine (CH20)n 74
28 29b 27b piperidine (CH20)n 91
3 29¢ 27b THP (CH,0)n 73
42 29%e 27b allyl(tert-butyl)amine (CH20)n 54
5?2 29¢g 27b diallylamine (CH20)n 75
6° 29h 27b allyl(methyl)amine (CH20)n 86
72 29k 27b diisopropylamine (CH20)n 61
8° 29d 27a ethyl nipecotate (CH20)n 89
9P 29e 27a allyl(tert-butyl)amine (CH20)n 91
10° 29f 27a allyl(isopropyl)amine (CH20)n 51
b , isopropyl(tert-
11 29i 27a butyhamine (CH20)n 76
12° 29 27a methyl(tert-butyl)amine (CH20)n 96
13° 29k 27a diisopropylamine (CH20)n 84
14° 3la 30 allyl(tert-butyl)amine (CH20)n 93
15° 31b 30 diisopropylamine (CH20)n 95
16° 31c 30 THP (CH20), 93
17° 31d 30 diallylamine (CH20)n 90
18° 3le 30 allyl(methyl)amine (CH20)n 94
b isopropyl(tert-
19 31f 30 butyhamine (CH20)n 93
20° 39 1-decyne allyl(tert-butyl)amine (CH20)n 90
21° 40 5-chloro-1-pentyne allyl(tert-butyl)amine (CH20)n 97
22° 41 hex-5-ynenitrile allyl(tert-butyl)amine (CH20)n 94
23° 42 onxg/()?Tzzghil]{)nerllzene allyl(tert-butyl)amine (CH20)n 88
24°¢ 29I 27b THP PhCHO 27
25¢ 29m 27b allyl(tert-butyl)amine PhCHO 33
26" 29n 27a diallylamine PhCHO 93
27° 290 27a allyl(methyl)amine PhCHO 66
28° 31g 30 allyl(tert-butyl)amine PhCHO 30
29° 31h 30 THP PhCHO 62
30 31i 30 allyl(tert-butyl)amine 2-naphthaldehyde 21
31° 31j 30 THP 2-naphthaldehyde 83
32 31k 30 allyl(tert-butyl)amine ca?tl)%r;il?c}/elzﬁy de 21
b biphenyl-2-
33 st 30 THP carboxaldehyde 84
34 31m 30 allyl(tert-butyl)amine butyraldehyde 32
35° 31n 30 THP butyraldehyde 77
36° 310 30 THP isobutyraldehyde 98

a GP1: CuCl (1.5 equiv), alkyne (1.0 equiv), anhyd dioxane (12 mL/mmol), paraformaldehyde (1.2 equiv), amine (1.2 equiv),
BF3OEt; (1.0 equiv), 50 °C, 20 h. P GP2: CuBr (0.15 equiv), molecular sieve (4A), anhyd toluene (5.0 mL/mmol), aldehyde
(1.80 equiv), amine (1.40 equiv), alkyne (1.00 equiv), rt, 20 h. ¢ GP4: CuBr (0.23 equiv), anhyd dioxane (12 mL/mmol),
benzaldehyde (1.20 equiv), amine (1.20 equiv), alkyne (1.00 equiv), BFzOEt2 (1.00 equiv), 50 °C, 26 h. ¢ GP5: CuBr (0.15
equiv), anhyd toluene (5.0 mL/mmol), benzaldehyde (1.80 equiv), amine (1.40 equiv), alkyne (1.00 equiv), BFsOEtz (1.00
equiv), rt, 27 h.© GP6: CuBr (0.15 equiv), BF3OEt2 (1.00 equiv), anhyd toluene (5.0 mL/mmol), aldehyde (1.80 equiv), amine
(1.40 equiv), alkyne (1.00 equiv), 50 °C, 20 h.
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2. Effect of the Amount of Catalyst on the Formation of Allene 32

Table S2. Effect of the amount of catalyst on the
formation of allene 322

Cd|2
chlorobenzene
130°C,2h
X |
[

/\/N7<
29%e 32
entry | Cdl (equiv) | t [h] | vyield [%]
1 0.4 2.00 92
2 0.8 2.00 88
3 1.2 2.00 93

aThe reaction was conducted using propargylic amine (0.5 mmol)
and Cdlz at 130 °C in 4.0 mL of anhyd chlorobenzene. When the
reaction was stopped, all starting material was consumed.
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3. Effect of Different Hydride Donors on the Formation of Allene 24

Table S3. Effect of different hydride donors on the formation of allene 242

CO,Et CO,Et
Znl, (j/
chlorobenzene

N

N 100 °C
. HTH
AN |
A
24

NR'R? H
31a-f
entry | starting material | NRR? | Znlz(equiv) | t[h] | yield [%]

1 3la E—PL 1.6 4.00 50
N\

2 31a E—N>L 0.4 4.50 29
\

3 31b §—N;: 0.8 1.50 42

4 31b §—N;: 1.6 2.50 12

5 31c N ) 0.8 2.00 19
_

6 31d —N 0.8 6.00 12
N\

i

7 3le 0.8 3.00 6
N\

8 31f §—N>T 0.8 6.00 1

aThe reaction was conducted using propargylic amine (0.5 mmol) and Znlz at 100 °C in 4.0
mL of anhyd chlorobenzene. The reaction was stopped when all starting material was
consumed or no further transformation could be observed (detection by TLC).
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4. NMR-Experiment: Coordination of Znl: to the Hydride Donor Nitrogen
of 299

In additional experiments the coordination of the lewis acid to the nitrogen of the tertiary
amino group was investigated by 'H NMR. Such studies are mainly hindered by the
low solubility of the corresponding complexes in nonaqueous solvents.” Because of
the better solubility in chlorobenzene this experiment was performed with Znl:z instead
of Cdlz as lewis acid. Propargylic amine 29g was applied exhibiting diallylamine as
hydride donor. First a *H NMR spectrum of 29g (10 mg) in chlorobenzene-d5 (0.6 mL)
was measured (green spectrum). Later on this NMR tube was charged with 0.1 equiv
of Znlz and placed for 1 h in an ultrasonic bath, whereby the Znl2 completely dissolved.
Again a 'H NMR spectrum was measured (blue spectrum). As a consequence of the
Znl2 coordination to the tertiary nitrogen, the signals in the neighborhood of this
nitrogen were now broadened and shifted downfield, whereas the signals with a
greater distance to this nitrogen remained sharp and with unaltered chemical shifts
compared to the spectrum without Znl2. The broadening of the signals is indicative for
an exchange between free and coordinated amine molecules.” Measuring a *H NMR
spectrum at 333 K gave less broadened signals (red spectrum), indicating a faster
exchange between amine and metal halide. In a second experiment the propargylic
amine 29g (10 mg) in chlorobenzene-d5 (0.6 mL) was charged with 0.5 equiv of Znl2
and kept again for 1 h in an ultrasonic bath, whereby the Znl2 partly dissolved. The H
NMR spectrum (orange) of this mixture exhibited an enhancement of broadening and
shifting of the signals nearby the nitrogen. The signals with a greater distance to the
nitrogen again appeared unaltered. These experiments indicate that the Znl2

coordinates preferentially to the tertiary amino nitrogen as compared to the triple bond,

7 Chackalackal, S. M. Indian J. Chem. 1982, 21A, 667-669.
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which is likely to lower the reactivity especially for sterically less hindered propargylic

amines in the [1,5]-hydride transfer reactions.

D 0

-

10 mg of propargylic amine 29g in
0.6 mL chlorobenzene-d5 (298 K)
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h ] I
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after 1 h in an ultrasonic bath (298 K) , ﬂ
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Figure S1: 'H NMR Experiment

5. NMR Spectra: *H and 3C
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Figure S2: H NMR (4,4-diphenylbut-1-yn-1-yDtrimethylsilane (27b)
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Figure S3: 13C NMR (4,4-diphenylbut-1-yn-1-yl)trimethylsilane (27b)
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Figure S4: 'H NMR 4,4-diphenylbut-1-yne (27a)
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Figure S5: 13C NMR 4,4-diphenylbut-1-yne (27a)
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Figure S6: 'H NMR ethyl 1-(prop-2-yn-1-yl)piperidine-3-carboxylate (30)

0.0

Lyl —

0.5

c5've —
Ly'9¢ —

1.0

1.5

T
|

18y —

=
|
[

oe' Ly
2225\
SLPS

—
M

T
2.0

G€09 —

I
2.5

3.0

gzel
_\w.on”
N_\.nnv
vvLL
vh.wm\

f1 (ppm)

5.0

=]

5.5

4

ot
ot

6.0

6.5

ereLy
Lz
ozv'L |
eas
e L
1951
51571
9851 | +
0651 |
209'L = 10'e
809°1

Fror
9191
129°L Koo T
ze9'L “
oveL N 7m
Syl .
zs1L - 6’1
891 == oot
2Ll H\oo T
9.1
1261 F
6L
es6'L ——  feoe
612
0022
zzze
8€TT 2
€522
852'Z
6182
Lor'z
9952
vi5T
1852 -
565 \\\
809'Z L
9l9z
2912
0rs2 L
v8LZ
z612
666'Z r
vi0'e
vze'e
6z8°€ o
ogLy
oLy —

15211
62v'L 1
oLvL
285°L
765°L 3 W
16671
€19'L Jo
v29'L ]
6521 0T L
61171
- Foot
Se6'L
196°L
9LzZ
nect — feer
85e°Z La
8552
0852
1092
562z
1112
2662
1zo'e
ShLy [~
851y

Figure S7: 13C NMR ethyl 1-(prop-2-yn-1-yl)piperidine-3-carboxylate (30)

ce'eLl —

S11

f1 (ppm)

160 150 140 130 120 110 100 90

170




Figure S8: 'H NMR 4-(5,5-diphenylpent-2-yn-1-yl)morpholine (29a)
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Figure S10: *H NMR 1-(5,5-diphenylpent-2-yn-1-yl)piperidine (29b)

8Lg'c—

151721
29172
291721
AW
EAWE
z81L°L
v8L L
681°L 1
S6L°L
0022 1
01221
zeT L
1€2°1 1
£vZ'L
9T L
€527/ 1
6521
1922y
1222
282 L
262 L§
962 L]
mmms\

Froz

Foovp 2

% 00'¥

Feoz| o

Fsoz

4.0

Foou

4.5

5.0

%_\_\.o_\

1 (ppm)

Figure S11: 3C NMR 1-(5,5-diphenylpent-2-yn-1-yl)piperidine (29b)
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Figure S12: *H NMR 1-(5,5-diphenylpent-2-yn-1-yl)-1,2,3,6-tetrahydropyridine (29c)
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Figure S13: 3C NMR 1-(5,5-diphenylpent-2-yn-1-yl)-1,2,3,6-tetrahydropyridine (29c)
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Figure S14: *H NMR ethyl 1-(5,5-diphenylpent-2-yn-1-yl)piperidine-3-carboxylate (29d)
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Figure S15: 3C NMR ethyl 1-(5,5-diphenylpent-2-yn-1
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N-(tert-butyl)-5,5-diphenylpent-2-yn-1-amine (29¢)

Figure S16: *H NMR N-allyl
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Figure S17: 3C NMR N-allyl-N-(tert-butyl)-5,5-diphenylpent-2-yn-1-amine (29¢e)
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Figure S18: *H NMR N-allyl-N-isopropyl-5,5-diphenylpent-2-yn-1-amine (29f)
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Figure S19: 3C NMR N-allyl-N-isopropyl-5,5-diphenylpent-2-yn-1-amine (29f)
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Figure S20: *H NMR N,N-diallyl-5,5-diphenylpent-2-yn-1-amine (299)
Figure S21: 3C NMR N,N-diallyl-5,5-diphenylpent-2-yn-1-amine (299)
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Figure S22: *H NMR N-allyl-N-methyl-5,5-diphenylpent-2-yn-1-amine (29h)
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Figure S23: 3C NMR N-allyl-N-methyl-5,5-diphenylpent-2-yn-1-amine (29h)
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Figure S24: *H NMR N-(tert-butyl)-N-isopropyl-5,5-diphenylpent-2-yn-1-amine (29i)
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Figure S25: 3C NMR N-(tert-butyl)-N-isopropyl-5,5-diphenylpent-2-yn-1
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Figure S26: *H NMR N-(tert-butyl)-N-methyl-5,5-diphenylpent-2-yn-1-amine (29j)
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Figure S27: 3C NMR N-(tert-butyl)-N-methyl-5,5-diphenylpent-2-yn-1-amine (29j)
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Figure S28: *H NMR N,N-diisopropyl-5,5-diphenylpent-2-yn-1-amine (29k)
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Figure S29: 3C NMR N,N-diisopropyl-5,5-diphenylpent-2-yn-1-amine (29k)
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N-(tert-butyl)undec-2-yn-1-amine (39)

Figure S30: *H NMR N-allyl
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N-(tert-butyl)-6-chlorohex-2-yn-1-amine (40)

Figure S32: *H NMR N-allyl
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Figure S33: 3C NMR N-allyl-N-(tert-butyl)-6-chlorohex-2-yn-1-amine (40)
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Figure S34: *H NMR 7-(allyl(tert-butyl)amino)hept-5-ynenitrile (41)
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Figure S36: *H NMR N-allyl-4-(benzyloxy)-N-(tert-butyl)but-2-yn-1-amine (42)
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Figure S37: 3C NMR N-allyl-4-(benzyloxy)-N-(tert-butyl)but-2-yn-1-amine (42)
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Figure S38: 'H NMR ethyl 1-{4-[allyl(tert-butyl)amino]but-2-yn-1-yl}piperidine-3-

carboxylate (31a)
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Figure S39: 13C NMR ethyl 1-{4-[allyl(tert-butyl)amino]but-2-yn-1-yl}piperidine-3-
carboxylate (31a)
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Figure S40: 'H NMR ethyl 1-[4-(diisopropylamino)but-2-yn-1-yl]piperidine-3-

carboxylate (31b)

8LLLY
veLL |
sez'l |
ez’ |
1121
88e’l |
1681 |
61t |
8zv'lL |
155711
SI5°L
0851 |

6851
651
£09')
€19

N

€29'} 7
ZvoL /f
LeL)
6€L°L
8vLL
8G.°L
9L |
€LL°L ]
281

sze'L f

ve6'L
961 |
156'L
196'L
vz

LsLe W

[2A%4
[YA%4
0ozce
L0z¢
0ogec
lzee
104
K4
k4
€99°¢
LisC
185¢C
065'C
869°C
109'C
L19¢
l9Lec
0Ll'C
6LL'C
68L'C
¥00'€
€10'e
ceo’e
ovo'e
€0c'e
6Lce
9€C’e
csee
892'¢
coe'e
L0e'e
€Le'e
9lv'e
L8v'e
98v'e
A4
vy
[44 04

0oLy

1 (ppm)

S29



Figure S41: 3C NMR ethyl 1-[4-(diisopropylamino)but-2-yn-1-yl]piperidine-3-
carboxylate (31b)
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1-{4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-

ethyl

H NMR
yl}piperidine-3-carboxylate (31c)
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Figure S43: 13C NMR ethyl 1-{4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-
yl}piperidine-3-carboxylate (31c)
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1-[4-(diallylamino)but-2-yn-1-yl]piperidine-3-

'H NMR ethyl
carboxylate (31d)
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Figure S45: 13C NMR ethyl 1-[4-(diallylamino)but-2-yn-1-yl]piperidine-3-
carboxylate (31d)
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Figure S46: 'H NMR ethyl 1-{4-[allyl(methyl)amino]but-2-yn-1-yl}piperidine-3-

carboxylate (31e)
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Figure S47: 3C NMR ethyl 1-{4-[allyl(methyl)amino]but-2-yn-1-yl}piperidine-3-
carboxylate (31e)
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1-{4-[tert-butyl(isopropyl)amino]but-2-yn-1-

ethyl

'H NMR
yl}piperidine-3-carboxylate (31f)
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Figure S49: 13C NMR ethyl 1-{4-[tert-butyl(isopropyl)amino]but-2-yn-1-
yl}piperidine-3-carboxylate (31f)
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Figure S50: *H NMR N,N-diallyl-1,5,5-triphenylpent-2-yn-1-amine (29n)
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Figure S51: *H NMR N,N-diallyl-1,5,5-triphenylpent-2-yn-1-amine (29n)

€8'6C —

SL°05
€L'es —
686G ~

GL9L
OD.NNW
9T LL

9098 —

S6°9LL —

£5'9zZ1
00221 /
bgLzL N\
Lo'szL f
oz'gzl \
sv'ezl

vr9gL —
P9'6EL ~

8y'evl
os'evl

T T
75 70 65

T
80

T T T T T T T
135 130 125 120 115 110 105 100

T
140

T
145

1 (ppm)

S39



Figure S52: *H NMR N-allyl-N-methyl-1,5,5-triphenylpent-2-yn-1-amine (290)
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Figure S53: ¥3C NMR N-allyl-N-methyl-1,5,5-triphenylpent-2-yn-1-amine (290)
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Figure S54: *H NMR rac-[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-

phenylbut-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31h); rac-[ethyl (R)-

1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-phenylbut-2-yn-1-yI}(R)-piperidine-3-

carboxylate] (rac-(R,R)-31h)
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Figure S55: 3C NMR rac-[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-
phenylbut-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31h); rac-[ethyl (R)-
1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-phenylbut-2-yn-1-yI}(R)-piperidine-3-
carboxylate] (rac-(R,R)-31h)
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Figure S56: *H NMR 1-(1,5,5-triphenylpent-2-yn-1-yl)-1,2,3,6-tetrahydropyridine (29I)
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Figure S57: 3C NMR 1-(1,5,5-triphenylpent-2-yn-1-yl)-1,2,3,6-tetrahydropyridine (29)
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N-(tert-butyl)-1,5,5-triphenylpent-2-yn-1-amine (29m)

Figure S58: *H NMR N-allyl
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Figure S59: 13C NMR N-allyl-N-(tert-butyl)-1,5,5-triphenylpent-2-yn-1-amine (29m)

¥6'6C —
0582 —

Eiad
09°05
2625 —
0195~

€scLL —

99zl
8v'9zL
89zl
17Tl
96°221
16°22L
zz'8zL
sv'8zl
€51yl
Lozl %
15°EpL
LorerL

A

140 135 130 125 120 115 110 105 100 95 90 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15
1 (ppm)

145

S44



Figure S60: *H NMR rac-[ethyl (R)-1-{4-[allyl(tert-butyl)amino]-4-phenylbut-2-yn-

1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31g); rac-[ethyl (R)-1-{4-[allyl(tert-

butyl)amino]-4-phenylbut-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31Q9)
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Figure S61: 13C NMR rac-[ethyl (R)-1-{4-[allyl(tert-butyl)amino]-4-phenylbut-2-yn-
1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31g); rac-[ethyl (R)-1-{4-[allyl(tert-
butyl)amino]-4-phenylbut-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31g)

@ w0 ¥ S0 ~

o N~ N © N © WOYTNT  ONOOOQ LN~O OO NN O o

© - © N © o QR OQN QN OSSO ©wrQ N

N <+ < NN - TENN© COYTONNDIN = ®©© < <

- - - - - - o ~N~N OCLVLWOWLWLLI T < NN -
N/ NI [ NN == VY

O/COQEt O/coza
N M

%

///"‘\/Nj<

o ‘
o N N L L) . | |
" e ” o UN oy Wb N —

T T T T T T T T
70 60 50 40 30 20 10 0

T T T T T T T T
170 160 150 140 130 120 110 100 90 80
1 (ppm)

S46



Figure S62: 'H NMR rac-[ethyl (R)-1-{4-[allyl(tert-butyl)amino]-4-(naphthalen-2-
yl)but-2-yn-1-yI}(R)-piperidine-3-carboxylate] (rac-(R,R)-31i); rac-[ethyl (R)-1-{4-

[allyl(tert-butyl)amino]-4-(naphthalen-2-yl)but-2-yn-1-yl}(S)-piperidine-3-

carboxylate] (rac-(R,S)-31i)
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Figure S63: 3C NMR rac-[ethyl (R)-1-{4-[allyl(tert-butyl)amino]-4-(naphthalen-2-
yl)but-2-yn-1-yI}(R)-piperidine-3-carboxylate] (rac-(R,R)-31i); rac-[ethyl (R)-1-{4-
[allyl(tert-butyl)amino]-4-(naphthalen-2-yl)but-2-yn-1-yl}(S)-piperidine-3-
carboxylate] (rac-(R,S)-31i)
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(R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-

'H NMR rac-[ethyl
(naphthalen-2-yl)but-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31j); rac-

S64:

Figure

[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(naphthalen-2-yl)but-2-yn-1-yl}(S)-

piperidine-3-carboxylate] (rac-(R,S)-31j)
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Figure S65: 13C NMR rac-[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-
(naphthalen-2-yl)but-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31j); rac-
[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(naphthalen-2-yl)but-2-yn-1-yl}(S)-
piperidine-3-carboxylate] (rac-(R,S)-31j)
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rac-[ethyl  (R)-1-{4-[allyl(tert-

(rac-(R,R)-31m);

Figure S66: 'H NMR rac-[ethyl (R)-1-{4-[allyl(tert-butyl)amino]hept-2-yn-1-yl}(R)-
butyl)amino]hept-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31m)

piperidine-3-carboxylate]
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Figure S67: 13C NMR rac-[ethyl (R)-1-{4-[allyl(tert-butyl)amino]hept-2-yn-1-yl}(R)-
piperidine-3-carboxylate] (rac-(R,R)-31m); rac-[ethyl (R)-1-{4-[allyl(tert-
butyl)amino]hept-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-31m)
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Figure S68: 'H NMR rac-[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]hept-2-yn-1-

(R)-1-{4-[3,6-

rac-[ethyl

(rac-(R,R)-31n);

yI}(R)-piperidine-3-carboxylate]

(rac-(R,S)-

dihydropyridin-1(2H)-yllhept-2-yn-1-yl}(S)-piperidine-3-carboxylate]

31n)
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Figure S69: 3C NMR rac-[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]hept-2-yn-1-

yI}(R)-piperidine-3-carboxylate] (rac-(R,R)-31n); rac-[ethyl (R)-1-{4-[3,6-
dihydropyridin-1(2H)-yllhept-2-yn-1-yl}(S)-piperidine-3-carboxylate] (rac-(R,S)-
31n)
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(R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-5-

piperidine-3-carboxylate] (rac-(R,R)-310); rac-[ethyl (R)-

rac-[ethyl

IH NMR
methylhex-2-yn-1-yl}(R)

S70:

Figure

1-{4-[3,6-dihydropyridin-1(2H)-yl]-5-methylhex-2-yn-1-yl}(S)-piperidine-3-

carboxylate] (rac-(R,S)-310)
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Figure S71: 13C NMR rac-[ethyl (R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-5-
methylhex-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-310); rac-[ethyl (R)-
1-{4-[3,6-dihydropyridin-1(2H)-yl]-5-methylhex-2-yn-1-yl}(S)-piperidine-3-
carboxylate] (rac-(R,S)-310)
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(R)-1-{4-[(1,1'-biphenyl)-2-yl]-4-[allyl(tert-

rac-[ethyl

'H NMR
butyl)amino]but-2-yn-1-yI}(R)-piperidine-3-carboxylate]

Figure S72:
[ethyl

rac-

(rac-(R,R)-31k);

(R)-1-{4-[(1,1'-biphenyl)-2-yl]-4-[allyl(tert-butyl)amino]but-2-yn-1-y1}(S)-

piperidine-3-carboxylate] (rac-(R,S)-31k)
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Figure S73: BC NMR rac-[ethyl (R)-1-{4-[(1,1'-biphenyl)-2-yl]-4-[allyl(tert-
butyl)amino]but-2-yn-1-yl}(R)-piperidine-3-carboxylate] (rac-(R,R)-31k); rac-
[ethyl (R)-1-{4-[(1,1'-biphenyl)-2-yl]-4-[allyl(tert-butyl)amino]but-2-yn-1-yI}(S)-
piperidine-3-carboxylate] (rac-(R,S)-31k)
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Figure S74: 'H NMR rac-[ethyl (R)-1-{4-[(1,1'-biphenyl)-2-yl]-4-[3,6-
dihydropyridin-1(2H)-yl]but-2-yn-1-yl}(R)-piperidine-3-carboxylate]  (rac-(R,R)-
31l); rac-[ethyl (R)-1-{4-[(1,1'-biphenyl)-2-yl]-4-[3,6-dihydropyridin-1(2H)-yl]but-2-
yn-1-yI}(S)-piperidine-3-carboxylate] (rac-(R,S)-31l)
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Figure S75: 13C NMR rac-[ethyl (R)-1-{4-[(1,1'-biphenyl)-2-yI]-4-[3,6-
dihydropyridin-1(2H)-yl]but-2-yn-1-yl}(R)-piperidine-3-carboxylate]  (rac-(R,R)-
31l); rac-[ethyl (R)-1-{4-[(1,1'-biphenyl)-2-yl]-4-[3,6-dihydropyridin-1(2H)-yl]but-2-
yn-1-yI}(S)-piperidine-3-carboxylate] (rac-(R,S)-31l)
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Figure S76: *H NMR penta-3,4-diene-1,1-diyldibenzene (32)
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Figure S77: 3C NMR penta-3,4-diene-1,1-diyldibenzene (32)
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Figure S78: 'H NMR undeca-1,2-diene (43)
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Figure S79: 3C NMR undeca-1,2-diene (43)
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Figure S80: *H NMR 6-chlorohexa-1,2-diene (44)
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Figure S81: 3C NMR 6-chlorohexa-1,2-diene (44)
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Figure S82: 'H NMR hepta-5,6-dienenitrile (45)
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Figure S83: 3C NMR hepta-5,6-dienenitrile (45)

8891 —

cTse —
ov'Le —

88'GL —

9588 —

gLock —

81602 —

S64

190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200

210



Figure S84: *H NMR [(buta-2,3-dien-1-yloxy)methyl]benzene (46)
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Figure S85: 3C NMR [(buta-2,3-dien-1-yloxy)methyl]benzene (46)
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Figure S86: *H NMR penta-3,4-diene-1,1,5-triyltribenzene (47)
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Figure S87: 3C NMR penta-3,4-diene-1,1,5-triyltribenzene (47)
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Figure S88: *H NMR ethyl 1-(buta-2,3-dien-1-yl)piperidine-3-carboxylate (24)
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Figure S89: *H NMR ethyl 1-(buta-2,3-dien-1-yl)piperidine-3-carboxylate (24)
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Figure S90: *H NMR rac-[ethyl (Ra)-1-(4-phenylbuta-2,3-dien-1-yl)(S)-piperidine-

3-carboxylate] (rac-(Ra,S)-53a); rac-[ethyl (Ra)-1-(4-phenylbuta-2,3-dien-1-yl)(R)-

piperidine-3-carboxylate] (rac-(Ra,R)-53a)
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Figure S91: 3C NMR rac-[ethyl (Ra)-1-(4-phenylbuta-2,3-dien-1-yl)(S)-piperidine-
3-carboxylate] (rac-(Ra,S)-53a); rac-[ethyl (Ra)-1-(4-phenylbuta-2,3-dien-1-yl)(R)-

piperidine-3-carboxylate] (rac-(Ra,R)-53a)
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Figure S92: 'H NMR rac-{ethyl (Ra)1-[4-(naphthalen-2-yl)buta-2,3-dien-1-yl](R)-

rac-{ethyl (Ra)l-[4-(naphthalen-2-

yl)buta-2,3-dien-1-yl](S)-piperidine-3-carboxylate} (rac-(Ra,S)-53b)

piperidine-3-carboxylate} (rac-(Ra,R)-53b);
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Figure S93: 3C NMR rac-{ethyl (Ra)1-[4-(naphthalen-2-yl)buta-2,3-dien-1-yl](R)-

piperidine-3-carboxylate} (rac-(Ra,R)-53b);

rac-{ethyl

(Ra)1-[4-(naphthalen-2-

yl)buta-2,3-dien-1-yl](S)-piperidine-3-carboxylate} (rac-(Ra,S)-53b)
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'H NMR rac-[ethyl (Ra)-1-{4-[(1,1'-biphenyl)-2-yl]buta-2,3-dien-1-

Figure S94:

rac-[ethyl (Ra)-1-{4-[(1,1'-

(rac-(Ra,R)-53c);

biphenyl)-2-yl]buta-2,3-dien-1-yl}(S)-piperidine-3-carboxylate] (rac-(Ra,S)-53c)

yI}(R)-piperidine-3-carboxylate]
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Figure S95: 3C NMR rac-[ethyl (Ra)-1-{4-[(1,1'-biphenyl)-2-yl]buta-2,3-dien-1-
yI}(R)-piperidine-3-carboxylate] (rac-(Ra,R)-53c); rac-[ethyl (Ra)-1-{4-[(1,1'-
biphenyl)-2-yl]buta-2,3-dien-1-yl}(S)-piperidine-3-carboxylate] (rac-(Ra,S)-53c)
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(Ra)-1-(hepta-2,3-dien-1-yl)(R)-piperidine-3-

rac-[ethyl

'H NMR

Figure S96:

(Ra)-1-(hepta-2,3-dien-1-yl)(S)-

rac-[ethyl

(rac-(Ra,R)-53d);

piperidine-3-carboxylate] (rac-(Ra,S)-53d)

carboxylate]
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Figure S97: 13C NMR rac-[ethyl (Ra)-1-(hepta-2,3-dien-1-yl)(R)-piperidine-3-
carboxylate] (rac-(Ra,R)-53d); rac-[ethyl (Ra)-1-(hepta-2,3-dien-1-yl)(S)-
piperidine-3-carboxylate] (rac-(Ra,S)-53d)
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Figure S98: 'H NMR rac-[ethyl (Ra)-1-(5-methylhexa-2,3-dien-1-yl)(R)-piperidine-
3-carboxylate] (rac-(Ra,R)-53e); rac-[ethyl (Ra)-1-(5-methylhexa-2,3-dien-1-yl)(S)-

piperidine-3-carboxylate] (rac-(Ra,S)-53e)
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Figure S99: 13C NMR rac-[ethyl (Ra)-1-(5-methylhexa-2,3-dien-1-yl)(R)-piperidine-
3-carboxylate] (rac-(Ra,R)-53e); rac-[ethyl (Ra)-1-(5-methylhexa-2,3-dien-1-yl)(S)-
piperidine-3-carboxylate] (rac-(Ra,S)-53e)
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3.2 Second Publication: “Synthesis and Biological Evaluation of Nipecotic
Acid and Guvacine Derived 1,3-Disubstituted Allenes as Inhibitors of
Murine GABA Transporter mGAT1” (ChemMedChem 2019, accepted

article)

3.2.1 Summary of the Results

In this publication, a new series of nipecotic acid and guvacine derivatives has been
synthesized and characterized regarding their inhibitory potency at mGAT1-4 and
binding affinity for mGAT1. Compounds of the described class are defined by a four-
carbon atom allenic spacer connecting the nitrogen of the polar nipecotic acid or
guvacine subunit with a lipophilic aromatic residue. By applying the allyl(tert-
butyl)amine and 1,2,5,6-tetrahydropyridine derived precursors established in the first
publication, the two-step comprising ATA reaction delivered the desired compounds in
good to excellent yields up to 95%. The applied synthesis method allowed to easily
vary the terminal lipophilic monoaryl and biaryl residue of the desired 1,3-disubstituted

allenes.

Among the compounds investigated, the nipecotic acid derivative 21p (Scheme 1,
ChemMedChem 2019), possessing an o-terphenyl residue, was identified as highly
selective and most potent mMGAT1 inhibitor in this study. For the (R)-nipecotic acid
derived form of 21p, the inhibitory potency in [*H]JGABA-Uptake-Assays has been
determined as pICso = 6.78 + 0.08 and the binding affinity in MS Binding Assays as
pKi= 7.10 £ 0.12, both being in the range of the known mGAT1 inhibitor tiagabine
(pICso = 6.88 = 0.12, pKi = 7.43 + 0.11). With guvacine instead of nipecotic acid as
polar subunit in 21p, a slightly lower inhibitory potency at mGAT1 and an equal high

binding affinity for mGAT1 has been observed (pICso = 6.46 + 0.10; pKi = 7.07 £ 0.11).
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A comparison showed that the nipecotic acid derivative with an allenic spacer bearing
a 2-biphenyl residue possessed a higher inhibitory potency as compared to nipecotic
acid derivatives equipped with 3- or 4-biphenyl residues, respectively. The introduction
of halogen substituents in 2'- and 4’-position of the 2-biphenyl domain led to enhanced
inhibitory potency at and binding affinity for mGAT1. These observations were in good
agreement with the results obtained in former studies,®>34 in which four-carbon atom
alkenyl and alkynyl spacer have been implemented instead of the herein described

four-carbon atom allenic spacer.

Interestingly, also some of the nipecotic acid derived allenes bearing phenyl rings at
the allene terminus that exhibit smaller substituents, such as halide or methoxy,
showed reasonable inhibitory potencies at mGATL1, with plCso values reaching up to
5.82 + 0.04 (21j: pKi = 6.31 = 0.08). Under consideration that the tested compounds
still represent ~ 1:1 mixtures of racemic diastereomers, even more pronounced

biological activity may be expected for the individual sterecisomers.

3.2.2 Declaration of contributions

The synthesis of all described compounds as well as the evaluation of all
corresponding analytical data were accomplished by myself. The practical
performance of the biological testing and the determination of the pKi values and plCso
values were performed by the technical assistants Silke Duesing-Kropp, Miriam
Sandner, and Tanja Franz under the supervision of Dr. Georg Hofner. | wrote the
manuscript and generated all graphics and tables, supported by Prof. Dr. Klaus T.

Wanner. The manuscript was corrected by Prof. Dr. Klaus T. Wanner.
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Synthesis and Biological Evaluation of Nipecotic Acid and
Guvacine Derived 1,3-Disubstituted Allenes as Inhibitors
of Murine GABA Transporter mGAT1

Maren Schaarschmidt, Georg Héfner, and Klaus T. Wanner*®

A new class of nipecotic acid and guvacine derivatives has
been synthesized and characterized for their inhibitory potency
at mGAT1-4 and binding affinity for mGAT1. Compounds of
the described class are defined by a four-carbon-atom allenyl
spacer connecting the nitrogen atom of the nipecotic acid or
guvacine head with an aromatic residue. Among the com-
pounds investigated, the mixture of nipecotic acid derivatives
rac-{(R,)-1-[4-([1,1":2",1"-terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-

piperidine-3-carboxylic acid} and rac-{(S,)-1-[4-([1,1":2",1"-ter-
phenyl]-2-yl)buta-2,3-dien-1-yl1(3R)-piperidine-3-carboxylic acid}

Introduction

v-Aminobutyric acid (GABA, 1, Figure 1) is a primary mediator
of inhibitory transmission in the mammalian central nervous
system (CNS). Epilepsy,” Alzheimer's disease,” depression,®
neuropathic pain,” Huntington’s disease, and Parkinson’s dis-
ease®™ are neurological disorders that are assumed to be con-
nected to an imbalance between excitatory neurotransmission
mediated by glutamate and the inhibitory neurotransmission
effected by GABA, due to decreased GABAergic signaling. Data
from the World Health Organization (WHO) suggest that neu-
rological disorders are represented with approximately 12% of
all diseases in Europe.” Epilepsy, for example, affects 50 million
people worldwide, but approved antiepileptic drugs available
to date are still inadequate, as more than half of the treated
patients either suffer from adverse side effects or continue to
have seizures.”) Hence, there is a great need for new antiepi-
leptic drugs.

As GABAergic neurotransmission is terminated by specific
GABA transport proteins responsible for the reuptake of GABA
into the presynaptic neuron or its transport into glial cells,®
one pharmacological approach is to enhance the concentra-
tion of GABA in the synaptic cleft by blocking the plasma-
membrane-bound GABA transporters (GATs). GATs are Na*/Cl™-
dependent neurotransmitter transporters of the solute carrier
family 6 (SLC-6) that are in charge of the removal of GABA
from the synaptic cleft after a neuronal impulse. The known

[a] M. Schaarschmidt, Dr. G. Hofner, Prof. Dr. K. T. Wanner
Department of Pharmacy—Center for Drug Research, Ludwig-Maximilians-
Universitdt Miinchen, Butenandtstr. 7-13, 81377 Munich (Germany)
E-mail: klaus.wanner@cup.uni-muenchen.de
Supporting information and the ORCID identification number(s) for the
@ author(s) of this article can be found under:
https://doi.org/10.1002/cmdc.201900170.
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(21p), possessing an o-terphenyl residue, was identified as
highly selective and the most potent mGAT1 inhibitor in this
study. For the (R)-nipecotic acid derived form of 21p, the in-
hibitory potency in [PHIGABA uptake assays was determined as
plCs,=6.78+0.08, and the binding affinity in MS Binding
Assays as pK;=7.10£0.12. The synthesis of the designed com-
pounds was carried out by a two-step procedure, generating
the allene moiety via allenylation of terminal alkynes which
allows broad variation of the terminal phenyl and biphenyl
subunit.

four subtypes are termed as mGAT1, mGAT2, mGAT3, and
MGAT4 when cloned from mice brain, whereas according to
the International Union of Basic and Clinical Pharmacology
(IUPHAR) for the GABA transporters the nomenclature GAT1,
BGT1, GAT2, and GAT3 is used irrespective of the species."”
mMGAT1 is expressed in high density in the brain and closely
along GABAergic pathways, in particular on presynaptic neu-
rons. Hence, mGAT1 is considered to be the most important
transporter subtype for neuronal GABA uptake, on the basis of
which it is an interesting drug target.® Both mGAT1, the most
abundant, and mGAT4, the second most abundant GABA trans-
porter in the brain, are almost exclusively located in the CNS.
In contrast, mMGAT2 and mGAT3 are located with high density
in liver and kidney, whereas they show a particularly low and
regionally limited abundance in the brain. Thus, mGAT2 and
MGAT3 appear to have a low level of influence on the control
of seizure susceptibility.!"”

The first generation of in vitro inhibitors of GABA uptake in-
cludes cyclic analogues of GABA such as (R,S)-nipecotic acid (2,
Figure 1) and the areca nut alkaloid guvacine (3, Figure 1). Al-
though they exhibit reasonable inhibitory potency at mGAT1
(2: plC;=4.88+0.07, 3: plC;;=4.87+£0.06, Figure 1), one
drawback of these compounds is that their polar and zwitter-
ionic character prevents them from passing the blood-brain
barrier in significant amounts.” However, N-substitution of
parent compounds 2 and 3 with lipophilic residues, in particu-
lar arylalkyl moieties, allows greater penetration of the blood-
brain barrier and leads to a substantially improved potency at,
and subtype selectivity for, GAT1. Two examples of such com-
pounds are tiagabine (Gabitril®, 4, Figure 1), which is used as
add-on antiepileptic drug for the treatment of partial epileptic
seizures,” and NO711 (5, Figure 1), representing an experimen-

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://orcid.org/0000-0003-4399-1425
http://orcid.org/0000-0003-4399-1425
http://orcid.org/0000-0003-4399-1425
https://doi.org/10.1002/cmdc.201900170

s
®, xChemPubSoc
.' * of ¢ {
* ok Ul )
o] (0]
COOH OH @AOH
N N
HoN H H
y-aminobutyric acid (RS)-nipecotic acid (2) guvacine (3)
(GABA) (1) pICgo = 4.88 + 0.07 pICgo = 4.87 + 0.06
pK;=4.24 £ 0.10 pK;=3.75+0.09
o
0
(j)L A OH
OH H
N H
PN
NP
@ “

Tiagabine (4) NO711 (5) DDPM-2571 (6)

piCsp = 6.88 £0.12 plCso = 6.83 + 0.06 pICsy = 8.27 +0.03

pKi=7.43+0.11 pK;=7.50 + 0.03[ pK;=8.29 £ 0.02

(0]
Oy
N

e Ei

7 8 9
pICsp = 6.11 £ 0.11 pICsp = 7.28 + 0.08 pICsp = 7.26 + 0.08
pK; = 6.93 + 0.02 pK; =8.05+0.13 pK; = 8.16 +0.04

Figure 1. Structures of GABA and GAT1 inhibitors. Biological activity data
refer to inhibitory potencies at mGAT1 (plCs,) and binding affinities for
MGAT1 (pK) determined on HEK293 cells. The quoted values were taken
from Ref. [14] (2), Ref. [15] (3 and 4), Ref. [16] (5), Ref. [17] (6), Ref. [18] (7),
Ref. [19] (8), and Ref. [20] (9). [a] From binding assays with [*HINO711.

tal drug that has also been used as a native marker for mGAT1
in MS Binding Assays.'? With the introduction of tiagabine as
a drug, GAT1 has been validated as molecular target for the
treatment of epilepsy. To improve the unfavorable pharmacoki-
netic properties of tiagabine (4) and to decrease the observed
side effects such as dizziness, asthenia, nervousness, tremor, di-
arrhea, and depression,'™ several different structural elements
of tiagabine and related compounds have been varied in order
to identify compounds with higher selectivities and affinities
and hence possibly fewer side effects. For example, through
variation of the spacer between the amino acid moiety and
the lipophilic aromatic residues with regard to length and
functionalities, a new group of mGAT1 inhibitors was found, of
which the guvacine derivative DDPM-2571 (6, Figure 1) and ni-
pecotic acid derivatives 7-9 (Figure 1) are typical representa-
tives. Among the tested bis-aromatic residues attached to the
spacer, structure-activity relationship studies characterized a
biphenyl moiety, carrying two chloro substituents at the 2'-
and 4’-positions of the terminal phenyl ring, as most favorable
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for the lipophilic part of these compounds with regard to in-
hibitory potency."® In addition, previous studies revealed that
the shorter four-carbon-atom linker is more favorable than the
longer five-carbon-atom linker for high binding affinity at
mGATT1, illustrated by a direct comparison of the pK; values of
compounds 7 and 8.”

Because of the unique chemical properties of allenes, such
as their intrinsic three-carbon axial chirality, sterically less de-
manding linear structure, and high substituent-loading ability,
the interest in this class of compounds is constantly growing.
Although many natural products, molecular materials, and
pharmaceuticals with an allene moiety are known,?"? allene
derivatives are still thought to be highly reactive. However,
many allenic compounds are fairly stable.””’ Hence, as an ex-
tension of the aforementioned studies regarding the struc-
ture-activity relationship of GAT1 inhibitors, we intended to
explore the binding affinities of compounds that are closely re-
lated to 8 and 9 and its derivatives, but which bear an allenyl
instead of an alkenyl or alkynyl spacer. For the efficient prepa-
ration of the desired compounds, a recently published two-
step procedure® should be applied that preserves a high
degree of flexibility regarding the substitution pattern of the
aromatic residues attached to the allenyl spacer.

Results and Discussion
Chemistry

Synthesis of nipecotic acid and guvacine derivatives
containing a four-carbon-atom allenyl spacer

Synthesis of parent compound rac-16, nipecotic acid derived
1,3-disubstituted allenes 21a-v' and guvacine derived 1,3-dis-
ubstituted allenes rac-25p,s,t was realized following the syn-
thetic route outlined in Scheme 1. N-Alkylation of ethyl nipeco-
tate and methyl 1,2,5,6-tetrahydropyridine-3-carboxylate with
propargyl bromide delivered terminal alkynes rac-11 and 22
(Scheme 1) that served as starting material for the allenylation
reactions.”

Allenylation of terminal alkynes was then performed accord-
ing to a recently developed two-step procedure.*” This com-
prises the synthesis of an amino methylation product (e.g.,
rac-14) from the corresponding alkyne (e.g., rac-11) in a Cu*-
catalyzed aldehyde-alkyne-amine reaction (A® coupling), the
product of which is subsequently subjected to a Lewis acid
catalyzed rearrangement reaction, a [1,5]-hydride transfer,
yielding the desired allene (e.g., rac-15). In the case of con-
structing the terminal allene rac-15, the sterically demanding
hydride donor allyl(tert-butyl)amine (13, Scheme 1a) was used
for the A® coupling. According to prior results,*” amino meth-
ylation products derived from 13 are less prone to complexa-
tion of the hydride donor nitrogen atom (N-CH,CHCH,) by the
Lewis acid required for the next step, the [1,5]-hydride transfer,
and hence more suitable for the latter. Following the published

! For the sake of simplicity, compound numbers 19, 20, and 21 are used to de-
nominate the approximate 1:1 mixtures of the corresponding racemic dia-
stereomers.
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Scheme 1. Synthesis routes of a) nipecotic acid derived terminal allene rac-16, b) nipecotic acid derived 1,3-disubstituted allenes 21a-v, c) guvacine derived
1,3-disubstituted allenes rac-25p,s,t, and d) (R)-nipecotic acid derived 1,3-disubstituted allenes (3R,R,)-21p and (3R,S,)-21p.

ChemMedChem 2019, 14, 1-18 www.chemmedchem.org 3 © 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! 22


http://www.chemmedchem.org

\\;} ChemPubSoc

+

+

ok

procedure upon reaction of rac-11 with formaldehyde (12) and
allyl(tert-butyl)amine (13), the A® coupling product rac-14 was
obtained in good yield (93%). Its subsequent transformation
into terminal allene rac-15 was effected by Znl, as catalyst,
which provided higher yields than Cdl, due to fewer side reac-
tions. For the synthesis of the A® coupling products derived
from aldehydes other than formaldehyde (12) instead of allyl(-
tert-butyl)amine (13), 1,2,5,6-tetrahydropyridine (18,
Scheme 1b-d) was used. This was more favorable, as the syn-
thesis of the corresponding amino methylation products re-
sulted in lower yields, and the subsequent [1,5]-hydride trans-
fer reaction required extended reaction times when the steri-
cally more demanding allyl(tert-butyl)amine (13) was used. It
should be noted that in the case of the synthesis of 1,3-disub-
stituted allenes, large residues attached to the amino function
serving as hydride donor such as the tert-butyl group present
in 13 appear to be dispensable. This is due to the R group that
is present in the amino methylation products when aldehydes
(RCHO) are used in the A® coupling reaction. The steric shield-
ing of the amino function by these R groups is sufficient to
prevent the amino group from complexation by the Lewis acid
that is required to induce the rearrangement reaction to the al-
lenic compounds. Consequently, 1,2,5,6-tetrahydropyridine (18)
represents the better choice over allyl(tert-butyl)amine (13) as
hydride donor in such cases.* Aiming at target compounds
covering a broad array of substituents R at the terminal posi-
tion of the allene subunit, aldehydes 17 a-v, comprising halo-
gen and methoxy substituted phenyls, naphthyl, and substitut-
ed biphenyl moieties, were selected as starting materials.
Upon reaction of rac-11 and 22 with 18 as hydride donor, the
A® coupling products 19a-v and rac-23p,s,t (Scheme 1) were
obtained in reasonable to good yields (49-93%). Subsequent
treatment of the latter compounds with Cdl,, which appeared
to be more suitable than Znl, in this case, finally provided the
desired 1,3-disubstituted allenes 20a-v and rac-24p,s,t in
good to very good yields (63-95%). Hydrolysis of rac-15, 20a-
v, and rac-24p,st to the free amino acids rac-16, 21a-v, and
rac-25p,s,t (Scheme 1) could finally be accomplished under
basic conditions applying NaOH or Ba(OH),. The comparatively
low yields of the ester hydrolysis are likely due to the instabili-
ty of the allenyl moiety under the applied basic conditions
used for ester cleavage and slightly acidic conditions, necessa-
ry for the isolation of the free amino acids. Fortunately, re-
versed-phase MPLC proved effective at removing decomposi-
tion products from the crude product obtained after workup,
thus leading to the target compounds in pure form. The puri-
fied amino acids were finally stored at —25°C, under which
conditions no further decomposition was observed. For hydrol-
ysis of the guvacine derivatives rac-24p,s,t, higher yields were
obtained if NaOH instead of Ba(OH), was applied. Nevertheless,
with only 14-25%, the yields for rac-25p,s,t were still lower
than the corresponding yields obtained for the hydrolysis of
the nipecotic acid derivatives 20 a-v, leading to 21a-v, indicat-
ing a higher instability of the guvacine-derived 1,3-disubstitut-
ed allenes toward acids and bases.

Finally, it should be noted that whereas propargylic amines
rac-14 and rac-23 p,s,t, terminal allenes rac-15 and rac-16, and
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guvacine-derived allenes rac-24p,s,t and rac-25p,s,t are single
compounds (in racemic form), the propargylic amines 19a-v
and nipecotic acid derived 1,3-disubstituted allenes 20a-v and
21a-v were obtained as ~1:1 mixtures of racemic diastereo-
mers (ratio determined by 'H NMR).

Atropisomerism

For the nipecotic acid derivatives 19-21p,r,s,u and guvacine
derivatives rac-(23-25p,s) bearing a 2-biphenyl moiety that
carries a phenyl, isopropyl, chloro, or trifluoromethyl substitu-
ent at the 2'-position, atropisomeric forms could be observed
in the NMR spectra. This behavior is exemplarily shown for
compound rac-24p in Figure 2. Due to the axis of chirality of
the sterically hindered 2-biphenyl moiety present in addition
to the axis of chirality of the allene moiety, rac-24p is present
as a mixture of racemic diastereomers. This becomes evident
from the 'H NMR spectra of rac-24p (Figure 2a), which shows,
for example, two sets of signals for the two allenic protons
that are to be assigned to the two atropisomeric forms present
in a ratio of 45:55. When the temperature at which the
'H NMR spectra were recorded was gradually raised to 393 K,
the allenic signals of the two atropisomeric forms continuously
merged to finally give a single signal for each of the two allen-
ic protons (see Figure 2a-e). Upon cooling the '"H NMR sample
down to 298 K, again a '"H NMR spectrum (Figure 2 f) was ob-
tained that was identical with the original one (Figure 2a).
Clearly, the exchange phenomena observed in the 'H NMR
spectra may be well explained by the presence of the afore-
mentioned atropisomeric forms of 24p. Regarding the analo-
gous nipecotic acid derivatives 20 p, the situation is more com-
plex due to the additional stereocenter present in the nipecot-
ic acid moiety. A detailed discussion of the *C NMR spectra of
rac-24p in comparison with those of 20 p obtained at different
temperatures that helped to interpret the observed 'H and *C

a)

- COM COM
- COMe P Me

”\ | .
‘.V_WJW_JMMW MM D i
b) (; ‘ \
N N LM 0D 0
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| o Q
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Figure 2. 'H NMR spectra of guvacine derivatives rac-24p in
[Dslnitrobenzene at a) 298 K, b) 333 K, ¢) 353 K, d) 373 K, €) 393 K, and
f) 298 K.
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signals of the diastereomeric compound mixtures is given in
the Supporting Information (SI-Figure 1).

Biological evaluations

For all synthesized nipecotic acid and guvacine derivatives
bearing a four-carbon-atom allenyl spacer, including the esters
rac-15, 20a-v and rac-24p,s,t and the free amino acids rac-16,
21a-v and rac-25p,s,t, binding affinities for mGAT1 were de-
termined in MS Binding Assays with NO711 as native MS
marker."? In addition, their functional activity was character-
ized in [PH]GABA uptake assays on HEK293 cells stably express-
ing the individual mouse GABA transporters mGAT1-mGAT4.['¢
When NO711 binding or [PHIGABA uptake was decreased by at
least 50% at a concentration of 100 pm, affinity in binding
assays (given as pK; values) or inhibitory potencies in uptake
assays (given as plCs, values) were assessed, otherwise only
the percentage of decrease in binding or the remaining specif-

CHEM|! (-0 CHEM
Full Papers

ic PHIGABA uptake at 100 um is given. Compounds in Tables 1
and 2 were tested as & 1:1 mixtures of racemic diastereomers.
The biological results for each of the stereoisomers, that is,
enantiomers and diastereomers, will most likely differ from the
results obtained for the mixtures. Therefore, structure-activity
relationships that are delineated from the obtained test data
are to be considered as approximations only.

At first, parent compound rac-16, bearing solely a four-
carbon-atom allenyl residue attached to the nitrogen atom of
the nipecotic acid with no additional lipophilic substituent,
was analyzed for its biological activity. Compared with (R,S)-ni-
pecotic acid (2, Figure 1) and guvacine (3, Figure 1) the inhibi-
tory potency of rac-16 is one log unit lower at mGAT1 (rac-16:
plCs,=3.89, Table 1, entry 1). Furthermore, compound rac-16
exhibits low subtype selectivity for mGAT1. To increase the in-
hibitory potency at, and subtype selectivity for, mGAT1, lipo-
philic substituents had been introduced at the four-carbon-
atom allenyl residue, resulting in nipecotic acid derived 1,3-dis-

Table 1. Nipecotic acid derivatives with a four-carbon-atom allenyl spacer and their inhibitory potencies at mGAT1-4 and binding affinities for mGAT1.
(\J,COQFU O WCOsR! /j,COZR1 /j WCOR! /j,COzR‘ /j wCOR!
N N LN LN EN LN
HfH Hf“ Sf” Sf” Sf” Sf“
i i i i i i
H) “H H)"‘H Rzl “H R2l K R?" J\H RZVJ\H
rac-15,16 20a-l and 21a-1
Entry Compd® R' R? pk® pICs,"
MGAT1 mMGAT1 MGAT2 mMGAT3 mMGAT4
1 rac-16 H _ 3.584+0.03 3.89 3.32 88% 94%
2 rac-15 Et 81% 91% 85% 81% 87 %
3 21a H N 5.274+0.05 473 87 % 80% 83%
4 20a Et . 67 % 82% 52% 68% 64%
5 21b H d 6.20+0.05 5.45+0.03 3.56 76 % 79%
6 20b Et Br 71% 63% 4.58 4.56 436
7 21c H @\) 6.48+0.04 5.71+£0.07 52% 87% 3.05
8 20c Et o 74 % 417 443 4.58 4.20
9 21d H ©\)‘ 5.4140.10 5.18+£0.07 83% 97 % 3.02
10 20d Et F 74% 58% 66 % 4.26 4.05
1 21e H ©\)~ 5.984+0.05 5.32+0.05 86 % 88% 3.14
12 20e Et oFs 77 % 4.22 4.30 4.42 4.59
13 21f H ©\)‘ 5.514+0.05 4.59 98% 50% 86%
14 20f Et Gkl 64% 73% 50% 50% 73%
15 21g H Me°\©) 5.41+0.06 4.86+0.10 77 % 3.23 104 %
16 20g Et 110% 69% 90% 59% 57 %
17 21h H ME°\©f\ 6.34+0.01 5.68+0.08 3.07 3.34 3.30
18 20h Et OMe 79% 4.03 70% 4.19 453
19 21i H MeO 6.02+0.04 5.37+£0.09 86 % 3.04 107 %
20 20i Et 107 % 64% 85% 64% 79%
OMe
21 21j H 7 6.31+£0.08 5.82+0.04 71% 75% 71%
22 20j Et C[\ 4.12 4.10 4.61 461 4.39
Cl
23 21k H MEOC[\ 6.07+0.10 533+0.12 70% 81% 89%
24 20k Et ol 79% 4.31 4.51 4.55 4.60
25 211 H O 5.95+0.06 522+0.12 92% 65 % 67 %
26 201 Et O 65 % 56 % 4.40 4.60 422
[a] Compounds 20a-l and 21 a-I were tested as ~ 1:1 mixture of racemic diastereomers. [b] Data are the mean 4+ SEM of three independent experiments,
each performed in triplicate. Percentages represent the remaining [’HIGABA uptake in the presence of 100 um inhibitor. At low pICs, values, only one mea-
surement was performed in triplicate, and therefore no SEM could be calculated.
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ubstituted allenes 21 a-v. At first, results of the biological char-
acterization of the 1,3-disubstituted allenes bearing a monoaryl
or naphthyl residue only (21a-l, Table 1) will be discussed. By
introducing a phenyl residue (21a: plC;,=4.73, Table 1,
entry 3), the inhibitory potency could be increased by about
one log unit relative to parent compound rac-16. Substitution
of the phenyl moiety at the 2-position increased the inhibitory
potency at mGAT1 except for a methoxy group. Thus, whereas
a methoxy group as substituent at the 2-position (21 f: pICs,=
4.59, Table 1, entry 13) displayed a lower plCy, value than that
of unsubstituted 21a, the inhibitory potency increased from
fluorine (21d: plC;,=5.18£0.07, Table 1, entry 9) to trifluoro-
methyl (21e: plCs,=5.324+0.05, Table 1, entry 11) to bromine
(21b: plCsy=5.45+0.03, Table 1, entry 5), ending up with a
chlorine substituent (21c¢: plC;,=5.71+0.07, Table 1, entry 7),
for which the best inhibitory potency in this row was observed.
A methoxy group at the 3-position of the terminal phenyl ring
(21g: plCs,=4.86+0.10, Table 1, entry 15) led to a slightly
better plCs, value than the analogous compound with a me-
thoxy group at the 2-position (21f: plC,,=4.59, Table 1,
entry 13). A further improvement could be achieved by intro-
ducing a second methoxy substituent, whereby substitution at
the 2- and 5-positions of the phenyl ring (21 h: plC;,=5.68+
0.08, Table 1, entry 17) is more favorable than substitution at
the 3- and 5-positions (21i: plCs,=5.37+£0.09, Table 1,
entry 19). As the chlorine substituent at the 2-position was
well tolerated, an additional substituent was introduced in 21c¢
in order to further improve biological activity, resulting in com-
pound 21, with a second chloro substituent at the 6-position,
and compound 21k, with a methoxy group at the 5-position.
The second chlorine slightly improved the inhibitory potency
(21j: plCs,=5.82+£0.04, Table 1, entry 21), whereas the addi-
tional methoxy group caused a decrease in inhibition at
mMGAT1 (21k: plCs;=5.334+0.12, Table 1, entry 23). The intro-
duction of a naphthyl moiety (211: plC5,=5.22+0.12, Table 1,
entry 25) led to a plCs, value in the range of 2-fluoro-substitut-
ed phenyl derivative 21d (plC;,=5.18+0.07, Table 1, entry 9),
hence possessing better inhibitory potency than 21a, exhibit-
ing an unsubstituted phenyl residue. Regarding the subtype
selectivity, all free amino acids 21a-l were distinctly more
potent at mGAT1 than at mGAT2-4. As compared with the free
amino acids 21a-l, the nipecotic acid esters 20a-1 were dis-
tinctly weaker inhibitors at mGAT1 (plCs, <4.31, Table 1). Also
at mGAT2-4, they showed only weak inhibitory potencies,
which were largely in the range of that at mGAT1. However,
the obtained plC;, values of the esters 20a-I for the subtypes
MGAT2-4 were mostly higher than those of the free amino
acids 21a-I (for instance 20d and 21d, Table 1, entries 9 and
10).

From related nipecotic acid derived mGAT1 inhibitors, it is
known that diaryl residues may effect a significant enhance-
ment of inhibitory potencies when used as lipophilic do-
mains.? Therefore, the influence of the presence of unsubsti-
tuted and substituted biphenyl moieties, attached to the N-al-
lenyl spacer of the test compounds, on the biological activity
was analyzed next. As can be seen from a comparison of data
obtained for compounds 21m (plC;,=5.42+0.08, Table 2,
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entry 1), 21n (plCs,=4.85, Table 2, entry 3), and 210 (plCsy=
4.9940.06, Table 2, entry 5), possessing 2-, 3-, and 4-biphenyl
moieties, respectively, the 2-biphenyl moiety gives rise to a dis-
tinctly higher plCy, value of about half a log unit at mGAT1 as
compared with the other two regioisomers. Hence, solely the
substitution pattern of the 2-biphenyl residue as lipophilic
domain had been varied and studied. Based on the results ob-
tained in former studies, double substitution of the 2-biphenyl
moiety is favorable for mGAT1 inhibitory potencies when per-
formed at the 2'- and 4’-positions of the terminal phenyl resi-
due. Substitution with chlorine (21s: plC;,=6.19+0.10,
Table 2, entry 13) and trifluoromethyl (21u: plC;,=5.78 4 0.06,
Table 2, entry 17) at the 2’- and 4’-positions of parent com-
pound 21m (plCs,=5.42+0.08, Table 2, entry 1) enhances the
inhibitory potency toward mGAT1, which is in good agreement
with the results reported for the analogous systems with a
four-carbon alkenyl and alkynyl spacer (e.g., 8 and 9).*% By
replacing the 2’-H and 4’-H atoms of 21 m with fluorine (21t:
plCs,=5.55+0.10, Table 2, entry 15) no significant increase in
MGAT1 inhibition can be observed. A direct comparison of the
functional activity of the structurally related compounds 8 and
9 (Figure 1) with that of 21s (Table 2, entry 13), however, re-
veals that the inhibitory potency (plCs,) of the compounds
with an alkenyl (8) and an alkynyl (9) spacer at mGAT1 is about
one log unit higher than that of the corresponding compound
with an allenyl spacer (215s).

Fortunately, a further increase in mGAT1 inhibitory potency
relative to the dichloro derivative 21s is obtained with an ad-
ditional phenyl ring at the 2’-position, leading to compound
21p possessing an o-terphenyl residue with a plCs, value
amounting to 6.48+0.11 (Table 2, entry 7). Test compounds
with alkyl substituents such as an isopropyl group at the 2’-po-
sition (21r: plC;,=6.284+-0.07, Table 2, entry 11) or methyl
groups at the 2'- and 6’-positions (21q: plCs,=6.03 £0.08,
Table 2, entry 9) deliver slightly lower but still reasonable plCs,
values, as well. The introduction of methoxy groups at the 2'-
and 4'-positions, however, leads to a decrease in mMGAT1 inhibi-
tion of the resulting derivative 21v (plC;,=4.83, Table 2,
entry 19) below the level of compound 21 m with an unsubsti-
tuted 2-biphenyl subunit (21m: plC;,=5.42+0.08, Table 2,
entry 1). Compared with the free amino acids 21 m-v, the cor-
responding ethyl esters 20m-v are significantly weaker inhibi-
tors at mGAT1, except for 20v (plCs,=4.56, Table 2, entry 20),
for which the inhibitory potency is in the same range as that
of the amino acid 21v (plCs,=4.83, Table 2, entry 19). The free
amino acids 21 m-v (Table 2) possess distinct subtype selectivi-
ty in favor of mGAT1, being only weak inhibitors at mGAT2-4
with plCs, values below 4.83 (21 p, Table 2, entry 7). In contrast,
the corresponding ethyl esters 20 m-v (Table 2) do not exhibit
any distinct subtype selectivity. Thus, in the majority of cases
the plCs, values of esters 20m-v at mGAT1 and mGAT2-4
were in the same range or slightly higher for the latter. Inter-
estingly, ester 20v exhibits its highest plCs, value at mGAT4
which by amounting to plCs,=5.11+0.07 (Table 2, entry 20) is
more than one log unit higher than the pICs, value of the free
amino acid at that transporter subtype (21v: plC;,=3.80 at
MGAT4, Table 2, entry 19).
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mGAT1-4 and binding affinities for mGAT1.

Yooy

Table 2. Nipecotic acid derivatives possessing different biphenyl substituents at the 1,3-disubstituted allenyl spacer and their inhibitory potencies at

gCOQR‘ O_J\COZR‘ O/COQR‘ (j_ﬂ\cozR1
N N N N
c c c c
§ L K A
‘H H *" H T YH
R* RZ  R* R? R* R2 R* R?
R3 R? R? R®

20m-v and 21m-v

YooY

EhtW Compd[a] R' R? R3 R* PKi[b] plcso[b]
MGATT MGAT1 MGAT2 MGAT3 MGAT4

1 21m H ~ | ’ 5.97+£0.04 542008 361 3.77 412
2 20m Et - 66% 68% 457 4.85+0.08 490
3 21n H ’ @/\ y 5.88+0.10 485 70% 51% 67%
4 20n Et 76% 52% 423 4.40 439
5 210 H y y @/\ 5.10+0.07 4.99+0.06 4.03 3.96 3.75
6 200 Et 73% 51% 58% 458 434
7 21p H @(\ 6.67+0.08 6.48+0.11 50% 450 483
8 20p Et o H H 64% 423 54% 439 51%
9 21q H s 6.17+£0.06 6.03+0.08 57% 61% 416
10 20q Et [ H H 51% 4.47 61% 4.88+0.06 481
1 21r H N 6.51£0.07 6.28£0.07 410 58% 467
12 20r Et L H H 51% 431 477 485 438
13 21s H @\/\ 6.56+0.06 6.19+0.10 73% 445 452
14 20s Et o . H H 5.69+0.09 5.16+0.10 4.84 421 485
15 21t H /@(X 6.32+0.03 5.55+0.10 103% 60% 407
16 20t Et . . H H 454 465 93% 4.87£0.05 497
17 21u H /@ 6.19+0.01 5.78+£0.06 62% 467 447
18 20u Et ro - H H 67% 51% 430 4.80 413
19 21v H /@i\ 5.44+0.02 483 332 3.98 3.80
20 20v Et oo - H H 64% 456 422 454 5.1140.07

was performed in triplicate, and therefore no SEM could be calculated.

[a] Compounds 20m-v and 21 m-v were tested as ~ 1:1 mixture of racemic diastereomers. Atropisomers were observed for compounds 20/21p (ratio
45:55), 20/21r (ratio 49:51), 20/21's (ratio ~50:50), and 20/21u (ratio ~50:50). [b] Data are the mean -+ SEM of three independent experiments, each per-
formed in triplicate. Percentages represent the remaining [*HIGABA uptake in the presence of 100 um inhibitor. At low plCs, values, only one measurement

For mGAT1 inhibitors delineated from nipecotic acid, it is
well known that the biological activity resides mainly in the R
enantiomer. Thus, (R)-nipecotic acid (plCs,=5.07 +0.02)" was
found to be more potent than (S)-nipecotic acid (plCs,=4.13+
0.05)""? regarding their inhibitory potency at mGAT1 which is
also true for derivatives such as tiagabine ((R)-4: IC5, =136 nm;
(5)-4: ICs, =392 nm).*” The mixture of enantiomeric and diaste-
reomeric nipecotic acid derivatives 21p (Table 2, entry 7) ex-
hibits a plCs, value of 6.48+0.11 at mGAT1 which is the high-
est found in this study. Hence, also the (R)-nipecotic acid de-
rived analogous mixture of compounds 21p was synthesized
according to the standard procedure outlined above
(Scheme 1), applying the enantiopure (R)-nipecotic acid ester
as starting material for the preparation of alkyne (R)-11
(Scheme 1d), to finally obtain a ~1:1 mixture of the diastereo-
mers (3R,R,)-21p and (3R,S,)-21p (and corresponding atro-
pisomers as indicated before). Unfortunately, the obtained mix-
ture of diastereomeric (R)-nipecotic acid derivatives (3R,R,)-
21p/(3R,S,)-21p was contaminated with 19% of the enantio-
meric (S)-nipecotic acid derivatives (3S,R,)-21p/(35,5,)-21p
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(Table 3), which is assumed to be due to insufficient enantio-
purity of the commercial (R)-nipecotic acid ester used. Never-
theless, characterization of this mixture of compounds, which,
despite extensive attempts, could not be separated into its
enantiopure diastereomers, in MGAT1 binding and uptake
assays showed, as expected, a clear increase in biological activ-
ity relative to the racemic mixture of diastereomeric com-
pounds 21p. Whereas the latter, 21p, exhibited a plC;, of
6.48+0.11 (Table 2, entry 7), the enantioenriched mixture
(3R.R,)-21p/(3RS,)-21p delivered a plCs, value of 6.78+0.08
(Table 3), which is now in the same range as that of tiagabine
(4: plCsu=6.88+0.12, Figure 1) and NO711 (5: plC;;=6.83+
0.06, Figure 1).

The biological investigation of analogues of 21p, 21s and
21t, exhibiting a guvacine instead of a nipecotic acid residue
as polar subunit (Table 4), revealed that for all three guvacine
derivatives rac-25p,s,t the inhibitory potency at mGAT1 is very
close, the plCs, values varying only from 6.39 to 6.46 (rac-25p:
plCsy=6.46 £0.10, Table 4, entry 1; rac-25s: plCs,=6.39+0.04,
Table 4, entry 3; rac-25t: plC;,=6.43+0.09, Table 4, entry 5).
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Table 3. (R)-Nipecotic acid derived GAT inhibitor with a 1,3-disubstituted allene moiety exhibiting a terphenyl residue and its inhibitory potencies at

mGAT1-4 and binding affinities for mGAT1.
COH O__.\COZH O,«COzH
N N N
Hf“ Sf“
c

H

O/COZH
N
HTH
c

and
81:19

and
81:19

3R.Ra 3S,Ra
Compd pKi[b] plcso[b]
mMGAT1 mGAT1 mMGAT2 mGAT3 mGAT4
(3R.R,)-21p/(3R.S,)-21p* 7.10+0.12 6.78+0.08 4.65 4.56 4.51
tiagabine (4) 743+0.1 6.88+0.12 52% 64 % 73%
NO711 (5) 7.50+0.03 6.83+0.06 3.20 3.62 3.07

[a] Contains 19% of the enantiomers (3S,R,)-21p and (3S,5,)-21 p. Atropisomers are present in a ratio of 44:56. [b] Data are the mean + SEM of three inde-
pendent experiments, each performed in triplicate. Percentages represent the remaining [*HIGABA uptake in the presence of 100 um inhibitor. At low plCs,
values, only one measurement was performed in triplicate, and therefore no SEM could be calculated. Data for compounds 4 and 5 are from refer-
ence [16].

Table 4. Guvacine derived 1,3-disubstituted allenes and their inhibitory potencies at mGAT1-4 and binding affinities for mGAT1.

QcozR (N\\/I/CQZR
Yo
L, C
R? R?

rac-24p,s;t
rac-25p,s;t

Entry Compd® R' R? pK® pICs,™
mGAT1 mGAT1 mGAT2 mGAT3 mGAT4
1 rac-25p H @@ 7.07+£0.11 6.46+0.10 4.87 4.51 4.45
2 rac-24p Me - 54% 4.90 4.27 5.27+0.11 4.70
3 rac-25s H /@\)‘ 7.094+0.10 6.391+0.04 4.74 4.60 4.61
4 rac-24s Me . . 432 430 461 488 52940.12
5 rac-25t H /@\)& 6.63+0.06 6.43+0.09 56 % 69% 64 %
6 rac-24t Me B - 54% 4.20 4.84 4.92 5.10+0.03

[a] Compounds were tested as racemates. Atropisomers were observed for rac-24/25p (ratio 46:54) and rac-24/25s (ratio ~50:50). [b] Data are the
mean + SEM of three independent experiments, each performed in triplicate. Percentages represent the remaining [PHIGABA uptake in the presence of
100 pum inhibitor. At low plCs, values, only one measurement was performed in triplicate, and therefore no SEM could be calculated.

Indeed, the inhibitory potencies of the aforementioned com-
pounds exhibiting either an o-terphenyl (rac-25p) or a 2-bi-
phenyl with chloro (rac-25s) or fluoro (rac-25t) substituents at
the 2'- and 4’-positions as lipophilic residue are only nominally
different. In addition, the inhibitory potency of these com-
pounds, rac-25p, rac-25s, and rac-25t, at mGAT1 equals that
of the most potent nipecotic acid derivative of this study, 21p.
Clearly, the nature of the lipophilic domain of the studied
MGAT1 inhibitors has a larger influence in the case of the nipe-
cotic acid derivatives, showing clear differences in the plCs,
values (for 21p, 21s, and 21t) than for the analogous guva-
cine-derived compounds (rac-25p, rac-25s, and rac-25t), for
which they are equal considering SEM values. However, it
should be kept in mind that the nipecotic acid derivatives
21p,s,t still represent mixtures of racemic diastereomers and
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that the biological activity of the individual diastereomers may
be quite different from that of the mixtures. In addition to
their reasonable inhibitory potency at mGAT1, compounds rac-
25p,;st also possess good subtype selectivity in favor of
MGAT1, the plCy, values of mGAT1 as compared with mGAT2-
4 differing by at least 1.5 log units. The methyl esters rac-24p,
rac-24s, and rac-24t (Table 4, entries 2, 4, and 6) were found
to be weak mGATT1 inhibitors; the highest plCs, value reaches
only 4.90. In contrast, methyl ester rac-24 p possesses good in-
hibitory potency at mGAT3 (rac-24p: plCs,=5.27+0.11 at
MGAT3, Table 4, entry 2) and methyl esters rac-24s and rac-
24t at mGAT4, with plCs, values up to 5.29 (rac-24s: plCsy=
5.29+0.12 at mGAT4, Table 4, entry 4; rac-24t: plC;,=5.10+
0.03 at mGAT4, Table 4, entry 6), which are even better than
those of the corresponding amino acids at the respective
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transporter subtypes. However, the subtype selectivities the
methyl esters rac-24p,s,t display in favor of these individual
GABA transporters (mGAT3 for rac-24p and mGAT4 for rac-
24s and rac-24t) are low.

The inhibitory potencies (plCs,) of all studied compounds at
MGAT1 are about a half to one log unit lower than the corre-
sponding pK; values determined in MS Binding Assays for
mGAT1 with NO711 as MS marker. Such a difference between
plCs, from GABA uptake assays at mGAT1 and pK; values from
MS Binding Assays for mGAT1 is a common phenomenon that
is constantly observed for mGAT1 inhibitors when character-
ized in these test systems and likely to be at least partly due
to the different buffer systems used in these assays.>'72"
With the pK; values being in good accord with the plCs, values,
the conclusions drawn for the plCg, values from the uptake
assays are as well supported by the observed pK; values.

Conclusions

In summary, a new series of GABA uptake inhibitors with a
four-carbon-atom allenyl spacer connecting nipecotic acid or
guvacine via the amino nitrogen as polar subunit with a lipo-
philic aromatic residue, has been synthesized and character-
ized for their biological activity at mGAT1-4. By applying our
recently published two-step procedure, comprising a Cu'-cata-
lyzed aldehyde-alkyne-amine (A3 coupling) and subsequent
[1,5]-hydride transfer reaction, the allene-moiety-containing
compounds could be established with good to excellent yields
up to 95%. In addition, this procedure allowed us to easily
vary the lipophilic residue attached to the allene termini of the
desired compounds. Due to the presence of two stereogenic
centers, a chiral center at the piperidine ring and the chiral
axis arising from the allene moiety, the synthesis yielded the
targeted nipecotic acid derivatives as a mixture of racemic dia-
stereomers, the ratio of which amounted to approximately 1:1.
With these mixtures being highly difficult to separate on the
stage of the amino acid esters 20 as well as of the free amino
acids 21, the ~1:1 mixture of racemic diastereomers were
used for biological testing. The o-terphenyl residue was found
to be the most favorable lipophilic residue; compound 21p
with nipecotic acid and compound rac-25p with guvacine as
polar subunit were found to be the most potent and selective
MGAT1 inhibitors in this study. For the nipecotic acid derivative
21p the enantioenriched ~1:1 mixture of diastereomers
(3RR.)-21p/(3R,S,)-21p (~62% ee) was also synthesized and
was found to exhibit a plCs, value of 6.78+0.08 (pK;=7.10+
0.12). For the analogous guvacine derivative rac-25p, the pICs,
amounted to 6.46+0.10 (pK;=7.07+0.11). Interestingly, also
some of the nipecotic acid derivatives with an allenic moiety
equipped with phenyl rings possessing small substituents such
as a halide or methoxy functions showed reasonable inhibitory
potencies at mGAT1, with plCs, values reaching up to 5.82+
0.04 (21j: pK;=6.31£0.08, Table 1, entry 21). Considering that
the tested compounds still represent = 1:1 mixtures of racemic
diastereomers, even more pronounced biological activities may
be expected for individual stereoisomers.
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Experimental Section
Chemistry

Unless otherwise noted, all reactions were performed in oven-dried
glassware under moisture-free conditions and argon or nitrogen
atmosphere. All commercially available reagents were used with-
out further purification. Toluene and 1,4-dioxane were dried over
sodium and distilled under nitrogen. Chlorobenzene was dried
over CaCl,, distilled under nitrogen atmosphere, and stored over
molecular sieves (4 A) under nitrogen prior to use. For chromato-
graphic purposes, only distilled solvents were used (EtOAc, PE 42-
62°C, CH,Cl,, MeOH, n-pentane, Et,0, H,0). Flash column chroma-
tography was performed using silica gel (grading 0.035-0.070 mm).
Thin-layer chromatography (TLC) was carried out on precoated
silica gel F,s, glass plates. Preparative MPLC was performed using a
Biichi 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 (26x230 mm) equipped with Merck silica gel 60
(grading 0.015-0.040 mm) or YMC Gel SIL-HG (12 nm, 5-20 pm) for
straight phase and YMC Gel Triart Prep C18-S (12 nm, 5-20 pm) for
reversed phase. NMR spectra were measured at 298.1 K (unless
otherwise noted) on 400 MHz ('HNMR: 400 MHz, '*C NMR:
101 MHz) and 500 MHz ("H NMR: 500 MHz, *C NMR: 126 MHz)
spectrometers. These NMR spectrometers were also used for DEPT,
HMQC, HMBC, and COSY experiments. 'H and *C NMR chemical
shifts were referenced to the deuterated solvent signals, and cou-
pling constants are stated with an accuracy of 0.5 Hz. MestreNova
software was used for further analysis of the NMR data (s, = broad
singlet, hept=septet, br=broad signal, dia=racemic diastereo-
mers, atriso=atropisomer). IR spectra were recorded with an FT-IR
spectrometer and Spectrum v2.00 software was used for analysis.
High-resolution mass spectrometry was performed with a sector
field mass spectrometer or an LTQ FT Ultra mass spectrometer. Op-
tical rotations were determined with a 241 MC Polarimeter
ADP440+ at A=589cm™'. Purity testing of biologically tested
compounds was done by Quantitative 'HNMR (qH NMR).2%2
gH NMR data based on peak area ratios are determined under con-
ditions that assure complete relaxation. For gH NMR either benzyl
benzoate (Lot #BCBN6347V: purity 99.43 %; Lot #BCBS0231V: purity
99.84%) in CDCl,/CD,Cl,/C,D,Cl, or maleic acid (Lot #BCBM8127V:
purity 99.94%) in D,0/MeOD was used as internal standard (Trace-
CERT®, Sigma-Aldrich). The purity was calculated using the purity
calculator of MestreNova NMR software (MestreLab Research S.L.).
The purity of all tested compounds was >95%. The ratio of the
obtained diastereomeric compounds in racemic form after propar-
gylic amine and allene synthesis is ~1:1 (determined by 'H NMR).
For analysis of the 'H and ">C NMR data of the allene-containing ni-
pecotic acid derivatives 20a-v enrichment of each of the two race-
mic diastereomers was performed by MPLC. When a clear signal as-
signment was feasible, the signals were referred to as “dial”,
“dia2”, whereas not clearly assignable signals were labeled as “dia1
or dia2”. Signals belonging to the atropisomeric forms were identi-
fied by comparison of NMR spectra measured at RT and higher
temperature. Analytical HPLC was performed on an Agilent 1100
instrument (G1329A ALS autosampler, G1316A column compart-
ment, G1315B DAD detector, G1312A binary pump, G1322A degas-
ser). See the Supporting Information for characterization data for
the described compounds.

General procedure for N-alkylation (GP1): N-Alkylation was per-
formed using a synthesis route similar to a procedure described
previously.” Alkyne (1.00 equiv) and amine (1.20 equiv) were dis-
solved in acetone (2 mLmmol™'), and Na,CO; (2.50 equiv) and Nal
(0.50 equiv) were added. The reaction mixture was held at reflux
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for 72 h, and the reaction was monitored by TLC. For quenching,
CH,Cl, (5 mLmmol™") and water (5 mLmmol™") were added, and
the product was extracted five times with CH,Cl, (2.5 mLmmol™).
The combined organic phases were then dried over Na,SO, and
concentrated under vacuum. The crude product was purified by
flash column chromatography to afford the desired alkyne as an
oil.

General procedure®® for the preparation of biaryl aldehydes (GP2): A
mixture of toluene, ethanol and 2m aqueous Na,CO; (1:1:1, v/v/y,
15 mL) was flushed for 10 min with argon. The bromine compound
(1.0 mmol, 1 equiv), the boronic acid (1.0 mmol, 1 equiv) and
Pd(PPH,), (5 mol%) were added, and the mixture was heated at
80°C. The progress of the reaction was monitored by TLC. After
complete conversion, the reaction mixture was cooled to RT and
extracted three times with toluene (10 mL). The combined organic
layers were dried over MgSO, and concentrated in vacuum. The
crude product was then purified by column chromatography (gra-
dient elution n-pentane/Et,0=99:1, n-pentane/Et,0=9:1).

General procedure for the A> coupling reaction (GP3): To a Schlenk
flask was added CuBr (0.15 equiv) and molecular sieves (4 A). Tolu-
ene (5.00 mLmmol™") was then added, followed by the addition of
the corresponding aldehyde (1.80 equiv), amine (1.40 equiv) and
alkyne (1.00 equiv). The reaction mixture was stirred at RT over-
night. The completion of the reaction was monitored by TLC. The
reaction mixture was then filtered, washed with EtOAc and concen-
trated under vacuum. The crude product was purified by flash
column chromatography to afford the corresponding propargylic
amine. This procedure was performed according to a procedure
described by Yu et al.B"

General procedure®>** for the conversion of propargylic amines to al-

lenes (GP4): To a Schlenk tube Cdl, (0.8 equiv) was added under
argon. The Cdl, was then heated with a heat gun under vacuum
until the pale-yellow solid turned to darker yellow. Chlorobenzene
(8.0 mLmmol™") was added, followed by the propargylic amine
(1.0 equiv). The reaction mixture was stirred at 100 °C until all start-
ing material was consumed (detection by TLC). After cooling to RT
the crude product was purified by flash column chromatography
to afford the corresponding allene.

General procedure® for ester hydrolysis with NaOH (GP5): The ester
was dissolved in EtOH (5.0mLmmol™"), and 2N NaOH
(1.5 mLmmol™', 3 equiv) was added. The mixture was stirred at RT
until TLC (EtOAc) showed completion of the reaction. The solvent
was then completely removed under reduced pressure. The solid
residue was dissolved in (25 mLmmol™") of water, and the solution
was adjusted to pH 6-7 (indicator paper). The amino acid was then
extracted several times with CH,Cl,. The combined organic layers
were dried over Na,SO,, and the solvent was removed under re-
duced pressure. The residue was dissolved in  MeOH
(5.0 mLmmol ") followed by the addition of water (50 mLmmol™")
and was then freeze dried to give the corresponding amino acid as
an amorphous solid.

General procedure™ for ester hydrolysis with Ba(OH), (GP6): The
ester (1 equiv) was dissolved in EtOH/H,O (2:1) and Ba(OH),-8 H,0O
(2 equiv) was added. The suspension was then stirred at RT. After
completion of the reaction, CO, was bubbled through the suspen-
sion until no further BaCO; precipitated. The suspension was then
filtered through a syringe filter (25 mm) and purified by RP-MPLC.
After freeze drying the corresponding free amino acid could be ob-
tained as white to yellow amorphous solid.
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Ethyl 1-(prop-2-yn-1-yl)(R)-piperidine-3-carboxylate ((R)-11): GP1
was followed applying propargyl bromide solution (80 wt% in
xylene, 0.56 mL, 5.0 mmol), ethyl (R)-piperidine-3-carboxylate
(0.86 mL, 6.0 mmol, the commercially available 97 % (R)-piperidine-
3-carboxylate contained 19% of the S enantiomer), acetone
(10 mL), Na,CO; (1.33 g, 12.5 mmol) and Nal (375 mg, 2.50 mmol).
The crude product was purified by column chromatography (PE/
EtOAc 7:3) to afford the desired alkyne (R)-11 as pale-yellow oil
(651 mg, 67 %).

rac-[1-(Buta-2,3-dien-1-yl)piperidine-3-carboxylic acid] (rac-16):
GP5 was followed using nipecotic acid ester rac-15 (0.10 mmol,
21 mg), EtOH (0.5 mL) and 2m NaOH (0.15 mL) for 4 h. Instead of
extracting the product with CH,Cl,, the neutral water phase was di-
rectly freeze dried. The resulting white powder was then partly dis-
solved in Et,0 and filtered. After removing the solvent under re-
duced pressure the residue was freeze dried to obtain the desired
amino acid rac-16 as colorless oil (15 mg, 82%). Average purity by
gH NMR (internal calibrant: maleic acid Lot #BCBM8127V): 96 %.

2',6'-Dimethyl-[1,1"-biphenyl]-2-carbaldehyde (17 q): GP2 was fol-
lowed using 2-bromobenzaldehyde (0.24 mL, 2.0 mmol), (2,6-dime-
thylphenyl)boronic acid (300 mg, 2.00 mmol) and Pd(PPH;),
(116 mg, 0.100 mmol) in 30 mL of the solvent mixture for 4 h. Pu-
rification afforded the desired aldehyde 17 q as colorless crystals
(303 mg, 72%). Analytical and spectroscopic data are consistent
with those reported earlier.*¥

2'-Isopropyl-[1,1"-biphenyl]-2-carbaldehyde (17r): GP2 was fol-
lowed using 2-bromobenzaldehyde (0.24 mL, 2.0 mmol), (2-isopro-
pylphenyl)boronic acid (328 mg, 2.00 mmol) and Pd(PPH,),
(116 mg, 0.100 mmol) in 30 mL of the solvent mixture for 2.25 h.
Purification afforded the desired aldehyde 17r as colorless viscous
oil (384 mg, 86 %). Analytical and spectroscopic data are consistent
with those reported earlier.*”

2',4'-Dimethoxy-[1,1'-biphenyl]-2-carbaldehyde (17v): GP2 was
followed using 2-bromobenzaldehyde (0.24 mL, 2.0 mmol), 2,4-di-
methoxyphenylboronic acid (364 mg, 2.00 mmol) and Pd(PPH,),
(116 mg, 0.100 mmol) in 30 mL of the solvent mixture for 6.5 h. Pu-
rification via column chromatography (n-pentane/Et,O 8:2) afford-
ed the desired aldehyde 17v as pale-yellow viscous oil (318 mg,
66 %).

rac-[Ethyl (4R)-1-{4-(2-bromophenyl)-4-[3,6-dihydropyridin-1(2H)-
yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19b)
and rac-[ethyl (4S)-1-{4-(2-bromophenyl)-4-[3,6-dihydropyridin-
1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-
19b): GP3 was followed using CuBr (32 mg, 0.23 mmol), toluene
(7.5 mL), 2-bromobenzaldehyde (0.33 mL, 2.7 mmol), 1,2,3,4-tetra-
hydropyridine (0.20 mL, 2.1 mmol) and alkyne rac-11 (293 mg,
1.50 mmol). The crude product was purified by column chromatog-
raphy (PE/EtOAc 7:3) to afford the desired propargylic amines rac-
(3R4R)-19b and rac-(3R4S5)-19b as colorless viscous oil (460 mg,
69 %).

rac-[Ethyl (4R)-1-{4-(2-chlorophenyl)-4-[3,6-dihydropyridin-1(2H)-
yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19¢)
and rac-[ethyl (4S)-1-{4-(2-chlorophenyl)-4-[3,6-dihydropyridin-
1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-
19¢): GP3 was followed using CuBr (86 mg, 0.60 mmol), toluene
(20 mL), 2-chlorobenzaldehyde (0.81 mL, 7.2 mmol), 1,2,3,4-tetrahy-
dropyridine (0.52mL, 5.6 mmol) and alkyne rac-11 (781 mg,
4.00 mmol). The crude product was purified by column chromatog-
raphy (PE/EtOAc 7:3) to afford the desired propargylic amines rac-
(3R4R)-19 ¢ and rac-(3R45)-19¢ as yellow viscous oil (1,34 g, 83%).
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rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2-fluorophe-
nyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19d)
and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2-fluoro-
phenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-
19d): GP3 was followed using CuBr (65 mg, 0.45 mmol), toluene
(15 mL), 2-fluorobenzaldehyde (0.59 mL, 5.4 mmol), 1,2,3,4-tetrahy-
dropyridine (0.39 mL, 42 mmol) and alkyne rac-11 (586 mg,
3.00 mmol). The crude product was purified by column chromatog-
raphy (PE/EtOAc 7:3) to afford the desired propargylic amines rac-
(3R4R)-19d and rac-(3R45)-19d as yellow viscous oil (560 mg,
49 %).

rac-[Ethyl  (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-[2-(trifluoro-
methyl)phenyllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,4R)-19e) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-
yll-4-[2-(trifluoromethyl)phenyl]but-2-yn-1-yl}(3R)-piperidine-3-
carboxylate] (rac-(3R,45)-19e): GP3 was followed using CuBr
(86 mg, 0.60 mmol), toluene (20 mL), 2-(trifluormethyl)benzalde-
hyde (0.97 mL, 7.2 mmol), 1,2,3,4-tetrahydropyridine (0.52 mL,
5.6 mmol) and alkyne rac-11 (781 mg, 4.00 mmol). The crude prod-
uct was purified by column chromatography (PE/EtOAc 7:3) to
afford the desired propargylic amines rac-(3R4R)-19e and rac-
(3R45)-19e as yellow viscous oil (994 mg, 57 %).

rac-[Ethyl  (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2-methoxy-
phenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-
19f) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2-
methoxyphenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,45)-19 f): GP3 was followed using CuBr (65 mg, 0.45 mmol), tol-
uene (15 mL), o-anisaldehyde (0.67 mL, 5.4 mmol), 1,2,3,4-tetrahy-
dropyridine (0.39 mL, 42mmol) and alkyne rac-11 (586 mg,
3.00 mmol). The crude product was purified by column chromatog-
raphy (PE/EtOAc 6:4) to afford the desired propargylic amines rac-
(3RA4R)-19f and rac-(3RA45)-19f as yellow viscous oil (991 mg,
83%).

rac-[Ethyl  (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(3-methoxy-
phenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-
199g) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(3-
methoxyphenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,45)-199): GP3 was followed using CuBr (43 mg, 0.30 mmol),
toluene (10 mL), m-anisadelhyde (0.44 mL, 3.6 mmol), 1,2,3,4-tetra-
hydropyridine (0.26 mL, 2.8 mmol) and alkyne rac-11 (391 mg,
2.00 mmol). The crude product was purified by column chromatog-
raphy (PE/EtOAc 6:4) to afford the desired propargylic amines rac-
(3R4R)-199g and rac-(3R45)-19g as yellow viscous oil (656 mg,
83 %).

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2,5-dime-
thoxyphenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,4R)-19h) and rac-[ethyl (45)-1-{4-[3,6-dihydropyridin-1(2H)-
yll-4-(2,5-dimethoxyphenyl)but-2-yn-1-yl}(3R)-piperidine-3-car-
boxylate] (rac-(3R,4S)-19 h): GP3 was followed using CuBr (43 mg,
0.30 mmol), toluene (10 mL), 2,5-dimethoxybenzaldehyde (598 mg,
3.6 mmol), 1,2,3,4-tetrahydropyridine (0.26 mL, 2.8 mmol) and
alkyne rac-11 (391 mg, 2.00 mmol). The crude product was purified
by column chromatography (PE/EtOAc 1:1) to afford the desired
propargylic amines rac-(3R,4R)-19h and rac-(3R,45)-19h as yellow
viscous oil (591 mg, 69 %).

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(3,5-dime-
thoxyphenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate]  (rac-
(3R,4R)-191) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-
yl1-4-(3,5-dimethoxyphenyl)but-2-yn-1-yl}(3R)-piperidine-3-car-
boxylate] (rac-(3R,45)-19i): GP3 was followed using CuBr (43 mg,
0.30 mmol), toluene (10 mL), 3,5-dimethoxybenzaldehyde (598 mg,
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3.6 mmol), 1,2,3,4-tetrahydropyridine (0.26 mL, 2.8 mmol) and
alkyne rac-11 (391 mg, 2.00 mmol). The crude product was purified
by column chromatography (PE/EtOAc 1:1) to afford the desired
propargylic amines rac-(3R,4R)-19i and rac-(3R45)-19i as yellow
viscous oil (527 mg, 62 %).

rac-[Ethyl  (4R)-1-{4-(2-chloro-5-methoxyphenyl)-4-[3,6-dihydro-
pyridin-1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,4R)-19k) and rac-[ethyl (4S)-1-{4-(2-chloro-5-methoxyphen-
yl)-4-[3,6-dihydropyridin-1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-
carboxylate] (rac-(3R,4S5)-19k): GP3 was followed using CuBr
(32.3 mg, 0.225 mmol), toluene (9.0 mL), 2-chloro-5-methoxybenzal-
dehyde (461 mg, 2.70 mmol), 1,2,3,4-tetrahydropyridine (0.20 mL,
2.1 mmol) and alkyne rac-11 (293 mg, 1.50 mmol). The crude prod-
uct was purified by column chromatography (gradient elution PE/
EtOAc 8:2 to PE/EtOAc 6:4) to afford the desired propargylic
amines rac-(3R4R)-19k and rac-(3R45)-19k as yellow viscous oil
(411 mg, 64%).

rac-[Ethyl  (4R)-1-{4-([1,1'-biphenyl]-3-yl)-4-[3,6-dihydropyridin-
1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-
19n) and rac-[ethyl (4S)-1-{4-([1,1"-biphenyl]-3-yl)-4-[3,6-dihydro-
pyridin-1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,45)-19n): GP3 was followed using CuBr (47 mg, 0.33 mmol),
toluene (11 mL), 3-biphenylcarboxaldehyde (0.65 mL, 4.0 mmol),
1,2,3,4-tetrahydropyridine (0.29 mL, 3.1 mmol) and alkyne rac-11
(430 mg, 2.20 mmol). The crude product was purified by column
chromatography (PE/EtOAc 7:3) to afford the desired propargylic
amines rac-(3R4R)-19n and rac-(3R45)-19n as yellow viscous oil
(860 mg, 88%).

rac-[Ethyl  (4R)-1-{4-([1,1'-biphenyl]-4-yl)-4-[3,6-dihydropyridin-
1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-
190) and rac-[ethyl (4S)-1-{4-([1,1"-biphenyl]-4-yl)-4-[3,6-dihydro-
pyridin-1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,45)-190): GP3 was followed using CuBr (43 mg, 0.30 mmol),
toluene (10 mL), 4-biphenylcarboxaldehyde (656 mg, 3.6 mmol),
1,2,3,4-tetrahydropyridine (0.26 mL, 2.8 mmol) and alkyne rac-11
(391 mg, 2.00 mmol). The crude product was purified by column
chromatography (PE/EtOAc 7:3) to afford the desired propargylic
amines rac-(3R4R)-190 and rac-(3R45)-190 as yellow viscous oil
(726 mg, 82 %).

rac-[Ethyl (4R)-1-{4-([1,1":2',1"-terphenyl]-2-yl)-4-[3,6-dihydropyri-
din-1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-
(3R,4R)-19p) and rac-[ethyl (4S)-1-{4-([1,1:2,1"-terphenyl]-2-yl)-
4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yl}(3R)-piperidine-3-
carboxylate] (rac-(3R,45)-19p): GP3 was followed using CuBr
(10.8 mg, 0.075 mmol), toluene (2.5 mL), [1,1:2",1"]terphenyl-2-car-
baldehyde (17 p) (207 mg, 0.800 mmol), 1,2,3,4-tetrahydropyridine
(0.07 mL, 0.70 mmol) and alkyne rac-11 (97.6 mg, 0.500 mmol). The
crude product was purified by column chromatography (PE/EtOAc
7:3) to afford the desired propargylic amines rac-(3R,4R)-19p and
rac-(3R,4S)-19 p as colorless viscous oil (204 mg, 79 %).

Ethyl (4R)-1-{4-([1,1":2',1"-terphenyl]-2-yl)-4-[3,6-dihydropyridin-
1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate ((3R,4R)-
19p) and ethyl (4S)-1-{4-([1,1":2',1"-terphenyl]-2-yl)-4-[3,6-dihy-
dropyridin-1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate
((3R4S)-19p): GP3 was followed wusing CuBr (25.1 mg,
0.175 mmol), toluene (6.0 mL), [1,1:2',1"]terphenyl-2-carbaldehyde
(482 mg, 1.86 mmol), 1,2,3,4-tetrahydropyridine (0.15 mL,
1.6 mmol) and alkyne (R)-11 (227 mg, 1.17 mmol). The crude prod-
uct was purified by column chromatography (PE/EtOAc 7:3) to
afford the desired propargylic amines (3R,4R)-19p and (3R,4S)-19p
as colorless viscous oil (487 mg, 81 %).
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rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yll-4-(2',6'-dimeth-
yl-[1,1"-biphenyl]-2-yl)but-2-yn-1-yl}(3R)-piperidine-3-carboxyl-
ate] (rac-(3R,4R)-19q) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyri-
din-1(2H)-yl]-4-(2',6'-dimethyl-[1,1'-biphenyl]-2-yl)but-2-yn-1-
yl}(3R)-piperidine-3-carboxylate] (rac-(3R,45)-19q): GP3 was fol-
lowed using CuBr (12 mg, 0.08 mmol), toluene (2.0 mL), 2',6"-di-
methyl-[1,1"-biphenyl]-2-carbaldehyde (17 q) (185 mg, 0.880 mmol),
1,2,3,4-tetrahydropyridine (0.07 mL, 0.77 mmol) and alkyne rac-11
(107 mg, 0.550 mmol). The crude product was purified by column
chromatography (PE/EtOAc 8:2) to afford the desired propargylic
amines rac-(3R,4R)-19q and rac-(3R45)-19q as colorless viscous oil
(198 mg, 76 %).

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2'-isopropyl-
[1,1-biphenyl]-2-yl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate]
(rac-(3R,4R)-19r) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-
1(2H)-yl1-4-(2'-isopropyl-[1,1'-biphenyl]-2-yl)but-2-yn-1-yl}(3R)-pi-
peridine-3-carboxylate] (rac-(3R,4S)-19r): GP3 was followed using
CuBr (22 mg, 0.15 mmol), toluene (6.0 mL), 2'-isopropyl-[1,1"-bi-
phenyl]-2-carbaldehyde (17r) (359 mg, 1.60 mmol), 1,2,3,4-tetrahy-
dropyridine (0.13mL, 1.4 mmol) and alkyne rac-11 (195 mg,
1.00 mmol). The crude product was purified by column chromatog-
raphy (PE/EtOAc 8:2) to afford the desired propargylic amines rac-
(3RAR)-19r and rac-(3RA45)-19r as yellow viscous oil (335 mg,
69%).

rac-{Ethyl (4R)-1-[4-(2',4'-dichloro[1,1'-biphenyl]-2-yl)-4-[3,6-dihy-
dropyridin-1(2H)-yllbut-2-yn-1-yl](3R)-piperidine-3-carboxylate}
(rac-(3R,4R)-19s) and rac-{fethyl (4S)-1-[4-(2,4'-dichloro[1,1"-bi-
phenyll-2-yl)-4-[3,6-dihydropyridin-1(2H)-yllbut-2-yn-1-yl1(3R)-pi-
peridine-3-carboxylate} (rac-(3R,45)-195s): GP3 was followed using
CuBr (21.5 mg, 0.150 mmol), toluene (5.0 mL), 2',4'-dichloro-[1,1"-bi-
phenyl]-2-carbaldehyde (17s) (452 mg, 1.80 mmol), 1,2,3,4-tetrahy-
dropyridine (0.13 mL, 1.4 mmol) and alkyne rac-11 (195 mg,
1.00 mmol). The crude product was purified by column chromatog-
raphy (PE/EtOAc 8:2) to afford the desired propargylic amines rac-
(3R,4R)-19s and rac-(3R45)-19s as colorless viscous oil (346 mg,
68 %).

rac-[Ethyl (4R)-1-{4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)-4-[3,6-dihy-
dropyridin-1(2H)-yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate]
(rac-(3R,4R)-19t) and rac-[ethyl (4S)-1-{4-(2',4'-difluoro-[1,1"-bi-
phenyll-2-yl)-4-[3,6-dihydropyridin-1(2H)-yllbut-2-yn-1-yl}(3R)-pi-
peridine-3-carboxylate] (rac-(3R,4S5)-19t): GP3 was followed using
CuBr (10.8 mg, 0.075 mmol), toluene (2.5 mL), 2",4'-difluoro-[1,1"-bi-
phenyl]-2-carbaldehyde (17t) (175 mg, 0.800 mmol), 1,2,3,4-tetra-
hydropyridine (0.07 mL, 0.70 mmol) and alkyne rac-11 (97.6 mg,
0.500 mmol). The crude product was purified by column chroma-
tography (PE/EtOAc 7:3) to afford the desired propargylic amines
rac-(3R,4R)-19t and rac-(3R,45)-19t as yellow viscous oil (212 mg,
89%).

rac-[Ethyl  (4R)-1-{4-[2',4'-bis(trifluoromethyl)-[1,1'-biphenyl]-2-
ylI-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yl}(3R)-piperidine-3-
carboxylate] (rac-(3R,4R)-19u) and rac-[ethyl (4S)-1-{4-[2',4-bis(-
trifluoromethyl)-[1,1"-biphenyl]-2-yl1-4-[3,6-dihydropyridin-1(2H)-
yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19u):
GP3 was followed using CuBr (17 mg, 0.12 mmol), toluene (4.0 mL),
2' 4'-bis(trifluoromethyl)-[1,1"-biphenyl]-2-carbaldehyde (17 u)
(455 mg, 1.43 mmol), 1,2,3,4-tetrahydropyridine (0.10 mL,
1.1 mmol) and alkyne rac-11 (155 mg, 0.795 mmol). The crude
product was purified by column chromatography (gradient elution
PE/EtOAc 9:1 to PE/EtOAc 7:3) to afford the desired propargylic
amines rac-(3R4R)-19u and rac-(3R45)-19u as yellow viscous oil
(326 mg, 71 %).
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rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2',4'-dime-
thoxy-[1,1’-biphenyl]-2-yl)but-2-yn-1-yl}(3R)-piperidine-3-carbox-
ylate] (rac-(3R,4R)-19v) and rac-[ethyl (45)-1-{4-[3,6-dihydropyri-
din-1(2H)-yl]-4-(2',4 -dimethoxy-[1,1'-biphenyl]-2-yl)but-2-yn-1-
yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19v): GP3 was fol-
lowed using CuBr (14 mg, 0.10 mmol), toluene (3.3 mL), 2',4’-dime-
thoxy-[1,1-biphenyl]-2-carbaldehyde (17v) (291 mg, 1.20 mmol),
1,2,3,4-tetrahydropyridine (0.09 mL, 0.93 mmol) and alkyne rac-11
(130 mg, 0.667 mmol). The crude product was purified by column
chromatography (gradient elution PE/EtOAc 6:4, EtOAc) to afford
the desired propargylic amines rac-(3R,4R)-19v and rac-(3R,45)-19v
as yellow viscous oil (313 mg, 93 %).

rac-{Ethyl (R,)-1-[4-(2-bromophenyl)buta-2,3-dien-1-yl1(3R)-piper-
idine-3-carboxylate} (rac-(3R,R,)-20b) and rac-{ethyl (S,)-1-[4-(2-
bromophenyl)buta-2,3-dien-1-yll(3R)-piperidine-3-carboxylate}
(rac-(3R,S,)-20b): GP4 was followed applying Cdl, (293 mg,
0.800 mmol), chlorobenzene (8.0 mL) and propargylic amines rac-
(3R,4R)-19b and rac-(3R45)-19b (445 mg, 1.00 mmol). The reaction
mixture was stirred at 100°C for 1.25h and was purified by
column chromatography (PE/EtOAc 7:3) to afford the desired al-
lenes rac-(3RR,)-20b and rac-(3R,S,)-20b as yellow viscous oil
(296 mg, 819%). Average purity by gH NMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): 98 %.

rac-{Ethyl (R,)-1-[4-(2-chlorophenyl)buta-2,3-dien-1-yl1(3R)-piperi-
dine-3-carboxylate} (rac-(3RR,)-20c) and rac-{ethyl (S,)-1-[4-(2-
chlorophenyl)buta-2,3-dien-1-yll(3R)-piperidine-3-carboxylate}
(rac-(3R,S,)-20c): GP4 was followed applying Cdl, (147 mg,
0.400 mmol), chlorobenzene (4 mL) and propargylic amines rac-
(3R4R)-19 ¢ and rac-(3R45)-19¢ (200 mg, 0.500 mmol). The reaction
mixture was stirred at 100 °C for 1.5 h and purified by column chro-
matography (PE/EtOAc 7:3) to afford the desired allenes rac-(3R,R,)-
20c¢ and rac-(3R,S,)-20c as yellow viscous oil (129 mg, 81%). Aver-
age purity by gH NMR (internal calibrant: benzyl benzoate Lot
#BCBN6347V): 98 %.

rac-{Ethyl (R,)-1-[4-(2-fluorophenyl)buta-2,3-dien-1-yl1(3R)-piperi-
dine-3-carboxylate} (rac-(3R,R,)-20d) and rac-{ethyl (S,)-1-[4-(2-
fluorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate}
(rac-(3R,S,)-20d): GP4 was followed applying Cdl, (147 mg,
0.400 mmol), chlorobenzene (4 mL) and propargylic amines rac-
(3R4R)-19d and rac-(3R45)-19d (192 mg, 0.500 mmol). The reac-
tion mixture was stirred at 100°C for 1.75h and purified by
column chromatography (PE/EtOAc 7:3) to afford the desired al-
lenes rac-(3RR,)-20d and rac-(3RS,)-20d as yellow viscous oil
(121 mg, 80%). Average purity by gHNMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): 96 %.

rac-[Ethyl (R,)-1-{4-[2-(trifluoromethyl)phenyl]buta-2,3-dien-1-
yl}(3R)-piperidine-3-carboxylate] (rac-(3R,R,)-20e) and rac-[ethyl
(S,)-1-{4-[2-(trifluoromethyl)phenyl]buta-2,3-dien-1-yl}(3R)-piperi-
dine-3-carboxylate] (rac-(3R.S,)-20e): GP4 was followed applying
Cdl, (147 mg, 0.400 mmol), chlorobenzene (4.0 mL) and propargylic
amines rac-(3R,4R)-19e and rac-(3R4S5)-19e (217 mg, 0.500 mmol).
The reaction mixture was stirred at 100°C for 1.75 h and purified
by column chromatography (PE/EtOAc 7:3) to afford the desired al-
lenes rac-(3R.R,)-20e and rac-(3R,S,)-20e as yellow viscous oil
(153 mg, 86%). Average purity by gH NMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): 98 %.

rac-{Ethyl (R,)-1-[4-(2-methoxyphenyl)buta-2,3-dien-1-yl1(3R)-pi-
peridine-3-carboxylate} (rac-(3R,R,)-20f) and rac-{ethyl (S,)-1-[4-
(2-methoxyphenyl)buta-2,3-dien-1-yl1(3R)-piperidine-3-carboxyl-
ate} (rac-(3R,S,)-20f): GP4 was followed applying Cdl, (147 mg,
0.400 mmol), chlorobenzene (4 mL) and propargylic amines rac-
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(3R4R)-19 f and rac-(3R45)-19 f (198 mg, 0.500 mmol). The reaction
mixture was stirred at 100°C for 1.75h and purified by column
chromatography (PE/EtOAc 7:3) to afford the desired allenes rac-
(3R,R,)-20 f and rac-(3R,S,)-20 f as yellow viscous oil (94.2 mg, 63 %).
Average purity by gH NMR (internal calibrant: benzyl benzoate Lot
#BCBN6347V): 98 %.

rac-{Ethyl (R,)-1-[4-(3-methoxyphenyl)buta-2,3-dien-1-yl](3R)-pi-
peridine-3-carboxylate} (rac-(3R,R,)-20g) and rac-{ethyl (S,)-1-[4-
(3-methoxyphenyl)buta-2,3-dien-1-yl1(3R)-piperidine-3-carboxyl-
ate} (rac-(3R,S,)-20g): GP4 was followed applying Cdl, (147 mg,
0.400 mmol), chlorobenzene (4 mL) and propargylic amines rac-
(3R4R)-19g and rac-(3R45)-19g (198 mg, 0.500 mmol). The reac-
tion mixture was stirred at 100°C for 2 h and purified by column
chromatography (PE/EtOAc 7:3) to afford the desired allenes rac-
(3R,R,)-20g and rac-(3R,S,)-20g as yellow viscous oil (119 mg, 76 %).
Average purity by gH NMR (internal calibrant: benzyl benzoate Lot
#BCBN6347V): 98 %.

rac-{Ethyl (R,)-1-[4-(2,5-dimethoxyphenyl)buta-2,3-dien-1-yl1(3R)-
piperidine-3-carboxylate} (rac-(3R,R,)-20h) and rac-{ethyl (S,)-1-
[4-(2,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-car-
boxylate} (rac-(3RS,)-20h): GP4 was followed applying Cdl,
(147 mg, 0.400 mmol), chlorobenzene (4 mL) and propargylic
amines rac-(3R,4R)-19h and rac-(3R4S5)-19h (213 mg, 0.500 mmol).
The reaction mixture was stirred at 100°C for 2 h and purified by
column chromatography (PE/EtOAc 6:4) to afford the desired al-
lenes rac-(3RR,)-20h and rac-(3R,S,)-20h as yellow viscous oil
(120 mg, 70%). Average purity by gH NMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): >99 %.

rac-{Ethyl (R,)-1-[4-(3,5-dimethoxyphenyl)buta-2,3-dien-1-yl1(3R)-
piperidine-3-carboxylate} (rac-(3R,R,)-20i) and rac-{ethyl (S,)-1-
[4-(3,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-car-
boxylate} (rac-(3RS,)-20i): GP4 was followed applying Cdl,
(147 mg, 0.400 mmol), chlorobenzene (4 mL) and propargylic
amines rac-(3R,4R)-19i and rac-(3R,4R)-19i (213 mg, 0.500 mmol).
The reaction mixture was stirred at 100°C for 2 h and purified by
column chromatography (PE/EtOAc 6:4) to afford the desired al-
lenes rac-(3RR,)-20i and rac-(3R,S,)-20i as vyellow viscous oil
(118 mg, 68%). Average purity by gH NMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): 99 %.

rac-{Ethyl (R,)-1-[4-(2,6-dichlorophenyl)buta-2,3-dien-1-yl]1(3R)-pi-
peridine-3-carboxylate} (rac-(3R,R,)-20j) and rac-{ethyl (S,)-1-[4-
(2,6-dichlorophenyl)buta-2,3-dien-1-yll(3R)-piperidine-3-carbox-
ylate} (rac-(3R,S,)-20j): GP4 was followed applying Cdl, (107 mg,
0.292 mmol), chlorobenzene (3.0 mL) and propargylic amines rac-
(3R4R)-19j and rac-(3R,45)-19j (159 mg, due to purification prob-
lems a crude mixture was applied). The reaction mixture was
stirred at 100°C for 2 h and purified by column chromatography
(PE/EtOAc 7:3) to afford the desired allenes rac-(3R,R,)-20j and rac-
(3R,S,)-20j as yellow viscous oil (42 mg, 8% over two steps). Aver-
age purity by gH NMR (internal calibrant: benzyl benzoate Lot
#BCBS0231V): 98 %.

rac-{Ethyl  (R,)-1-[4-(2-chloro-5-methoxyphenyl)buta-2,3-dien-1-
yll(3R)-piperidine-3-carboxylate} (rac-(3R,R,)-20k) and rac-{ethyl
(S,)-1-[4-(2-chloro-5-methoxyphenyl)buta-2,3-dien-1-yl]1(3R)-pi-

peridine-3-carboxylate} (rac-(3R.S,)-20k): GP4 was followed apply-
ing Cdl, (260 mg, 0.710 mmol), chlorobenzene (7.0 mL) and propar-
gylic amines rac-(3R4R)-19k and rac-(3R4S)-19k (383 mg,
0.888 mmol). The reaction mixture was stirred at 100°C for 1.5 h
and purified by column chromatography (PE/EtOAc 7:3) to afford
the desired allenes rac-(3R,R,)-20k and rac-(3R,S,)-20k as yellow
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viscous oil (228 mg, 73 %). Average purity by gH NMR (internal cali-
brant: benzyl benzoate Lot #BCBS0231V): 98 %.

rac-{Ethyl (R,)-1-[4-([1,1'-biphenyl]-3-yl)buta-2,3-dien-1-yl1(3R)-pi-
peridine-3-carboxylate} (rac-(3R,R,)-20n) and rac-{ethyl (S,)-1-[4-
([1,1'-biphenyl]-3-yl)buta-2,3-dien-1-yl1(3R)-piperidine-3-carbox-

ylate} (rac-(3R,S,)-20n): GP4 was followed applying Cdl, (147 mg,
0.400 mmol), chlorobenzene (4 mL) and propargylic amines rac-
(3R4R)-19n and rac-(3R45)-19n (221 mg, 0.500 mmol). The reac-
tion mixture was stirred at 100°C for 2.00 h and purified by
column chromatography (PE/EtOAc 7:3) to afford the desired al-
lenes rac-(3RR,)-20n and rac-(3R,S,)-20n as yellow viscous oil
(143 mg, 79%). Average purity by gH NMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): 97 %.

rac-{Ethyl (R,)-1-[4-([1,1'-biphenyl]-4-yl)buta-2,3-dien-1-yl1(3R)-pi-
peridine-3-carboxylate} (rac-(3R,R,)-200) and rac-{ethyl (S,)-1-[4-
([1,1'-biphenyl]-4-yl)buta-2,3-dien-1-yll(3R)-piperidine-3-carbox-
ylate} (rac-(3R,S,)-200): GP4 was followed applying Cdl, (147 mg,
0.400 mmol), chlorobenzene (4 mL) and propargylic amines rac-
(3R4R)-190 and rac-(3R45)-190 (221 mg, 0.500 mmol). The reac-
tion mixture was stirred at 100°C for 1.75h and purified by
column chromatography (PE/EtOAc 7:3) to afford the desired al-
lenes rac-(3RR,)-200 and rac-(3R,S,)-200 as yellow viscous oil
(142 mg, 79%). Average purity by gH NMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): 97 %.

rac-{Ethyl (R,)-1-[4-([1,1":2,1"-terphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylate} (rac-(3R,R,)-20p) and rac-{ethyl
(S.)-1-[4-([1,1":2",1"-terphenyl]-2-yl)buta-2,3-dien-1-yl1(3R)-piperi-
dine-3-carboxylate} (rac-(3R,S,)-20p): GP4 was followed applying
Cdl, (121 mg, 0.331 mmol), chlorobenzene (3.3 mL) and propargylic
amines rac-(3R,4R)-19p and rac-(3R45)-19p (215 mg, 0.414 mmol).
The reaction mixture was stirred at 100°C for 1.25 h and purified
by column chromatography (PE/EtOAc 7:3) to afford the desired al-
lenes rac-(3RR,)-20p and rac-(3R,S,)-20p as yellow viscous oil
(156 mg, 86%). Average purity by gH NMR (internal calibrant:
benzyl benzoate Lot #BCBN6347V): 99 %.

Ethyl (R.)-1-[4-([1,1:2,1"-terphenyl]-2-yl)buta-2,3-dien-1-yl1(3R)-
piperidine-3-carboxylate ((3R,R,)-20p) and ethyl (S,)-1-[4-
([1,1:2",1"-terphenyl]-2-yl)buta-2,3-dien-1-yll(3R)-piperidine-3-
carboxylate ((3RS,)-20p): GP4 was followed applying Cdl,
(147 mg, 0.400 mmol), chlorobenzene (4.0 mL) and propargylic
amines (3R4R)-19p and (3R45)-19p (259 mg, 0.500 mmol). The re-
action mixture was stirred at 100°C for 1.5h and purified by
column chromatography (PE/EtOAc 7:3) to afford the desired al-
lenes (3RR,)-20p and (3R,S,)-20p as yellow viscous oil (174 mg,
80%). Average purity by gH NMR (internal calibrant: benzyl ben-
zoate Lot #BCBS0231V): 98 %.

rac-{Ethyl  (R,)-1-[4-(2',6'-dimethyl-[1,1"-biphenyl]-2-yl)buta-2,3-
dien-1-yll(3R)-piperidine-3-carboxylate} (rac-(3R,R,)-20q) and
rac-{ethyl  (S,)-1-[4-(2',6'-dimethyl-[1,1"-biphenyl]-2-yl)buta-2,3-
dien-1-yll(3R)-piperidine-3-carboxylate} (rac-(3RS,)-20q): GP4
was followed applying Cdl, (116 mg, 0.316 mmol), chlorobenzene
(3.2mL) and propargylic amines rac-(3R4R)-19q and rac-(3R4S)-
199 (186 mg, 0.395 mmol). The reaction mixture was stirred at
100°C for 1.50 h and purified by column chromatography (PE/
EtOAc 8:2) to afford the desired allenes rac-(3R,R,)-20q and rac-
(3R,S,)-20q as yellow viscous oil (123 mg, 80%). Average purity by
gH NMR (internal calibrant: benzyl benzoate Lot #BCBS0231V):
999%.

rac-{Ethyl (R,)-1-[4-(2"-isopropyl-[1,1'-biphenyl]-2-yl)buta-2,3-
dien-1-yll(3R)-piperidine-3-carboxylate} (rac-(3R,R,)-20r) and rac-
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{ethyl (S,)-1-[4-(2"-isopropyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylate} (rac-(3R,S,)-20r): GP4 was fol-
lowed applying Cdl, (186 mg, 0.508 mmol), chlorobenzene (5.0 mL)
and propargylic amines rac-(3R4R)-19r and rac-(3R4S)-19r
(308 mg, 0.635 mmol). The reaction mixture was stirred at 100°C
for 1.5 h and purified by column chromatography (PE/EtOAc 7:3)
to afford the desired allenes rac-(3R,R,)-20r and rac-(3R,S,)-20r as
yellow viscous oil (203 mg, 79%). Average purity by gH NMR (inter-
nal calibrant: benzyl benzoate Lot #BCBS0231V): 97 %.

rac-{Ethyl (R,)-1-[4-(2,4'-dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-
dien-1-yll(3R)-piperidine-3-carboxylate} (rac-(3R,R,)-20s) and rac-
{ethyl (S,)-1-[4-(2",4'-dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-
yll(3R)-piperidine-3-carboxylate} (rac-(3R.S,)-20s): GP4 was fol-
lowed applying Cdl, (88.0 mg, 0.240 mmol), chlorobenzene
(2.5 mL) and propargylic amines rac-(3R4R)-19s and rac-(3R,4S)-
19s (153 mg, 0.300 mmol). The reaction mixture was stirred at
100°C for 1.25h and purified by column chromatography (PE/
EtOAc 7:3) to afford the desired allenes rac-(3R,R,)-20s and rac-
(3R,S,)-20s as yellow viscous oil (111 mg, 86%). Average purity by
gqH NMR (internal calibrant: benzyl benzoate Lot #BCBN6347V):
99 9%.

rac-{Ethyl (R.)-1-[4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)buta-2,3-
dien-1-yll(3R)-piperidine-3-carb-oxylate} (rac-(3R,R,)-20t) and
rac-{ethyl (5,)-1-[4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)buta-2,3-
dien-1-yl1(3R)-piperidine-3-carboxylate} (rac-(3R,S,)-20t): GP4 was
followed applying Cdl, (103 mg, 0.280 mmol), chlorobenzene
(2.8 mL) and propargylic amines rac-(3R,4R)-19t and rac-(3R,45)-19t
(168 mg, 0.350 mmol). The reaction mixture was stirred at 100°C
for 1.25 h and purified by column chromatography (PE/EtOAc 7:3)
to afford the desired allenes rac-(3R,R,)-20t and rac-(3R,S,)-20t as
yellow viscous oil (123 mg, 89%). Average purity by gH NMR (inter-
nal calibrant: benzyl benzoate Lot #BCBN6347V): 96 %.

rac-[Ethyl (R,)-1-{4-[2',4"-bis(trifluoromethyl)-[1,1"-biphenyl]-2-
yllbuta-2,3-dien-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R.R,)-
20u) and rac-[ethyl (S,)-1-{4-[2',4'-bis(trifluoromethyl)-[1,1'-bi-
phenyll-2-yllbuta-2,3-dien-1-yl}(3R)-piperidine-3-carboxylate]
(rac-(3R,S,)-20u): GP4 was followed applying Cdl, (138 mg,
0.375 mmol), chlorobenzene (4.0 mL) and propargylic amines rac-
(3RA4R)-19u and rac-(3R45)-19u (271 mg, 0.469 mmol). The reac-
tion mixture was stirred at 100°C for 1.5 h and purified by column
chromatography (PE/EtOAc 7:3) to afford the desired allenes rac-
(3RR,)-20u and rac-(3R,S,)-20u as yellow viscous oil (198 mg,
85%). Average purity by gH NMR (internal calibrant: benzyl ben-
zoate Lot #BCBN6347V): 97 %.

rac-{Ethyl (R,)-1-[4-(2,4'-dimethoxy-[1,1'-biphenyl]-2-yl)buta-2,3-
dien-1-yll(3R)-piperidine-3-carboxylate} (rac-(3R,R,)-20v) and rac-
{ethyl (S,)-1-[4-(2",4'-dimethoxy-[1,1"-biphenyl]-2-yl)buta-2,3-
dien-1-yll(3R)-piperidine-3-carboxylate} (rac-(3R,S,)-20v): GP4
was followed applying Cdl, (173 mg, 0.472 mmol), chlorobenzene
(5.0 mL) and propargylic amines rac-(3R,4R)-19v and rac-(3RA4S)-
19v (297 mg, 0.590 mmol). The reaction mixture was stirred at
100°C for 1.5 h and purified by column chromatography (PE/EtOAc
1:1) to afford the desired allenes rac-(3R,R,)-20v and rac-(3R,S,)-
20v as yellow viscous oil (184 mg, 74%). Average purity by
gH NMR (internal calibrant: benzyl benzoate Lot #BCBN6347V):
96 %.

rac-[(R,)-1-(4-Phenylbuta-2,3-dien-1-yl)(3R)-piperidine-3-carbox-

ylic acid] (rac-(3R,R,)-21a) and rac-[(S,)-1-(4-phenylbuta-2,3-dien-
1-yl)(3R)-piperidine-3-carboxylic acid] (rac-(3R,S,)-21a): GP5 was
followed using nipecotic acid esters rac-(3R,R,)-20a and rac-(3R,S,)-
20a (0.11 mmol, 30 mg) for 1.5 h to afford the desired amino acids

ChemMedChem 2019, 14, 1-18 www.chemmedchem.org

CHEMI\/(|-:0 CHEM

rac-(3R,R,)-21a and rac-(3RS,-21a as amorphous white solid
(21.1 mg, 78%). Average purity by gHNMR (internal calibrant:
maleic acid Lot #BCBM8127V): 97 %.

rac-{(R,)-1-[4-(2-Bromophenyl)buta-2,3-dien-1-yll(3R)-piperidine-
3-carboxylic acid} (rac-(3R,R,)-21b) and rac-{(S,)-1-[4-(2-bromo-
phenyl)buta-2,3-dien-1-yll(3R)-piperidine-3-carboxylic acid} (rac-
(3R.S,)-21b): GP6 was followed using nipecotic acid esters rac-
(3R,R,)-20b and rac-(3RS,)-20b (91 mg, 0.25mmol) and
Ba(OH),-8H,0 (158 mg, 0.500 mmol) in 1.8 mL EtOH/H,O (2:1) for
24 h to afford the desired amino acids rac-(3R,R,)-21b and rac-
(3RS.)-21b as pale-yellow amorphous solid (72.2 mg, 86%). Aver-
age purity by gHNMR (internal calibrant: maleic acid Lot
#BCBM8127V): 98 %.

rac-{(R,)-1-[4-(2-Chlorophenyl)buta-2,3-dien-1-yll(3R)-piperidine-
3-carboxylic acid} (rac-(3R,R,)-21c) and rac-{(S,)-1-[4-(2-chloro-
phenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R.S,)-21c): GP6 was followed using nipecotic acid esters rac-
(3RR,)-20c and rac-(3RS,)-20c (128 mg, 0.400 mmol) and
Ba(OH),-8H,0 (252 mg, 0.800 mmol) in 3.0 mL EtOH/H,0O (2:1) over-
night. After purification by RP-MPLC (MeOH/H,O 6:4) the desired
amino acids rac-(3R,R,)-21c and rac-(3R,S,)-21c were obtained as
pale-yellow amorphous solid (91.8 mg, 79%). Average purity by
gH NMR (internal calibrant: maleic acid Lot #BCBM8127V): 96 %.

rac-{(R,)-1-[4-(2-Fluorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-
3-carboxylic acid} (rac-(3R,R,)-21d) and rac-{(S,)-1-[4-(2-fluoro-
phenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R.S,)-21d): GP6 was followed using nipecotic acid esters rac-
(3RR,)-20d and rac-(3RS,-20d (130 mg, 0.430 mmol) and
Ba(OH),-8H,0 (271 mg, 0.860 mmol) in 3.0 mL EtOH/H,0O (2:1) over-
night. After purification by RP-MPLC (MeOH/H,0O 6:4) the desired
amino acids rac-(3R,R,)-21d and rac-(3R,S,)-21d were obtained as
white amorphous solid (36.8 mg, 31%). Average purity by gH NMR
(internal calibrant: maleic acid Lot #BCBM8127V): > 99 %.

rac-[(R,)-1-{4-[2-(Trifluoromethyl)phenyl]buta-2,3-dien-1-yl}(3R)-
piperidine-3-carboxylic acid] (rac-(3R,R,)-21e) and rac-[(S,)-1-{4-
[2-(trifluoromethyl)phenyl]buta-2,3-dien-1-yl}(3R)-piperidine-3-
carboxylic acid] (rac-(3R,S,)-21 e): GP6 was followed using nipecot-
ic acid esters rac-(3RR,)-20e and rac-(3RS,)-20e (192 mg,
0.544 mmol) and Ba(OH),-8H,0 (343 mg, 1.09 mmol) in 4.2 mL
EtOH/H,O (2:1) overnight. After purification by RP-MPLC (MeOH/
H,O 6:4) the desired amino acids rac-(3R,R,)-21e and rac-(3R,S,)-
21e were obtained as white amorphous solid (136 mg, 77 %). Aver-
age purity by gHNMR (internal calibrant: maleic acid Lot
#BCBM8127V): 98 %.

rac-{(R,)-1-[4-(2-Methoxyphenyl)buta-2,3-dien-1-yl1(3R)-piperi-
dine-3-carboxylic acid} (rac-(3R,R,)-21f) and rac-{(S,)-1-[4-(2-me-
thoxyphenyl)buta-2,3-dien-1-yll(3R)-piperidine-3-carboxylic acid}
(rac-(3R,S,)-21 f): GP6 was followed using nipecotic acid esters rac-
(3RR,)-20f and rac-(3RS,)-20f (128 mg, 0.405 mmol) and
Ba(OH),-8 H,0O (256 mg, 0.810 mmol) in 3.0 mL EtOH/H,0 (2:1) over-
night. After purification by RP-MPLC (MeOH/H,O 6:4) the desired
amino acids rac-(3R,R,)-21f and rac-(3R,S,)-21 f were obtained as
white amorphous solid (85.0 mg, 73 %). Average purity by gH NMR
(internal calibrant: maleic acid Lot #BCBM8127V): 99 %.

rac-{(R,)-1-[4-(3-Methoxyphenyl)buta-2,3-dien-1-yl1(3R)-piperi-

dine-3-carboxylic acid} (rac-(3R,R,)-21g) and rac-{(S,)-1-[4-(3-me-
thoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid}
(rac-(3R,S,)-21 g): GP6 was followed using nipecotic acid esters rac-
(3RR,)-20g and rac-(3RS,)-20g (106 mg, 0.335 mmol) and
Ba(OH),-8H,0 (211 mg, 0.670 mmol) in 2.5 mL EtOH/H,0 (2:1) over-
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night. After purification by RP-MPLC (MeOH/H,O 6:4) the desired
amino acids rac-(3R,R,)-21g and rac-(3R,S,)-21g were obtained as
white amorphous solid (58.4 mg, 61%). Average purity by gH NMR
(internal calibrant: maleic acid Lot #BCBM8127V): 96 %.

rac-{(R,)-1-[4-(2,5-Dimethoxyphenyl)buta-2,3-dien-1-yl1(3R)-piper-
idine-3-carboxylic acid} (rac-(3R,R,)-21h) and rac-{(S,)-1-[4-(2,5-
dimethoxyphenyl)buta-2,3-dien-1-yl1(3R)-piperidine-3-carboxylic
acid} (rac-(3RS,)-21h): GP6 was followed using nipecotic acid
esters rac-(3R,R,)-20h and rac-(3R,R,)-20h (121 mg, 0.350 mmol)
and Ba(OH),-8H,0 (221 mg, 0.700 mmol) in 2.7 mL EtOH/H,0O (2:1)
overnight. After purification by RP-MPLC (MeOH/H,O 6:4) the de-
sired amino acids rac-(3RR,)-21h and rac-(3R,S,)-21h were ob-
tained as yellow amorphous solid (87.0 mg, 78%). Average purity
by gH NMR (internal calibrant: maleic acid Lot #BCBM8127V): 97 %.

rac-{(R,)-1-[4-(3,5-Dimethoxyphenyl)buta-2,3-dien-1-yl1(3R)-piper-
idine-3-carboxylic acid} (rac-(3R,R,)-21i) and rac-{(S,)-1-[4-(3,5-di-
methoxyphenyl)buta-2,3-dien-1-yl1(3R)-piperidine-3-carboxylic
acid} (rac-(3R,S,)-21i): GP6 was followed using nipecotic acid
esters rac-(3R,R,)-20i and rac-(3R,S,)-20i (114 mg, 0.330 mmol) and
Ba(OH),-8H,0 (208 mg, 0.660 mmol) in 2.5 mL EtOH/H,0 (2:1) over-
night. After purification by RP-MPLC (MeOH/H,O 6:4) the desired
amino acids rac-(3R,R,)-21i and rac-(3R,S,)-21i were obtained as
pale-yellow amorphous solid (72.3 mg, 69%). Average purity by
gH NMR (internal calibrant: maleic acid Lot #BCBM8127V): 97 %.

rac-{(R,)-1-[4-(2,6-Dichlorophenyl)buta-2,3-dien-1-yl](3R)-piperi-
dine-3-carboxylic acid} (rac-(3R,R,)-21j) and rac-{(S,)-1-[4-(2,6-di-
chlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,S,)-21j): GP6 was followed using nipecotic acid
esters rac-(3R,R,)-20j and rac-(3R,S,)-20j (44.0 mg, 0.124 mmol) and
Ba(OH),-8H,0 (78.2 mg, 0.248 mmol) in 0.9 mL EtOH/H,O (2:1)
overnight. After purification by RP-MPLC (MeOH/H,O 7:3) the de-
sired amino acids rac-(3R,R,)-21j and rac-(3R,S,)-21j were obtained
as white amorphous solid (31.2 mg, 77%). Average purity by
qH NMR (internal calibrant: maleic acid Lot #BCBM8127V): 97 %.

rac-{(R,)-1-[4-(2-Chloro-5-methoxyphenyl)buta-2,3-dien-1-yl1(3R)-
piperidine-3-carboxylic acid} (rac-(3R,R,)-21k) and rac-{(S,)-1-[4-
(2-chloro-5-methoxyphenyl)buta-2,3-dien-1-yl1(3R)-piperidine-3-
carboxylic acid} (rac-(3R,S,)-21k): GP6 was followed using nipecot-
ic acid esters rac-(3RR,)-20k and rac-(3RS,)-20k (165 mg,
0.473 mmol) and Ba(OH),:8H,0 (298 mg, 0.946 mmol) in 3.3 mL
EtOH/H,O (2:1) overnight. After purification by RP-MPLC (MeOH/
H,O 7:3) the desired amino acids rac-(3R,R,)-21k and rac-(3R,S,)-
21k were obtained as pale-yellow amorphous solid (99.0 mg,
65%). Average purity by gH NMR (internal calibrant: maleic acid
Lot #BCBM8127V): 95 %.

rac-{(R,)-1-[4-(Naphthalen-2-yl)buta-2,3-dien-1-yl1(3R)-piperidine-
3-carboxylic acid} (rac-(3R,R,)-211) and rac-{(S,)-1-[4-(naphthalen-
2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R.S,)-211): GP6 was followed using nipecotic acid esters rac-
(3RR,)-201 and rac-(3RS.,-201 (97 mg, 0.29 mmol) and
Ba(OH),-8H,0 (183 mg, 0.580 mmol) in 2.1 mL EtOH/H,0 (2:1) over-
night. After purification by RP-MPLC (MeOH/H,O 6:4) the desired
amino acids rac-(3RR,)-211 and rac-(3R,S,)-211 were obtained as
white amorphous solid (69.2 mg, 78%). Average purity by qH NMR
(internal calibrant: maleic acid Lot #BCBM8127V): 95 %.

rac-{(R,)-1-[4-([1,1'-Biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperi-
dine-3-carboxylic acid} (rac-(3R,R,)-21m) and rac-{(S,)-1-[4-([1,1'-
biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,S,)-21m): GP5 was followed using nipecotic acid
esters rac-(3R,R,)-20m and rac-(3R,S,)-20m (102 mg, 0.230 mmol)
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for 2 h to afford the desired amino acids rac-(3R,R,)-21 m and rac-
(3R,S,)-21m as pale-yellow amorphous solid (40.9 mg, 53%). Aver-
age purity by gHNMR (internal calibrant: maleic acid Lot
#BCBM8127V): 97 %.

rac-{(R,)-1-[4-([1,1-Biphenyl]-3-yl)buta-2,3-dien-1-yll(3R)-piperi-
dine-3-carboxylic acid} (rac-(3R,R,)-21n) and rac-{(S,)-1-[4-([1,1"-
biphenyl]-3-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,S,)-21n): GP6 was followed using nipecotic acid
esters rac-(3R,R,)-20n and rac-(3R,S,)-20n (143 mg, 0.395 mmol)
and Ba(OH),:8H,0 (249 mg, 0.790 mmol) in 3.0 mL EtOH/H,O (2:1)
overnight. After purification by RP-MPLC (MeOH/H,O 6:4) the de-
sired amino acids rac-(3RR,)-21n and rac-(3R,S,)-21n were ob-
tained as white amorphous solid (77.4 mg, 59%). Average purity
by gH NMR (internal calibrant: maleic acid Lot #BCBM8127V): 96 %.

rac-{(R,)-1-[4-([1,1-Biphenyl]-4-yl)buta-2,3-dien-1-yl](3R)-piperi-
dine-3-carboxylic acid} (rac-(3R,R,)-210) and rac-{(S,)-1-[4-([1,1"-
biphenyl]-4-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,S,)-210): GP6 was followed using nipecotic acid
esters rac-(3R,R,)-200 and rac-(3R,S,)-200 (138 mg, 0.382 mmol)
and Ba(OH),-8H,0 (241 mg, 0.764 mmol) in 3.0 mL EtOH/H,O (2:1)
overnight. After purification by RP-MPLC (MeOH/H,O 6:4) the de-
sired amino acids rac-(3RR,)-210 and rac-(3R,S,)-210 were ob-
tained as white amorphous solid (68.4 mg, 54%). Average purity
by gH NMR (internal calibrant: maleic acid Lot #BCBM8127V): 98 %.

rac-{(R,)-1-[4-([1,1":2',1"-Terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-
piperidine-3-carboxylic acid} (rac-(3R,R,)-21p) and rac-{(S,)-1-[4-
([1,1:2",1"-terphenyl]-2-yl)buta-2,3-dien-1-yll(3R)-piperidine-3-
carboxylic acid} (rac-(3R,S,)-21p): GP6 was followed using nipe-
cotic acid esters rac-(3RR,)-20p and rac-(3R,S,)-20p (127 mg,
0.290 mmol) and Ba(OH),-8H,0 (183 mg, 0.580 mmol) in 2.1 mL
EtOH/H,0 (2:1) for 24 h. After purification by RP-MPLC (MeOH/H,0O
6:4) the desired amino acids rac-(3R,R,)-21p and rac-(3R,S,)-21p
were obtained as white amorphous solid (70.0 mg, 59%). Average
purity by qHNMR (internal calibrant: maleic acid Lot
#BCBM8127V): 99 %.

(R.)-1-[4-([1,1:2,1"-Terphenyl]-2-yl)buta-2,3-dien-1-yl1(3R)-piperi-
dine-3-carboxylic acid ((3R.R,)-21p) and (S,)-1-[4-([1,1":2,1"-ter-
phenyll-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid
((3R,S,)-21 p): GP6 was followed using nipecotic acid esters (3R,R,)-
20p and (3RS,)-20p (85.0 mg, 0.194 mmol) and Ba(OH),-8H,0
(122 mg, 0.388 mmol) in 1.4 mL EtOH/H,0 (2:1) at RT overnight.
After purification by RP-MPLC (MeOH/H,O 6:4) the desired amino
acids (3R,R,)-21p and (3R,S,)-21p were obtained as white amor-
phous solid (32 mg, 40%). Average purity by gH NMR (internal cali-
brant: maleic acid Lot #BCBM8127V): 98 %.

rac-{(R,)-1-[4-(2,6’-Dimethyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,R,)-21q) and rac-
{(5.)-1-[4-(2',6'-dimethyl-[1,1"-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,S,)-21q): GP6 was
followed using nipecotic acid esters rac-(3R,R,)-20q and rac-(3R,S,)-
20g (104mg, 0266 mmol) and Ba(OH),-8H,0 (168 mg,
0.532 mmol) in 2.0 mL EtOH/H,0 (2:1) for 7.5 h. After purification
by RP-MPLC (MeOH/H,0O 7:3) the desired amino acids rac-(3R,R,)-
21q and rac-(3R,S,)-21q were obtained as white amorphous solid
(63.8 mg, 66%). Average purity by gHNMR (internal calibrant:
maleic acid Lot #BCBM8127V): 98 %.

rac-{(R,)-1-[4-(2'-Isopropyl-[1,1"-biphenyl]-2-yl)buta-2,3-dien-1-

yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,R.)-21r) and rac-
{(S,)-1-[4-(2'-isopropyl-[1,1"-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-
piperidine-3-carboxylic acid} (rac-(3R,S,)-21r): GP6 was followed
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using nipecotic acid esters rac-(3R,R,)-20r and rac-(3RS,)-20r
(127 mg, 0.315 mmol) and Ba(OH),-8H,0 (199 mg, 0.630 mmol) in
2.4 mL EtOH/H,O (2:1) overnight. After purification by RP-MPLC
(MeOH/H,O 7:3) the desired amino acids rac-(3R,R,)-21r and rac-
(3R,S,)-21r were obtained as white amorphous solid (54.6 mg,
46 %). Average purity by gH NMR (internal calibrant: maleic acid
Lot #BCBM8127V): 99 %.

rac-{(R,)-1-[4-(2',4'-Dichloro[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,R,)-21s) and rac-
{(S,)-1-[4-(2',4'-dichloro[1,1"-biphenyl]-2-yl)buta-2,3-dien-1-
yll(3R)-piperidine-3-carboxylic acid} (rac-(3R,S,)-21s): GP6 was
followed using nipecotic acid esters rac-(3R,R,)-20s and rac-(3R,S,)-
20s (125 mg, 0.290 mmol) and Ba(OH),-8 H,0 (183 mg, 0.580 mmol)
in 2.1 mL EtOH/H,O (2:1) for 48 h. After purification by RP-MPLC
(gradient elution with MeOH/H,O 6:4, MeOH) the desired amino
acids rac-(3RR,)-21s and rac-(3RS,)-21s were obtained as white
amorphous solid (62.1 mg, 53%). Average purity by gH NMR (inter-
nal calibrant: maleic acid Lot #BCBM8127V): > 99 %.

rac-{(R,)-1-[4-(2',4'-Difluoro[1,1"-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,R,)-21t) and rac-
{(5,)-1-[4-(2',4'-difluoro[1,1-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,S,)-21t): GP6 was fol-
lowed using nipecotic acid esters rac-(3R,R,)-20t and rac-(3R,S,)-
20t (109 mg, 0.275 mmol) and Ba(OH),-8H,0 (174 mg, 0.550 mmol)
in 2.1 mL EtOH/H,0O (2:1) for 8.5 h. After purification by RP-MPLC
(gradient elution with MeOH/H,0 6:4—MeOH/H,0 7:3) the desired
amino acids rac-(3R,R,)-21t and rac-(3R,S,)-21t were obtained as
white amorphous solid (53.6 mg, 53 %). Average purity by gH NMR
(internal calibrant: maleic acid Lot #BCBM8127V): 99 %.

rac-[(R,)-1-{4-[2',4'-Bis(trifluoromethyl)-[1,1'-biphenyl]-2-yl]buta-
2,3-dien-1-yl}(3R)-piperidine-3-carboxylic acid] (rac-(3R,R.)-21u)
and rac-[(S,)-1-{4-[2',4 -bis(trifluoromethyl)-[1,1"-biphenyl]-2-
yllbuta-2,3-dien-1-yl}(3R)-piperidine-3-carboxylic  acid] (rac-
(3R,S,)-21u): GP6 was followed using nipecotic acid esters rac-
(3RR,)-20u and rac-(3RS,)-20u (116 mg, 0.234 mmol) and
Ba(OH),-8H,0 (148 mg, 0.468 mmol) in 2.0 mL EtOH/H,0 (2:1) over-
night. After purification by RP-MPLC (gradient elution MeOH/H,0O
6:4 to MeOH/H,0 8:2) the desired amino acids rac-(3R,R,)-21u and
rac-(3R,S,)-21u were obtained as white amorphous solid (49.6 mg,
45%). Average purity by gH NMR (internal calibrant: maleic acid
Lot #BCBM8127V): 98 %.

rac-{(R,)-1-[4-(2',4'-Dimethoxy-[1,1'-biphenyl]-2-yl)buta-2,3-dien-
1-yll(3R)-piperidine-3-carboxylic acid} (rac-(3R,R,)-21v) and rac-
{(5,)-1-[4-(2,4-dimethoxy-[1,1-biphenyl]-2-yl)buta-2,3-dien-1-
yll(3R)-piperidine-3-carboxylic acid} (rac-(3R,S,)-21v): GP6 was
followed using nipecotic acid esters rac-(3R,R,)-20v and rac-(3R,S,)-
20v (103 mg, 0.245 mmol) and Ba(OH),-8H,0 (155 mg, 0.490 mmol)
in 2.1 mL EtOH/H,0 (2:1) overnight. After purification by RP-MPLC
(MeOH/H,O 6:4) the desired amino acids rac-(3R.R,)-21v and rac-
(3R,S.)-21v were obtained as white amorphous solid (49.1 mg,
51%). Average purity by gH NMR (internal calibrant: maleic acid
Lot #BCBM8127V): 98 %.

Methyl 1-(prop-2-yn-1-yl)-1,2,5,6-tetrahydropyridine-3-carboxyl-
ate (22): GP1 was followed applying propargyl bromide solution
(80 wt% in xylene, 1.11 mL, 10.0 mmol), methyl 1,2,5,6-tetrahydro-
pyridine-3-carboxylate (1.69 g, 12.0 mmol), acetonitrile (20 mL),
Na,CO; (2.65 g, 25.0 mmol) and Nal (749 mg, 5.00 mmol). The reac-
tion mixture was heated to 90°C for 5h and stirred at RT over-
night. The crude product was purified by column chromatography
(PE/EtOAc 7:3) to afford the desired alkyne 22 as yellow oil (1,10 g,
61%).
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rac-[Methyl  1-{4-([1,1":2',1"-terphenyl]-2-yl)-4-[3,6-dihydropyri-
din-1(2H)-yl]but-2-yn-1-yl}-1,2,5,6-tetrahydropyridine-3-carboxyl-
ate] (rac-23p): GP3 was followed using CuBr (11 mg, 0.08 mmol),
toluene  (3.0mL), [1,1:2,1"lterphenyl-2-carbaldehyde (17 p)
(207 mg,  0.800 mmol), 1,2,34-tetrahydropyridine  (0.07 mL,
0.70 mmol) and alkyne 22 (90 mg, 0.50 mmol). The crude product
was purified by column chromatography (PE/EtOAc 1:1) to afford
the desired propargylic amine rac-23p as yellow viscous oil
(192 mg, 77 %).

rac-[Methyl  1-{4-(2",4'-dichloro-[1,1'-biphenyl]-2-yl)-4-[3,6-dihy-
dropyridin-1(2H)-yllbut-2-yn-1-yl}-1,2,5,6-tetrahydropyridine-3-
carboxylate] (rac-23s): GP3 was followed using CuBr (21.3 mg,
0.148 mmol), toluene (6.0 mL), 2',4-dichloro-[1,1"-biphenyl]-2-car-
baldehyde (17s) (398 mg, 1.58 mmol), 1,2,3,4-tetrahydropyridine
(0.13 mL, 1.4 mmol) and alkyne 22 (177 mg, 0.990 mmol). The
crude product was purified by column chromatography (PE/EtOAc
6:4) to afford the desired propargylic amine rac-23s as yellow vis-
cous oil (319 mg, 65%).

rac-[Methyl  1-{4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)-4-[3,6-dihy-
dropyridin-1(2H)-yllbut-2-yn-1-yl}-1,2,5,6-tetrahydropyridine-3-
carboxylate] (rac-23t): GP3 was followed using CuBr (23.7 mg,
0.165 mmol), toluene (6.0 mL), 2',4-difluoro-[1,1'-biphenyl]-2-carbal-
dehyde (17t) (384 mg, 1.76 mmol), 1,2,3,4-tetrahydropyridine
(0.14 mL, 1.5 mmol) and alkyne 22 (197 mg, 1.10 mmol). The crude
product was purified by column chromatography (PE/EtOAc 6:4) to
afford the desired propargylic amine rac-23t as yellow viscous oil
(311 mg, 61%).

rac-{Methyl  1-[4-([1,1":2,1"-terphenyl]-2-yl)buta-2,3-dien-1-yl]-
1,2,5,6-tetrahydropyridine-3-carboxylate} (rac-24p): GP4 was fol-
lowed applying Cdl, (82.1mg, 0.224 mmol), chlorobenzene
(3.0 mL) and propargylic amine rac-23p (141 mg, 0.280 mmol). The
reaction mixture was stirred at 100°C for 1.5h and purified by
column chromatography (PE/EtOAc 1:1) to afford the desired
allene rac-24p as yellow viscous oil (112 mg, 95%). Average purity
by gH NMR (internal calibrant: benzyl benzoate Lot #BCBS0231V):
97 %.

rac-{Methyl 1-[4-(2',4'-dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-
1-yll-1,2,5,6-tetrahydropyridine-3-carboxylate} (rac-24s): GP4
was followed applying Cdl, (135 mg, 0.368 mmol), chlorobenzene
(4.0 mL) and propargylic amine rac-23s (228 mg, 0.460 mmol). The
reaction mixture was stirred at 100°C for 1.5 h and purified by
column chromatography (PE/EtOAc 6:4) to afford the desired
allene rac-24s as yellow viscous oil (157 mg, 83%). Average purity
by gH NMR (internal calibrant: benzyl benzoate Lot #BCBS0231V):
98 %.

rac-{Methyl 1-[4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-
1-yll-1,2,5,6-tetrahydropyridine-3-carboxylate} (rac-24t): GP4
was followed applying Cdl, (147 mg, 0.400 mmol), chlorobenzene
(4.0 mL) and propargylic amine rac-23t (231 mg, 0.500 mmol). The
reaction mixture was stirred at 100°C for 1.5 h and purified by
column chromatography (n-pentane/Et,0 1:1) to afford the desired
allene rac-24t as yellow viscous oil (121 mg, 63%). Average purity
by gH NMR (internal calibrant: benzyl benzoate Lot #BCBS0231V):
98 %.

rac-{1-[4-([1,1":2,1"-Terphenyl]-2-yl)buta-2,3-dien-1-yl]-1,2,5,6-

tetrahydropyridine-3-carboxylic acid} (rac-25p): GP5 was fol-
lowed using methyl ester rac-24p (271 mg, 0.643 mmol) and 2N
NaOH (0.96 mL) in MeOH (3.2 mL) overnight. After neutralization
with phosphate buffer (pH 7) the water phase was freeze dried.
The resulting white powder was then partly dissolved in Et,0 and
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filtered. After removing the solvent under reduced pressure the
residue was purified via RP-MPLC (MeOH/H,0 7:3) to afford the de-
sired amino acid rac-25p as white amorphous solid (55.8 mg,
21%). Average purity by gH NMR (internal calibrant: benzyl ben-
zoate Lot #BCBS0231V): 97 %.

rac-{1-[4-(2',4'-Difluoro-[1,1"-biphenyl]-2-yl)buta-2,3-dien-1-yll-
1,2,5,6-tetrahydropyridine-3-carboxylic acid} (rac-25t): GP5 was
followed using methyl ester rac-24t (103 mg, 0.270 mmol) and 2N
NaOH (0.41 mL) in MeOH (1.35 mL) for 7 h. After neutralization
with phosphate buffer (pH 7) the water phase was freeze dried.
The resulting white powder was then partly dissolved in Et,0 and
filtered. After removing the solvent under reduced pressure the
residue was purified via RP-MPLC (MeOH/H,0 6:4) to afford the de-
sired amino acid rac-25t as white amorphous solid (25 mg, 25%).
Average purity by gH NMR (internal calibrant: benzyl benzoate Lot
#BCBS0231V): 98 %.

rac-{1-[4-(2',4'-Dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yll-
1,2,5,6-tetrahydropyridine-3-carboxylic acid} (rac-25s): GP5 was
followed using methyl ester rac-24s (119 mg, 0.287 mmol) and 2N
NaOH (0.63 mL) in MeOH (1.5 mL) for 8 h. After neutralization with
phosphate buffer (pH 7) the water phase was freeze dried. The re-
sulting white powder was then partly dissolved in Et,0 and fil-
tered. After removing the solvent under reduced pressure the resi-
due was purified via RP-MPLC (gradient elution MeOH/H,0 6:4 to
MeOH/H,0 7:3) to afford the desired amino acid rac-25s as pale-
yellow amorphous solid (15.5mg, 14%). Average purity by
gH NMR (internal calibrant: benzyl benzoate Lot #BCBS0231V):
96 %.

Biological evaluation

MS Binding Assays: The MS Binding Assays were performed with
MGAT1 membrane preparations obtained from a stable HEK293
cell line and NO711 as unlabeled marker in competitive binding ex-
periments as described previously."?

[PHIGABA uptake assays: The [PHIGABA uptake assays were per-
formed in a 96-well plate format with intact HEK293 cells stably ex-
pressing mMGAT1, mGAT2, mGAT3, mGAT4 as described earlier.®
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1. Atropisomerism: Comparison of 13C NMR spectra of 24p with 20p

2. Spectral and physical data (including analytical data for compound 21p)

1. Atropisomerism: Comparison of 3C NMR spectra of 24p with
20p

A comparison of the 13C NMR spectra of guvacine derivatives 24p (SlI-Figure
1), exhibiting a stereocenter and an axis of chirality at room temperature, with the 13C
NMR spectra of the racemic diastereomer mixture of nipecotic acid derivatives 20p (SI-
Figure 1), exhibiting a stereocenter at the nipecotic acid and two axes of chirality, i.e.
the axial chirality of the allene and the atropisomers, at room temperature, helps to
interpret the measured NMR spectra of related nipecotic acid derivatives correctly. The
13C signal of the inner allene carbon of 24p was measured as two signals at 298 K,
one for each of the atropisomeric forms (Sl-Figure 1a). When the temperature, at which
the 3C NMR spectrum was recorded, was raised to 393 K the allenic carbon signals
of the two atropisomeric forms continuously merged to give finally a single signal (SI-
Figure 1b). The nipecotic acid derivative mixture 20p, consisting of four diastereomeric
compounds in racemic form, exhibits four 13C signals for the inner allene carbon at 298
K (SI-Figure 1c). Heating to 393 K succeeded in overcoming the rotational barrier of
the atropisomeric forms fast enough to measure two *2C signals instead of four (SI-
Figure 1d), which are assigned to the signals of the two remaining racemic

diastereomers.
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Sl-Figure 1. Cutout of *¥C NMR spectra of guvacine derivatives 24p and nipecotic acid derivatives 20p in
nitrobenzene-d5 measured at 298 K (upper spectra a and ¢) and at 393 K (lower spectra b and d).



2. Spectral and physical data for compounds R-11, rac-16,
17q,r,v, 19b-i, 19k, 19n-v, 20b-k, 20n-v, 21a-v, 22, rac-23p,s,t,
rac-24p,s,t and rac-25p,s,t

Ethyl 1-(prop-2-yn-1-yl)(R)-piperidine-3-carboxylate (R-11):

R=0.21 (PE/EtOAc 7:3); [a]p?*=+4.58 (c=2.76 g/100 mL in chloroform); *H NMR (400 MHz, CDClz):
0=1.25 (t, J=7.1 Hz, 3H, OCH2CH3), 1.42 (qd, J=11.7/3.9 Hz, 1H, NCH2CHCHaxHeg), 1.52-1.66 (m, 1H,
NCH2CHaxHeqCH2CH), 1.69-1.81 (m, 1H, NCH2CHaxHeqCH2CH), 1.86-1.99 (m, 1H, NCH2CHCHaxHeq).
2.19 (td, J=11.1/3.1 Hz, 1H, NCHaxHeqCH2CH2CH), 2.24 (t, J=2.4 Hz, 1H, NCH2C=CH), 2.37 (t, J=10.7
Hz, 1H, NCHaHeqCHCHz), 2.58 (tt, J=10.7/3.9 Hz, 1H, NCH2CHaCH2), 2.68-2.83 (m, 1H,
NCHaxHeqCH2CH2CH), 3.00 (ddt, J=10.9/3.4/1.5 Hz, 1H, NCHaxHeqCHCH?2), 3.32 (d, J=2.4 Hz, 2H,
NCH>C=CH), 4.13 (q, J=7.1 Hz, 2H, OCH.CHs3); 1*C NMR (101 MHz, CDCls): 6=14.3 (CHs), 24.7 (CH2),
26.6 (CH2), 42.0 (CH), 47.4 (CH2), 52.4 (CH2), 54.3 (CHz2), 60.5 (CH2), 73.3 (CH), 78.9 (C), 174.1 (C);
IR (film): ¥=3297, 2941, 2806, 1731, 1468, 1451, 1368, 1311, 1223, 1182, 1153, 1133, 1095, 1031, 900,
864, 793 cmt; HRMS-ESI m/z [M+H]* calcd for C11H17NO2: 196.1338, found: 196.1331.

rac-[1-(Buta-2,3-dien-1-yl)piperidine-3-carboxylic acid] (rac-16):

1H NMR (400 MHz, D20, 1M NaOD): 5=1.18 (qd, J=12.7/4.0 Hz, 1H, NCH2CHCHaHeq), 1.39 (qt,
J=12.4/3.9 Hz, 1H, NCH2CHaHeqCH2CH), 1.58-1.68 (M, 1H, NCH2CHaxHeqCH2CH), 1.75-1.85 (m, 1H,
NCH2CHCHaxHeg), 1.88 (td, J=12.0/2.9 Hz, 1H, NCHaHeqCH2CH2CH), 1.93 (t, J=11.4 Hz, 1 H,
NCHaHeqCHCH2), 2.23 (tt, J=12.1/3.8 Hz, 1H, NCH2CHuCHz), 2.81 (d, J=11.6 Hz, 1H,
NCHaxHeqCH2CH2CH), 2.89-3.00 (m, 3H, NCH2CHCCH2 and NCHaxHeqCHCH?), 4.70 (dt, J=6.6/2.4 Hz,
2H, NCH2CHCCHj), 5.09 (p, J=7.1 Hz, 1H, NCH.CHCCHz); 3C NMR (101 MHz, D20, 1M NaOD):
5=24.0 (CH2), 27.6 (CHz), 44.8 (CH), 52.3 (CH2), 55.2 (CH2), 56.5 (CH2), 74.8 (CHz), 85.2 (CH), 183.4
(C), 209.5 (C); IR (film): ¥=3409, 3062, 2949, 2864, 2807, 2502, 2364, 1956, 1708, 1588, 1468, 1451,
1390, 1280, 1150, 1092, 1067, 1045, 955, 857, 768 cmL; HRMS-ESI m/z [M+H]* calcd for C1oH1sNO:
182.1181, found: 182.1176.

2',6'-Dimethyl-[1,1'-biphenyl]-2-carbaldehyde (17q):

Ri=0.53 (PE, 5% EtOAc), mp: 42 °C; 'H NMR (400 MHz, CD2Cl2): 6=1.96 (s, 6H, CHs), 7.11-7.17 (m,
2H, HsCCCHCHCHCCH3), 7.19-7.26 (m, 2H, H3sCCCHCHCHCCH3 and CHOCCHCHCHCHC), 7.49—
7.56 (m, 1H, CHOCCHCHCHCHC), 7.69 (td, J=7.5/1.5 Hz, 1H, CHOCCHCHCHCHC), 8.01 (ddd,
J=7.8/1.5/0.6 Hz, 1H, CHOCCHCHCHCHC), 9.63 (d, J=0.8 Hz, 1H, CHO); 3C NMR (101 MHz, CD:Cl»):
5=21.2 (CHa), 127.8 (CH), 127.9 (CH), 128.3 (CH), 128.4 (CH), 131.2 (CH), 134.3 (C), 134.9 (CH), 136.9
(C), 137.9 (C), 145.5 (C), 192.5 (CH); IR (KBr): ¥=3062, 3021, 2965, 2921, 2835, 2744, 1694, 1651,
1596, 1463, 1446, 1389, 1293, 1257, 1240, 1194, 1159, 1107, 1030, 1004, 826, 767, 748, 687, 638 cm-
1 HRMS-EI m/z calcd for C1sH140: 210.1045, found: 210.1037.

2'-Isopropyl-[1,1'-biphenyl]-2-carbaldehyde (17r):

Rr=0.60 (PE, 5% EtOAc), 'H NMR (400 MHz, CD2Cl2): 5=1.08 (d, J=6.8 Hz, 3H, CHCHs3), 1.12 (d, J=6.8
Hz, 3H, CHCHa), 2.74 (hept, J=6.9 Hz, 1H, CH(CHs)2), 7.14 (ddd, J=7.6/1.3/0.7 Hz, 1H, ArH), 7.24 (ddd,
J=7.6/6.3/2.4 Hz, 1H, ArH), 7.33 (ddd, J=7.6/1.3/0.6 Hz, 1H, CHOCCHCHCHCH), 7.38-7.47 (m, 2H,
ArH), 7.49-7.55 (m, 1H, CHOCCHCHCHCH), 7.64 (td, J=7.5/1.5 Hz, 1H, CHOCCHCHCHCH), 7.99
(ddd, J=7.8/1.5/0.6 Hz, 1H, CHOCCHCHCHCH), 9.75 (d, J=0.8 Hz, 1H, CHO); 1*C NMR (101 MHz,
CD2Cl): 6=23.7 (CHs), 24.7 (CHs), 30.6 (CH), 125.8 (CH), 126.1 (CH), 127.4 (CH), 128.3 (CH), 129.2
(CH), 130.8 (CH), 131.7 (CH), 134.0 (CH), 134.8 (C), 137.0 (C), 146.1 (C), 147.7 (C), 192.5 (CH); IR
(film): ¥=3061, 3021, 2962, 2926, 2868, 2746, 1694, 1651, 1597, 1472, 1443, 1390, 1364, 1252, 1194,
1159, 1102, 1034, 825, 797, 756 cmt; HRMS-EI m/z calcd for C1sH1s0: 224.1201, found: 224.1196.

2',4'-Dimethoxy-[1,1'-biphenyl]-2-carbaldehyde (17v):

R=0.37 (n-pentane/Et20 8:2), 'H NMR (500 MHz, CD2Cl2): 6=3.72 (s, 3H, OCHg), 3.86 (s, 3H, OCHg),
6.56 (d, J=2.4 Hz, 1H, CHOCCCCHCHCOMeCHCOMe), 6.63 (dd, J=8.3/2.4 Hz, 1H,
CHOCCCCHCHCOMeCHCOMe), 7.20 (d, J=8.3 Hz, 1H, CHOCCCCHCHCOMeCHCOMe), 7.34 (dd,



J=7.7/1.2 Hz, 1H, CHOCCHCHCHCHC), 7.45 (it, J=7.6/1.1 Hz, 1H, CHOCCHCHCHCHC), 7.63 (td,
J=7.5/1.5 Hz, 1H, CHOCCHCHCHCHC), 7.92 (dd, J=7.8/1.4 Hz, 1H, CHOCCHCHCHCHC), 9.76 (d,
J=0.8 Hz, 1H, CHO); 13C NMR (126 MHz, CD2Cl,): 6=55.9 (CHs), 56.0 (CHs), 98.8 (CH), 105.6 (CH),
119.9 (C), 126.9 (CH), 127.9 (CH), 132.0 (CH), 132.4 (CH), 134.1 (CH), 134.8 (C), 142.3 (C), 158.2 (C),
162.0 (C), 192.9 (CH); IR (film): ¥=3002, 2938, 2837, 2751, 1694, 1655, 1611, 1597, 1582, 1509, 1464,
1438, 1414, 1392, 1308, 1285, 1263, 1240, 1208, 1159, 1136, 1096, 1052, 1030, 1002, 933, 917, 829,
767 cm™; HRMS-EI m/z calcd for CisH1403: 242.0943, found: 242.0937.

rac-[Ethyl (4R)-1-{4-(2-bromophenyl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19b) and rac-[ethyl (4S)-1-{4-(2-bromophenyl)-4-[3,6-
dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19b):

R=0.43 (PE/EtOAc 7:3); *H NMR (500 MHz, CDCls): 6=1.25 (t, J=7.1 Hz, 3 H, OCH2CH3), 1.38-1.49
(m, 1 H, NCH2CHCHaHeg), 1.54-1.67 (m, 1 H, NCH2CHaHeqCH2CH), 1.73-1.81 (m, 1 H,
NCH2CHaxHeqCH2CH), 1.89-1.99 (m, 1 H, NCH2CHCHaxHeg), 2.02—-2.12 (m, 1 H, NCH.CHCHCH2CH>),
2.13-2.29 (m, 2 H, NCH2CHCHCH2CH2 and NCHaHeqCH2CH2CH), 2.41 (t, J=10.6 Hz, 1 H,
NCHaxHegCHCH?2), 2.55-2.63 (m, 1 H, NCH2CHaxCHz), 2.68 (t, J=5.4 Hz, 2 H, NCH2CHCHCH2CH),
275283 (m, 1 H, NCHaxHeCH2CH2CH), 3.00-3.10 (m, 2 H, NCHaxHeqCHCH2 and
NCH2CHCHCH2CH), 3.12-3.20 (m, 1 H, NCH2CHCHCH2CHy), 3.45 (t, J=2.1 Hz, 2 H, NCHCCCH2N),
4.13 (g, J=7.1Hz, 2 H, OCH2CHzs), 4.98 (t, J=2.1 Hz, 1 H, NCHCCCH:N), 5.60-5.74 (m, 2 H,
NCH2CHCHCH2CH), 7.14 (id, J=7.6/1.7 Hz, 1 H, BrCCHCHCHCH), 7.30 (td, J=7.5/1.3 Hz, 1 H,
BrCCHCHCHCH), 7.55 (dd, J=8.0/1.3 Hz, 1 H, BrCCHCHCHCH), 7.70 (dd, J=7.7/1.7 Hz, 1 H,
BrCCHCHCHCH); 13C NMR (126 MHz, CDCls): 6=14.2 (CHa), 24.5 (CHz), 26.4 (CHz), 26.5 (CHz), 41.9
(CH), 46.6 (CH2), 47.7 (CH>), 48.7 (CH2), 52.4 (CHz2), 54.3 (CH2), 60.3 (CH), 60.6 (CH), 81.0 (C), 82.4
(C), 125.0 (CH), 125.1 (C), 125.4 (CH), 126.8 (CH), 129.1 (CH), 130.5 (CH), 133.1 (CH), 137.8 (C),
173.9 (C); IR (film): ¥=3060, 3032, 2937, 2864, 2805, 1731, 1660, 1588, 1568, 1466, 1440, 1368, 1347,
1311, 1281, 1261, 1223, 1181, 1152, 1131, 1095, 1046, 1026, 998, 974, 950, 868, 804, 795, 770, 747,
681, 652, 621 cm; HRMS-ESI m/z [M+H]* calcd for C2sH20BrN202: 445.1491, found: 445.1495.

rac-[Ethyl (4R)-1-{4-(2-chlorophenyl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI1}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19c) and rac-[ethyl (4S)-1-{4-(2-chlorophenyl)-4-[3,6-
dihydropyridin-1(2H)-yl]but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19c):

Ri=0.16 (PE/EtOAc 7:3); *H NMR (400 MHz, CDCls): 6=1.25 (t, J=7.1 Hz, 3 H, OCH2CHs), 1.43 (qd,
J=11.6/3.7 Hz, 1 H, NCH2CHCHaxHeg), 1.54-1.67 (m, 1 H, NCH2CHaxHeqCH2CH), 1.77 (dp, J=11.4/3.9
Hz, 1 H, NCH2CHaxHeqCH2CH), 1.89-1.99 (m, 1 H, NCH2CHCHaxHeq), 2.02-2.29 (m, 3 H,
NCH2CHCHCH2CH2 and NCHaxHeqCH2CH2CH), 2.41 (t, J=10.6 Hz, 1 H, NCHaxHeqCHCHy), 2.59 (it,
J=10.6/3.8 Hz, 1 H, NCH2CHxCH2), 2.69 (t, J=5.7 Hz, 2 H, NCH2CHCHCH2CH?>), 2.79 (dw, J=11.7 Hz,
1 H, NCHaxHeqCH2CH2CH), 2.99-3.20 (m, 3 H, NCHaxHeqCHCH2 and NCH2CHCHCH2CH?>), 3.39-3.50
(m, 2 H, NCHCCCH:2N), 4.09-4.18 (m, 2 H, OCH2CHs), 5.03 (t, J=2.0 Hz, 1 H, NCHCCCH:N), 5.56—
5.78 (m, 2 H, NCH2CHCHCH2CH), 7.19-7.29 (m, 2 H, CICCHCHCHCH), 7.33-7.41 (m, 1 H,
CICCHCHCHCH), 7.70 (dd, J=7.3/2.1 Hz, 1 H, CICCHCHCHCH); 3C NMR (101 MHz, CDCls): 6=14.2
(CHgs), 24.5 (CHz), 26.5 (CH2), 26.5 (CHz), 41.9 (CH), 46.6 (CH2), 47.7 (CHz), 48.9 (CH2), 52.4 (CHy),
54.4 (CH2), 58.1 (CH), 60.4 (CH), 81.1 (C), 82.2 (C), 125.0 (CH), 125.40 (CH), 126.2 (CH), 128.8 (CH),
129.8 (CH), 130.4 (CH), 134.5 (C), 136.2 (C), 174.0 (C); IR (film): ¥=3032, 2939, 2805, 1731, 1573,
1467, 1443, 1368, 1313, 1263, 1222, 1181, 1152, 1132, 1095, 1049, 1032, 999, 974, 950, 750, 706,
652 cmt; HRMS-ESI m/z [M+H]* calcd for C23H20CIN202: 401.1996, found: 401.1995.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2-fluorophenyl)but-2-yn-1-yl}(3R)-piperidine-
3-carboxylate] (rac-(3R,4R)-19d) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2-
fluorophenyl)but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19d):

Ri=0.16 (PE/EtOAc 7:3); 'H NMR (400 MHz, CD:Cl»): 5=1.22 (t, J=7.1 Hz, 3 H, OCH>CHs), 1.42 (qd,
J=11.8/4.0 Hz, 1 H, NCH2CHCHaxHeq), 1.51-1.63 (m, 1 H, NCH2CHaxHeqCH2CH), 1.74 (dp, J=11.6/3.6
Hz, 1 H, NCH2CHaxHeqCH2CH), 1.84-1.94 (m, 1 H, NCH2CHCHaxHeq), 2.00-2.20 (m, 2 H,
NCH2CHCHCH2CH2), 2.24 (td, J=10.8/3.1 Hz, 1 H, NCHaHeqCH2CH2CH), 2.39 (t, J=10.5 Hz, 1 H,
NCHaHeqCHCH2), 2.55 (tt, J=10.1/3.7 Hz, 1 H, NCH:CHwCH2), 2.66 (t, J=5.7 Hz, 2 H,
NCH2CHCHCH2CH2), 2.75 (dor, J=11.2 Hz, 1 H, NCHaxHeqCH2CH2CH), 2.94-3.16 (m, 3 H,
NCHaxHeqCHCH2 and NCH2CHCHCH:CH?), 3.41 (d, J=2.0 Hz, 2 H, NCHCCCH:N), 4.09 (q, J=7.1 Hz,
2 H, OCH2CHs3), 4.99 (t, J=2.0 Hz, 1 H, NCHCCCH:N), 5.66 (m, 2 H, NCH.CHCHCHCHz), 7.06 (ddd,



J=10.4/8.2/1.2 Hz, 1 H, FCCCHCHCHCH), 7.15 (td, J=7.5/1.2 Hz, 1 H, FCCCHCHCHCH), 7.25-7.36
(m, 1 H, FCCCHCHCHCH), 7.63 (tt, J=7.7/1.5 Hz, 1 H, FCCCHCHCHCH); 3C NMR (101 MHz, CD2Cl):
5=14.6 (CHs), 25.1 (CHz), 27.1 (CH2), 27.1 (CH2), 42.5 (CH), 47.0 (CH3), 48.1 (CH2), 49.4 (CHy), 53.0
(CHz), 55.0 (CH2), 55.2 (CH), 55.3 (CH), 60.8 (CH2), 80.7 (C), 82.9 (C), 116.0 (d, Jcr=22.1 Hz, CH),
124.1 (d, Jcr=3.6 Hz, CH), 125.5 (CH), 125.9 (CH), 126.3 (d, Jcr=13.1 Hz, C), 130.0 (d, Jcr=8.4 Hz,
CH), 131.2 (d, Jcr=3.6 Hz, CH), 161.3 (d, Jer=247.7 Hz, C), 174.4 (C); °F {H} NMR (376 MHz, CD:Cl):
5=-118.38; IR (film): ¥=3432, 3034, 2940, 2866, 2807, 1731, 1659, 1615, 1588, 1489, 1456, 1393, 1368,
1317, 1270, 1233, 1181, 1153, 1132, 1094, 1073, 1046, 1030, 999, 974, 953, 857, 806, 795, 758, 712,
654, 619 cm; HRMS-ESI m/z [M+H]* calcd for CasH20FN2O2: 385.2291, found: 385.2285.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-[2-(trifluoromethyl)phenyl]but-2-yn-1-yl}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19¢e) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-
4-[2-(trifluoromethyl)phenyl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19e):

Ri=0.18 (PE/EtOAC 7:3); 'H NMR (400 MHz, CD2Clp): 6=1.22 (t, J=7.1 Hz, 3H, OCH-CH), 1.40 (qd,
J=11.5/4.2 Hz, 1H, NCH2CHCHaxHeq), 1.49-1.62 (m, 1H, NCH2CHaxHeqCH2CH), 1.68-1.78 (m, 1H,
NCH2CHaxHeqCH2CH), 1.83-1.93 (m, 1H, NCH2CHCHaxHeq), 1.97-2.25 (m, 3H, NCH2CHCHCHCH:
and NCHaxHeqCH2CH2CH), 2.35 (t, J=10.6 Hz, 0.5H, NCHaxHeqCHCHa, dia 1), 2.35 (t, J=10.6 Hz, 0.5H,
NCHaxHeqCHCH2, dia 2), 2.49-2.62 (m, 2H, NCH2CHaCHz and NCH2CHCHCH:CH>), 2.64-2.76 (m,
2H, NCH2CHCHCH:CHz and NCHaxHeqCH2CH2CH), 2.95 (ddbr, J=11.1/3.7 Hz, 1H, NCHaxHeqCHCH>),
2.98-3.15 (m, 2H, NCH2CHCHCH:CHz), 3.37 (d, J=1.9 Hz, 2H, NCHCCCH:N), 4.09 (q, J=7.1 Hz, 2H,
OCH2CH3), 4.87 (t, J=1.9 Hz, 1H, NCHCCCH:N), 5.55-5.78 (m, 2H, NCH2CHCHCH2CHz), 7.42 (tor,
J=7.7 Hz, 1H, FsCCCHCHCHCH), 7.57 (tor, J=7.7 Hz, 1H, FsCCCHCHCHCH), 7.67 (dor, J=7.7 Hz, 1H,
F3CCCHCHCHCH), 7.96 (dbr, J=7.7 Hz, 1H, FsCCCHCHCHCH); 3C NMR (101 MHz, CD2Cl.): 5=14.6
(CHs), 25.1 (CHz), 27.0 (CH2), 27.1 (CH2), 42.5 (CH), 47.7 (CH2), 48.1 (CH>), 49.9 (CHz), 53.0 (CH2),
54.9 (CH2), 58.1 (q, Jcr=1.6 Hz, CH), 60.8 (CHz), 81.8 (C), 83.6 (C), 125.1 (q, Jcr=274.3 Hz, C), 125.5
(CH), 125.8 (CH), 126.9 (q, Jcr=5.8 Hz, CH), 128.3 (CH), 128.8 (g, Jcr=30.3 Hz, C), 131.1 (CH), 132.3
(CH), 139.0 (C), 174.3 (C); 19F {tH} NMR (376 MHz, CD2Cl2): =-58.64; IR (film): ¥=3035, 2941, 2806,
1731, 1660, 1607, 1585, 1451, 1393, 1368, 1312, 1264, 1223, 1181, 1156, 1129, 1058, 1036, 999, 975,
958, 948, 827, 770, 728, 666, 652 cm™; HRMS-EI m/z calcd for CaaH20F3N202: 434.2181, found:
434.2196.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2-methoxyphenyl)but-2-yn-1-yI}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19f) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-
4-(2-methoxyphenyl)but-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19f):

Rf=0.29 (PE/EtOAc 1:1); 'H NMR (500 MHz, CDCls): 6=1.18 (t, J=7.1Hz, 1.5H, OCH2CHs, dial), 1.18
(t, J=7.1Hz, 1.5H, OCH2CHs, dia2), 1.35 (qd, J=12.1/3.2 Hz, 1H, NCH2CHCHaxHeq), 1.46-1.59 (m, 1H,
NCH2CHaxHeqCH2CH), 1.69 (dp, J=11.4/3.8 Hz, 1H, NCH2CHaxHeqCH2CH), 1.86 (dbr, J=13.0 Hz, 1H,
NCH2CHCHaxHeg), 1.95-2.23 (m, 3H, NCH2CHCHCH2CH2 and NCHaxHeqCH2CH2CH), 2.34 (t, J=10.8
Hz, 1H, NCHaxHeqCHCH?), 2.45-2.57 (m, 1H, NCH2CHuxCHz2), 2.57-2.77 (m, 3H, NCH2CHCHCH2CH:
and NCHaxHeqCH2CH2CH), 2.87-2.99 (m, 1H, NCHaxHeqCHCH2), 3.00-3.14 (m, 2H,
NCH2CHCHCH2CH), 3.30-3.41 (m, 2H, NCHCCCH2N), 3.76 (s, 3H, OCHs), 4.03-4.09 (m, 2H,
OCH2CHs), 5.05 (s, 1H, NCHCCCH:N), 5.45-5.74 (m, 2H, NCH2CHCHCH2CH>), 6.81 (dd, J=8.3/1.1
Hz, 1H, MeOCCHCHCHCH), 6.88 (td, J=7.5/1.1 Hz, 1H, MeOCCHCHCHCH), 7.19 (td, J=7.8/1.8 Hz,
1H, MeOCCHCHCHCH), 7.52 (dd, J=7.5/1.7 Hz, 1H, MeOCCHCHCHCH); 13C NMR (101 MHz, CD2Cl2):
0=14.6 (CHgs), 25.1 (CH2), 25.1 (CH>), 26.9 (CH2), 27.1 (CHz), 42.5 (CH), 42.5 (CH), 46.9 (CH), 48.1
(CH2), 49.6 (CH>), 52.9 (CH), 53.0 (CHz), 54.8 (CH), 55.0 (CH2), 56.3 (CHzs), 60.8 (CH2), 60.8 (CH>),
81.8 (C), 81.8 (C), 82.4 (C), 82.4 (C), 111.6 (CH), 120.4 (CH), 125.4 (CH), 126.3 (CH), 127.4 (C), 129.4
(CH), 130.6 (CH), 157.7 (C), 174.3 (CO), 174.4 (CO); IR (film): ¥=3031, 2939, 2804, 1731, 1659, 1600,
1587, 1491, 1464, 1440, 1393, 1368, 1317, 1287, 1246, 1226, 1181, 1152, 1132, 1095, 1048, 1030,
999, 974, 948, 906, 861, 755, 722, 653 cm1; HRMS-ESI m/z [M+H]* calcd for C24H32N203: 397.2491,
found: 397.2489.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(3-methoxyphenyl)but-2-yn-1-yI}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19g) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-
4-(3-methoxyphenyl)but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-199):

Rr=0.30 (PE/EtOAC 6:4); 'H NMR (400 MHz, CD2Cl): =1.22 (t, J=7.1 Hz, 3H, OCHCHs), 1.42 (qd,
J=12.0/4.0 Hz, 1H, NCH2CHCHaxHeq), 1.51-1.65 (m, 1H, NCH2CHayHeqCH2CH), 1.69-1.80 (m, 1H,



NCH2CHaxHeqCH2CH), 1.83-1.95 (m, 1H, NCH2CHCHaxHeq), 2.03—-2.21 (m, 2H, NCH2CHCHCH2CHy),
2.27 (td, J=10.9/3.1 Hz, 1H, NCHaxHeqCH2CH2CH), 2.41 (t, J=10.5 Hz, 1H, NCHaxHeqCHCH3), 2.51~2.66
(M, 3H, NCH2CHaCH2 and NCH2CHCHCH2CHz), 2.77 (dbr, J=11.1 Hz, 1H, NCHaxHeqCH2CH2CH), 2.97—
3.12 (M, 3H, NCHaxHeqCHCH2 and NCH2CHCHCH:2CHz), 3.44 (d, J=1.9 Hz, 2H, NCHCCCH:N), 3.80
(s, 3H, OMe), 4.10 (g, J=7.1 Hz, 2H, OCH2CHs), 4.70 (t, J=2.0 Hz, 1H, NCHCCCH:N), 5.60-5.78 (m,
2H, NCH2CHCHCH2CH3), 6.77-6.86 (m, 1H, CCHCHCHCOMe), 7.11~7.20 (m, 2H, CCHCOMe and
CCHCHCHCOMe), 7.20~7.30 (m, 1H, CCHCHCHCOMe); 13C NMR (101 MHz, CD2Cly): 6=14.6 (CHs),
25.1 (CHz), 27.1 (CHz), 27.1 (CHz), 42.5 (CH), 46.9 (CH2), 48.1 (CH2), 49.5 (CH2), 53.0 (CH>), 55.0
(CH>), 55.7 (CHs), 60.8 (CH), 61.6 (CH), 81.2 (C), 83.3 (C), 113.5 (CH), 113.5 (CH), 114.4 (CH), 114.4
(CH), 121.2 (CH), 125.5 (CH), 126.19 (CH), 129.5 (CH), 141.0 (C), 160.2 (C), 174.4 (C); IR (film):
¥=3031, 2939, 2911, 2866, 2832, 2807, 2746, 1731, 1658, 1600, 1586, 1487, 1465, 1451, 1435, 1393,
1368, 1347, 1315, 1274, 1248, 1226, 1182, 1153, 1133, 1095, 1047, 1030, 999, 975, 955, 935, 919,
865, 825, 802, 788, 759, 693, 655 cmL; HRMS-ES| m/z [M+H]* calcd for C2sHz2N20s: 397.2491, found:
397.2482.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2,5-dimethoxyphenyl)but-2-yn-1-yI}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19h) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-
4-(2,5-dimethoxyphenyl)but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19h):

Ri=0.09 (PE/EtOAC 1:1); 'H NMR (400 MHz, CD2Cly): 6=1.22 (t, J=7.1 Hz, 3H, OCH2CHs), 1.41 (qd,
J=11.3/3.9 Hz, 1H, NCH2CHCHaxHeq), 1.49-1.63 (m, 1H, NCH2CHaxHeqCH2CH), 1.67-1.79 (m, 1H,
NCH2CHaxHeqCH2CH), 1.83-1.94 (m, 1H, NCH2CHCHaxHeg), 1.98-2.19 (m, 2H, NCH2CHCHCH2CHy),
2.24 (td, J=10.9/3.1 Hz, 1H, NCHaHeqCH2CH2CH), 2.38 (t, J=10.5 Hz, 1H, NCHaxHeqCHCH2), 2.55 (tt,
J=10.4/3.8 Hz, 1H, NCH2CHaCHz), 2.59-2.80 (m, 3H, NCH2CHCHCHCHz and NCHaxHeqCH2CH2CH),
2.98 (dlor, J=11.3 Hz, 1H, NCHaxHeqCHCH?2), 3.05-3.11 (m, 2H, NCH2CHCHCH2CH?>), 3.39 (d, J=2.0 Hz,
2H, NCHCCCH:N), 3.76 (s, 3H, OMe), 3.80 (s, 3H, OMe), 4.09 (g, J=7.1 Hz, 2H, OCH>CHs), 5.02 (t,
J=2.0 Hz, 1H, NCHCCCH:N), 5.60-5.72 (m, 2H, NCH2CHCHCH:2CHy), 6.80 (dd, J=8.9/3.0 Hz, 1H,
CCOMeCHCHCOMeCH), 6.85 (d, J=8.9 Hz, 1H, CCOMeCHCHCOMeCH), 7.15 (d, J=3.0 Hz, 1H,
CCOMeCHCHCOMeCH); 3C NMR (101 MHz, CD:Clz): 6=14.6 (CHa), 25.1 (CHz), 27.1 (CH2), 42.5
(CH), 47.0 (CH2), 48.1 (CHz), 49.7 (CH2), 53.0 (CH2), 55.0 (CH2), 55.0 (CH), 55.0 (CH), 56.2 (CH3), 57.1
(CHs), 60.8 (CH2), 81.9 (C), 82.3 (C), 112.9 (CH), 112.9 (CH), 113.8 (CH), 113.8 (CH), 116.5 (CH),
116.5 (CH), 125.4 (CH), 126.2 (CH), 128.7 (C), 152.0 (C), 153.8 (C), 174.4 (C): IR (film): ¥=3031, 2939,
2909, 2832, 2804, 2747, 1731, 1660, 1612, 1589, 1497, 1464, 1428, 1393, 1367, 1348, 1312, 1277,
1246, 1217, 1179, 1153, 1132, 1095, 1071, 1047, 1028, 999, 976, 883, 868, 808, 713, 703, 654 cmL;
HRMS-ESI m/z [M+H]* calcd for CasHaaN204: 427.2597, found: 427.2587.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(3,5-dimethoxyphenyl)but-2-yn-1-yl}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19i) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-
4-(3,5-dimethoxyphenyl)but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19i):

R=0.18 (PE/EtOAc 1:1); H NMR (500 MHz, CD2Cl): 6=1.22 (t, J=7.1 Hz, 3H, OCH»CH?3), 1.41 (qd,
J=12.1/3.9 Hz, 1H, NCH2CHCHaxHeq), 1.51-1.66 (m, 1H, NCH2CHaxHeqCH2CH), 1.69-1.79 (m, 1H,
NCH2CHaxHeqCH2CH), 1.83-1.95 (m, 1H, NCH2CHCHaxHeg), 2.06—2.20 (m, 2H, NCH.CHCHCH:CH?>),
2.26 (td, J=10.9/3.1 Hz, 1H, NCHaxHeqCH2CH2CH), 2.40 (t, J=10.5 Hz, 1H, NCHaxHeqCHCH?), 2.51-2.66
(M, 3H, NCH2CHaxCH2 and NCH2CHCHCH:2CH?), 2.77 (dlbr, J=10.8 Hz, 1H, NCHaxHeqCH2CH2CH), 3.00
(dor, J=10.7 Hz, 1H, NCHaxHeqCHCH2), 3.06 (p, J=2.8 Hz, 2H, NCH.CHCHCH2CH?>), 3.44 (d, J=2.0 Hz,
2H, NCHCCCH:N), 3.78 (s, 6H, OCHs), 4.09 (qd, J=7.1/1.2 Hz, 2H, OCH2CHs), 4.65 (t, J=2.0 Hz, 1H,
NCHCCCH2N), 5.63-5.75 (m, 2H, NCH:CHCHCH:CH2), 6.37 (t, J=2.3 Hz, 1H,
CCHCOMeCHCOMeCH), 6.77 (dt, J=2.3/0.8 Hz, 2H, CCHCOMeCHCOMeCH); **C NMR (126 MHz,
CD2Cl): 6=14.6 (CHs), 25.2 (CH2), 27.1 (CH2), 27.1 (CH2), 42.5 (CH), 46.8 (CH>), 48.1 (CH>), 49.6
(CH2), 49.6 (CH2), 52.0 (CH2), 55.0 (CH2), 55.9 (CHs3), 60.8 (CH2), 61.7 (CH), 81.2 (C), 83.2 (C), 100.0
(CH), 100.0 (CH), 106.8 (CH), 106.8 (CH), 125.5 (CH), 126.2 (CH), 141.9 (C), 161.2 (C), 174.4 (C); IR
(film): ¥=3031, 2939, 2835, 2807, 1731, 1659, 1596, 1460, 1427, 1393, 1367, 1336, 1315, 1298, 1261,
1244, 1204, 1154, 1133, 1095, 1064, 1053, 1029, 1001, 976, 955, 929, 858, 829, 794, 770, 730, 684,
647 cm'1; HRMS-ESI m/z [M+H]* calcd for C2sH34N204: 427.2597, found: 427.2586.



rac-[Ethyl (4R)-1-{4-(2-chloro-5-methoxyphenyl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-
yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19k) and rac-[ethyl (4S)-1-{4-(2-chloro-5-
methoxyphenyl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-
(3R,4S)-19Kk):

Rr=0.41 (PE/EtOAC 6:4); 'H NMR (500 MHz, CD2Cl2): 5=1.22 (t, J=7.1 Hz, 3H, OCH2CHs), 1.41 (qd,
J=11.7/4.0 Hz, 1H, NCH2CHCHaxHeq), 1.51-1.63 (m, 1H, NCH2CHaxHeqCH2CH), 1.69-1.80 (m, 1H,
NCH2CHaxHeqCH2CH), 1.82-1.96 (m, 1H, NCH2CHCHaxHeg), 1.99-2.21 (m, 2H, NCH2CHCHCHCH?),
2.25 (td, J=11.0/3.3 Hz, 0.5H, NCHaHeqCH2CH2CH, dial or dia2), 2.25 (td, J=11.0/3.3 Hz, 0.5H,
NCHaxHeqCH2CH:2CH, dial or dia2), 2.39 (t, J=10.5 Hz, 1H, NCHaxHeqCHCH2), 2.55 (it, J=10.4/3.8 Hz,
1H, NCH:CHaCH2), 2.67 (t, J=5.7 Hz, 2H, NCH:CHCHCH.CH.), 2.71-2.80 (m, 1H,
NCHaxHeqCH2CH2CH), 2.99 (dder, J=12.3/3.3 Hz, 1H, NCHaxHeqCHCHz), 3.01-3.19 (m, 2H,
NCH,CHCHCH2CH?2), 3.42 (d, J=1.9 Hz, 2H, NCHCCCH:N), 3.80 (s, 3H, OCHs), 4.09 (g, J=7.1 Hz, 1H,
OCH,CHs, dial or dia2), 4.09 (g, J=7.1 Hz, 1H, OCH.CHs, dial or dia2), 4.97 (t, J=1.9 Hz, 1H,
NCHCCCH:N), 5.61-5.73 (m, 2H, NCH2CHCHCH.CH:), 6.79 (dd, J=8.8/2.9 Hz, 1H,
CICCHCHCOMeCHC), 7.26 (d, J=2.9 Hz, 1H, CICCHCHCOMeCHC), 7.27 (d, J=8.8 Hz, 1H,
CICCHCHCOMeCHC); 3C NMR (126 MHz, CDClz): 6=14.6 (CHa3), 25.1 (CHz), 27.0 (CH2), 27.1 (CH2),
42.5 (CH), 47.1 (CH>), 48.1 (CH2), 49.3 (CHz), 53.0 (CH2), 55.0 (CHz), 56.1 (CHs), 58.9 (CH), 58.9 (CH),
60.8 (CH2), 80.8 (C), 83.4 (C), 114.9 (CH), 114.9 (CH), 116.6 (CH), 116.6 (CH), 125.5 (CH), 126.0 (CH),
126.1 (C), 130.8 (CH), 137.9 (C), 137.9 (C), 158.6 (C), 174.3 (C); IR (film): ¥=3030, 2938, 2805, 1731,
1599, 1574, 1475, 1393, 1316, 1289, 1260, 1235, 1181, 1164, 1132, 1095, 1026, 1000, 976, 866, 803,
773 cm™; HRMS-ESI m/z [M+H]* calcd for C24Ha1CIN2O3: 431.2101, found: 431.2094.

rac-[Ethyl (4R)-1-{4-([1,1'-biphenyl]-3-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI1}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19n) and rac-[ethyl (4S)-1-{4-([1,1'-biphenyl]-3-yl)-4-[3,6-
dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19n):

R=0.21 (PE/EtOAc 7:3); 'H NMR (400 MHz, CD2Cl2): 6=1.21 (t, J=7.1 Hz, 1.5H, OCH2CHz3, dial), 1.22
(t, J=7.1 Hz, 1.5H, OCH2CHs, dia2), 1.43 (qd, J=11.6/4.0 Hz, 1H, NCH2CHCHaxHeg), 1.50-1.69 (m, 1H,
NCH2CHaxHeqCH2CH), 1.75 (dp, J=11.5/3.9 Hz, 1H, NCH2CHaxHeqCH2CH), 1.82-1.96 (m, 1H,
NCH2CHCHaxHeq), 2.04-2.24 (m, 2H, NCH2CHCHCH:CH2), 2.29 (td, J=10.8/3.1 Hz, 1H,
NCHaxHeqCH2CH2CH), 2.44 (t, J=10.4 Hz, 1H, NCHaxHeqCHCH?), 2.51-2.72 (m, 3H, NCH2CHaxCH2 and
NCH2CHCHCH2CH), 2.73-2.87 (m, 1H, NCHaxHeqCH2CH2CH), 2.95-3.18 (m, 3H, NCHaxHeqCHCH:2
and NCH2CHCHCH:CHz), 3.41-3.52 (m, 2H, NCHCCCH2N), 4.09 (g, J=7.1 Hz, 1H, OCH2CHs, dial or
dia2), 4.09 (q, J=7.1 Hz, 1H, OCH2CHzs, dial or dia2), 4.80 (t, J=2.0 Hz, 1H, NCHCCCHZ:N), 5.60-5.79
(m, 2H, NCH2CHCHCH2CH?), 7.32—-7.38 (m, 1H, ArH), 7.39-7.48 (m, 3H, ArH), 7.51-7.56 (m, 1H, ArH),
7.56-7.60 (m, 1H, ArH), 7.60-7.66 (m, 2H, ArH), 7.85 (tor, J=1.9 Hz, 1H, ArH); 3C NMR (101 MHz,
CD2Clz): 6=14.6 (CHa), 25.2 (CH2), 27.1 (CH2), 27.2 (CH2), 42.5 (CH), 46.9 (CH), 48.2 (CH2), 49.5
(CH2), 49.5 (CH), 53.0 (CH2), 55.0 (CH), 60.8 (CH>), 61.7 (CH), 81.1 (C), 81.2 (C), 83.5 (C), 125.5
(CH), 126.2 (CH), 126.7 (CH), 127.7 (CH), 127.9 (CH), 128.0 (CH), 129.1 (CH), 129.3 (CH), 140.0 (C),
141.5 (C), 141.6 (C), 174.3 (C); IR (film): ¥=3059, 3031, 2939, 2866, 2807, 2747, 1949, 1885, 1731,
1659, 1599, 1574, 1478, 1467, 1452, 1419, 1368, 1348, 1317, 1274, 1250, 1223, 1181, 1152, 1133,
1095, 1048, 1029, 999, 974, 952, 901, 865, 809, 791, 752, 700, 656, 616 cm1; HRMS-ESI m/z [M+H]*
calcd for C29H34N202: 443.2699, found: 443.2690.

rac-[Ethyl (4R)-1-{4-([1,1'-biphenyl]-4-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yl}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-190) and rac-[ethyl (4S)-1-{4-([1,1'-biphenyl]-4-yl)-4-[3,6-
dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-190):

Ri=0.18 (PE/EtOAC 7:3); 'H NMR (400 MHz, CD2Clz): 6=1.23 (t, J=7.1 Hz, 3H, OCH2CH3), 1.44 (qd,
J=11.6/3.9 Hz, 1H, NCH2CHCHaxHeq), 1.52-1.67 (m, 1H, NCH2CHaxHeqCH2CH), 1.70-1.82 (m, 1H,
NCH2CHaxHeqCH2CH), 1.83-1.97 (m, 1H, NCH2CHCHaxHeq), 2.05-2.24 (m, 2H, NCH2CHCHCHCH?),
2.28 (td, J=10.9/3.1 Hz, 1H, NCHaxHeqCH2CH2CH), 2.43 (t, J=10.4 Hz, 1H, NCHaHeqCHCH?), 2.52-2.71
(M, 3H, NCH2CHaCH2 and NCH2CHCHCH2CHz), 2.79 (dbr, J=11.3 Hz, 1H, NCHaxHeqCH2CH2CH), 2.94—
3.17 (M, 3H, NCHaxHeqCHCH2 and NCH.CHCHCH:CHz), 3.46 (d, J=2.0 Hz, 2H, NCHCCCH:N), 4.10
(@, J=7.1 Hz, 2H, OCH.CHs), 4.78 (t, J=2.0 Hz, 1H, NCHCCCH:N), 5.60-5.80 (m, 2H,
NCH2CHCHCH2CH>), 7.31~7.38 (m, 1H, ArH), 7.38-7.49 (m, 2H, ArH), 7.53-7.71 (m, 6H, ArH); 13C
NMR (101 MHz, CD2Cl2): 5=14.6 (CHs), 25.2 (CH2), 27.1 (CHz), 27.2 (CH>), 42.5 (CH), 47.0 (CH>), 48.2
(CHz), 49.5 (CH2), 53.1 (CH2), 55.0 (CH2), 60.8 (CH2), 61.4 (CH), 81.1 (C), 81.1 (C), 83.5 (C), 83.52 (C),
125.5 (CH), 126.2 (CH), 127.3 (CH), 127.5 (CH), 127.8 (CH), 129.3 (CH), 129.4 (CH), 138.6 (C), 140.8
(C), 141.3 (C), 174.4 (C); IR (film): ¥=3424, 3030, 2938, 2806, 1730, 1599, 1486, 1465, 1448, 1367,



1317, 1275, 1223, 1181, 1152, 1132, 1029, 1007, 998, 973, 860, 816, 790, 753, 697 cm-1; HRMS-ESI
m/z [M+H]* calcd for C20H34N202: 443.2699, found: 443.2690.

rac-[Ethyl (4R)-1-{4-([1,1:2',1"-terphenyl]-2-y)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-
piperidine-3-carboxylate] (rac-(3R,4R)-19p) and rac-[ethyl (4S)-1-{4-([1,1":2',1"-terphenyl]-2-yl)-4-
[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4S)-19p):

R=0.18 (PE/EtOAc 7:3); *H NMR (500 MHz, CDCls): 6=1.18-1.31 (m, 3H, OCH2CHjs), 1.33-1.50 (m, 1
H, NCH2CHCHaxHeq), 1.50-1.69 (m, 1 H, NCH2CHaHeqCH2CH), 1.69-1.82 (m, 1H,
NCH2CHaxHegCH2CH), 1.82-2.09 (m, 3H, NCH2CHCHaxHeq and NCH2CHCHCH,CH?2), 2.09-2.45 (m,
3H, NCHaxHeqCH2CH2CH, NCHaHeqCHCH2 and NCH2CHCHCH:CH2), 2.45-2.66 (m, 2H,
NCH2CHaCH2  and  NCH2CHCHCH:CH2), 2.66-2.75 (m, 4H, NCHaxHeqCH2CH2CH,
NCH>CHCHCH2CH2, NCHaxHeqCHCH2), 3.33 (s, 1.1H, NCH,CCCH, atr-isol), 3.43 (s, 0.9H,
NCH>CCCH, atr-is02), 4.02-4.23 (m, 2H, OCH>CHj3), 4.36 (Sbr, 0.55H, NCH2CCCH, atr-isol), 4.91 (Sbr,
0.45H, NCH2CCCH, atr-is02), 5.48-5.68 (m, 2H, NCH2.CHCHCH2CHy), 6.80-7.76 (m, 13H, ArH); 13C
NMR (126 MHz, CDCl3): 6=14.4 (CHs3), 24.7 (CH), 24.7 (CH2), 26.4 (CH2), 26.6 (CH3), 26.6 (CH2), 26.7
(CH>), 42.1 (CH), 46.6 (CH>), 46.6 (CH2), 47.2 (CH2), 47.9 (CH), 47.9 (CH>), 48.4 (CH>), 48.4 (CH2),
48.5 (CH2), 52.4 (CH), 52.4 (CH2), 52.6 (CH), 52.6 (CH2), 54.4 (CH), 54.5 (CH>), 58.3 (CH), 58.3 (CH),
60.5 (CHz), 60.5 (CH3), 81.1 (C), 82.1 (C), 82.4 (C), 124.8 (CH), 125.0 (CH), 125.4 (CH), 125.7 (CH),
126.4 (CH), 126.5 (CH), 126.5 (CH), 126.6 (CH), 126.7 (CH), 126.9 (CH), 127.1 (CH), 127.5 (CH), 127.6
(CH), 127.7 (CH), 127.9 (CH), 128.6 (CH), 129.0 (CH), 129.0 (CH), 129.7 (CH), 129.8 (CH), 130.1 (CH),
130.6 (CH), 130.6 (CH), 131.3 (CH), 131.9 (CH), 132.0 (CH), 136.7 (C), 136.7 (C), 139.2 (C), 139.3 (C),
140.9 (C), 141.2 (C), 141.4 (C), 141.6 (C), 174.1 (C), 174.1 (C); IR (film): ¥=3055, 3029, 2935, 2855,
2804, 2363, 2344, 1731, 1597, 1469, 1449, 1430, 1368, 1314, 1260, 1222, 1181, 1152, 1132, 1095,
1046, 1029, 998, 974, 948, 770, 753, 700 cm-1; HRMS-ESI m/z [M+H]* calcd for CssHssN202: 519.3012,
found: 519.2999. Ratio of atropisomers is 45:55.

Ethyl (4R)-1-{4-([1,1":2',1"-terphenyl]-2-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-y1}(3R)-
piperidine-3-carboxylate ((3R,4R)-19p) and ethyl (4S)-1-{4-([1,1:2',1"-terphenyl]-2-yl)-4-[3,6-
dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate ((3R,4S)-19p):

R=0.27 (PE/EtOAc 6:4); [a]p?°5=-0.59 (c=2.13 g/100 mL in chloroform); H NMR (400 MHz, Tclz, 373
K): 6=1.20 (t, J=7.1 Hz, 1.5H, OCH2CHjs, dial or dia2), 1.21 (t, J=7.1 Hz, 1.5H, OCH2CHjs, dial or dia2),
1.32-1.48 (m, 1H, NCH2CHCHaxHeq), 1.48-1.65 (m, 1H, NCH2CHaxHeqCH2CH), 1.65-1.77 (m, 1H,
NCH2CHaxHeqCH2CH), 1.77-2.06 (m, 4H, NCH2CHCHaxHeq and NCH2CHCHCH,CH: and
NCHaxHeqCH2CH2CH), 2.07-2.43 (m, 3H, NCHaxHeqgCHCH2 and NCH2CHCHCH2CH,), 2.43-3.04 (m,
5H, NCH2CHaxCH2 and NCH,CHCHCH2CH2 and NCHaxHeqCH2CH2CH and NCHaxHeqCHCHz2), 3.19-
3.45 (m, 2H, NCH,CCCH), 4.08 (g, J=7.1 Hz, 1H, OCH,CHs, dial or dia2), 4.09 (q, J=7.1 Hz, 1 H,
OCH,CHps, dial or dia2), 4.34 (Sbr, 0.58H, NCH2CCCH, atr-iso1), 4.80 (sbr, 0.42H, NCH2CCCH, atr-iso2),
5.43-5.64 (m, 2H, NCH2CHCHCH2CH3), 6.79-7.22 (m, 7H, ArH), 7.22-7.75 (m, 6H, ArH); 23C NMR
(101 MHz, Tclz, 373 K): 6=14.4 (CHs), 23.3 (br, CH2), 26.0 (br, CH2), 40.6 (br, CH), 46.8 (CH>), 47.3
(CH2), 47.5 (CH2), 49.0 (br, CH>), 51.8 (CH2), 52.0 (CH2), 53.24 (br, CH2), 58.6 (CH), 61.0 (CH2), 125.1
(CH), 125.3 (CH), 126.7-128.0 (m, CH), 128.1 (CH), 128.3 (CH), 128.6 (CH), 129.3 (CH), 129.9 (CH),
130.1 (CH), 130.4 (CH), 130.7 (CH), 130.8 (CH), 131.6 (CH), 132.0 (CH), 132.3 (CH), 141.0 (C), 141.1
(C), 141.6 (C), 141.7 (C), 142.1 (C), 172.41 (C); IR (film): ¥=3058, 3032, 2939, 2806, 1725, 1469, 1450,
1430, 1368, 1315, 1260, 1225, 1185, 1153, 1132, 1095, 1046, 1028, 1005, 974, 949, 887, 829, 807,
773,746, 700, 625 cm1; HRMS-ESI m/z [M+H]* calcd for CssHssN202: 519.3012, found: 519.3004. Ratio
of atropisomers is 42:58.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2',6'-dimethyl-[1,1'-biphenyl]-2-yl)but-2-yn-1-
yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19q) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-
1(2H)-yl]-4-(2',6'-dimethyl-[1,1'-biphenyl]-2-yl)but-2-yn-1-yI}(3R)-piperidine-3-carboxylate]  (rac-
(3R,4S)-19q):

Ri=0.36 (PE/EtOAC 7:3); 'H NMR (400 MHz, CD2Clz): 6=1.22 (t, J=7.1 Hz, 3H, OCH2CH3), 1.41 (qd,
J=11.9/4.2 Hz, 1H, NCH2CHCHaxHeq), 1.49-1.64 (m, 1H, NCH2CHaxHeqCH2CH), 1.68-1.78 (m, 1H,
NCH2CHaxHeqCH2CH), 1.80-2.03 (m, 3H, NCH2CHCHaxHeq and NCH2CHCHCH2CHz), 1.91 (s, 3H,
CHa), 1.97 (s, 3H, CHs), 2.10-2.27 (m, 2H, NCHaxHeqCH2CH2CH and NCH.CHCHCH.CH>), 2.36 (t,
J=10.6 Hz, 1H, NCHaHeqCHCH?), 2.48-2.59 (m, 2H, NCH2CHaCH2 and NCH2CHCHCH:2CHy), 2.61—
2.77 (M, 2H, NCHaxHeqCH2CH2CH and NCH2CHCHCH2CH?), 2.78-2.88 (m, 1H, NCH2CHCHCH:CH>),



2.97 (dd, J=10.8/3.4 Hz, 1H, NCHaxHeqCHCH?>), 3.38 (d, J=1.9 Hz, 2H, NCHCCCH:N), 4.09 (q, J=7.1
Hz, 2H, OCH2CH3), 4.20 (t, J=2.0 Hz, 1H, NCHCCCH:N), 5.44-5.64 (m, 2H, NCH2CHCHCH2CHy),
7.00-7.10 (m, 3H, ArH), 7.10-7.18 (m, 1H, ArH), 7.32-7.40 (m, 2H, ArH), 7.71-7.80 (m, 1H, ArH); 13C
NMR (101 MHz, CD:Clz): 5=14.6 (CHs), 20.9 (CHa3), 21.2 (CH3), 25.1 (CHz), 26.8 (CH2), 27.1 (CH2), 42.5
(CH), 47.3 (CH2), 48.2 (CH2), 48.6 (CH2), 53.0 (CH2), 55.0 (CH2), 55.0 (CH2), 59.0 (CH), 60.7 (CH>),
81.6 (C), 83.0 (C), 125.2 (CH), 126.1 (CH), 127.1 (CH), 127.2 (CH), 127.6 (CH), 127.6 (CH), 128.4 (CH),
129.4 (CH), 130.1 (CH), 135.6 (C), 137.4 (C), 138.5 (C), 140.7 (C), 141.8 (C), 174.4 (C), IR (film):
¥=3031, 2939, 2864, 2804, 1732, 1655, 1465, 1446, 1372, 1312, 1259, 1222, 1182, 1152, 1131, 1096,
1046, 1029, 1000, 974, 952, 863, 803, 765, 748, 732, 711, 652 cm; HRMS-ESI m/z [M+H]* calcd for
Ca1H3sN202: 471.3012, found: 471.3003.

rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2'-isopropyl-[1,1'-biphenyl]-2-yl)but-2-yn-1-
yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19r) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-
1(2H)-yl]-4-(2'-isopropyl-[1,1'-biphenyl]-2-yl)but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-
(3R,4S)-19r):

Ri=0.31 (PE/EtOAc 7:3); IH NMR (500 MHz, Tcl2): 5=0.96 (d, J=6.8 Hz, 1.71H, CH(CHba)2, atr-iso1), 1.03
(d, J=6.3 Hz, 1.29H, CH(CH?a), atr-is02), 1.04 (d, J=6.1 Hz, 1.29H, CH(CH3)2, atr-iso2), 1.07 (d, J=6.9
Hz, 1.71H, CH(CHa)2, atr-isol), 1.10-1.20 (m, 3H, OCH2CHgs), 1.21-1.40 (m, 1H, NCH2CHCHaxHeq),
1.40-1.57 (m, 1H, NCH2CHaxHeqCH2CH), 1.58-1.73 (m, 1H, NCH2CHaxHeqCH2CH), 1.75-2.04 (m, 3H,
NCH2CHCHaxHeq and NCH2CHCHCH2CHz), 2.04-2.16 (m, 1H, NCHaxHeqCH2CH2CH), 2.16-2.35 (m,
2H, NCH2CHCHCH2CHz and NCHaxHeqCHCH2), 2.35-2.77 (m, 5H, NCH:CHCHCH:CH: and
NCH2CHaxCH2 and NCHaxHeqCH2CH2CH and NCH2CHCHCH2CHz and CH(CHs)2), 2.79-3.00 (m, 2H,
NCH2CHCHCH2CHz and NCHaxHeqCHCHz), 3.25-3.37 (m, 2H, NCHCCCH:N), 3.96-4.07 (m, 2H,
OCH2CHa), 4.09 (t, J=2.0 Hz, 0.57H, NCHCCCH:N, atr-isol), 4.38 (t, J=2.0 Hz, 0.43H, NCHCCCH:N,
atr-iso2), 5.35-5.65 (m, 2H, NCH2CHCHCH2CH.), 6.98-7.17 (m, 3H, ArH), 7.17-7.38 (m, 4H, ArH),
7.65 (d, J=7.6 Hz, 0.57H, NCH:CHCCHCCHCHCHCH, atr-isol), 7.71 (d, J=7.7 Hz, 0.43H,
NCH2CHCCHCCHCHCHCH, atr-iso2); 13C NMR (126 MHz, Tclz): 6=14.6 (CHz), 14.6 (CHs), 23.2 (CHs3),
23.7 (CHgs), 24.8 (CH2), 25.1 (CHs), 26.1 (CHs), 26.5 (CHz), 26.7 (CH2), 26.8 (CHz), 30.0 (CH), 30.4 (CH),
42.0 (CH), 45.9 (CH2), 47.0 (CH2), 48.0 (CH2), 48.0 (CH2), 48.9 (CHz), 50.0 (CH2), 52.4 (CH2), 52.5
(CH2), 52.6 (CH2), 52.6 (CH2), 54.4 (CH), 54.5 (CHz), 54.6 (CH2), 58.1 (CH), 58.2 (CH), 60.7 (CH2),
60.7 (CH2), 81.4 (C), 82.2 (C), 82.8 (C), 83.3 (C), 124.9 (CH), 125.0 (CH), 125.2 (CH), 125.3 (CH), 125.8
(CH), 125.9 (CH), 127.1 (CH), 127.1 (CH), 127.2 (CH), 127.5 (CH), 128.0 (CH), 128.1 (CH), 129.0 (CH),
129.2 (CH), 129.6 (CH), 130.3 (CH), 130.6 (CH), 131.1 (CH), 137.1 (C), 137.2 (C), 138.9 (C), 139.2 (C),
141.7 (C), 142.0 (C), 146.9 (C), 147.9(C), 174.2 (C), 174.3 (C), 174.3 (C); IR (film): ¥=3056, 3029, 2958,
2937, 2866, 2804, 1732, 1474, 1440, 1383, 1364, 1347, 1312, 1261, 1222, 1181, 1152, 1132, 1096,
1046, 1032, 1005, 974, 948, 866, 801, 756, 732 cml; HRMS-ESI m/z [M+H]* calcd for Cs2HaoN202:
485.3168, found: 485.3161. Ratio of atropisomers is 43:57.

rac-{Ethyl (4R)-1-[4-(2',4'-dichloro[1,1'-biphenyl]-2-yI)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-
yl1(3R)-piperidine-3-carboxylate} (rac-(3R,4R)-19s) and rac-{ethyl (4S)-1-[4-(2',4'-dichloro[1,1'-
biphenyl]-2-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,4S)-19s):

Ri=0.24 (PE/EtOAC 8:2); 'H NMR (400 MHz, Tclz, 393 K): 5=1.21 (t, J=7.1 Hz, 3H, OCH2CHs), 1.42 (qd,
J=11.3/4.2 Hz, 1H, NCH2CHCHaxHeq), 1.51-1.68 (m, 1H, NCH2CHaxHeqCH2CH), 1.73 (dp, J=11.9/4.0
Hz, 1H, NCH2CHaxHeqCH2CH), 1.80-2.08 (m, 3H, NCH2CHCHaxHeq and NCH2CHCHCH,CH2), 2.12—
2.29 (M, 1H, NCHaxHeqCH2CH2CH), 2.33 (dt, J=11.0/5.4 Hz, 1H, NCH2CHCHCHCH>), 2.43 (t, J=10.7
Hz, 1H, NCHaxHeqCHCHz), 2.47-2.66 (m, 2H, NCH2CHa,CHz and NCH.CHCHCHCH;), 2.66—2.94 (m,
3H, NCHaxHeqCH2CH2CH and NCH,CHCHCH2CH3), 2.94-3.09 (m, 1H, NCHaxHeqCHCH2), 3.30-3.49
(m, 2H, NCHCCCH:N), 4.10 (q, J=7.1 Hz, 2H, OCH,CHs), 4.31-4.48 (m, 1H, NCHCCCH:N), 5.42-5.64
(m, 2H, NCH2CHCHCH:CHz), 7.05-7.15 (m, 1H, NCH2CCCHCCCHCHCHCH), 7.15-7.33 (m, 3H,
CICCHCCICHCHC and NCH2CHCCHCCCHCHCHCH and CICCHCCICHCHC), 7.36 (td, J=7.5/1.6 Hz,
1H, NCH;CCCHCCCHCHCHCH), 7.39-7.49 (m, 1H, CICCHCCICHCHC), 7.70-7.88 (m, 1H,
NCH2CCCHCCCHCHCHCH); 13C NMR (101 MHz, Tclz, 353 K): 6=14.4 (CHs), 24.1 (CHz), 26.2 (CH2),
26.5 (CH2), 41.5 (CH), 46.7 (CH2), 47.1 (CHz), 47.7 (CH2), 48.3 (CH2), 49.1 (CH2), 52.4 (CH2), 54.1
(CH>), 58.7 (CH), 58.8 (CH), 60.7 (CH>), 125.0 (CH), 125.0 (CH), 125.5 (CH), 126.4 (CH), 126.6 (CH),
127.7 (CH), 127.9 (CH), 128.1 (CH), 128.3 (CH), 128.9 (CH), 129.1 (CH), 129.5 (CH), 130.5 (CH), 130.8
(CH), 131.4 (CH), 133.9 (CH), 134.0 (C), 135.5 (C), 138.3 (C), 138.6 (C), 138.6 (C), 138.8 (C), 173.4
(C); IR (film): ¥=2926, 2805, 1731, 1587, 1551, 1464, 1444, 1375, 1314, 1223, 1181, 1152, 1132, 1100,



1068, 1029, 1005, 974, 809, 763 cm1; HRMS-ESI m/z [M+H]* calcd for C20H32N202Cl2: 511.1919, found:
511.1913. Ratio of atropisomers is 44:56.

rac-[Ethyl (4R)-1-{4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-
yI}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19t) and rac-[ethyl (4S)-1-{4-(2',4'-difluoro-[1,1'-
biphenyl]-2-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-
(3R,4S)-19t):

R=0.19 (PE/EtOAc 7:3); *H NMR (400 MHz, Tcl2 353 K): 6=1.19 (t, J=7.1 Hz, 3H, OCH2CHjs), 1.38 (qd,
J=11.3/4.1 Hz, 1H, NCH2CHCHaxHeq), 1.47-1.63 (m, 1H, NCH2CHaxHeqCH2CH), 1.70 (dp, J=11.5/3.6
Hz, 1H, NCH2CHaxHeqCH2CH), 1.79-2.00 (m, 3H, NCH2CHCHaxHeq and NCH2CH>.CHCHCH?>), 2.20 (td,
J=11.0/2.6 Hz, 1H, NCHaHeqCH2CH2CH), 2.26-2.41 (m, 2H, NCH2:CH2CHCHCH:2 and
NCHaxHeqCHCH2), 2.43-2.61 (m, 2H, NCH2CH2CHCHCH2 and NCH2CHaxCH2), 2.64-2.78 (m, 2H,
NCHaxHeqCH2CH2CH and NCH2CH>CHCHCH_), 2.79-2.89 (m, 1H, NCH2CH.CHCHCH>), 2.96 (ddbr,
J=10.4/3.7 Hz, 1H, NCHaxHeqCHCHy), 3.37 (d, J=2.0 Hz, 2H, NCH,CCCH), 4.08 (q, J=7.1 Hz, 2H,
OCH2CHs3), 4.43 (t, J=2.0 Hz, 1H, NCH2CCCH), 5.43-5.62 (m, 2H, NCH2CH2CHCHCH), 6.73—-6.90 (m,
2H, FCCHCF and FCCHCH), 7.16 (dd, J=7.5/1.3 Hz, 1H, NCH2CHCCHCCCHCHCHCH), 7.29 (td,
J=7.4/1.5 Hz, 1H, NCH2CHCCHCCCHCHCHCH), 7.32 (Sbr, 1H, FECHCFCHCHC), 7.35 (id, J=7.5/1.6
Hz, 1H, NCH.CHCCHCCCHCHCHCH), 7.76 (d, J=7.6 Hz, 1H, NCH.CHCCHCCCHCHCHCH); 3C
NMR (101 MHz, Tclz, 353 K): 6=14.5 (CH3), 24.7 (CH2), 26.6 (CH2), 26.8 (CHz), 42.2 (CH), 46.5 (CH>),
47.9 (CH2), 48.6 (CH2), 52.6 (CH>), 54.6 (CH2), 58.9 (CH), 60.5 (CH>), 81.8 (C), 83.0 (C), 103.7 (t,
2Jcr=25.9 Hz, CH), 110.6 (dd, #4Jcr=20.9/3.9 Hz, CH), 125.0 (C and CH), 125.7 (CH), 127.6 (CH), 128.0
(CH), 129.2 (CH), 131.1 (CH), 132.8 (CH), 135.4 (C), 137.8 (C), 162.6 (dd, Y3Jcr=248.2/11.6 Hz, C),
174.0 (C); °F {*H} NMR (376 MHz, Tcl2): 5=-111.13, -108.30; IR (film): ¥=2939, 2804, 2360, 2341, 2035,
1730, 1618, 1593, 1509, 1479, 1446, 1419, 1367, 1314, 1264, 1225, 1182, 1152, 1138, 1096, 1027,
998, 962, 849, 764, 730 cml; HRMS-ESI m/z [M+H]* calcd for C20H32N202F2: 479.2510, found:
479.2498.

rac-[Ethyl (4R)-1-{4-[2',4'-bis(trifluoromethyl)-[1,1'-biphenyl]-2-yl]-4-[3,6-dihydropyridin-1(2H)-
yllbut-2-yn-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19u) and rac-[ethyl (4S)-1-{4-[2',4'-
bis(trifluoromethyl)-[1,1'-biphenyl]-2-yl]-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yI}(3R)-
piperidine-3-carboxylate] (rac-(3R,4S)-19u):

R=0.26 (PE/EtOAc 7:3); 'H NMR (400 MHz, CD2Clz): 6=1.21 (td, J=7.1/1.3 Hz, 1.8H, OCH2CHz3, atr-
is02), 1.22 (td, J=7.1/1.3 Hz, 1.2H, OCH2CHg, atr-iso1), 1.32-1.47 (m, 1H, NCH2CHCHaxHeq), 1.47-1.65
(m, 1H, NCH2CHaxHeqCH2CH), 1.67-2.05 (m, 4H, NCH2CHaxHeqCH2CH and NCH2CHCHaxHeq and
NCH2CH,CHCHCH), 2.14-2.29 (m, 2H, NCHaxHeqCH2CH2CH and NCH2CH2CHCHCHy), 2.32—2.49 (m,
1H, NCHaHeqCHCH2), 2.49-2.89 (m, 5H, NCH2CH.CHCHCH: and NCH2CHa.CH2 and
NCHaxHeqCH2CH2CH and NCH2CH2CHCHCHy), 2.98 (dbr, J=10.7 Hz, 1H, NCHaxHeqCHCH?2), 3.33-3.48
(m, 2H, NCH>CCCH), 4.02—4.16 (m, 2H, OCH.CHs), 4.21 (t, J=1.6 Hz, 0.6H, NCH2CCCH, atr-iso2),
4.35-4.45 (m, 0.4H, NCH2CCCH, atr-isol), 5.41-5.69 (m, 2H, NCH2CH2CHCHCH>), 7.16 (dbr, J=7.5
Hz, 0.6H, NCHCCCH, atr-iso2), 7.19 (dbr, J=7.5 Hz, 0.4H, NCHCCCH, atr-iso1), 7.36 (td, J=7.5/1.3 Hz,
1H, NCHCCCHCH), 7.45 (td, J=7.5/1.3 Hz, 1H, NCHCCHCH), 7.54 (dbr, J=8.0 Hz, 0.4H, CFsCCHCH,
atr-isol), 7.67 (dor, J=8.0 Hz, 0.6H, CF3CCHCH, atr-iso2), 7.71-7.80 (m, 1.2H, CF3CCHCH and
NCHCCH, atr-iso2), 7.80-7.91 (m, 0.8H, CFsCCHCH and NCHCCH, atr-isol), 8.00 (s, 1H,
F3CCCHCCFs3); 13C NMR (101 MHz, CD2Cl2): 6=14.6 (CHs), 14.6 (CHs), 25.1 (CH2), 25.1 (CH2), 26.5
(CH2), 26.9 (CH2), 27.1 (CH2), 27.1 (CH2), 42.5 (CH), 46.6 (CHz), 47.5 (CH2), 48.1 (CH>), 48.2 (CH2),
48.2 (CH2), 48.9 (CH), 53.0 (CH2), 53.1 (CH3), 55.0 (CH2), 55.0 (CH3), 59.1 (CH), 59.2 (CH), 60.8 (CH>),
60.8 (CH>), 80.1 (C), 81.4 (C), 83.6 (C), 84.4 (C), 123.0 (CH), 124.0 (q, *Jcr=274.4 Hz, C), 124.2 (CH),
124.9 (CH), 125.2 (CH), 125.6 (CH), 125.9 (CH), 127.3 (CH), 127.5 (CH), 127.6 (CH), 128.1 (CH), 128.5
(CH), 128.8 (CH), 128.90 (q, 1Jcr=256.3 Hz, C), 129.1 (CH), 129.3 (CH), 129.5 (q, 2Jcr=27.6 Hz, C),
130.0 (CH), 130.3 (g, 2Jcr=33.2 Hz, C), 130.50 (CH), 132.4 (CH), 135.7 (CH), 137.2 (C), 138.4 (C),
143.4 (C), 174.4 (C); *°F {*H} NMR (376 MHz, CD2Cl2): 6=-57.9, -59.4, -63.1, -63.1; IR (film): ¥=3034,
2939, 2808, 1732, 1625, 1578, 1467, 1447, 1344, 1287, 1275, 1178, 1132, 1084, 1064, 1048, 1029,
1007, 973, 948, 908, 844, 763, 729, 673 cm1; HRMS-ESI m/z [M+H]* calcd for C31Hz2N202Fs: 579.2446,
found: 579.2437. Atropisomers 1 and 2 could be separated by column chromatography, however after
isolation they equilibrate again to a ratio of ~ 40:60.



rac-[Ethyl (4R)-1-{4-[3,6-dihydropyridin-1(2H)-yl]-4-(2',4'-dimethoxy-[1,1'-biphenyl]-2-yl)but-2-yn-
1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,4R)-19v) and rac-[ethyl (4S)-1-{4-[3,6-dihydropyridin-
1(2H)-yl]-4-(2',4'-dimethoxy-[1,1'-biphenyl]-2-yl)but-2-yn-1-yI}(3R)-piperidine-3-carboxylate] (rac-
(3R,4S)-19v):

R=0.11 (PE/EtOAc 6:4); 'H NMR (400 MHz, Tclz, 373 K): 6=1.27 (t, J=7.1 Hz, 3H, OCH2CH3), 1.40-
1.53 (m, 1H, NCH2CHCHaxHeq), 1.54-1.71 (m, 1H, NCH2CHaxHeqCH2CH), 1.78 (dp, J=15.6/3.9 Hz, 1H,
NCH2CHaxHeqCH2CH), 1.89-2.11 (m, 3H, NCH2CHCHaxHeq and NCH2CH,CHCHCH?2), 2.28 (tor, J=10.4
Hz, 1H, NCHaxHeqCH2CH2CH), 2.38-2.51 (m, 2H, NCH2CH2CHCHCH2 and NCHaxHeqCHCHy), 2.51—
2.68 (m, 2H, NCH2CHaxCH2 and NCH2CH2CHCHCHz), 2.73-3.00 (m, 3H, NCHaxHeqCH2CH2CH and
NCH2CH2CHCHCHy), 3.04 (dwr, J=11.1 Hz, 1H, NCHaxHeqCHCHz), 3.38-3.47 (m, 2H, NCH,CCCH), 3.71
(s, 3H, OMe), 3.87 (s, 3H, OMe), 4.16 (g, J=7.1 Hz, 2H, OCH>CHg), 4.49 (s, 1H, NCH2CCCH), 5.47-
5.72 (m, 2H, NCH2CH2CHCHCH), 6.50-6.59 (m, 2H, ArH), 7.09-7.26 (m, 2H, ArH), 7.30 (td, J=7.3/1.7
Hz, 1H, NCH2CCCHCCHCHCH or NCH2CCCHCCHCHCH), 7.34 (id, J=7.3/1.7 Hz, 1H,
NCH2CCCHCCHCHCH or NCH2CCCHCCHCHCH), 7.79 (d, J=7.5 Hz, 1H, NCH2CCCHCCH); 3C NMR
(126 MHz, Tclz): 6=14.5 (CHa), 24.7 (CH2), 26.5 (CH2), 26.7 (CHz), 42.0 (CH), 46.5 (CH), 46.8 (CH2),
47.9 (CHy), 48.4 (CH2), 49.6 (CH2), 52.5 (CH2), 52.5 (CH2), 52.6 (CH2), 54.4 (CH2), 55.5 (CHs), 55.7
(CHs), 55.7 (CHs), 58.2 (CH), 58.2 (CH), 60.6 (CH2), 80.8 (C), 80.9 (C), 81.7 (C), 83.2 (C), 83.3 (C), 83.4
(C), 98.3 (CH), 98.7 (CH), 103.7 (CH), 104.2 (CH), 122.2 (C), 122.6 (C), 125.1 (CH), 125.8 (CH), 126.0
(CH), 126.7 (CH), 126.9 (CH), 127.1 (CH), 127.3 (CH), 128.3 (CH), 129.0 (CH), 130.9 (CH), 131.3 (CH),
132.8 (CH), 137.1 (C), 137.2 (C), 138.1 (C), 138.7 (C), 138.8 (C), 157.2 (C), 158.1 (C), 160.2 (C), 160.3
(C), 174.2 (C); IR (film): ¥=3029, 2937, 2833, 2803, 1730, 1612, 1581, 1511, 1465, 1438, 1413, 1305,
1280, 1207, 1182, 1158, 1132, 1094, 1032, 1002, 974, 933, 830, 795, 764, 732 cm''; HRMS-ESI m/z
[M+H]* calcd for Cs1HssN204: 503.2910, found: 503.2901.

rac-{Ethyl (Ra)-1-[4-(2-bromophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20b) and rac-{ethyl (Sa)-1-[4-(2-bromophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20b):

R=0.34 (PE/EtOAc 7:3); 'H NMR (400 MHz, CDCls): 6=1.23 (t, J=7.1 Hz, 1.5H, OCH2CHj3, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH2CHs;, dia2), 1.31-1.45 (m, 1H, NCH2CHCHaxHeq), 1.46-1.64 (m, 1H,
NCH2CHaxHeqCH2CH), 1.70 (dp, J=13.5/3.6 Hz, 1H, NCH2CHaxHeqCH2CH), 1.84-1.96 (m, 1H,
NCH2CHCHaxHeg), 2.12 (td, J=11.0/3.1 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.13 (td, J=11.0/3.1 Hz,
0.5H, NCHaxHeqCH2CH2CH, dial), 2.26 (t, J=10.6 Hz, 0.5H, NCHaxHeqCHCHz, dia2), 2.29 (t, J=10.6 Hz,
0.5H, NCHaxHeqCHCHz2, dial), 2.53 (tt, J=10.3/3.8 Hz, 0.5H, NCH2CHaxCHz, dial), 2.54 (it, J=10.3/3.8
Hz, 0.5H, NCH2CHaxCHz, dia2), 2.72-2.87 (m, 1H, NCHaxHeqCH2CH2CH), 2.99 (dwr, J=11.1 Hz, 0.5H,
NCHaxHeqCHCHz2, dial), 3.05 (dbr, J=11.1 Hz, 0.5H, NCHaxHeqCHCH?2, dia2), 3.18 (dd, J=7.2/2.5 Hz, 2H,
NCH>CHCCH), 4.09 (q, J=7.1 Hz, 1H, OCH2CHjs, dial), 4.10 (g, J=7.1 Hz, 1H, OCH,CHs, dia2), 5.58
(q, J=7.2 Hz, 0.5H, NCH.CHCCH, dial), 5.58 (q, J=7.2 Hz, 0.5H, NCH-CHCCH, dia2), 6.56 (dt,
J=6.4/2.4 Hz, 1H, NCH:CHCCH), 7.03-7.09 (m, 1H, BrCCHCHCHCHC), 7.23-7.29 (m, 1H,
BrCCHCHCHCHC), 7.45 (dd, J=7.9/1.7 Hz, 1H, BrCCHCHCHCHC), 7.53 (dd, J=8.0/1.2 Hz, 1H,
BrCCHCHCHCHC); 3C NMR (101 MHz, CDCls): 6=14.4 (CHs), 24.7 (CH2), 26.9 (CH2), 26.9 (CH2), 42.0
(CH), 42.0 (CH), 53.3 (CHz2), 55.0 (CH2), 55.0 (CH2), 57.6 (CH2), 57.7 (CH2), 60.5 (CH2), 91.6 (CH), 93.9
(CH), 94.0 (CH), 122.6 (C), 127.5 (CH), 128.3 (CH), 128.4 (CH), 128.5 (CH), 128.6 (CH), 133.1 (CH),
133.9 (C), 174.1 (C), 174.1 (C), 207.1 (C), 207.2 (C); IR (film): ¥=3058, 2940, 2855, 2796, 1949, 1731,
1589, 1562, 1474, 1439, 1367, 1342, 1309, 1276, 1217, 1181, 1152, 1134, 1095, 1023, 874, 763, 739
cmt; HRMS-ESI m/z [M+H]* calcd for C1sH22BrNO2: 364.0912, found: 364.0911.

rac-{Ethyl (Ra)-1-[4-(2-chlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20c) and rac-{ethyl (Sa)-1-[4-(2-chlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20c):

Ri=0.24 (PE/EtOAC 7:3); 'H NMR (500 MHz, CD2Clz): 5=1.23 (t, J=7.1 Hz, 1.5H, OCH2CHs, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH:CHs, dia2), 1.38-1.50 (m, 1H, NCH2CHCHaHeq), 1.50-1.61 (m, 1H,
NCH2CHaxHeqCH2CH), 1.68—1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.85-1.95 (m, 1H, NCH2CHCHaxHeg),
2.12 (td, J=11.0/3.1 Hz, 0.5H, NCHaHeqCH2CH:CH, dia2), 2.13 (td, J=11.0/3.1 Hz, 0.5H,
NCHaxHeqCH2CH:2CH, dial), 2.26 (t, J=10.9 Hz, 0.5H, NCHaHeqCHCH2, dia2), 2.29 (t, J=10.9 Hz, 0.5H,
NCHaxHeqCHCH2, dial), 2.53 (tt, J=10.4/4.0 Hz, 0.5H, NCH2CHaCHs, dial), 2.54 (it, J=10.4/4.0 Hz,
0.5H, NCH2CHa,CHz, dia2), 2.70-2.87 (m, 1H, NCHaxHeqCH2CH2CH), 2.99 (ddbr, J=11.0/3.4 Hz, 0.5H,
NCHaxHeqCHCH?2, dial), 3.05 (ddbr, J=11.0/3.4 Hz, 0.5H, NCHaxHeqCHCH, dia2), 3.13-3.23 (m, 2H,
NCH2CHCCH), 4.09 (q, J=7.1 Hz, 1H, OCH,CHa, dial), 4.10 (q, J=7.1 Hz, 1H, OCH,CHs, dia2), 5.64



(g, J=6.7 Hz, 1H, NCH2CHCCH), 6.61 (dt, J=6.4/2.5 Hz, 1H, NCH2CHCCH), 7.14 (td, J=7.7/1.7 Hz, 1H,
CCHCHCHCHCCI), 7.21 (td, J=7.5/1.5 Hz, 0.5H, CCHCHCHCHCCI, dia2), 7.22 (td, J=7.5/1.5 Hz, 0.5H,
CCHCHCHCHCCI, dial), 7.34 (dd, J=8.0/1.3 Hz, 1H, CCHCHCHCHCCI), 7.46 (dd, J=7.8/1.7 Hz, 1H,
CCHCHCHCHCCI); 13C NMR (126 MHz, CD:Clz): 5=14.6 (CHs), 25.2 (CHz2), 27.4 (CH2), 42.5 (CH), 42.5
(CH), 53.7 (CH2), 53.7 (CH2), 55.6 (CH2), 55.6 (CH2), 58.0 (CHz), 58.0 (CH2), 60.7 (CHz), 91.3 (CH),
91.3 (CH), 92.5 (CH), 92.5 (CH), 127.4 (CH), 128.5 (CH), 128.8 (CH), 130.2 (CH), 132.4 (C), 132.8 (C),
174.5 (C), 174.5 (C), 207.3 (C), 207.3 (C); IR (film): ¥=3063, 2978, 2940, 2856, 2797, 1949, 1731, 1590,
1567, 1477, 1467, 1442, 1388, 1367, 1342, 1309, 1275, 1217, 1181, 1152, 1134, 1095, 1049, 1033,
944, 875, 797, 763, 742, 705, 623 cmL; HRMS-ESI m/z [M+H]* calcd for C1sH22CINO2: 320.1417, found:
320.1410.

rac-{Ethyl (Ra)-1-[4-(2-fluorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20d) and rac-{ethyl (Sa)-1-[4-(2-fluorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20d):

Ri=0.16 (PE/EtOAc 7:3); IH NMR (500 MHz, CD2Cl2): 5=1.23 (t, J=7.1 Hz, 1.5H, OCH2CHs, dial), 1.24
(t, J=7.1 Hz, 1.5H, OCH:CHs, dia2), 1.39-1.49 (m, 1H, NCH2CHCHaHeq), 1.50-1.61 (m, 1H,
NCH2CHaxHeqCH2CH), 1.69-1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.85-1.95 (m, 1H, NCH2CHCHaxHeq),
2.12 (td, J=10.9/3.0 Hz, 1H, NCHaxHeqCH2CH2CH), 2.26 (t, J=10.6 Hz, 0.5H, NCHaxHeqCHCH?2, dia2),
2.29 (t, J=10.6 Hz, 0.5H, NCHaxHeqCHCH?, dial), 2.49-2.58 (m, 1H, NCH2CHa,CH2), 2.74-2.86 (m, 1H,
NCHaxHeqCH2CH2CH), 3.00 (dd, J=11.1/3.2 Hz, 0.5H, NCHaxHeqCHCHa, dial), 3.06 (dd, J=11.1/3.3 Hz,
0.5H, NCHaxHeqCHCH2, dia2), 3.11-3.22 (m, 2H, NCH,CHCCH), 4.09 (g, J=7.1 Hz, 1H, OCH2CHs,
dial), 4.10 (g, J=7.1 Hz, 1H, OCH,CHs, dia2), 5.62 (g, J=7.0 Hz, 0.5H, NCH.CHCCH, dial), 5.62 (q,
J=7.0 Hz, 0.5H, NCHCHCCH, dia2), 6.38 (dt, J=6.5/2.5 Hz, 1H, NCH2CHCCH), 7.03 (ddd,
J=10.6/8.2/1.3 Hz, 1H, FCCHCHCHCH), 7.09 (it, J=7.5/1.5 Hz, 1H, FCCHCHCHCH), 7.15-7.21 (m, 1H,
FCCHCHCHCH), 7.38 (td, J=7.7/1.7 Hz, 1H, FCCHCHCHCH); 23C NMR (126 MHz, CD2Cl.): 5=14.6
(CHs), 14.6 (CH3), 25.2 (CH2), 27.4 (CH2), 27.4 (CH2), 42.5 (CH), 42.5 (CH), 53.7 (CH2), 53.7 (CH2),
55.6 (CH2), 55.6 (CH2), 58.0 (CH2), 58.1 (CH2), 60.7 (CH2), 87.3 (d, 3Jcr=5.8 Hz, CH), 87.34 (d, 3Jcr=5.8
Hz, CH), 92.2 (CH), 92.3 (CH), 116.0 (d, 2Jcr=21.4 Hz, CH), 122.6 (d, 2Jcr=12.2 Hz, C), 124.7 (d,
4)cr=3.6 Hz, CH), 128.7-128.9 (m, CH), 160.2 (d, 1Jcr=248.5 Hz, C), 174.5 (C), 207.0 (d, “Jcr=2.0 Hz,
C), 207.1 (d, “Jcr=2.2 Hz, C); 19F {H} NMR (376 MHz, CD.Cly): $=-120.1, -120.1; IR (film): ¥=3418,
2941, 2800, 1951, 1730, 1583, 1493, 1457, 1367, 1343, 1310, 1233, 1180, 1152, 1134, 1094, 1031,
939, 876, 833, 788, 753 cm™L; HRMS-ESI m/z [M+H]* calcd for C1sH22FNO2: 304.1713, found: 304.1706.

rac-[Ethyl (Ra)-1-{4-[2-(trifluoromethyl)phenyl]buta-2,3-dien-1-yl}(3R)-piperidine-3-carboxylate]
(rac-(3R,Ra)-20e) and rac-[ethyl (Sa)-1-{4-[2-(trifluoromethyl)phenyl]buta-2,3-dien-1-yl}(3R)-
piperidine-3-carboxylate] (rac-(3R,Sa)-20e):

R=0.19 (PE/EtOAc 7:3); 'H NMR (500 MHz, CD2Cl): 6=1.22 (t, J=7.1 Hz, 1.5H, OCH2CHj3, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH:CHs, dia2), 1.39-1.49 (m, 1H, NCH2CHCHaHeq), 1.50-1.61 (m, 1H,
NCH2CHaxHeqCH2CH), 1.69-1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.85-1.95 (m, 1H, NCH2CHCHaxHeg),
2.13 (td, J=10.6/3.0 Hz, 0.5H, NCHaxHeqCH2CH:CH, dia2), 2.14 (id, J=10.6/3.0 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial), 2.27 (t, J=10.3 Hz, 0.5H, NCHaxHeqCHCHz, dia2), 2.29 (t, J=10.3 Hz, 0.5H,
NCHaxHeqCHCHz2, dial), 2.53 (tt, J=10.6/3.9 Hz, 0.5H, NCH2CHaxCH2, dial), 2.54 (tt, J=10.6/3.9 Hz,
0.5H, NCH2CHaxCHz, dia2), 2.74-2.85 (m, 1H, NCHaxHeqCH2CH2CH), 2.99 (dd, J=11.1/3.9 Hz, 0.5H,
NCHaxHeqCHCHz2, dial), 3.05 (dd, J=11.1/3.9 Hz, 0.5H, NCHaxHeqCHCH2, dia2), 3.19 (dd, J=7.1/2.5 Hz,
1H, NCH,CHCCH, dia2), 3.20 (dd, J=7.1/2.5 Hz, 1H, NCH,CHCCH, dial), 4.09 (q, J=7.1 Hz, 1H,
OCHCHjs, dial), 4.10 (g, J=7.1 Hz, 1H, OCH2CHs, dia2), 5.67 (q, J=6.9 Hz, 1H, NCH2CHCCH), 6.49—
6.57 (m, 1H, NCH2CHCCH), 7.30 (t, J=7.7 Hz, 1H, FsCCCCHCHCHCH), 7.50 (t, J=7.7 Hz, 1H,
F3CCCCHCHCHCH), 7.58-7.67 (m, 2H, FsCCCCHCHCHCH); 13C NMR (126 MHz, CD2Cly): 6=14.6
(CHs), 25.2 (CH2), 27.4 (CH2), 42.5 (CH), 42.5 (CH), 53.7 (CH2), 53.7 (CH2), 55.6 (CH2), 55.6 (CH>),
57.8 (CH2), 57.8 (CHy2), 60.7 (CH2), 91.1 (q, “Jcr=2.8 Hz, CH), 91.13 (q, “Jcr=2.8 Hz, CH), 92.6 (CH),
92.6 (CH), 125.0 (q, 1Jcr=273.7 Hz, C), 126.4 (q, 3Jcr=5.7 Hz, CH), 126.9 (q, 2Jcr=30.1 Hz, C), 127.2
(CH), 129.2 (CH), 129.3 (CH), 132.4 (CH), 133.7 (g, 3Jcr=1.4 Hz, C), 174.5 (C), 207.5 (C), 207.6 (C);
9F {IH} NMR (376 MHz, CD2Cl2): 6=-59.8; IR (film): ¥=2941, 2856, 2801, 1950, 1731, 1605, 1579, 1494,
1454, 1367, 1316, 1262, 1207, 1157, 1121, 1097, 1058, 1034, 956, 867, 764 cmt; HRMS-ESI m/z
[M+H]* calcd for CigH22F3NO2: 354.1681, found: 354.1673.



rac-{Ethyl (Ra)-1-[4-(2-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20f) and rac-{ethyl (Sa)-1-[4-(2-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20f):

Rr=0.19 (PE/EtOAc 7:3); IH NMR (400 MHz, CD2Cl2): 5=1.23 (t, J=7.1 Hz, 1.5H, OCH>CHs, dial), 1.24
(t, J=7.1 Hz, 1.5H, OCH:CHs, dia2), 1.37-1.49 (m, 1H, NCH2CHCHaHeq), 1.49-1.65 (m, 1H,
NCH2CHaxHeqCH2CH), 1.66—1.80 (m, 1H, NCH2CHaxHeqCH2CH), 1.81-1.99 (m, 1H, NCH2CHCHaxHeg),
2.11 (td, J=10.9/3.0 Hz, 1H, NCHaxHeqCH2CH2CH), 2.24 (t, J=10.6 Hz, 0.5H, NCHaxHeqCHCHz, dia2),
2.28 (t, J=10.6 Hz, 0.5H, NCHaxHeqCHCHa, dial), 2.45-2.61 (m, 1H, NCH2CHaCH2), 2.70—-2.90 (m, 1H,
NCHaxHeqCH2CH2CH), 3.00 (ddbr, J=11.1/3.6 Hz, 0.5H, NCHaxHeqCHCH?2, dial), 3.07 (ddsr, J=11.1/3.6
Hz, 0.5H, NCHaxHeqCHCH?, dia2), 3.09-3.21 (m, 2H, NCH,CHCCH), 3.83 (s, 3H, OCHs3), 4.09 (q, J=7.1
Hz, 1H, OCH.CHs, dial), 4.10 (q, J=7.1 Hz, 1H, OCH,CHs, dia2), 5.54 (q, J=7.0 Hz, 1H, NCH2CHCCH),
6.54 (dt, J=6.5/2.5 Hz, 1H, NCH2CHCCH), 6.87 (dd, J=8.2, 1.1 Hz, 1H, CCHCHCHCHCOMe), 6.90 (td,
J=7.5/1.1 Hz, 0.5H, CCHCHCHCHCOMe, dia2), 6.90 (td, J=7.5/1.1 Hz, 0.5H, CCHCHCHCHCOMe,
dial), 7.17 (td, J=7.4/1.8 Hz, 1H, CCHCHCHCHCOMe), 7.34 (dd, J=7.6/1.8 Hz, 1H,
CCHCHCHCHCOMe); 13C NMR (101 MHz, CDCl): $=14.6 (CHs), 25.2 (CH2), 27.4 (CHz), 42.5 (CH),
42.6 (CH), 53.7 (CH2), 55.6 (CH2), 55.6 (CH2), 56.1 (CHs), 58.4 (CH2), 58.4 (CH2), 60.7 (CH2), 88.8 (CH),
88.9 (CH), 91.5 (CH), 91.5 (CH), 111.5 (CH), 121.2 (CH), 123.3 (C), 128.2 (CH), 128.5 (CH), 156.6 (C),
174.5 (C), 206.9 (C), 206.9 (C); IR (film): ¥=2940, 2835, 2798, 1948, 1730, 1596, 1583, 1493, 1465,
1440, 1392, 1367, 1342, 1288, 1246, 1180, 1152, 1134, 1095, 1048, 1029, 932, 880, 822, 797, 750 cm-
1: HRMS-ESI m/z [M+H]* calcd for C1oH2sNOs: 316.1913, found: 316.1905.

rac-{Ethyl (Ra)-1-[4-(3-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20g) and rac-{ethyl (Sa)-1-[4-(3-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20g9):

Ri=0.24 (PE/EtOAc 7:3); IH NMR (400 MHz, CD2Cl»): 5=1.23 (t, J=7.1 Hz, 1.5H, OCH»CHs, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH:CHs, dia2), 1.37-1.50 (m, 1H, NCH2CHCHaxHeq), 1.49-1.61 (m, 1H,
NCH2CHaxHeqCH2CH), 1.67-1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.83—1.97 (m, 1H, NCH2CHCHaxHeg),
2.12 (td, J=10.8/3.1 Hz, 0.5H, NCHaHeqCH2CH:CH, dial), 2.14 (td, J=10.8/3.1 Hz, 0.5H,
NCHaxHeqCH2CH:2CH, dia2), 2.26 (t, J=11.1 Hz, 0.5H, NCHaHeqCHCH2, dia2), 2.29 (t, J=11.1 Hz, 0.5H,
NCHaxHeqCHCH2, dial), 2.53 (it, J=10.1/3.8 Hz, 0.5H, NCH2CHa,CHz, dial), 2.54 (it, J=10.1/3.8 Hz,
0.5H, NCH2CHaCHa, dia2), 2.79 (dt, J=11.2/4.1 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.84 (dt,
J=11.2/4.1 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial), 3.00 (ddor, J=11.0/3.8 Hz, 0.5H, NCHaxHeqCHCHs,
dial), 3.06 (ddbr, J=11.0/3.8 Hz, 0.5H, NCHaxHeqCHCHa, dia2), 3.10-3.22 (m, 2H, NCH.CHCCH), 3.78
(s, 3H, OCHs), 4.09 (q, J=7.1 Hz, 1H, OCH,CHs, dial), 4.10 (g, J=7.1 Hz, 1H, OCH,CHs, dia2), 5.59 (q,
J=7.3 Hz, 0.5H, NCH2CHCCH, dial), 5.59 (g, J=7.3 Hz, 0.5H, NCH.CHCCH, dia2), 6.15 (dt, J=6.4/2.4
Hz, 1H, NCH:CHCCH), 6.74 (ddt, J=8.0/2.6/0.7 Hz, 1H, CCHCHCHCOMe), 6.80-6.85 (m, 1H,
CCHCOMe), 6.85-6.90 (m, 1H, CCHCHCHCOMe), 7.20 (t, J=8.0 Hz, 1H, CCHCHCHCOMe); 1*C NMR
(101 MHz, CD2Cl2): 5=14.6 (CH3), 25.2 (CH2), 27.4 (CH2), 27.4 (CH2), 42.5 (CH), 42.6 (CH), 53.7 (CH2),
55.5 (CHs), 55.6 (CH3), 55.7 (CH2), 55.7 (CH2), 58.2 (CHz), 58.2 (CHz), 60.7 (CH2), 92.3 (CH), 92.4 (CH),
94.9 (CH), 95.0 (CH), 112.2 (CH), 112.3 (CH), 113.3 (CH), 113.3 (CH), 119.8 (CH), 130.1 (CH), 136.5
(C), 160.5 (C), 174.5 (C), 206.5 (C), 206.5 (C); IR (film): ¥=2940, 2854, 2833, 2803, 1949, 1730, 1598,
1582, 1553, 1530, 1512, 1490, 1467, 1453, 1440, 1408, 1367, 1343, 1311, 1263, 1222, 1181, 1153,
1134, 1094, 1047, 994, 880, 786, 754, 734, 687 cm™; HRMS-ESI m/z [M+H]* calcd for CisHzsNOs:
316.1913, found: 316.1905.

rac-{Ethyl (Ra)-1-[4-(2,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20h) and rac-{ethyl (Sa)-1-[4-(2,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20h):

Ri=0.32 (PE/EtOAc 1:1); 'H NMR (400 MHz, CD2Clz): 5=1.22 (t, J=7.1 Hz, 1.5H, OCH2CHs, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH:CHs, dia2), 1.37-1.50 (m, 1H, NCH2CHCHaHeq), 1.49-1.63 (m, 1H,
NCH2CHaHeqCH2CH), 1.72 (dp, J=11.0/3.8 Hz, 1H, NCH2CHaxHeqCH2CH), 1.84-1.96 (m, 1H,
NCH2CHCHaxHeq), 2.06-2.19 (M, 1H, NCHaxHeqCH2CH2CH), 2.26 (t, J=10.4 Hz, 0.5H, NCHaxHeqCHCH?,
dia2), 2.29 (t, J=10.4 Hz, 0.5H, NCHaxHeqCHCH3, dial), 2.48-2.59 (m, 1H, NCH2CHaCH2), 2.79 (dtor,
J=11.3/4.1 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.84 (dtor, J=11.3/4.1 Hz, 0.5H, NCHaxHeqCH2CH2CH,
dial), 2.99 (ddor, J=11.0/3.4 Hz, 0.5H, NCHaxHeqCHCHz, dial), 3.05 (ddbr, J=11.0/3.4 Hz, 0.5H,
NCHaxHeqCHCH, dia2), 3.08-3.23 (m, 2H, NCH,CHCCH), 3.73 (s, 1.5H, OCHs, dia2), 3.73 (s, 1.5H,
OCHs, dial), 3.78 (s, 3H, OCHs), 4.09 (g, J=7.1 Hz, 1H, OCH.CHs, dial), 4.09 (q, J=7.1 Hz, 1H,
OCH,CHs, dia2), 5.56 (g, J=6.9 Hz, 1H, NCH.CHCCH), 6.52 (dt, J=6.5/2.4 Hz, 0.5H, NCH2CHCCH,



dia2), 6.52 (dt, J=6.5/2.4 Hz, 0.5H, NCH:CHCCH, dial), 6.71 (dd, J=8.9/3.1 Hz, 1H,
CCOMeCHCHCOMeCH), 6.81 (d, J=8.9 Hz, 1H, CCOMeCHCHCOMeCH), 6.89 (d, J=3.1 Hz, 0.5H,
CCOMeCHCHCOMeCH, dia2), 6.90 (d, J=3.1 Hz, 0.5H, CCOMeCHCHCOMeCH, dial); 1*C NMR (101
MHz, CD2Cly): 5=14.6 (CHa), 25.2 (CHz), 27.4 (CH2), 27.4 (CH2), 42.6 (CH), 42.6 (CH), 53.7 (CH2), 55.5
(CH2), 55.6 (CHz), 56.1 (CH3), 56.1 (CHs), 56.8 (CHs), 58.3 (CH2), 58.4 (CH2), 60.7 (CHz), 89.0 (CH),
89.0 (CH), 91.7 (CH), 91.8 (CH), 112.9 (CH), 113.0 (CH), 113.0 (CH), 113.0 (CH), 113.9 (CH), 113.9
(CH), 124.2 (C), 151.1 (C), 154.4 (C), 174.5 (C), 174.5 (C), 206.8 (C), 206.8 (C); IR (film): ¥=2939, 2832,
2802, 1948, 1729, 1606, 1501, 1465, 1427, 1412, 1366, 1342, 1308, 1280, 1244, 1214, 1179, 1152,
1133, 1094, 1047, 1027, 881, 860, 803, 713, 699 cm™; HRMS-ESI m/z [M+H]* calcd for CaoHz7NOa:
346.2018, found: 346.2011.

rac-{Ethyl (Ra)-1-[4-(3,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20i) and rac-{ethyl (Sa)-1-[4-(3,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20i):

R=0.31 (PE/EtOAc 6:4); 'H NMR (400 MHz, CD2Cl): 6=1.22 (t, J=7.1 Hz, 1.5H, OCH2CH3s, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH:CHs;, dia2), 1.37-1.50 (m, 1H, NCH2CHCHaxHeq), 1.50-1.63 (m, 1H,
NCH2CHaxHeqCH2CH), 1.68-1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.84-1.96 (m, 1H, NCH2CHCHaxHeq),
2.12 (td, J=10.6/3.0 Hz, 0.5H, NCHaxHeqCH2CH:CH, dial), 2.15 (td, J=10.6/3.0 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dia2), 2.27 (t, J=11.2 Hz, 0.5H, NCHaxHeqCHCHz2, dia2), 2.30 (t, J=11.2 Hz, 0.5H,
NCHaxHegCHCHz2, dial), 2.52 (tt, J=10.0/3.8 Hz, 0.5H, NCH2CHaxCH2, dial), 2.54 (tt, J=10.0/3.8 Hz,
0.5H, NCH2CHaxCHz, dia2), 2.78 (dtor, J=11.1/3.8 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.84 (dtor,
J=11.1/3.8 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial), 2.99 (ddwr, J=11.0/3.4 Hz, 0.5H, NCHaxHeqCHCHz,
dial), 3.06 (ddor, J=11.1/3.8 Hz, 0.5H, NCHaxHeqCHCHz, dia2), 3.09-3.23 (m, 2H, NCH,CHCCH), 3.76
(s, 6H, OCHg), 4.09 (q, J=7.1 Hz, 1H, OCH>CHjs, dial), 4.09 (q, J=7.1 Hz, 1H, OCH>CHj3, dia2), 5.59 (q,
J=6.7 Hz, 0.5H, NCH2CHCCH, dial), 5.59 (q, J=6.7 Hz, 0.5H, NCH2CHCCH, dia2), 6.11 (dt, J=6.4/2.3
Hz, 1H, NCH2CHCCH), 6.31 (t, J=2.3 Hz, 1H, CCHCOMeCHCOMeCH), 6.44 (d, J=2.3 Hz, 1H,
CCHCOMeCHCOMeCH, dia2), 6.45 (d, J=2.3 Hz, 1H, CCHCOMeCHCOMeCH, dial); 13C NMR (101
MHz, CD2Clz): 6=14.6 (CHs), 25.2 (CH2), 27.4 (CH2), 27.4 (CHz), 42.5 (CH), 42.6 (CH), 53.7 (CHz), 55.5
(CHz), 55.6 (CH2), 55.8 (CHs), 55.8 (CHs), 58.2 (CH2), 58.2 (CH2), 60.7 (CH2), 92.4 (CH), 92.5 (CH),
95.1 (CH), 95.1 (CH), 99.8 (CH), 99.9 (CH), 105.1 (CH), 105.1 (CH), 137.2 (C), 161.6 (C), 174.5 (C),
174.5 (C), 206.5 (C), 206.6 (C); IR (film): v=2939, 2835, 1948, 1729, 1603, 1593, 1466, 1458, 1432,
1397, 1365, 1339, 1313, 1295, 1204, 1153, 1094, 1064, 1030, 992, 876, 832, 678 cm%; HRMS-ESI m/z
[M+H]* calcd for C20H27NO4: 346.2018, found: 346.2012.

rac-{Ethyl (Ra)-1-[4-(2,6-dichlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20j) and rac-{ethyl (Sa)-1-[4-(2,6-dichlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20j):

R=0.47 (PE/EtOAc 7:3); 'H NMR (500 MHz, CD2Cl2): 6=1.23 (t, J=7.1 Hz, 3H, OCH2CHj3), 1.37-1.49
(m, 1H, NCH2CHCHaHeq), 1.49-1.61 (m, 1H, NCH2CHaHeqCH2CH), 1.66-1.77 (m, 1H,
NCH2CHaxHeqCH2CH), 1.82-1.96 (m, 1H, NCH2CHCHaxHeq), 2.10 (td, J=11.0/3.5 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dia2), 2.11 (td, J=11.0/3.5 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial), 2.23 (t, J=11.1
Hz, 0.5H, NCHaxHeqCHCHz, dia2), 2.25 (t, J=11.1 Hz, 0.5H, NCHaxHeqCHCH?2, dial), 2.52 (tt, J=10.4/3.8
Hz, 0.5H, NCH2CHaxCH2, dial), 2.52 (tt, J=10.4/3.8 Hz, 0.5H, NCH2CHaxCHz, dia2), 2.69-2.86 (m, 1H,
NCHaxHeqCH2CH2CH), 2.99 (dbr, J=11.1 Hz, 0.5H, NCHaxHeqCHCH?2, dial), 3.02 (dwr, J=11.1 Hz, 0.5H,
NCHaxHeqCHCHz, dia2), 3.14-3.24 (m, 2H, NCH>CHCCH), 4.09 (q, J=7.1 Hz, 2H, OCH2CHs), 5.49 (q,
J=7.0 Hz, 0.5H, NCH2CHCCH, dial), 5.49 (q, J=7.0 Hz, 0.5H, NCH2CHCCH, dia2), 6.46 (dt, J=6.6/2.8
Hz, 0.5H, NCH2.CHCCH, dial), 6.47 (dt, J=6.6/2.8 Hz, 0.5H, NCH2.CHCCH, dia2), 7.10 (t, J=8.1 Hz, 1H,
CICCHCHCH), 7.32 (d, J=8.1 Hz, 2H, CICCHCHCH); 13C NMR (126 MHz, CD2Cl2): 6=14.6 (CHz3), 25.2
(CH2), 27.3 (CH2), 27.4 (CH2), 42.5 (CH), 42.5 (CH), 53.8 (CH>), 55.7 (CH2), 55.7 (CH2), 57.8 (CH>),
57.8 (CH2), 60.7 (CHz), 88.8 (CH), 88.8 (CH), 91.3 (CH), 91.3 (CH), 128.5 (CH), 129.2 (CH), 131.1 (C),
131.2 (C), 134.9 (C), 174.5 (C), 174.5 (C), 208.2 (C), 208.3 (C); IR (film): ¥=2978, 2940, 2866, 2794,
1955, 1731, 1578, 1557, 1467, 1450, 1435, 1392, 1367, 1343, 1310, 1259, 1217, 1183, 1152, 1134,
1096, 1031, 864, 832, 774, 747 cm-1; HRMS-ESI m/z [M+H]* calcd for C1sH21Cl2NOz2: 354.1028, found:
354.1025.



rac-{Ethyl (Ra)-1-[4-(2-chloro-5-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate}
(rac-(3R,Ra)-20k) and rac-{ethyl (Sa)-1-[4-(2-chloro-5-methoxyphenyl)buta-2,3-dien-1-yl](3R)-
piperidine-3-carboxylate} (rac-(3R,Sa)-20Kk):

Rr=0.31 (PE/EtOAcC 7:3); IH NMR (500 MHz, CD2Cl»): 5=1.22 (t, J=7.1 Hz, 1.5H, OCH»CHs, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH:CHs, dia2), 1.37-1.50 (m, 1H, NCH2CHCHaxHeq), 1.50-1.62 (m, 1H,
NCH2CHaxHeqCH2CH), 1.68—1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.83-1.97 (m, 1H, NCH2CHCHaxHeg),
2.14 (td, J=11.1/3.0 Hz, 0.5H, NCHaHeqCH2CH:CH, dial), 2.15 (td, J=11.1/3.0 Hz, 0.5H,
NCHaxHeqCH2CH:2CH, dia2), 2.28 (t, J=11.3 Hz, 0.5H, NCHaHeqCHCH2, dia2), 2.30 (t, J=11.3 Hz, 0.5H,
NCHaxHeqCHCH2, dial), 2.53 (it, J=10.4/3.8 Hz, 0.5H, NCH2CHa,CHz, dial), 2.54 (it, J=10.4/3.8 Hz,
0.5H, NCH2CHa,CHz, dia2), 2.73-2.88 (m, 1H, NCHaxHeqCH2CH2CH), 2.99 (ddbr, J=11.0/2.9 Hz, 0.5H,
NCHaxHeqCHCH2, dial), 3.04 (ddbr, J=11.0/2.9 Hz, 0.5H, NCHaxHeqCHCH, dia2), 3.12-3.25 (m, 2H,
NCH,CHCCH), 3.76 (s, 1.5H, OCHj, dia2), 3.76 (s, 1.5H, OCHs, dial), 4.09 (g, J=7.1 Hz, 1H, OCH2CHs,
dial), 4.09 (g, J=7.1 Hz, 1H, OCH,CHs, dia2), 5.65 (g, J=7.2 Hz, 1H, NCH.CHCCH), 6.57 (dt, J=6.5/2.5
Hz, 0.5H, NCH2CHCCH, dia2), 6.57 (dt, J=6.5/2.5 Hz, 0.5H, NCH.CHCCH, dial), 6.71 (dd, J=8.8/3.1
Hz, 1H, CICCHCHCOMeCH), 6.96 (d, J=2.0 Hz, 0.5H, CICCHCHCOMeCH, dia2), 6.97 (d, J=2.0 Hz,
0.5H, CICCHCHCOMeCH, dial), 7.23 (d, J=8.8 Hz, 1H, CICCHCHCOMeCH); 3C NMR (126 MHz,
CD2Cl): 5=14.6 (CHs), 25.2 (CHz), 27.3 (CHz), 27.4 (CHz), 42.5 (CH), 42.6 (CH), 53.7 (CH2), 53.7 (CH2),
55.5 (CHz), 55.6 (CH2), 56.0 (CH3), 56.0 (CHs), 58.0 (CHz), 58.0 (CHz), 60.8 (CH2), 91.5 (CH), 91.5 (CH),
92.7 (CH), 92.7 (CH), 112.9 (CH), 113.0 (CH), 115.2 (CH), 115.3 (CH), 124.0 (C), 130.8 (CH), 130.8
(CH), 133.5 (C), 159.0 (C), 174.4 (C), 174.5 (C), 207.2 (C), 207.2 (C); IR (film): ¥=2940, 2855, 2800,
1950, 1731, 1594, 1571, 1484, 1466, 1405, 1367, 1343, 1281, 1252, 1229, 1181, 1165, 1152, 1134,
1095, 1064, 1026, 877, 856, 808, 746, 691, 653 cm™t; HRMS-ESI m/z [M+H]* calcd for C1sH24CINOs:
350.1523, found: 350.1518.

rac-{Ethyl (Ra)-1-[4-([1,1'-biphenyl]-3-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-20n) and rac-{ethyl (Sa)-1-[4-([1,1'-biphenyl]-3-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-20n):

R=0.23 (PE/EtOAc 7:3); 'H NMR (400 MHz, CD2Cl2): 6=1.21 (t, J=7.1 Hz, 1.5H, OCH2CH3s, dial), 1.22
(t, J=7.1 Hz, 1.5H, OCH2CHs, dia2), 1.45 (qd, J=11.7/4.1 Hz, 0.5H, NCH2CHCHaxHeq, dia2), 1.46 (qd,
J=11.7/4.1 Hz, 0.5H, NCH2CHCHaxHeq, dial), 1.51-1.66 (m, 1H, NCH2CHaxHeqCH2CH), 1.68—1.80 (m,
1H, NCH2CHaxHeqCH2CH), 1.84-1.97 (m, 1H, NCH2CHCHaxHeq), 2.14 (td, J=10.8/2.9 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial), 2.17 (td, J=10.8/2.9 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.30 (t, J=10.5
Hz, 0.5H, NCHaxHeqCHCHz2, dia2), 2.32 (t, J=10.5 Hz, 0.5H, NCHaxHeqCHCH2, dial), 2.54 (tt, J=10.3/3.9
Hz, 0.5H, NCH2CHaxCHz, dial), 2.55 (tt, J=10.3/3.9 Hz, 0.5H, NCH2CHaCH2, dia2), 2.75-2.87 (m, 0.5H,
NCHaxHeqCH2CH2CH, dia2), 2.83-2.92 (m, 0.5H, NCHaxHeqCH2CH2CH, dial), 3.01 (ddbr, J=11.2/3.6 Hz,
0.5H, NCHaxHeqCHCHg2, dial), 3.06 (ddor, J=10.7/3.5 Hz, 0.5H, NCHaxHeqCHCH2, dia2), 3.11-3.25 (m,
2H, NCH,CHCCH), 4.08 (q, J=7.1 Hz, 1H, OCH:CHjs, dial), 4.08 (q, J=7.1 Hz, 1H, OCH,CHgs, dia2),
5.62 (q, J=6.8 Hz, 0.5H, NCH2CHCCH, dial), 5.63 (g, J=6.8 Hz, 0.5H, NCH2CHCCH, dia2), 6.26 (dt,
J=6.4/2.4 Hz, 1H, NCH2CHCCH), 7.28 (dt, J=7.5/1.3 Hz, 0.5H, ArH, dial), 7.28 (dt, J=7.5/1.3 Hz, 0.5H,
ArH, dia2), 7.32—7.41 (m, 2H, ArH), 7.41-7.49 (m, 3H, ArH), 7.53 (t, J=1.7 Hz, 0.5H, ArH, dia2), 7.54 (t,
J=1.7 Hz, 0.5H, ArH, dial), 7.57-7.63 (m, 2H, ArH); 13C NMR (101 MHz, CD>Cl2): 6=14.6 (CHs), 25.2
(CH2), 27.4 (CH2), 42.5 (CH), 42.6 (CH), 53.7 (CH2), 53.8 (CH2), 55.6 (CH2), 55.7 (CH2), 58.2 (CHy),
58.3 (CH2), 60.7 (CH), 92.3 (CH), 92.6 (CH), 94.9 (CH), 94.9 (CH), 125.9 (CH), 126.0 (CH), 126.2 (CH),
126.2 (CH), 126.2 (CH), 127.6 (CH), 128.0 (CH), 129.3 (CH), 129.6 (CH), 129.6 (CH), 135.6 (C), 141.5
(C), 142.0 (C), 142.0 (C), 174.5 (C), 206.6 (C), 206.7 (C); IR (film): ¥=3425, 3059, 3031, 2940, 2804,
1949, 1730, 1598, 1574, 1479, 1467, 1454, 1367, 1311, 1218, 1181, 1152, 1133, 1094, 1029, 894, 866,
802, 761, 736, 698 cm1; HRMS-ESI m/z [M+H]* calcd for C2saH27NO2: 362.2120, found: 362.2114.

rac-{Ethyl (Ra)-1-[4-([1,1'-biphenyl]-4-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-
(3R,Ra)-200) and rac-{ethyl (Sa)-1-[4-([1,1'-biphenyl]-4-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Sa)-200):

Ri=0.22 (PE/EtOAc 7:3); IH NMR (500 MHz, CD2Clz): 5=1.23 (t, J=7.2 Hz, 1.5H, OCH2CHs, dial), 1.24
(t, J=7.2 Hz, 1.5H, OCH:CHs, dia2), 1.39-1.51 (m, 1H, NCH2CHCHaHeq), 1.51-1.64 (m, 1H,
NCH2CHaxHeqCH2CH), 1.70-1.80 (m, 1H, NCH2CHaxHeqCH2CH), 1.86-1.97 (m, 1H, NCH2CHCHaxHeg),
2.15 (td, J=11.0/2.8 Hz, 0.5H, NCHaHeqCH2CH:CH, dial), 2.15 (td, J=11.0/2.8 Hz, 0.5H,
NCHaxHeqCH2CH:2CH, dia2), 2.29 (t, J=11.1 Hz, 0.5H, NCHaHeqCHCH2, dia2), 2.31 (t, J=11.1 Hz, 0.5H,
NCHaxHeqCHCHg, dial), 2.55 (tt, J=10.3/3.9 Hz, 0.5H, NCH2CHaCHo, dial), 2.57 (i, J=10.3/3.9 Hz,
0.5H, NCH2CHaCHz, dia2), 2.74-2.83 (m, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.83-2.92 (m, 0.5H,



NCHaxHeqCH2CH2CH, dial), 3.02 (dbr, J=10.3 Hz, 0.5 H, NCHaxHeqCHCHa, dial), 3.09 (dbr, J=10.3 Hz,
0.5H, NCHaxHeqCHCH2, dia2), 3.13-3.25 (m, 2H, NCH,CHCCH), 4.10 (g, J=7.2 Hz, 1H, OCH,CHs,
dial), 4.11 (q, J=7.2 Hz, 1H, OCH,CHs, dia2), 5.63 (q, J=6.9 Hz, 0.5H, NCH.CHCCH, dial), 5.63 (q,
J=6.9 Hz, 0.5H, NCH2CHCCH, dia2), 6.24 (dt, J=6.0/2.4 Hz, 1H, NCH,CHCCH), 7.30-7.40 (m, 3H,
ArH), 7.40-7.47 (m, 2H, ArH), 7.54—7.59 (m, 2H, ArH), 7.59-7.65 (m, 2H, ArH); 13C NMR (126 MHz,
CD:Cla): 5=14.6 (CHs), 14.6 (CHs), 25.2 (CH2), 27.4 (CH2), 27.4 (CH2), 42.5 (CH), 42.6 (CH), 53.7 (CHa),
53.8 (CH2), 55.6 (CH2), 55.6 (CH2), 58.2 (CH2), 58.3 (CH2), 60.7 (CHz2), 92.3 (CH), 92.4 (CH), 94.6 (CH),
94.6 (CH), 127.3 (CH), 127.7 (CH), 127.8 (CH), 127.8 (CH), 129.3 (CH), 134.2 (C), 140.1 (C), 141.2 (C),
174.5 (C), 174.5 (C), 206.7 (C), 206.7 (C); IR (film): ¥=3432, 3030, 2940, 2805, 1947, 1730, 1600, 1518,
1487, 1467, 1451, 1367, 1312, 1218, 1182, 1152, 1134, 1095, 1030, 1007, 876, 842, 798, 769, 743,
723, 697 cm't; HRMS-ESI m/z [M+H]* calcd for C2aH27NO2: 362.2120, found: 362.2113.

rac-{Ethyl (Ra)-1-[4-([1,1":2',1"-terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate}
(rac-(3R,Ra)-20p) and rac-{ethyl (Sa)-1-[4-([1,1":2',1"-terphenyl]-2-yl)buta-2,3-dien-1-yI](3R)-
piperidine-3-carboxylate} (rac-(3R,Sa)-20p):

R=0.31 (PE/EtOAc 7:3); 'H NMR (500 MHz, Tclz): 6=1.16-1.30 (m, 3H, OCH2CHs), 1.40 (q, J=12.4 Hz,
1H, NCH2CHCHaxHeq), 1.46-1.61 (m, 1H, NCH2CHaHeqCH2CH), 1.61-1.82 (m, 1H,
NCH2CHaxHeqCH2CH), 1.83-1.96 (m, 1H, NCH2CHCHaxHeg), 1.96—2.10 (m, 1H, NCHaxHeqCH2CH2CH),
2.09-2.27 (m, 1H, NCHaHeqCHCH2), 2.38-2.62 (m, 1H, NCH2CHa.CH2), 2.62-2.83 (m, 1H,
NCHaxHeqCH2CH2CH), 2.83-3.16 (m, 3H, NCHaxHeqCHCH2 and NCH>CHCCH), 3.89-4.28 (m, 2H,
OCH2CHs), 5.24-5.50 (m, 1H, NCH2CHCCH), 5.90 (d, J=6.2 Hz, 1H, NCH2CHCCH), 6.95-7.25 (m, 8H,
ArH), 7.25-7.37 (m, 2H, ArH), 7.37-7.54 (m, 3H, ArH); 3C NMR (101 MHz, Tcl2): 6=14.2 (CHzs), 24.4
(CHz), 26.6 (CHz), 41.6 (CH), 52.6 (CHz), 52.8 (CHz), 54.4 (CHz), 54.6 (CHz), 57.3 (CHz), 57.4 (CHy),
60.3 (CH2), 90.5 (CH), 90.5 (CH), 92.5 (CH), 92.6 (CH), 126.2 (CH), 126.3 (CH), 126.7 (CH), 126.7
(CH), 126.9 (CH), 127.0 (CH), 127.1 (CH), 127.5 (CH), 127.6 (CH), 127.7 (CH), 127.7 (CH), 129.4 (CH),
129.5 (CH), 129.9 (CH), 130.0 (CH), 130.9 (CH), 131.0 (CH), 131.0 (CH), 131.1 (CH), 132.1 (CH), 132.2
(CH), 138.9 (C), 139.4 (C), 140.9 (C), 140.9 (C), 141.2 (C), 174.0 (C), 206.2 (C); IR (film): ¥=3057, 3021,
2939, 2868, 2795, 2359, 2342, 1947, 1731, 1597, 1490, 1471, 1450, 1366, 1310, 1218, 1180, 1151,
1133, 1094, 1031, 1008, 879, 767, 750, 699 cm; HRMS-ESI m/z [M+H]* calcd for C3oH3:NO:z2:
438.2433, found: 438.2424. Ratio of atropisomers is 45:55.

Ethyl (Ra)-1-[4-([1,1":2',1"-terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylate
((3R,Ra)-20p) and Ethyl (Sa)-1-[4-([1,1:2',1"-terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate ((3R,Sa)-20p):

R=0.23 (PE/EtOAc 7:3); [a]p?'=+2.17° (c=2.205 g/100 mL in chloroform); 'H NMR (400 MHz, Tclz,
373K): 6=1.19 (t, J=7.1 Hz, 1.5H, OCH2CHg, dial or dia2), 1.20 (t, J=7.1 Hz, 1.5H, OCH2CHg, dial or
dia2), 1.41 (qd, J=12.2/4.9 Hz, 1H, NCH2CHCHaxHeq), 1.48-1.64 (m, 1H, NCH2CHaxHeqCH2CH), 1.63—
1.75 (m, 1H, NCH2CHaxHeqCH2CH), 1.83-1.97 (m, 1H, NCH2CHCHaxHeq), 2.00-2.16 (m, 1H,
NCHaxHeqCH2CH2CH), 2.23 (t, J=10.7 Hz, 0.5H, NCHaxHeqCHCH?2, dial or dia2), 2.26 (t, J=10.7 Hz,
0.5H, NCHaHeqCHCHz, dial or dia2), 2.46-2.65 (m, 1H, NCH2CHaCH2), 2.65-2.82 (m, 1H,
NCHaxHeqCH2CH2CH), 2.82—-3.23 (m, 3H, NCHaxHeqCHCH2 and NCH,CHCCH), 4.08 (q, J=7.1 Hz, 1H,
OCH2CHs, dial or dia2), 4.09 (g, J=7.1 Hz, 1H, OCH,CHs, dial or dia2), 5.34 (g, J=6.0 Hz, 1H,
NCH2CHCCH), 5.85-6.02 (m, 1H, NCH2CHCCH), 6.89-7.20 (m, 8H, ArH), 7.21-7.30 (m, 2H, ArH),
7.31-7.48 (m, 3H, ArH); 13C NMR (101 MHz, Tclz, 393K): 5=14.2 (CHa), 14.2 (CHs), 21.9 (br, CH2), 25.8
(CHz), 39.0 (br, CH), 51.7 (br, CHz), 52.6 (br, CHz), 56.7 (br, CH2), 61.5 (CH3), 84.1 (br, CH), 95.3 (CH),
126.7 (CH), 127.4 (CH), 127.6 (CH), 127.7 (CH), 127.9 (CH), 128.3 (CH), 129.7 (CH), 130.4 (CH), 130.7
(br, C), 131.2 (CH), 131.6 (CH), 139.2 (C), 140.8 (C), 141.4 (br, C), 141.7 (br, C), 171.2 (br, C), 209.8
(br, C); IR (film): ¥=3057, 3020, 2978, 2940, 2855, 2795, 1947, 1731, 1597, 1490, 1472, 1450, 1388,
1366, 1342, 1310, 1218, 1180, 1151, 1134, 1095, 1046, 1031, 1008, 948, 912, 878, 797, 768, 750, 699,
631, 614 cml; HRMS-ESI m/z [M+H]* calcd for C3oH31NO2: 438.2433, found: 438.2426. Ratio of
atropisomers is 44:56.

rac-{Ethyl (Ra)-1-[4-(2',6'-dimethyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yI](3R)-piperidine-3-
carboxylate} (rac-(3R,Ra)-20q) and rac-{ethyl (Sa)-1-[4-(2',6'-dimethyl-[1,1'-biphenyl]-2-yl)buta-
2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-(3R,Sa)-20q):

Ri=0.34 (PE/EtOAcC 7:3); 'H NMR (400 MHz, CD2Cly): 5=1.21 (t, J=7.1 Hz, 1.5H, OCH2CHs, dial), 1.23
(t, J=7.1 Hz, 1.5H, OCH2CHg, dia2), 1.41 (qd, J=11.6/3.9 Hz, 1H, NCH2CHCHaxHeq), 1.47-1.60 (m, 1H,



NCH2CHaxHeqCH2CH), 1.65-1.76 (m, 1H, NCH2CHaxHeqCH2CH), 1.82-1.93 (m, 1H, NCH2CHCHaxHeg),
1.95 (s, 3H, CHs), 1.96 (s, 3H, CHj3), 2.05 (td, J=11.0/2.6 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.07
(td, J=11.0/2.6 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial), 2.20 (t, J=10.6 Hz, 1H, NCHaHeqCHCH2), 2.43—
2,57 (m, 1H, NCH2CHaCH2), 2.68-2.83 (m, 1H, NCHaxHeqCH2CH.CH), 2.89-3.12 (m, 3H,
NCHaxHeqCHCH2 and NCH,CHCCH), 4.07 (g, J=7.1 Hz, 1H, OCH,CHjs, dial), 4.09 (q, J=7.1 Hz, 1H,
OCHCHs, dia2), 5.43 (g, J=6.9 Hz, 1H, NCH2CHCCH), 5.74 (dt, J=6.4/2.5 Hz, 1H, NCH2CHCCH), 7.03
(dd, J=7.4/1.6 Hz, 1H, NCH2CHCCHCCHCHCHCH), 7.07-7.13 (m, 2H, ArH), 7.13-7.19 (m, 1H, ArH),
7.26 (td, J=7.4/1.4 Hz, 1H, NCH2CHCCHCCHCHCHCH), 7.31 (td, J=7.5/1.3 Hz, 0.5H,
NCH2CHCCHCCHCHCHCH, dia2), 7.32 (td, J=7.5/1.3 Hz, 0.5H, NCH2.CHCCHCCHCHCHCH, dial),
7.53 (dd, J=7.7/1.2 Hz, 1H, NCH2,CHCCHCCHCHCHCH); 13C NMR (101 MHz, CD2Cl2): 6=14.6 (CH3),
14.6 (CHs), 20.8 (CHs), 20.8 (CHa), 25.2 (CH2), 25.2 (CH2), 27.4 (CH2), 42.5 (CH), 42.6 (CH), 53.6 (CH>),
53.7 (CH2), 55.5 (CH>), 55.6 (CH2), 58.2 (CH3), 58.3 (CH>), 60.7 (CH2), 60.7 (CH>), 91.5 (CH), 91.6 (CH),
92.3 (CH), 92.3 (CH), 127.5 (CH), 127.6 (CH), 127.7 (CH), 127.8 (CH), 127.8 (CH), 130.1 (CH), 132.9
(C), 136.8 (C), 136.9 (C), 139.5 (C), 140.6 (C), 174.5 (C), 206.8 (C), 206.8 (C); IR (film): ¥=3059, 3020,
2940, 2855, 2795, 1946, 1729, 1598, 1580, 1466, 1443, 1376, 1309, 1260, 1216, 1179, 1151, 1133,
1094, 1029, 954, 878, 798, 761, 711, 677 cm-1; HRMS-ESI m/z [M+H]* calcd for C26H31NO2: 390.2433,
found: 390.2426.

rac-{Ethyl (Ra)-1-[4-(2'-isopropyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Ra)-20r) and rac-{ethyl (Sa)-1-[4-(2'-isopropyl-[1,1'-biphenyl]-2-yl)buta-2,3-
dien-1-yl](3R)-piperidine-3-carboxylate} (rac-(3R,Sa)-20r):

R=0.32 (PE/EtOAc 7:3); H NMR (400 MHz, CD2Cl2): 6=1.01-1.09 (m, 3H, CH(CHs)2), 1.09-1.18 (m,
3H, CH(CHs3)2), 1.18-1.30 (m, 3H, OCH2CHz3), 1.32-1.46 (m, 1H, NCH2CHCHaxHeg), 1.47-1.62 (m, 1H,
NCH2CHaxHeqCH2CH), 1.63-1.79 (m, 1H, NCH2CHaxHeqCH2CH), 1.81-1.96 (M, 1H, NCH2CHCHaxHeg),
2.01-2.15 (m, 1H, NCHaxHeqCH2CH2CH), 2.15-2.31 (m, 1H, NCHaxHeqCHCH2), 2.41-2.59 (m, 1H,
NCH2CHaxCH2), 2.62-2.85 (m, 2H, CH(CHs)2 and NCHaxHeqCH2CH2CH), 2.89-3.17 (m, 3H,
NCHaxHegCHCH2 and NCH,CHCCH), 4.02-4.14 (m, 2H, OCH>CHs3), 5.41-5.53 (m, 1H, NCH2CHCCH),
5.81-5.88 (m, 1H, NCH2CHCCH), 7.03—-7.10 (m, 1H, ArH), 7.14 (dd, J=7.6/1.5 Hz, 1H, ArH), 7.17-7.27
(m, 2H, ArH), 7.27-7.42 (m, 3H, ArH), 7.48-7.56 (m, 1H, NCH2CHCCHCCHCHCHCH); 13C NMR (101
MHz, CD2Clz): 6=14.6 (CHs), 14.6 (CHs), 23.6 (CHs), 23.6 (CHs), 24.7 (CHs), 24.8 (CHs), 25.2 (CHy),
27.4 (CHy), 30.5 (CH), 42.5 (CH), 53.6 (CHz), 53.7 (CH2), 53.7 (CH2), 53.7 (CH2), 55.5 (CH2), 55.5 (CHz2),
55.6 (CHz), 55.6 (CH2), 58.1 (CH2), 58.2 (CH>), 58.2 (CH), 60.7 (CH2), 91.5 (CH), 91.8 (CH), 91.6 (CH),
91.8 (CH), 92.9 (CH), 93.0 (CH), 93.0 (CH), 125.8 (CH), 125.9 (CH), 125.9 (CH), 126.9 (CH), 127.2
(CH), 127.2 (CH), 127.3 (CH), 127.9 (CH), 128.5 (CH), 130.4 (CH), 130.5 (CH), 130.7 (CH), 130.7 (CH),
133.2 (C), 133.3 (C), 139.8 (C), 139.9 (C), 140.4 (C), 140.5 (C), 147.6 (C), 147.7 (C), 174.5 (C), 206.6
(C), 206.7 (C), 206.6 (C), 206.8 (C); IR (film): ¥=3059, 3022, 2960, 2868, 2795, 1948, 1731, 1596, 1496,
1479, 1469, 1444, 1384, 1364, 1343, 1310, 1261, 1218, 1181, 1152, 1134, 1095, 1047, 1033, 1005,
880, 794, 756 cm; HRMS-ESI m/z [M+H]* calcd for C27H33NO2: 404.2590, found: 404.2580. Ratio of
atropisomers is 49:51.

rac-{Ethyl (Ra)-1-[4-(2',4'-dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yI](3R)-piperidine-3-
carboxylate} (rac-(3R,Ra)-20s) and rac-{ethyl (Sa)-1-[4-(2',4'-dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-
dien-1-yl](3R)-piperidine-3-carboxylate} (rac-(3R,Sa)-20s):

Ri=0.38 (PE/EtOAc 7:3); H NMR (400 MHz, Tclz, 373K): 6=1.19 (t, J=7.1 Hz, 1.5H, OCH2CHs, dial),
1.20 (t, J=7.1 Hz, 1.5H, OCH.CHs, dia2), 1.35-1.48 (m, 1H, NCH2CHCHaHeq), 1.48-1.64 (m, 1H,
NCH2CHaxHeqCH2CH), 1.64—1.75 (m, 1H, NCH2CHaxHeqCH2CH), 1.82-1.96 (m, 1H, NCH2CHCHaxHeg),
2.04-2.19 (M, 1H, NCHaxHeqCH2CH2CH), 2.28 (t, J=10.6 Hz, 1H, NCHaxHeqCHCH?2), 2.43-2.66 (m, 1H,
NCH2CHaCH2), 2.66-2.86 (M, 1H, NCHaxHeqCH2CH2CH), 2.91-3.16 (m, 3H, NCHaxHeqCHCH2 and
NCH,CHCCH), 4.08 (q, J=7.1 Hz, 1H, OCH.CHj, dial), 4.09 (g, J=7.1 Hz, 1H, OCH,CHs, dia2), 5.43
(g, J=6.8 Hz, 1H, NCH,CHCCH), 5.88 (dt, J=5.4/2.4 Hz, 1H, NCH.CHCCH), 7.09 (dd, J=7.6/1.2 Hz, 1H,
NCH2CHCCHCCCHCHCHCH), 7.16 (d, J=8.2 Hz, 1H, CICCHCCICHCHC), 7.21 (td, J=7.6/1.2 Hz, 1H,
NCH>CHCCHCCCHCHCHCH), 7.26 (dd, J=8.2/2.1 Hz, 1H, CICCHCCICHCHC), 7.30 (td, J=7.6/1.2 Hz,
1H,  NCH;CHCCHCCCHCHCHCH),  7.42-7.49 (m, 2H, CICCHCCICHCHC  and
NCH2CHCCHCCCHCHCHCH); 13C NMR (101 MHz, Tclz, 373K): 5=14.4 (CHs), 24.3 (CH2), 26.9 (CH2),
41.7 (br, CH), 53.1 (CH2), 54.8 (br, CHz), 57.4 (CHz), 60.5 (CHz), 90.3 (br, CH), 93.0 (br, CH), 127.0 (br,
CH), 127.2 (CH), 127.7 (CH), 128.6 (CH), 129.6 (CH), 130.4 (CH), 132.7 (CH), 132.7 (C), 134.3 (C),
134.8 (C), 136.8 (C), 138.6 (C), 173.5 (C), 207.2 (br, C); IR (film): ¥=3058, 2978, 2940, 2866, 2796,
2362, 1947, 1731, 1599, 1586, 1550, 1496, 1467, 1442, 1373, 1342, 1309, 1275, 1217, 1180, 1152,



1135, 1100, 1068, 1046, 1031, 1004, 865, 823, 804, 758, 701 cmt; HRMS-ESI m/z [M+H]* calcd for
C24H25CI2NOz2: 430.1341, found: 430.1340. Ratio of atropisomers is ~ 50:50.

rac-{Ethyl  (Ra)-1-[4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carb-
oxylate} (rac-(3R,Ra)-20t) and rac-{ethyl (Sa)-1-[4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-
1-yl](3R)-piperidine-3-carboxylate} (rac-(3R,Sa)-20t):

R=0.37 (PE/EtOAc 7:3); 'H NMR (400 MHz, Tclz, 353K): 6=1.18 (t, J=7.1 Hz, 1.5H, OCH2CH3, dial),
1.20 (t, J=7.1 Hz, 1.5H, OCH2>CHjs, dia2), 1.40 (dq, J=11.0/4.0 Hz, 1H, NCH2CHCHaxHeq), 1.46-1.62 (M,
1H, NCH2CHaxHeqCH2CH), 1.62-1.74 (m, 1H, NCH2CHaxHeqCH2CH), 1.80-1.94 (m, 1H,
NCH2CHCHaxHeg), 2.07 (td, J=10.7/3.1 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 2.09 (td, J=10.7/3.1 Hz,
0.5H, NCHaxHeqCH2CH2CH, dial), 2.23 (t, J=10.8 Hz, 0.5H, NCHaxHeqCHCH2, dia2), 2.24 (t, J=10.8 Hz,
0.5H, NCHaHeqCHCH2, dial), 2.42-2.61 (m, 1H, NCH2CH.,CH2), 2.63-2.81 (m, 1H,
NCHaxHegCH2CH2CH), 2.90-3.02 (m, 1H, NCHaxHeqCHCHz2), 3.02-3.15 (m, 2H, NCH>.CHCCH), 4.06 (q,
J=7.1 Hz, 1H, OCH,CHs, dial), 4.08 (q, J=7.1 Hz, 1H, OCH.CHs, dia2), 5.45 (q, J=6.8 Hz, 1H,
NCH2CHCCH), 5.92-6.02 (m, 1H, NCH2CHCCH), 6.80-6.96 (m, 2H, FCCHCF and FCCHCH), 7.12—-
7.26 (m, 3H, NCH.CHCCHCCCHCHCHCH and NCH2CHCCHCCCHCHCHCH and FCCHCFCHCHCQ),
7.26-7.33 (m, 1H, NCH2CHCCHCCCHCHCHCH), 7.47 (dd, J=7.8/1.0 Hz, 1H,
NCH2CHCCHCCCHCHCHCH); 13C NMR (126 MHz, Tcl2): 6=14.6 (CHs), 14.6 (CH3), 24.7 (CH>), 27.0
(CH2), 27.0 (CH2), 41.9 (CH), 53.1 (CH>), 53.2 (CH2), 54.9 (CH2), 57.7 (CH), 60.8 (CH2), 91.3 (CH),
92.7 (CH), 104.4 (t, 2Jcr=25.7 Hz, CH), 111.7 (dd, #4Jce=21.1/3.7 Hz, CH), 124.4 (dd, #4)cr=16.8/3.8
Hz, C), 127.2 (CH), 127.6 (CH), 127.6 (CH), 128.7 (CH), 131.2 (CH), 133.0 (dd, 3Jc¢=9.4/5.0 Hz, CH),
133.0 (C), 133.2 (C), 159.8 (dd, ¥3Jcr=249.4/12.2 Hz, C), 162.70 (dd, 3Jcr=248.6/11.4 Hz, C), 174.3
(C), 206.9 (C); 19F {*H} NMR (376 MHz, TCl2, 393 K): 6=-109.8, -109.3 (d, “Jee=7.5 Hz); IR (film): ¥=3062,
2939, 2801, 1948, 1730, 1619, 1592, 1509, 1484, 1467, 1447, 1420, 1367, 1302, 1264, 1220, 1181,
1151, 1139, 1096, 1030, 1009, 963, 850, 819, 759 cm1; HRMS-ESI m/z [M+H]* calcd for C24H25F2NOz2:
398.1932, found: 398.1925.

rac-[Ethyl (Ra)-1-{4-[2",4'-bis(trifluoromethyl)-[1,1'-biphenyl]-2-yl]buta-2,3-dien-1-yI}(3R)-
piperidine-3-carboxylate] (rac-(3R,Ra)-20u) and rac-[ethyl (Sa)-1-{4-[2',4'-bis(trifluoromethyl)-
[1,1'-biphenyl]-2-yl]buta-2,3-dien-1-yl}(3R)-piperidine-3-carboxylate] (rac-(3R,Sa)-20u):

R=0.28 (PE/EtOAc 7:3); *H NMR (400 MHz, CD2Clz): 6=1.20 (t, J=7.1 Hz, 1.5H, OCH2CHj3, dial), 1.22
(td, J=7.1/1.6 Hz, 1.5H, OCH2CHs, dia2), 1.41 (qd, J=11.2/3.6 Hz, 1H, NCH2CHCHaxHeq), 1.46—1.60 (m,
1H, NCH2CHaHeqCH2CH), 1.64-1.76 (m, 1H, NCH2CHaHeqCH2CH), 1.82-1.94 (m, 1H,
NCH2CHCHaxHeq), 1.99-2.12 (m, 1H, NCHaxHeqCH2CH2CH), 2.13-2.26 (m, 1H, NCHaxHeqCHCHy),
2.42-2.56 (m, 1H, NCH2CHaCH2), 2.63-2.80 (m, 1H, NCHaxHeqCH2CH2CH), 2.88-3.08 (m, 3H,
NCHaxHeqCHCH2 and NCH,CHCCH), 4.07 (qd, J=7.1/0.9 Hz, 1H, OCH>CHea, dial), 4.09 (q, J=7.1 Hz,
1H, OCH.CHs, dia2), 5.39 (g, J=6.9 Hz, 0.5H, NCH2CHCCH, dial or dia2), 5.42 (q, J=6.9 Hz, 0.5H,
NCH2CHCCH, dial or dia2), 5.73 (dt, J=6.2/2.5 Hz, 1H, NCH2CHCCH), 7.14 (dor, J=7.6 Hz, 1H,
NCH2CHCCHCCCH), 7.26 (td, J=7.5/1.2 Hz, 1H, NCH2CHCCHCCCHCH), 7.39 (td, J=7.7/1.4 Hz, 0.5H,
NCH2CHCCHCCHCH, dia2), 7.40 (td, J=7.7/1.4 Hz, 0.5H, NCH2.CHCCHCCHCH, dial), 7.45 (dor, J=6.9
Hz, 0.5H, CF3CCHCH, dial or dia2), 7.47 (dor, J=6.9 Hz, 0.5H, CFsCCHCH, dial or dia2), 7.49-7.54
(m, 1H, NCH.CHCCHCCH), 7.86 (d, J=8.0 Hz, 1H, CFsCCHCH), 8.04 (s, 1H, FsCCCHCCFs3); 13C NMR
(101 MHz, CD2Cl2): 6=14.6 (CHs), 14.6 (CHs), 14.6 (CHs), 25.1 (CH2), 25.2 (CH2), 25.2 (CH>), 27.3
(CH2), 27.4 (CH2), 42.5 (CH), 42.5 (CH), 53.6 (CH2), 53.7 (CH2), 53.8 (CH2), 55.4 (CH2), 55.5 (CHy),
55.6 (CH2), 57.9 (CH), 57.9 (CH2), 57.9 (CH2), 60.7 (CH2), 91.9 (CH), 92.0 (CH), 92.1 (CH), 92.7 (CH),
92.7 (CH), 92.8 (CH), 123.9 (q, YJce=274.4 Hz, C), 123.7-124.1 (m, CH), 124.2 (q, YJcr=273.0 Hz, C),
126.6 (CH), 127.6 (CH), 127.7 (CH), 128.6—129.0 (m, CH), 129.3 (CH), 130.2 (CH), 130.5 (C), 130.8
(C), 133.1 (C), 133.2 (C), 133.8 (CH), 133.8 (CH), 134.0 (CH), 134.0 (CH), 136.2 (C), 136.2 (C), 144.4
(C), 174.5 (C), 174.5 (C), 206.8 (C), 206.8 (C), 206.8 (C), 206.8 (C); *°F {*H} NMR (376 MHz, CD2Cl»):

=-59.4, -59.4, -59.4, -59.4, -63.1, -63.1; IR (film): ¥=2940, 2802, 1948, 1732, 1625, 1577, 1508, 1467,
1447,1344,1277,1177, 1133, 1083, 1065, 1031, 1006, 911, 847, 759, 671 cmt; HRMS-ESI m/z [M+H]*
calcd for C2sH2sFsNO2: 498.1868, found: 498.1857. Ratio of atropisomers is ~ 50:50.



rac-{Ethyl (Ra)-1-[4-(2',4'-dimethoxy-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylate} (rac-(3R,Ra)-20v) and rac-{ethyl (Sa)-1-[4-(2',4'-dimethoxy-[1,1'-biphenyl]-2-yl)buta-
2,3-dien-1-yl](3R)-piperidine-3-carboxylate} (rac-(3R,Sa)-20v):

R=0.26 (PE/EtOAc 1:1); 'H NMR (400 MHz, CD2Cl2): 6=1.22 (t, J=7.1 Hz, 1.5H, OCH.CHjs, dial), 1.24
(t, J=7.1 Hz, 1.5H, OCH2CHjs, dia2), 1.43 (qd, J=11.7/3.8 Hz, 1H, NCH2CHCHaxHeq), 1.48-1.62 (m, 1H,
NCH2CHaxHeqCH2CH), 1.66-1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.84-1.94 (m, 1H, NCH2CHCHaxHeg),
2.08 (td, J=10.9/3.0 Hz, 0.5H, NCHaxHeqCH2CH:CH, dia2), 2.09 (td, J=10.9/3.0 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial), 2.23 (t, J=10.5 Hz, 1H, NCHaHeqCHCH2), 2.44-2.60 (m, 1H,
NCH2CHaxCH2), 2.67-2.88 (m, 1H, NCHaxHeqCH2CH2CH), 2.98 (ddwr, J=11.0/3.3 Hz, 0.5H,
NCHaxHeqCHCH2, dial), 3.03 (ddbr, J=11.1/3.4 Hz, 0.5H, NCHaxHeqCHCH2, dia2), 3.06-3.17 (m, 2H,
NCH,CHCCH), 3.74 (s, 3H, OCHg), 3.85 (s, 3H, OCH3), 4.08 (q, J=7.1 Hz, 1H, OCH,CHz3, dial), 4.10
(g, J=7.1 Hz, 1H, OCH,CHz3, dia2), 5.49 (g, J=6.9 Hz, 1H, NCH2CHCCH), 5.98 (dt, J=6.5/2.4 Hz, 1H,
NCH2CHCCH), 6.53-6.59 (m, 2H, CCCCHCHCOMeCHCOMe and CCCCHCHCOMeCHCOMe), 7.01—
7.08 (m, 1H, CCCCHCHCOMeCHCOMe), 7.13-7.18 (m, 1H, CHCCHCHCHCHC), 7.21 (td, J=7.4/1.4
Hz, 1H, CHCCHCHCHCHC), 7.27 (td, J=7.5/1.7 Hz, 0.5H, CHCCHCHCHCHC, dia2), 7.27 (td, J=7.5/1.7
Hz, 0.5H, CHCCHCHCHCHC, dial), 7.49 (dd, J=7.7/1.4 Hz, 1H, CHCCHCHCHCHC); 3C NMR (101
MHz, CD2Cl2): 6=14.6 (CHzs), 14.6 (CHs), 25.2 (CH2), 25.2 (CHy), 27.4 (CH), 27.4 (CH), 42.5 (CH), 42.6
(CH), 53.7 (CH2), 53.7 (CHz), 55.6 (CH2), 55.6 (CH2), 56.0 (CHs), 56.0 (CHs), 58.3 (CH2), 60.7 (CH>),
91.6 (CH), 91.7 (CH), 93.3 (CH), 93.3 (CH), 99.1 (CH), 105.0 (CH), 122.7 (C), 127.0 (CH), 127.2 (CH),
127.8 (CH), 131.5 (CH), 132.3 (CH), 133.8 (C), 137.5 (C), 158.2 (C), 161.3 (C), 174.5 (C), 174.5 (C),
206.6 (C), 206.6 (C); IR (film): ¥=2939, 2834, 2796, 1947, 1730, 1611, 1581, 1511, 1483, 1465, 1438,
1414, 1366, 1306, 1282, 1242, 1208, 1182, 1158, 1134, 1094, 1033, 1002, 933, 917, 879, 834, 798,
760 cm-t; HRMS-ESI m/z [M+H]* calcd for C26H31NOa4: 422.2331, found: 422.2321.

rac-[(Ra)-1-(4-Phenylbuta-2,3-dien-1-yI)(3R)-piperidine-3-carboxylic acid] (rac-(3R,Ra)-21a) and
rac-[(Sa)-1-(4-phenylbuta-2,3-dien-1-yl)(3R)-piperidine-3-carboxylic acid] (rac-(3R,Sa)-21a):

mp: 68 °C; *H NMR (500 MHz, D20, 1M NaOD): 6=1.00-1.20 (m, 1H, NCH2CHCHaxHeq), 1.23-1.40 (m,
1H, NCH2CHaxHeqCH2CH), 1.41-1.55 (m, 1H, NCH2CHaxHeqCH2CH), 1.62 (t, J=11.7 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial or dia2), 1.69 (t, J=11.7 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 1.78
(dor, J=12.4 Hz, 1H, NCH2CHCHaxHeg), 1.89 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dial or dia2), 1.95
(t, J=11.3 Hz, 0.5H, NCHaxHeqCHCH2, dial or dia2), 2.13-2.30 (m, 1H, NCH2CHaCH?2), 2.55-2.73 (m,
1H, NCHaxHeqCH2CH2CH), 2.73-2.84 (m, 1H, NCH2CHCCH), 2.83-2.93 (m, 1H, NCHaxHeqCHCHy),
2.92-3.09 (m, 1H, NCH2CHCCH), 5.34-5.45 (m, 1H, NCH2CHCCH), 5.89-5.97 (m, 1H, NCH2CHCCH),
6.81-6.97 (m, 1H, ArH), 6.97-7.19 (m, 4H, ArH); 13C NMR (126 MHz, D20, 1M NaOD): 6=24.1 (CH>),
24.2 (CH2), 27.6 (CH2), 44.7 (CH), 51.9 (CHz), 52.0 (CHz2), 55.7 (CHz2), 55.9 (CHz2), 56.6 (CH2), 56.9
(CH2), 90.3 (CH), 90.6 (CH), 94.3 (CH), 94.3 (CH), 126.7 (CH), 126.9 (CH), 127.0 (CH), 128.7 (CH),
128.7 (CH), 134.0 (C), 134.1 (C), 182.8 (C), 182.8 (C), 206.1 (C), 206.1 (C); IR (KBr): ¥=3433, 3030,
2939, 2861, 2795, 2360, 2343, 1951, 1709, 1596, 1495, 1458, 1388, 1340, 1195, 1153, 1094, 1072,
1028, 957, 914, 875, 776, 725, 692, 631 cm-1; HRMS-ESI m/z [M+H]* calcd for C1sH1oNO2: 258.1494,
found: 258.1489.

rac-{(Ra)-1-[4-(2-Bromophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-(3R,Ra)-
21b) and rac-{(Sa)-1-[4-(2-bromophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Sa)-21b):

mp: 75 °C; *H NMR (400 MHz, MeOD, NaOD): 6=1.37 (qd, J=12.7/4.1 Hz, 1H, NCH2CHCHaxHeq), 1.52—
1.69 (m, 1H, NCH2CHaHeqCH2CH), 1.69-1.82 (m, 1H, NCH2CHaxHeqCH2CH), 1.94-2.11 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.17 (t, J=11.3 Hz, 1H, NCHaxHeqCHCH>, dial and dia2),
2.35-2.49 (m, 1H, NCH2CHxCH2), 2.90-3.03 (m, 1H, NCHaxHeqCH2CH2CH), 3.12-3.27 (m, 3H,
NCHaxHeqCHCH: and NCH,CHCCH), 5.71 (q, J=6.7 Hz, 1H, NCH2CHCCH), 6.63 (dt, J=6.3/2.3 Hz, 1H,
NCH2CHCCH), 7.05-7.12 (m, 1H, BrCCHCHCHCHC or BrCCHCHCHCHC), 7.26-7.33 (m, 1H,
BrCCHCHCHCHC), 7.44-7.50 (m, 1H, BrCCHCHCHCHC or BrCCHCHCHCHC), 7.53 (dt, J=8.1/1.4
Hz, 1H, BrCCHCHCHCHC); 3C NMR (101 MHz, MeOD, NaOD): 6=26.0 (CHz), 26.1 (CH2), 29.3 (CH2),
46.5 (CH), 46.5 (CH), 54.4 (CHz), 54.5 (CHz), 57.8 (CH2), 57.8 (CHz2), 58.6 (CH2), 58.7 (CH2), 92.0 (CH),
92.1 (CH), 94.4 (CH), 94.5 (CH), 123.1 (C), 123.2 (C), 128.8 (CH), 128.9 (CH), 129.6 (CH), 129.6 (CH),
129.6 (CH), 129.7 (CH), 134.0 (CH), 134.1 (CH), 134.9 (C), 182.6 (C), 208.3 (C), 208.4 (C); IR (KBr):
V=3429, 2936, 2858, 2795, 2518, 2360, 2341, 1951, 1710, 1588, 1560, 1474, 1438, 1395, 1339, 1307,
1276, 1221, 1194, 1153, 1094, 1044, 1022, 955, 874, 765, 742, 669, 623 cm1; HRMS-ESI m/z [M+H]*
calcd for C16H1sBrNO2: 336.0599, found: 336.0594.



rac-{(Ra)-1-[4-(2-Chlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-(3R,Ra)-
21c) and rac-{(Sa)-1-[4-(2-chlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Sa)-21c):

mp: 46-49 °C; 'H NMR (500 MHz, MeOD, NaOD): 6=1.38 (qd, J=12.7/4.2 Hz, 1H, NCH2CHCHaxHeg),
1.53-1.69 (m, 1H, NCH2CHaxHeqCH2CH), 1.69-1.81 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.11 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.16 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCH2, dial or dia2),
2.18 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.35-2.47 (m, 1H, NCH2CHaxCH?2), 2.93 (dbr,
J=11.3 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 2.98 (dbr, J=11.2 Hz, 0.5H, NCHaxHeqCH2CH2CH,
dial or dia2), 3.10-3.25 (m, 3H, NCHaxHeqCHCH2 and NCH,CHCCH), 5.71 (q, J=7.3 Hz, 0.5H,
NCH2CHCCH, dial or dia2), 5.71 (q, J=7.3 Hz, 0.5H, NCH2CHCCH, dial or dia2), 6.62 (dt, J=6.6/2.3
Hz, 1H, NCH2CHCCH), 7.17 (td, J=7.6/1.8 Hz, 0.5H, CCHCHCHCHCCI, dial or dia2), 7.17 (td,
J=7.6/1.8 Hz, 0.5H, CCHCHCHCHCCI, dial or dia2), 7.25 (td, J=7.8/1.4 Hz, 0.5H, CCHCHCHCHCCI,
dial or dia2), 7.26 (id, J=7.8/1.4 Hz, 0.5H, CCHCHCHCHCCI, dial or dia2), 7.34 (dd, J=7.8/1.5 Hz,
0.5H, CCHCHCHCHCCI, dial or dia2), 7.35 (dd, J=7.8/1.5 Hz, 0.5H, CCHCHCHCHCCI, dial or dia2),
7.46 (dd, J=7.8/1.7 Hz, 0.5H, CCHCHCHCHCCI, dial or dia2), 7.47 (dd, J=7.8/1.7 Hz, 0.5H,
CCHCHCHCHCCI, dial or dia2); 13C NMR (126 MHz, MeOD, NaOD): 6=26.0 (CHz), 26.0 (CH2), 29.3
(CH2), 29.3 (CH2), 46.4 (CH), 46.5 (CH), 54.4 (CH2), 54.5 (CHz), 57.8 (CH2), 57.8 (CH2), 58.6 (CH2),
58.7 (CH2), 91.7 (CH), 91.8 (CH), 91.9 (CH), 92.1 (CH), 128.3 (CH), 128.3 (CH), 129.4 (CH), 129.4
(CH), 129.5 (CH), 129.5 (CH), 130.7 (CH), 130.8 (CH), 132.9 (C), 133.0 (C), 133.1 (C), 182.7 (C), 182.8
(C), 208.3 (C), 208.4 (C); IR (KBr): ¥=3424, 3059, 2940, 2861, 2798, 2522, 1952, 1710, 1589, 1568,
1478, 1442, 1395, 1340, 1307, 1277, 1222, 1196, 1153, 1131, 1094, 1049, 1034, 952, 876, 818, 766,
746, 705, 624 cm; HRMS-ESI m/z [M+H]* calcd for C1sH18CINO2: 292.1104, found: 292.1099.

rac-{(Ra)-1-[4-(2-Fluorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-(3R,Ra)-
21d) and rac-{(Sa)-1-[4-(2-fluorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Sa)-21d):

mp: 36-46 °C; *H NMR (500 MHz, MeOD, NaOD): 6=1.31-1.44 (m, 1H, NCH2CHCHaxHeq), 1.53-1.68
(m, 1H, NCH2CHaHeqCH2CH), 1.70-1.81 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.10 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.15 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz2, dial), 2.19 (t,
J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dia2), 2.36—2.48 (m, 1H, NCH2CHaxCH?2), 2.94 (dbr, J=11.4 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial or dia2), 3.00 (dor, J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2),
3.12-3.24 (m, 3H, NCHaxHeqCHCH2 and NCH,CHCCH), 5.67 (g, J=7.2 Hz, 0.5H, NCH2CHCCH, dial or
dia2), 5.68 (q, J=7.2 Hz, 0.5H, NCH2CHCCH, dial or dia2), 6.36-6.44 (m, 1H, NCH2CHCCH), 7.01-
7.08 (m, 1H, FCCCHCHCHCH), 7.09-7.15 (m, 1H, FCCCHCHCHCH), 7.17-7.24 (m, 1H,
FCCCHCHCHCH), 7.35-7.43 (m, 1H, FCCCHCHCHCH); 3C NMR (126 MHz, MeOD, NaOD): 6=26.0
(CH2), 26.0 (CHz), 29.3 (CH2), 29.3 (CH2), 46.5 (CH), 46.5 (CH), 54.3 (CH2), 54.5 (CH2), 57.7 (CH>),
57.9 (CH2), 58.7 (CH), 58.8 (CH>), 87.8 (d, 3Jce=6.7 Hz, CH), 87.9 (d, 3Jcr=6.7 Hz, CH), 91.6 (CH), 91.7
(CH), 116.5 (d, 2Jcr=21.8 Hz, CH), 116.5 (d, 2JcF=21.8 Hz, CH), 122.9 (d, 2Jcr=12.1 Hz, C), 122.9 (d,
2)cr=12.1 Hz, C), 125.5 (d, “Jce=4.0 Hz, CH), 125.5 (d, “Jce=4.0 Hz, CH), 129.4 (d, 3JcF=3.2 Hz, CH),
129.5(d, 3Jce=3.2 Hz, CH), 129.7 (d, 3Jce=3.6 Hz, CH), 129.7 (d, 3Jc=3.6 Hz, CH), 161.0 (d, *Jcr=248.0
Hz, C), 161.0 (d, 1Jcr=248.0 Hz, C), 182.7 (C), 182.7 (C), 208.1 (d, “*Jcr=1.9 Hz, C), 208.3 (d, *Jck=1.9
Hz, C); *°F {*H} NMR (376 MHz, MeOD): 6=-121.6, -121.4; IR (KBr): ¥=3419, 2940, 1954, 1582, 1493,
1456, 1400, 1341, 1272, 1233, 1177, 1152, 1090, 1033, 955, 880, 833, 753, 696, 669, 622, 530 cm;
HRMS-ESI m/z [M+H]* calcd for C16H1sFNO2: 276.1400, found: 276.1393.

rac-[(Ra)-1-{4-[2-(Trifluoromethyl)phenyl]buta-2,3-dien-1-ylI}(3R)-piperidine-3-carboxylic acid]
(rac-(3R,Ra)-21e) and rac-[(Sa)-1-{4-[2-(trifluoromethyl)phenyl]buta-2,3-dien-1-yI}(3R)-piperidine-
3-carboxylic acid] (rac-(3R,Sa)-21e):

mp: 49 °C; 'H NMR (400 MHz, MeOD, NaOD): 5=1.38 (qd, J=12.7/4.1 Hz, 1H, NCH2CHCHaxHeq), 1.50—
1.69 (M, 1H, NCH2CHaxHeqCH2CH), 1.69-1.82 (m, 1H, NCH2CHaxHeqCH2CH), 1.90-2.12 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.17 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCH?, dial or dia2),
2.18 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCH>, dial or dia2), 2.34—2.49 (m, 1H, NCH2CHa,CHy), 2.89-3.01
(M, 1H, NCHaxHeqCH2CH2CH), 3.07—3.27 (m, 3H, NCHaxHeqCHCH2 and NCH,CHCCH), 5.75 (g, J=7.0
Hz, 1H, NCH2CHCCH), 6.47-6.57 (m, 1H, NCH2CHCCH), 7.35 (t, J=7.6 Hz, 1H, FsCCCCHCHCHCH),
7.52-7.60 (m, 1H, FsCCCCHCHCHCH), 7.62—7.70 (m, 2H, FsCCCCHCHCHCH); 22C NMR (101 MHz,
MeOD, NaOD): 6=26.0 (CHz), 26.0 (CH2), 29.3 (CHz), 46.5 (CH), 46.5 (CH), 54.4 (CH2), 54.5 (CH2),
57.8 (CHz), 58.4 (CHz2), 58.5 (CHz), 91.4-91.7 (m, CH), 92.1 (CH), 92.2 (CH), 125.8 (q, 1Jcr=273.6 Hz,
C), 126.9 (g, 3Jcr=5.9 Hz, CH), 126.9 (q, 3Jcr=5.8 Hz, CH), 127.6 (q, 2Jcr=29.9 Hz, C), 127.6 (q,



2Jcr=30.1 Hz, C), 128.2 (CH), 128.2 (CH), 130.0 (CH), 130.0 (CH), 133.3 (CH), 133.4 (CH), 134.0 (C),
182.7 (C), 208.5 (C), 208.6 (C); 9F {tH} NMR (376 MHz, MeOD, NaOD): 6=-60.9, -60.9; IR (KBr):
U=3427, 3044, 2946, 2865, 2805, 1955, 1712, 1580, 1495, 1454, 1395, 1316, 1264, 1207, 1160, 1119,
1058, 1035, 956, 872, 765, 720, 662, 635, 596 cmL; HRMS-ESI m/z [M+H]* calcd for Ci7H1sFsNO2:
326.1368, found: 326.1360.

rac-{(Ra)-1-[4-(2-Methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Ra)-21f) and rac-{(Sa)-1-[4-(2-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Sa)-21f):

mp: 50 °C; 'H NMR (400 MHz, MeOD, NaOD): 6=1.30-1.44 (m, 1H, NCH2CHCHaxHeg), 1.52—-1.69 (m,
1H, NCH2CHaHeqCH2CH), 1.69-1.81 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.10 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.14 (t, J=11.4 Hz, 0.5H, NCHaxHeqCHCH2, dial or dia2),
2.17 (t, J=11.4 Hz, 0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.36—2.49 (m, 1H, NCH2CHaxCHz), 2.94 (dbr,
J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 3.01 (dbr, J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH,
dial or dia2), 3.16 (td, J=7.6/2.4 Hz, 2H, NCH,CHCCH), 3.18-3.27 (m, 1H, NCHaxHeqCHCH?2), 3.83 (s,
3H, OCHs), 5.57 (g, J=6.9 Hz, 1H, NCH2CHCCH), 6.51-6.57 (m, 1H, NCH2CHCCH), 6.88 (td, J=7.7/2.6
Hz, 0.5H, CCHCHCHCHCOME, dial or dia2), 6.88 (td, J=7.7/2.6 Hz, 0.5H, CCHCHCHCHCOMe, dial
or dia2), 6.93 (dd, J=8.3/1.4 Hz, 0.5H, CCHCHCHCHCOMe, dial or dia2), 6.93 (dd, J=8.3/1.4 Hz, 0.5H,
CCHCHCHCHCOMe, dial or dia2), 7.16 (td, J=5.7/1.7 Hz, 0.5H, CCHCHCHCHCOMe, dial or dia2),
7.17 (td, J=5.7/1.7 Hz, 0.5H, CCHCHCHCHCOMe, dial or dia2), 7.30 (dd, J=5.7/1.7 Hz, 0.5H,
CCHCHCHCHCOMe, dial or dia2), 7.31 (dd, J=5.7/1.7 Hz, 0.5H, CCHCHCHCHCOMe, dial or dia2);
13C NMR (101 MHz, MeOD, NaOD): 6=26.0 (CH2), 26.0 (CH>), 29.4 (CH), 46.5 (CH), 46.5 (CH), 54.4
(CH2), 54.5 (CH2), 56.1 (CHas), 57.8 (CH2), 57.9 (CH), 59.1 (CH2), 59.2 (CH>), 89.6 (CH), 89.6 (CH),
90.6 (CH), 90.8 (CH), 112.1 (CH), 112.1 (CH), 121.8 (CH), 121.8 (CH), 123.6 (C), 128.7 (CH), 128.8
(CH), 129.3 (CH), 129.3 (CH), 157.5 (C), 182.7 (C), 182.7 (C), 208.0 (C), 208.1 (C); IR (KBr): ¥=3424,
2941, 1952, 1582, 1494, 1466, 1394, 1289, 1247, 1161, 1119, 1099, 1048, 1025, 954, 883, 822, 755,
632 cmt; HRMS-ESI m/z [M+H]* calcd for C17H21NO3: 288.1600, found: 288.1593.

rac-{(Ra)-1-[4-(3-Methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Ra)-21g) and rac-{(Sa)-1-[4-(3-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Sa)-219):

mp: 47 °C; *H NMR (400 MHz, MeOD, NaOD): 6=1.31 (qt, J=12.7/3.9 Hz, 1H, NCH2CHCHaxHeq), 1.46—
1.62 (m, 1H, NCH2CHaHeqCH2CH), 1.62-1.73 (m, 1H, NCH2CHaxHeqCH2CH), 1.87-2.04 (m, 2H,
NCHaxHegCH2CH2CH and NCH2CHCHaxHeg), 2.08 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dial or dia2),
2.13 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.27—-2.43 (m, 1H, NCH2CHaxCHz), 2.87 (dbr,
J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 2.97 (dbr, J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH,
dial or dia2), 3.02-3.20 (m, 3H, NCH,CHCCH and NCHaxHeqCHCHz2), 3.70 (s, 1.5H, OCHs, dial or
dia2), 3.70 (s, 1.5H, OCHzs, dial or dia2), 5.56 (q, J=7.2 Hz, 0.5H, NCH2CHCCH, dial or dia2), 5.57 (g,
J=7.2 Hz, 0.5H, NCH2CHCCH, dial or dia2), 6.12—6.18 (m, 1H, NCH.CHCCH), 6.68 (dt, J=8.0/2.7 Hz,
1H, CCHCHCHCOMe), 6.73-6.84 (m, 2H, CCHCOMe and CCHCHCHCOMe), 7.12 (t, J=8.0 Hz, 1H,
CCHCHCHCOMe); 3C NMR (101 MHz, MeOD, NaOD): 6=26.0 (CH2), 26.1 (CH2), 29.4 (CH2), 46.5
(CH), 46.6 (CH), 54.4 (CH2), 54.5 (CH2), 55.6 (CHs), 55.7 (CHs), 57.7 (CHz), 58.0 (CH2), 58.8 (CHz),
59.0 (CH2), 91.5 (CH), 91.7 (CH), 95.6 (CH), 112.6 (CH), 112.8 (CH), 114.0 (CH), 114.1 (CH), 120.4
(CH), 130.6 (CH), 137.0 (C), 137.0 (C), 161.4 (C), 182.6 (C), 182.6 (C), 207.5 (C), 207.7 (C); IR (KBr):
V=3426, 2927, 2855, 1952, 1710, 1597, 1490, 1467, 1385, 1260, 1155, 1044, 880, 784, 754, 687 cm™1;
HRMS-ESI m/z [M+H]* calcd for C17H21NOs: 288.1600, found: 288.1593.

rac-{(Ra)-1-[4-(2,5-Dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Ra)-21h) and rac-{(Sa)-1-[4-(2,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylic acid} (rac-(3R,Sa)-21h):

mp: 74 °C; *H NMR (400 MHz, MeOD, NaOD): 6=1.38 (qt, J=12.7/4.2 Hz, 1H, NCH2CHCHaxHeq), 1.52—
1.69 (M, 1H, NCH2CHaHeqCH2CH), 1.69-1.83 (m, 1H, NCH2CHaxHeqCH2CH), 1.91-2.13 (m, 2H,
NCHaxHeqCH2CH2CH and NCH2CHCHaxHeq), 2.14 (t, J=11.4 Hz, 0.5H, NCHaHeqCHCH?2, dial), 2.20 (t,
J=11.4 Hz, 0.5H, NCHaxHeqCHCH?2, dia2), 2.32-2.50 (m, 1H, NCH2CHaxCH?2), 2.93 (dbr, J=11.4 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial or dia2), 3.05 (dur, J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2),
3.08-3.26 (m, 3H, NCH>CHCCH and NCHaxHeqCHCH?2), 3.72 (s, 1.5H, OCHs, dial or dia2), 3.72 (s,
1.5H, OCHs, dial or dia2), 3.78 (s, 3H, OCHs), 5.60 (q, J=7.1 Hz, 0.5H, NCH.CHCCH, dial or dia2),



5.61 (q, J=7.1 Hz, 0.5H, NCH2CHCCH, dial or dia2), 6.48-6.58 (m, 1H, NCH.CHCCH), 6.73 (dd,
J=9.0/3.2 Hz, 0.5H, CCOMeCHCHCOMeCH, dial or dia2), 6.74 (dd, J=9.0/3.2 Hz, 0.5H,
CCOMeCHCHCOMeCH, dial or dia2), 6.83-6.93 (m, 2H, CCOMeCHCHCOMeCH); **C NMR (101
MHz, MeOD, NaOD): 6=26.0 (CHz), 26.0 (CHz), 29.4 (CH), 46.5 (CH), 46.6 (CH), 54.3 (CHz), 54.5
(CH2), 56.1 (CHs), 56.2 (CHs), 56.8 (CHs), 56.9 (CHs), 57.6 (CH2), 58.0 (CH), 58.9 (CHz), 59.2 (CH2),
89.7 (CH), 89.7 (CH), 90.9 (CH), 91.3 (CH), 113.4 (CH), 113.5 (CH), 113.7 (CH), 114.7 (CH), 114.9
(CH), 124.5 (C), 124.5 (C), 152.0 (C), 152.0 (C), 155.2 (C), 155.2 (C), 182.6 (C), 182.6 (C), 207.8 (C),
208.0 (C); IR (KBr): ¥=3426, 2995, 2939, 2858, 2833, 2488, 1950, 1712, 1605, 1585, 1501, 1465, 1412,
1340, 1280, 1245, 1214, 1179, 1159, 1129, 1095, 1045, 1023, 953, 882, 803, 713, 699 cm-!; HRMS-
ESI m/z [M+H]* calcd for C1sH23NO4: 318.1705, found: 318.1698.

rac-{(Ra)-1-[4-(3,5-Dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Ra)-21i) and rac-{(Sa)-1-[4-(3,5-dimethoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylic acid} (rac-(3R,Sa)-21i):

mp: 39 °C; *H NMR (400 MHz, MeOD, NaOD): 6=1.38 (qt, J=12.7/4.3 Hz, 1H, NCH2CHCHayHeq), 1.61
(qg, J=12.7/4.1 Hz, 1H, NCH2CHaxHeqCH2CH), 1.69-1.81 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.26 (m,
3H, NCHaxHeqCH2CH2CH and NCH2CHCHaxHeq and NCHaxHeqCHCH2), 2.36-2.49 (m, 1H,
NCH2CHaxCHz), 2.93 (dur, J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial), 3.05 (dw, J=11.4 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dia2), 3.08-3.26 (m, 3H, NCH,CHCCH and NCHaxHeqCHCH?2), 3.75 (s, 6H,
OCHs), 5.59-5.68 (m, 1H, NCH2CHCCH), 6.14-6.21 (m, 1H, NCH2CHCCH), 6.31 (t, J=2.3 Hz, 0.5H,
CCHCOMeCHCOMeCH, dial or dia2), 6.32 (t, J=2.3 Hz, 0.5H, CCHCOMeCHCOMeCH, dial or dia2),
6.41-6.50 (m, 2H, CCHCOMeCHCOMeCH); 3C NMR (101 MHz, MeOD, NaOD): 6=26.0 (CH>), 26.0
(CH2), 29.3 (CH), 46.5 (CH), 46.6 (CH), 54.4 (CH2), 54.5 (CH2), 55.8 (CHzs), 55.9 (CHs), 57.6 (CH>),
58.0 (CH2), 58.8 (CH2), 59.0 (CHz), 91.6 (CH), 91.8 (CH), 95.8 (CH), 100.5 (CH), 100.6 (CH), 105.7
(CH), 105.7 (CH), 137.6 (C), 162.5 (C), 182.6 (C), 182.6 (C), 207.6 (C), 207.8 (C); IR (KBr): ¥=3418,
2996, 2939, 2837, 2492, 1951, 1712, 1603, 1593, 1470, 1433, 1401, 1340, 1314, 1296, 1204, 1154,
1094, 1064, 991, 945, 927, 877, 833, 679 cm1; HRMS-ESI m/z [M+H]* calcd for C1sH23NOa4: 318.1705,
found: 318.1698.

rac-{(Ra)-1-[4-(2,6-Dichlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic  acid} (rac-
(3R,Ra)-21j) and rac-{(Sa)-1-[4-(2,6-dichlorophenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Sa)-21j):

mp: 62 °C; 'H NMR (400 MHz, MeOD, NaOD): 6=1.36 (qd, J=12.9/2.6 Hz, 0.5H, NCH2CHCHaxHeq, dial
or dia2), 1.37 (qd, J=12.9/2.6 Hz, 0.5H, NCH2CHCHaxHeq, dial or dia2), 1.59 (qt, J=12.9/3.9 Hz, 1H,
NCH2CHaxHeqCH2CH), 1.67-1.81 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.09 (m, 2H, NCH2CHCHaxHeq
and NCHaxHeqCH2CH2CH), 2.13 (t, J=11.2 Hz, 0.5H, NCHaxHeqCHCH2, dial or dia2), 2.19 (t, J=11.2 Hz,
0.5H, NCHaxHeqCHCH2, dial or dia2), 2.33-2.49 (m, 1H, NCH2CHaCH2), 2.87-3.00 (m, 1H,
NCHaxHegCH2CH2CH), 3.10-3.28 (m, 3H, NCHaxHegCHCH2 and NCH.CHCCH), 5.54 (g, J=7.0 Hz, 0.5H,
NCH2CHCCH, dial or dia2), 5.56 (q, J=7.0 Hz, 0.5H, NCH2CHCCH, dial or dia2), 6.44—6.52 (m, 1H,
NCH2CHCCH), 7.18 (t, J=8.1 Hz, 0.5H, CICCHCHCH, dial or dia2), 7.18 (t, J=8.1 Hz, 0.5H,
CICCHCHCH, dial or dia2), 7.37 (d, J=8.1 Hz, 1H, CICCHCHCH, dial or dia2), 7.37 (d, J=8.1 Hz, 1H,
CICCHCHCH, dial or dia2); 13C NMR (101 MHz, MeOD, NaOD): 6=26.0 (CH2), 26.0 (CHz), 29.3 (CH2),
46.5 (CH), 46.5 (CH), 54.3 (CH), 54.7 (CHz), 57.9 (CHz), 58.0 (CHz), 58.4 (CH2), 58.6 (CH2), 89.2 (CH),
89.3 (CH), 90.6 (CH), 90.8 (CH), 129.6 (CH), 129.7 (CH), 129.9 (CH), 131.5 (C), 135.5 (C), 182.7 (C),
209.3 (C), 209.4 (C); IR (KBr): v=3441, 2939, 2862, 2795, 2524, 1955, 1711, 1578, 1557, 1468, 1451,
1435, 1396, 1339, 1308, 1215, 1184, 1152, 1089, 1043, 959, 872, 832, 773, 688, 668, 650, cm-; HRMS-
ESI m/z [M+H]* calcd for C16H17CI2NO2: 326.0715, found: 326.0709.

rac-{(Ra)-1-[4-(2-Chloro-5-methoxyphenyl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic  acid}
(rac-(3R,Ra)-21k) and rac-{(Sa)-1-[4-(2-chloro-5-methoxyphenyl)buta-2,3-dien-1-yl](3R)-
piperidine-3-carboxylic acid} (rac-(3R,Sa)-21Kk):

mp: 41 °C; 'H NMR (500 MHz, MeOD, NaOD): 6=1.37 (qd, J=12.8/4.2 Hz, 0.5H, NCH2CHCHaxHeq, dial
or dia2), 1.38 (qd, J=12.8/4.2 Hz, 0.5H, NCH2CHCHaxHeq, dial or dia2), 1.53-1.69 (m, 1H,
NCH2CHaxHeqCH2CH), 1.69-1.81 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.07 (m, 1.5H, NCH2CHCHaxHeq
and NCHaxHeqCH2CH2CH, dial or dia2), 2.10 (td, J=11.8/2.9 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or
dia2), 2.16 (t, J=12.7 Hz, 0.5H, NCHaHeqCHCH2, dial or dia2), 2.21 (t, J=12.7 Hz, 0.5H,
NCHaxHeqCHCHz, dial or dia2), 2.35-2.48 (m, 1H, NCH2CHaCHz2), 2.93 (dbr, J=11.2 Hz, 0.5H,



NCHaxHeqCH2CH:2CH, dial or dia2), 3.02 (dbr, J=11.3 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2),
3.10-3.28 (M, 3H, NCHaxHeqCHCH2 and NCH,CHCCH), 3.76 (s, 1.5H, OCHs, dial or dia2), 3.77 (s,
1.5H, OCHj, dial or dia2), 5.72 (q, J=7.2 Hz, 0.5H, NCH2CHCCH, dial or dia2), 5.73 (q, J=7.2 Hz, 0.5H,
NCH2CHCCH, dial or dia2), 6.58 (dt, J=6.4/2.3 Hz, 1H, NCH2CHCCH), 6.76 (dd, J=8.8/3.0 Hz, 0.5H,
CICCHCHCOMeCH, dial or dia2), 6.77 (dd, J=8.8/3.0 Hz, 0.5H, CICCHCHCOMeCH, dial or dia2),
6.96 (d, J=3.0 Hz, 0.5H, CICCHCHCOMeCH, dial or dia2), 6.97 (d, J=3.0 Hz, O0.5H,
CICCHCHCOMeCH, dial or dia2), 7.23 (d, J=8.8 Hz, 0.5H, CICCHCHCOMeCH, dial or dia2), 7.24 (d,
J=8.8 Hz, 0.5H, CICCHCHCOMeCH, dial or dia2); 3C NMR (126 MHz, MeOD, NaOD): 5=26.0 (CH2),
26.0 (CHz), 29.3 (CH2), 29.3 (CH2), 46.5 (CH), 46.6 (CH), 54.4 (CHz), 54.5 (CH2), 56.1 (CH3), 56.2 (CH3),
57.6 (CH2), 57.9 (CH2), 58.6 (CH2), 58.7 (CH2), 92.0 (CH), 92.0 (CH), 92.1 (CH), 92.3 (CH), 113.3 (CH),
113.5 (CH), 116.1 (CH), 116.3 (CH), 124.5 (C), 124.6 (C), 131.4 (CH), 131.5 (CH), 133.8 (C), 133.9 (C),
160.0 (C), 160.0 (C), 182.6 (C), 182.6 (C), 208.1 (C), 208.3 (C); IR (KBr): ¥=3424, 2937, 2859, 1952,
1718, 1686, 1594, 1571, 1560, 1484, 1405, 1341, 1284, 1230, 1166, 1063, 1024, 876, 805, 745, 669,
653, 600 cmL; HRMS-ESI m/z [M+H]* calcd for C17H20CINOs: 322.1210, found: 322.1204.

rac-{(Ra)-1-[4-(Naphthalen-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-(3R,Ra)-
21l) and rac-{(Sa)-1-[4-(naphthalen-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid} (rac-
(3R,Sa)-21I):

mp: 43 °C; 'H NMR (500 MHz, MeOD, NaOD): 6=1.39 (qt, J=12.8/4.0 Hz, 1H, NCH2CHCHaxHeq), 1.63
(pt, J=13.1/3.9 Hz, 1H, NCH2CHaxHeqCH2CH), 1.71-1.83 (m, 1H, NCH2CHaxHeqCH2CH), 1.97-2.14 (m,
2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.18 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dial or
dia2), 2.22 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dial or dia2), 2.38-2.51 (m, 1H, NCH2CH.«CH>), 2.98
(dor, J=11.5 Hz, 0.5H, NCHaxHeqCH2CH-CH, dial or dia2), 3.05 (do, J=11.4 Hz, O0.5H,
NCHaxHeqCH2CH2CH, dial or dia2), 3.19-3.28 (m, 3H, NCHaxHeqCHCH2 and NCH,CHCCH), 5.72 (q,
J=7.1 Hz, 1H, NCH2CHCCH), 6.40-6.49 (m, 1H, NCH2CHCCH), 7.35-7.54 (m, 3H, ArH), 7.69 (s, 1H,
ArH), 7.74-7.85 (m, 3H, ArH); 13C NMR (126 MHz, MeOD, NaOD): 6=26.0 (CH2), 26.1 (CH>), 29.4 (CH>),
46.5 (CH), 46.6 (CH), 54.4 (CH2), 54.6 (CH2), 57.8 (CH2), 57.9 (CHz2), 58.9 (CH2), 59.0 (CH2), 91.8 (CH),
91.9 (CH), 95.9 (CH), 95.9 (CH), 125.6 (CH), 125.7 (CH), 126.7 (CH), 126.7 (CH), 126.8 (CH), 126.8
(CH), 127.3 (CH), 127.3 (CH), 128.7 (CH), 128.7 (CH), 128.7 (CH), 128.8 (CH), 129.3 (CH), 129.3 (CH),
133.1 (C), 134.2 (C), 135.2 (C), 182.7 (C), 182.7 (C), 208.1 (C), 208.2 (C); IR (KBr): ¥=3443, 3053,
2939, 2860, 2803, 2542, 1949, 1710, 1597, 1508, 1467, 1449, 1394, 1335, 1275, 1214, 1198, 1153,
1128, 1094, 1043, 1016, 950, 895, 859, 819, 755, 739, 476 cmt; HRMS-ESI m/z [M+H]* calcd for
C20H21NO2: 308.1651, found: 308.1644.

rac-{(Ra)-1-[4-([1,1'-Biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic  acid} (rac-
(3R,Ra)-21m) and rac-{(Sa)-1-[4-([1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylic acid} (rac-(3R,Sa)-21m):

mp: 76 °C; 'H NMR (400 MHz, D20, 1M NaOD, 333 K): 6=1.43 (qd, J=12.6/4.1 Hz, 1H,
NCH2CHCHaxHeq), 1.53-1.72 (m, 1H, NCH2CHaxHeqCH2CH), 1.72-1.85 (m, 1H, NCH2CHaxHeqCH2CH),
1.93-2.04 (m, 1H, NCHaxHeqCH2CH2CH), 2.04-2.15 (m, 1H, NCH2CHCHaxHeq), 2.20-2.33 (m, 1H,
NCHaxHeqCHCH2), 2.45-2.58 (m, 1H, NCH2CHaxCH?2), 2.90 (d, J=11.5 Hz, 0.5H, NCHaxHeqCH2CH2CH,
dial), 2.98 (d, J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH, dia2), 3.02-3.12 (m, 1H, NCHaxHeqCHCH?), 3.12—
3.30 (m, 2H, NCH,CHCCH), 5.49-5.70 (m, 1H, NCH2CHCCH), 6.12—6.32 (m, 1H, NCH2CHCCH), 7.10-
7.48 (m, 8H, ArH), 7.51-7.64 (m, 1H, ArH); 13C NMR (101 MHz, D20, 1M NaOD, 333 K): 6=25.2 (CHz),
25.2 (CH2), 28.6 (CH), 45.9 (CH), 53.1 (CH2), 53.2 (CH>), 57.1 (CH2), 57.2 (CH2), 57.7 (CH2), 57.8
(CH2), 90.9 (CH), 90.9 (CH), 93.3 (CH), 93.4 (CH), 127.8 (CH), 128.0 (CH), 128.3 (CH), 128.4 (CH),
128.5 (CH), 128.5 (CH), 129.0 (CH), 129.1 (CH), 130.2 (CH), 130.9 (CH), 132.2 (C), 132.3 (C), 141.1
(C), 141.5(C), 183.2 (C), 207.5 (C); IR (KBr): ¥=3422, 3056, 3025, 2937, 2860, 2795, 2537, 2360, 2342,
1949, 1712, 1595, 1480, 1450, 1435, 1396, 1340, 1308, 1222, 1190, 1154, 1096, 1073, 1048, 1008,
882, 771, 747, 702, 668, 632, 616 cm-1; HRMS-ESI m/z [M+H]* calcd for C22H23NO2: 334.1807, found:
334.1802.

rac-{(Ra)-1-[4-([1,1'-Biphenyl]-3-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic  acid} (rac-
(3R,Ra)-21n) and rac-{(Sa)-1-[4-([1,1'-biphenyl]-3-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylic acid} (rac-(3R,Sa)-21n):

mp: 73 °C; H NMR (500 MHz, MeOD, NaOD): 6=1.38 (qt, J=12.7/4.1 Hz, 1H, NCH2CHCHayHeq), 1.54—
1.69 (M, 1H, NCH2CHaxHeqCH2CH), 1.70-1.80 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.06 (m, 1.5H,



NCH2CHCHaxHeq and NCHaHeqCH2CH2CH, dial or dia2), 2.11 (td, J=11.6/2.9 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial or dia2), 2.16 (t, J=11.4 Hz, 0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.25 (t,
J=11.3 Hz, 0.5H, NCHaxHeqCHCH2, dial or dia2), 2.37-2.48 (m, 1H, NCH2CHaxCH2), 2.94 (dbr, J=11.3
Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 3.07 (dbr, J=11.3 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or
dia2), 3.11-3.29 (m, 3H, NCHaxHeqCHCH2 and NCH.CHCCH), 5.67 (q, J=7.4 Hz, 0.5H, NCH2CHCCH,
dial or dia2), 5.69 (q, J=7.4 Hz, 0.5H, NCH2CHCCH, dial or dia2), 6.33 (dt, J=6.4/2.3 Hz, 1H,
NCH2CHCCH), 7.25-7.30 (m, 1H, ArH), 7.31-7.35 (m, 1H, ArH), 7.38 (tt, J=7.7/0.6 Hz, 1H, ArH), 7.40-
7.46 (m, 3H, ArH), 7.50-7.53 (m, 1H, ArH), 7.54—7.60 (m, 2H, ArH); 13C NMR (126 MHz, MeOD, NaOD):
0=26.0 (CH2), 26.0 (CH2), 29.3 (CH2), 46.5 (CH), 54.2 (CH>), 54.6 (CH2), 57.7 (CH2), 58.1 (CH-), 58.8
(CH), 59.1 (CH2), 91.4 (CH), 92.0 (CH), 95.6 (CH), 95.6 (CH), 126.4 (CH), 126.4 (CH), 126.7 (CH),
126.8 (CH), 126.8 (CH), 126.8 (CH), 128.0 (CH), 128.0 (CH), 128.5 (CH), 128.5 (CH), 129.9 (CH), 129.9
(CH), 130.3 (CH), 136.1 (C), 142.2 (C), 142.2 (C), 142.9 (C), 182.7 (C), 182.8 (C), 207.7 (C), 207.9 (C);
IR (KBr): ¥=3420, 3057, 3031, 2938, 2862, 2802, 2530, 1952, 1708, 1596, 1479, 1454, 1439, 1395,
1340, 1310, 1246, 1152, 1092, 1075, 1048, 1022, 955, 895, 875, 804, 763, 698, 669, 645, 615, 597 cm-
L HRMS-ESI m/z [M+H]* calcd for C22H23NO2: 334.1807, found: 334.1800.

rac-{(Ra)-1-[4-([1,1'-Biphenyl]-4-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic  acid} (rac-
(3R,Ra)-210) and rac-{(Sa)-1-[4-([1,1'-biphenyl]-4-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-
carboxylic acid} (rac-(3R,Sa)-210):

mp: 65 °C; 'H NMR (500 MHz, MeOD, NaOD): 6=1.38 (qd, J=12.9/2.3 Hz, 0.5H, NCH2CHCHaxHeq, dial
or dia2), 1.39 (qd, J=12.9/2.3 Hz, 0.5H, NCH2:CHCHaxHeq, dial or dia2), 1.54-1.70 (m, 1H,
NCH2CHaxHeqCH2CH), 1.70-1.82 (m, 1H, NCH2CHaxHeqCH2CH), 1.96-2.12 (m, 2H, NCH2CHCHaxHeq
and NCHaxHeqCH2CH2CH), 2.18 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCH_, dial or dia2), 2.19 (t, J=11.3 Hz,
0.5H, NCHaxHeqCHCH, dial or dia2), 2.43 (dtt, J=15.4/7.7/3.8 Hz, 1H, NCH2CHaxCH>), 2.96 (dbr, J=11.3
Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 3.02 (dbr, J=11.5 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or
dia2), 3.13-3.23 (m, 2.5H, NCH>CHCCH and NCHaxHeqCHCH2, dial or dia2), 3.23-3.29 (m, 0.5H,
NCHaxHeqCHCH2, dial or dia2), 5.67 (q, J=7.2 Hz, 1H, NCH:CHCCH), 6.24-6.34 (m, 1H,
NCH2CHCCH), 7.28-7.34 (m, 1H, ArH), 7.34-7.39 (m, 2H, ArH), 7.39-7.45 (m, 2H, ArH), 7.53-7.64 (m,
4H, ArH); 13C NMR (126 MHz, MeOD, NaOD): 6=26.0 (CH2), 26.0 (CH2), 29.3 (CH2), 46.5 (CH), 46.5
(CH), 54.5 (CHz2), 54.5 (CH2), 57.8 (CH2), 57.9 (CHy2), 58.9 (CH2), 59.0 (CH2), 91.6 (CH), 91.7 (CH), 95.3
(CH), 127.8 (CH), 128.2 (CH), 128.3-128.4 (CH), 129.9 (CH), 134.6 (C), 134.6 (C), 141.1 (C), 141.1
(C), 142.0 (C), 182.7 (C), 182.7 (C), 207.8 (C), 207.8 (C); IR (KBr): ¥=3406, 3056, 3029, 2939, 2863,
2800, 2538, 1950, 1701, 1578, 1486, 1467, 1450, 1395, 1341, 1275, 1152, 1092, 1075, 1040, 1006,
955, 876, 843, 770, 747, 723, 696, 625, 551, 502 cm-l; HRMS-ESI m/z [M+H]* calcd for C22H23NO2:
334.1807, found: 334.1800.

rac-{(Ra)-1-[4-([1,1:2',1"-Terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid}
(rac-(3R,Ra)-21p) and rac-{(Sa)-1-[4-([1,1":2',1"-terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-
3-carboxylic acid} (rac-(3R,Sa)-21p):

mp: 95 °C; 'H NMR (400 MHz, MeOD, NaOD): 6=1.30-1.42 (m, 1H, NCH2CHCHaxHeg), 1.47-1.64 (m,
1H, NCH2CHaxHeqCH2CH), 1.65-1.76 (m, 1H, NCH2CHaxHeqCH2CH), 1.82-2.02 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.02-2.18 (m, 1H, NCHaxHeqCHCH2), 2.32-2.43 (m, 1H,
NCH2CHaxCH2), 2.73-2.98 (m, 2H, NCHaxHeqCH2CH2CH and NCH,CHCCH), 2.98-3.16 (m, 2H,
NCHaxHegCHCH2 and NCH,CHCCH), 5.32-5.43 (m, 1H, NCH.CHCCH), 5.81-5.88 (m, 0.55H,
NCH2CHCCH, atr-isol), 5.90-5.96 (m, 0.45H, NCH.CHCCH, atr-iso2), 6.98-7.23 (m, 8H, ArH), 7.23-
7.35 (m, 2H, ArH), 7.38-7.51 (m, 3H, ArH); 13C NMR (101 MHz, MeOD, NaOD): 5=25.9 (CH2), 26.0
(CH2), 29.3 (CH2), 29.3 (CH2), 46.4 (CH), 46.5 (CH), 53.8 (CH>), 53.9 (CH2), 54.4 (CH2), 54.6 (CH>),
57.8 (CH>), 57.8 (CH>), 58.7 (CH2), 58.8 (CH2), 90.4 (CH), 90.8 (CH), 91.1 (CH), 93.5 (CH), 93.6 (CH),
93.8 (CH), 127.5 (CH), 127.6 (CH), 128.1 (CH), 128.2 (CH), 128.3 (CH), 128.4 (CH), 128.4 (CH), 128.7
(CH), 128.9 (CH), 129.0 (CH), 129.0 (CH), 130.6 (CH), 130.7 (CH), 131.1 (CH), 131.1 (CH), 132.1 (CH),
132.2 (CH), 133.4 (CH), 133.5 (CH), 140.6 (C), 141.3 (C), 142.6 (C), 142.7 (C), 182.7 (C), 207.9 (C),
208.0 (C); IR (KBr): ¥=3438, 3055, 3020, 2936, 2856, 2795, 2360, 1948, 1711, 1594, 1490, 1472, 1449,
1432, 1399, 1339, 1307, 1221, 1191, 1155, 1094, 1074, 1044, 1008, 948, 913, 878, 769, 749, 699, 632,
615, 565 cm; HRMS-ESI m/z [M+H]* calcd for C2sH27NO2: 410.2120, found: 410.2115. Ratio of
atropisomers is 45:55.



(Ra)-1-[4-([1,1":2",1"-Terphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic acid ((3R,Ra)-
21p) and (Sa)-1-[4-([1,1":2',1"-terphenyl]-2-yl)buta-2,3-dien-1-yI](3R)-piperidine-3-carboxylic acid
((BR,Sa)-21p):

mp: 96 °C; [a]p??>=+8.57 ° (¢=0.573 g/100 mL in chloroform); *H NMR (400 MHz, MeOD, NaOD): 6=1.25—
1.43 (m, 1H, NCH2CHCHaxHeq), 1.45-1.64 (m, 1H, NCH2CHaxHeqCH2CH), 1.64-1.77 (m, 1H,
NCH2CHaxHeqCH2CH), 1.79-2.02 (m, 2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.02-2.19 (m,
1H, NCHaxHeqCHCH?2), 2.29-2.47 (m, 1H, NCH2CHaxCH2), 2.69-3.19 (m, 4H, NCHaxHeqCH2CH2CH and
NCH>,CHCCH and NCHaxHeqCHCH2), 5.31-5.44 (m, 1H, NCH.CHCCH), 5.79-5.89 (m, 0.56H,
NCH2CHCCH, atr-isol), 5.89-5.96 (m, 0.44H, NCH2CHCCH, atr-iso2), 6.95-7.22 (m, 8H, ArH), 7.22—
7.34 (m, 2H, ArH), 7.34-7.51 (m, 3H, ArH); 3C NMR (101 MHz, MeOD, NaOD): 6=25.9 (CHz2), 26.0
(CH2), 29.3 (CH2), 46.4 (CH), 46.5 (CH), 46.5 (CH), 46.5 (CH), 53.9 (CH2), 54.2 (CH2), 54.4 (CH2), 54.5
(CH2), 57.6 (CHz), 57.8 (CH2), 57.8 (CH), 58.5 (CH), 58.7 (CH), 58.8 (CH3), 58.9 (CH2), 90.4 (CH),
90.8 (CH), 90.8 (CH), 91.1 (CH), 93.5 (CH), 93.6 (CH), 93.7 (CH), 93.8 (CH), 127.5 (CH), 127.5 (CH),
127.5 (CH), 127.6 (CH), 128.0 (CH), 128.0 (CH), 128.1 (CH), 128.2 (CH), 128.3 (CH), 128.4 (CH), 128.4
(CH), 128.7 (CH), 128.8 (CH), 128.9 (CH), 129.0 (CH), 129.1 (CH), 130.6 (CH), 130.7 (CH), 131.1 (CH),
131.1 (CH), 132.0 (CH), 132.1 (CH), 132.1 (CH), 132.2 (CH), 133.4 (C), 133.5 (C), 140.6 (C), 141.2 (C),
141.3 (C), 142.6 (C), 142.7 (C), 142.8 (C), 142.9 (C), 142.9 (C), 182.7 (C), 207.8 (C), 207.9 (C), 207.9
(C), 208.0 (C); IR (KBr): v=3423, 3057, 2927, 2852, 2614, 2539, 1950, 1584, 1490, 1472, 1449, 1431,
1396, 1153, 1093, 1073, 1008, 950, 914, 879, 796, 767, 750, 700, 632, 614, 564, 541, 515, 469 cm™%;
HRMS-ESI m/z [M+H]* calcd for C2sH27NO2: 410.2120, found: 410.2111. Ratio of atropisomers 44:56.
HPLC analytics: Chiralpak ZWIX(+) Daicel, 150x3 mm, 3 um, 0.2 mL/min, 18EtOH/80dioxane/2H-20 with
50 mM formic acid and 25 mM DEA, ratio of enantiomers: 81% (3R,Ra.)-21p/(3R,S.)-21p and 19%
(3S,Ra)-21p/(3S,Sa)-21p.

rac-{(Ra)-1-[4-(2',6'-Dimethyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Ra)-21g) and rac-{(Sa)-1-[4-(2',6'-dimethyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-
yl](3R)-piperidine-3-carboxylic acid} (rac-(3R,Sa)-21q):

mp: 64 °C; 'H NMR (500 MHz, MeOD, NaOD): 6=1.34 (qd, J=12.8/3.9 Hz, 0.5H, NCH2CHCHaxHeq, dial
or dia2), 1.35 (qd, J=12.8/3.9 Hz, 0.5H, NCH2:CHCHaxHeq, dial or dia2), 1.48-1.65 (m, 1H,
NCH2CHaxHeqCH2CH), 1.65-1.77 (m, 1H, NCH2CHaxHeqCH2CH), 1.92 (s, 3H, CHs), 1.93 (s, 3H, CHs3),
1.93-2.02 (m, 2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.05 (t, J=11.4 Hz, O0.5H,
NCHaxHeqCHCHz2, dial or dia2), 2.14 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dial or dia2), 2.31-2.45 (m,
1H, NCH2CHaxCHz), 2.87 (dbr, J=11.1 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 2.92 (dwr, J=11.1
Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 2.94-3.10 (m, 2H, NCH,CHCCH), 3.10-3.20 (m, 1H,
NCHaxHeqCHCH2), 5.43 (g, J=7.0 Hz, 0.5H, NCH2CHCCH, dial or dia2), 5.44 (q, J=7.0 Hz, 0.5H,
NCH2CHCCH, dial or dia2), 5.71-5.80 (m, 1H, NCH2CHCCH), 6.98 (dd, J=7.5/1.6 Hz, 0.5H,
NCH2CHCCHCCHCHCHCH, dial or dia2), 6.99 (dd, J=7.5/1.6 Hz, 0.5H, NCH.CHCCHCCHCHCHCH,
dial or dia2), 7.05-7.12 (m, 2H, ArH), 7.12-7.18 (m, 1H, ArH), 7.27 (td, J=7.4/1.5 Hz, 0.5H,
NCH2CHCCHCCHCHCHCH, dial or dia2), 7.28 (td, J=7.4/1.5 Hz, 0.5H, NCH2CHCCHCCHCHCHCH,
dial or dia2), 7.32 (td, J=7.6/1.5 Hz, 0.5H, NCH2CHCCHCCHCHCHCH, dial or dia2), 7.33 (td, J=7.6/1.5
Hz, 0.5H, NCH:CHCCHCCHCHCHCH, dial or dia2), 7.50 (dd, J=7.8/1.4 Hz, 0.5H,
NCH2CHCCHCCHCHCHCH, dial or dia2), 7.52 (dd, J=7.8/1.4 Hz, 0.5H, NCH.CHCCHCCHCHCHCH,
dial or dia2); 3C NMR (126 MHz, MeOD, NaOD): 6=20.7 (CHs), 20.7 (CHs), 26.0 (CHz2), 26.0 (CH>),
29.3 (CH2), 29.3 (CH>), 46.4 (CH), 46.5 (CH), 54.2 (CH2), 54.6 (CH2), 57.7 (CH2), 57.8 (CH2), 58.9 (CH2),
59.1 (CH2), 90.8 (CH), 90.9 (CH), 92.9 (CH), 92.9 (CH), 128.3 (CH), 128.4 (CH), 128.4 (CH), 128.5
(CH), 128.6 (CH), 128.6 (CH), 128.6 (CH), 130.6 (CH), 130.7 (CH), 133.2 (C), 133.2 (C), 137.2 (C),
137.2 (C), 137.3 (C), 140.4 (C), 140.4 (C), 141.3 (C), 141.3 (C), 182.7 (C), 207.8 (C), 207.9 (C); IR
(KBr): ¥=3434, 3059, 3018, 2941, 2858, 2796, 2533, 1948, 1712, 1579, 1466, 1444, 1377, 1340, 1308,
1220, 1192, 1154, 1133, 1094, 1044, 1003, 951, 918, 879, 761, 677, 630 cm-%; HRMS-ESI m/z [M+H]*
calcd for C24H27NO2: 362.2120, found: 362.2113.

rac-{(Ra)-1-[4-(2'-Isopropyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Ra)-21r) and rac-{(Sa)-1-[4-(2'-isopropyl-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-
piperidine-3-carboxylic acid} (rac-(3R,Sa)-21r):

mp: 86 °C; 'H NMR (500 MHz, MeOD, NaOD): 6=0.99-1.09 (m, 3H, CH(CHs)2), 1.10-1.20 (m, 3H,
CH(CHa)2), 1.29-1.42 (m, 1H, NCH2CHCHaxHeq), 1.49-1.65 (m, 1H, NCH2CHaxHeqCH2CH), 1.66—1.80
(M, 1H, NCH2CHaxHeqCH2CH), 1.90-2.04 (m, 2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.04—
2.21 (M, 1H, NCHaxHeqCHCH2), 2.30-2.47 (m, 1H, NCH2CHaCHz), 2.63-2.78 (m, 1H, CH(CHs3)2), 2.82—



2.98 (m, 1H, NCHaxHeqCH2CH2CH), 2.98-3.24 (m, 3H, NCHaxHeqCHCH2 and NCH,CHCCH), 5.39-5.59
(m, 1H, NCH2CHCCH), 5.77-5.88 (m, 1H, NCH2CHCCH), 6.97-7.05 (m, 1H, ArH), 7.05-7.15 (m, 1H,
ArH), 7.16-7.27 (m, 2H, ArH), 7.27-7.44 (m, 3H, ArH), 7.44-7.56 (m, 1H, NCH2CHCCHCCHCHCHCH);
B3C NMR (126 MHz, MeOD, NaOD): 6=23.6 (CHs), 23.6 (CHzs), 23.7 (CHs), 24.8 (CHs), 24.8 (CHs), 26.0
(CH2), 26.0 (CH2), 26.0 (CH2), 29.3 (CH2), 31.1 (CH), 31.1 (CH), 46.4 (CH), 46.4 (CH), 46.5 (CH), 46.5
(CH), 54.2 (CH2), 54.2 (CH2), 54.5 (CHz2), 54.6 (CH2), 57.7 (CH2), 57.8 (CH2), 57.8 (CH), 57.8 (CH2),
58.8 (CH2), 58.9 (CHz), 59.0 (CH2), 90.9 (CH), 91.1 (CH), 91.1 (CH), 91.3 (CH), 93.5 (CH), 93.5 (CH),
93.6 (CH), 93.6 (CH), 126.3 (CH), 126.4 (CH), 126.4 (CH), 126.5 (CH), 126.5 (CH), 127.7 (CH), 127.7
(CH), 127.7 (CH), 127.8 (CH), 127.9 (CH), 128.0 (CH), 128.0 (CH), 128.6 (CH), 128.7 (CH), 129.2 (CH),
130.8 (CH), 130.8 (CH), 131.0 (CH), 131.2 (CH), 131.2 (CH), 133.5 (C), 133.6 (C), 133.6 (C), 140.6 (C),
140.6 (C), 140.7 (C), 140.7 (C), 141.2 (C), 141.3 (C), 141.3 (C), 141.3 (C), 148.1 (C), 148.2 (C), 182.6
(C), 182.7 (C), 182.7 (C), 207.6 (C), 207.7 (C), 207.8 (C), 207.9 (C); IR (KBr): ¥=3427, 3057, 3020,
2959, 2866, 2796, 2532, 1948, 1712, 1594, 1496, 1478, 1442, 1400, 1384, 1362, 1341, 1308, 1220,
1193, 1154, 1133, 1095, 1045, 1034, 1005, 948, 880, 757, 631, 537 cm; HRMS-ESI m/z [M+H]* calcd
for C2sH20NO2: 376.2277, found: 376.2270. Ratio of atropisomers is 49:51.

rac-{(Ra)-1-[4-(2',4'-Dichloro[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Ra)-21s) and rac-{(Sa)-1-[4-(2',4'-dichloro[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,Sa)-215s):

mp: 100 °C; *H NMR (500 MHz, MeOD, NaOD): 6=1.06-1.23 (m, 1H, NCH2CHCHaxHeg), 1.30-1.45 (m,
1H, NCH2CHaxHeqCH2CH), 1.46-1.61 (m, 1H, NCH2CHaxHeqCH2CH), 1.73-1.82 (m, 2H,
NCHaxHeqCH2CH2CH and NCH2CHCHaxHeg), 1.82—-2.00 (m, 1H, NCHaHeqCHCHy), 2.08-2.28 (m, 1H,
NCH2CHaxCH2), 2.62-2.75 (m, 1H, NCHaxHeqCH2CH2CH), 2.75-2.91 (m, 2H, NCH,CHCCH), 2.94 (dbr,
J=10.8 Hz, 1H, NCHaxHeqCHCH?2), 5.20-5.32 (m, 1H, NCH.CHCCH), 5.61-5.77 (m, 1H, NCH.CHCCH),
6.91 (d, J=7.6 Hz, 1H, CICCHCH), 7.00-7.12 (m, 2H, CICCHCH and NCH2CHCCHCCHCHCH), 7.12—
7.24 (m, 2H, NCH.CHCCHCCHCH and NCH2CHCCHCCCH), 7.24-7.33 (m, 1H, NCH2CHCCHCCH),
7.36 (s, 1H, CICCHCH); 3C NMR (126 MHz, MeOD, NaOD): 6=26.0 (CH), 26.0 (CH>), 29.3 (CH2), 46.4
(CH), 46.5 (CH), 54.2 (CH2), 54.2 (CH), 54.6 (CH2), 54.6 (CH2), 57.7 (CH2), 57.7 (CH), 57.8 (CH),
57.8 (CH2), 58.7 (CHy), 58.7 (CH2), 58.8 (CH>), 58.8 (CH2), 91.0 (CH), 91.1 (CH), 91.2 (CH), 91.3 (CH),
93.2 (CH), 93.2 (CH), 93.3 (CH), 127.9 (CH), 128.0 (CH), 128.3 (CH), 128.4 (CH), 128.5 (CH), 128.5
(CH), 128.5 (CH), 129.6 (CH), 129.7 (CH), 130.1 (CH), 130.2 (CH), 131.1 (CH), 131.1 (CH), 131.2 (CH),
133.6 (C), 133.7 (C), 133.8 (CH), 133.8 (CH), 133.9 (CH), 135.3 (C), 135.6 (C), 135.7 (C), 135.7 (C),
137.8 (C), 137.9 (C), 137.9 (C), 139.8 (C), 182.7 (C), 208.0 (C), 208.0 (C), 208.1 (C), 208.1 (C); IR
(KBr): ¥=3432, 3057, 2938, 2859, 2797, 2529, 2361, 2342, 1950, 1717, 1586, 1468, 1443, 1399, 1375,
1340, 1305, 1220, 1193, 1153, 1139, 1101, 1069, 1044, 1004, 951, 867, 824, 805, 759, 701, 629, 576
cm-1; HRMS-ESI m/z [M+H]* calcd for C22H21CI2NO2: 402.1028, found: 402.1022. Ratio of atropisomers
is ~ 50:50.

rac-{(Ra)-1-[4-(2',4'-Difluoro[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Ra)-21t) and rac-{(Sa)-1-[4-(2',4'-difluoro[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-
piperidine-3-carboxylic acid} (rac-(3R,Sa)-21t):

mp: 80 °C; 'H NMR (400 MHz, MeOD, NaOD): 6=1.25-1.43 (m, 1H, NCH2CHCHaxHeg), 1.49-1.67 (m,
1H, NCH2CHaxHeqCH2CH), 1.67-1.83 (m, 1H, NCH2CHaxHeqCH2CH), 1.91-2.05 (m, 2H,
NCHaxHegCH2CH2CH and NCH2CHCHaxHeg), 2.09 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dial or dia2),
2.15 (t, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.39 (tt, J=12.1/3.8 Hz, 0.5H, NCH2CHaxCH2,
dial or dia2), 2.41 (tt, J=12.1/3.8 Hz, 0.5H, NCH2CHaCH2, dial or dia2), 2.85-2.98 (m, 1H,
NCHaxHeqCH2CH2CH), 3.01-3.12 (m, 2H, NCH,CHCCH), 3.12-3.21 (m, 1H, NCHaxHeqCHCH?2), 5.52 (q,
J=7.2 Hz, 1H, NCH2CHCCH), 5.99 (dbr, J=6.4 Hz, 1H, NCH2CHCCH), 6.98-7.09 (m, 2H, FCCHCF and
FCCHCH), 7.14-7.21 (m, 1H, NCH2CHCCHCCHCHCH), 7.21-7.33 (m, 2H, FCCHCH and
NCH2CHCCHCCHCHCH), 7.36 (td, J=7.7/1.5 Hz, 0.5H, NCH.CHCCHCCHCHCH, dial or dia2), 7.37
(td, J=7.7/1.5 Hz, 0.5H, NCH2CHCCHCCHCHCH, dial or dia2), 7.47-755 (m, 1H,
NCH2CHCCHCCCH); 13C NMR (101 MHz, MeOD, NaOD): 6=26.0 (CH2), 26.0 (CH>), 29.3 (CH>), 46.4
(CH), 46.5 (CH), 54.3 (CH2), 54.6 (CH2), 57.7 (CH), 57.8 (CH), 58.7 (CH3), 58.8 (CH2), 91.2 (CH), 91.4
(CH), 93.3 (CH), 104.8 (t, 2Jcr=26.1 Hz, CH), 112.3 (dd, #4Jcr=21.4/3.7 Hz, CH), 125.8 (dd,
243ce=17.0/2.4 Hz, C), 128.0 (CH), 128.0 (CH), 128.4 (CH), 128.5 (CH), 129.5 (CH), 129.6 (CH), 131.8
(CH), 131.8 (CH), 134.1 (dd, #4JcF=9.8/4.6 Hz, CH), 134.4 (C), 134.5 (C), 161.1 (dd, ¥3Jc=236.7/11.8
Hz, C), 163.5 (dd, 13Jcr=248.2/12.2 Hz, C), 182.6 (C), 182.7 (C), 208.0 (C), 208.0 (C); °F {tH} NMR
(376 MHz, MeOD, NaOD): 6=-111.9, -112.9, -112.9; IR (KBr): ¥=3442, 3062, 2934, 2855, 2360, 2341,
1951, 1712, 1619, 1592, 1509, 1484, 1448, 1419, 1340, 1302, 1264, 1222, 1139, 1098, 1046, 1009,



963, 850, 820, 760, 737, 714, 668, 630, 613, 590, 559 cm; HRMS-ESI m/z [M+H]* calcd for
C22H21F2NO2: 370.1619, found: 370.1608.

rac-[(Ra)-1-{4-[2',4'-Bis(trifluoromethyl)-[1,1'-biphenyl]-2-yl]buta-2,3-dien-1-yI}(3R)-piperidine-3-
carboxylic acid] (rac-(3R,Ra)-21u) and rac-[(Sa)-1-{4-[2',4'-bis(trifluoromethyl)-[1,1'-biphenyl]-2-
yllbuta-2,3-dien-1-yl}(3R)-piperidine-3-carboxylic acid] (rac-(3R,Sa)-21u):

mp: 90 °C; 'H NMR (400 MHz, MeOD, NaOD): 6=1.22-1.43 (m, 1H, NCH2CHCHaxHeg), 1.45-1.65 (m,
1H, NCH2CHaxHeqCH2CH), 1.65-1.79 (m, 1H, NCH2CHaxHeqCH2CH), 1.87-2.01 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.03 (t, J=11.5 Hz, 0.5H, NCHaxHeqCHCHz, dial or dia2),
2.13 (tor, J=11.3 Hz, 0.5H, NCHaxHeqCHCHz, dial or dia2), 2.35 (tt, J=12.2/3.8 Hz, 0.5H, NCH2CHaxCHz,
dial or dia2), 2.38 (it, J=12.2/3.8 Hz, 0.5H, NCH2CHa.CH2, dial or dia2), 2.73-3.05 (m, 3H,
NCHaxHeqCH2CH2CH and NCH>CHCCH), 3.10 (dbr, J=11.4 Hz, 1H, NCHaxHeqCHCH2), 5.28-5.45 (m,
1H, NCH2CHCCH), 5.75-5.85 (m, 1H, NCH2CHCCH), 7.14 (d, J=7.6 Hz, 1H, NCH2CHCCHCCCH), 7.27
(t, J=7.6 Hz, 1H, NCH2CHCCHCCCHCH), 7.36-7.45 (m, 1H, NCH2CHCCHCCHCH), 7.45-7.57 (m, 2H,
NCH2CHCCHCCH and CFsCCHCH), 7.99 (d, J=8.2 Hz, 1H, CFsCCHCH), 8.06 (s, 1H, FsCCCHCCFs3);
13C NMR (101 MHz, MeOD, NaOD): 6=25.9 (CH2), 26.0 (CH>), 29.3 (CH), 46.4 (CH), 46.5 (CH), 54.1
(CH>), 54.7 (CH), 57.6 (CH2), 57.6 (CH2), 57.8 (CH>), 58.6 (CH2), 58.7 (CH2), 91.0 (CH), 91.0 (CH),
91.2 (CH), 91.3 (CH), 93.4 (CH), 93.5 (CH), 124.0-124.4 (m, CH), 124.9 (q, 1Jcr=248.1 Hz, C), 126.2
(g, 2Jce=30.8 Hz, C), 127.4 (CH), 128.3-128.9 (m, CH), 129.4 (q, YJce=247.4 Hz, C), 129.7-129.9 (m,
CH), 130.0 (CH), 130.0 (CH), 130.7-131.0 (m, CH), 131.5 (g, 2Jce=33.6 Hz, C), 133.5 (C), 133.5 (C),
134.8 (CH), 135.0 (CH), 135.0 (CH), 137.1 (C), 137.1 (C), 145.3-145.6 (m, C), 182.7 (C), 182.7 (C),
208.0 (C), 208.1 (C), 208.1 (C), 208.2 (C); °F {*H} NMR (376 MHz, MeOD, NaOD): 6=-60.4, -60.4, -
60.4, -60.4, -64.2, -64.3, IR (KBr): ¥=3427, 3064, 2943, 2861, 2800, 1952, 1713, 1625, 1579, 1484,
1469, 1447, 1403, 1345, 1277, 1178, 1132, 1083, 1065, 1047, 1006, 952, 912, 868, 848, 759, 731, 715,
672, 647, 629, 587 cml; HRMS-ESI m/z [M+H]* calcd for C2saH21FeNOz2: 470.1555, found: 470.1546.
Ratio of atropisomers is ~ 50:50.

rac-{(Ra)-1-[4-(2',4'-Dimethoxy-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl](3R)-piperidine-3-carboxylic
acid} (rac-(3R,Ra)-21v) and rac-{(Sa)-1-[4-(2',4'-dimethoxy-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-
yl1(3R)-piperidine-3-carboxylic acid} (rac-(3R,Sa)-21v):

mp: 94 °C; 'H NMR (400 MHz, MeOD, NaOD): 6=1.14-1.28 (m, 1H, NCH2CHCHaxHeq), 1.33-1.51 (m,
1H, NCH2CHaHeqCH2CH), 1.51-1.65 (m, 1H, NCH2CHaxHeqCH2CH), 1.74-1.89 (m, 2H,
NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 1.93 (t, J=11.4 Hz, 0.5H, NCHaxHeqCHCH?, dial), 2.00 (t,
J=11.4 Hz, 0.5H, NCHaxHeqCHCHo, dia2), 2.17—2.33 (m, 1H, NCH2CHaxCH?2), 2.74 (dbr, J=11.4 Hz, 0.5H,
NCHaxHeqCH2CH2CH, dial or dia2), 2.81 (dw, J=11.4 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2),
2.85-3.07 (M, 3H, NCHaxHeqCHCH2 and NCH2CHCCH), 3.56 (s, 3H, OCHs), 3.69 (s, 3H, OCHs), 5.34
(9, J=7.1 Hz, 0.5H, NCH2CHCCH, dial or dia2), 5.35 (q, J=7.1 Hz, 0.5H, NCH.CHCCH, dial or dia2),
5.73-5.85 (m, 1H, NCH2CHCCH), 6.39-6.50 (m, 2H, CCCCHCHCOMeCHCOMe and
CCCCHCHCOMeCHCOMe), 6.84 (d, J=8.1 Hz, 1H, CCCCHCHCOMeCHCOMe), 6.90-6.98 (m, 1H,
CHCCHCHCHCHC), 7.02 (td, J=7.6/1.6 Hz, 0.5H, CHCCHCHCHCHC, dial or dia2), 7.03 (td, J=7.6/1.6
Hz, 0.5H, CHCCHCHCHCHC, dial or dia2), 7.09 (td, J=7.6/1.6 Hz, 0.5H, CHCCHCHCHCHC, dial or
dia2), 7.10 (td, J=7.6/1.6 Hz, 0.5H, CHCCHCHCHCHC, dial or dia2), 7.28 (dd, J=7.6/1.4 Hz, 0.5H,
CHCCHCHCHCHC, dial or dia2), 7.30 (dd, J=7.6/1.4 Hz, 0.5H, CHCCHCHCHCHC, dial or dia2); 13C
NMR (101 MHz, MeOD, NaOD): 6=26.0 (CH?2), 26.0 (CHz2), 29.4 (CH2), 46.5 (CH), 46.5 (CH), 54.2 (CH>),
54.6 (CH2), 55.9 (CHs), 55.9 (CHs), 57.8 (CHz2), 59.0 (CH2), 59.2 (CH2), 90.7 (CH), 91.0 (CH), 94.1 (CH),
94.1 (CH), 99.6 (CH), 105.8 (CH), 123.6 (C), 123.6 (C), 127.5 (CH), 127.6 (CH), 127.7 (CH), 127.8 (CH),
128.2 (CH), 128.2 (CH), 132.0 (CH), 132.0 (CH), 132.8 (CH), 134.1 (C), 138.5 (C), 138.5 (C), 159.1 (C),
162.3 (C), 182.7 (C), 182.7 (C), 207.6 (C), 207.7 (C); IR (KBr): ¥=3431, 3057, 2998, 2936, 2859, 2834,
1948, 1710, 1611, 1580, 1511, 1484, 1464, 1453, 1438, 1413, 1339, 1306, 1282, 1241, 1207, 1158,
1133, 1093, 1051, 1032, 1002, 933, 917, 879, 832, 799, 761, 634 cm*; HRMS-ESI m/z [M+H]* calcd for
C24H27NO4: 394.2018, found: 394.2010.

Methyl 1-(prop-2-yn-1-yl)-1,2,5,6-tetrahydropyridine-3-carboxylate (22):

Ri=0.10 (PE/EtOAC 8:2); 'H NMR (400 MHz, CD2Cly): 5=2.29 (t, J=2.5 Hz, 1H, NCH2C=CH), 2.31-2.39
(M, 2H, NCH2CCHCH,CH2), 2.61 (t, J=5.7 Hz, 2H, NCH2CCHCH:2CH,), 3.26 (td, J=2.9/2.0 Hz, 2H,
NCH,CCHCH2CH?>), 3.44 (d, J=2.5 Hz, 2H, NCH.C=CH), 3.71 (s, 3H, OCHs), 6.96 (it, J=4.0/2.0 Hz, 1H,
NCH2CCHCH2CH?2); 13C NMR (101 MHz, CD2Cla): 5=27.2 (CH2), 46.9 (CH2), 48.1 (CHz), 50.4 (CH2),



51.9 (CHs), 73.4 (CH), 79.3 (C), 129.5 (C), 137.9 (CH), 166.6 (C); IR (film): ¥=3292, 2951, 2914, 2812,
1714, 1657, 1463, 1436, 1399, 1351, 1324, 1264, 1195, 1127, 1090, 1056, 1043, 1000, 975, 901, 848,
786, 766, 720 cm't; HRMS-ESI m/z [M+H]* calcd for C1oH13NO2: 180.1025, found: 180.1018.

rac-[Methyl 1-{4-([1,1":2',1"-terphenyl]-2-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yl}-1,2,5,6-
tetrahydropyridine-3-carboxylate] (rac-23p):

R=0.53 (DCM, 5% MeOH); *H NMR (400 MHz, Tclz): 6=1.67-2.07 (m, 2H, NCH2CHCHCH,CH), 2.09—
2.43 (m, 4H, NCH2CCHCH2CH2z and NCH2CHCHCH:CHy), 2.47 (t, J=5.6 Hz, 1.08H, NCH2CCHCH2CH>,
atr-isol), 2.57 (t, J=5.6 Hz, 0.92H, NCH2CCHCH:CH,, atr-iso2), 2.63-2.86 (m, 2H,
NCH>CHCHCH2CHz), 3.09-3.18 (m, 1.08H, NCH,CCHCH:CH2, atr-isol), 3.20-3.26 (m, 0.92H,
NCH>CCHCH2CH>, atr-is02), 3.32-3.36 (m, 1.08H, NCH,CCCHN, atr-isol), 3.43-3.51 (m, 0.92H,
NCH,CCCHN, atr-iso2), 3.65 (s, 1.62H, OCHjs, atr-isol), 3.66 (s, 1.38H, OCHs, atr-iso2), 4.27 (t, J=1.9
Hz, 0.54H, NCH2CCCHN, atr-isol), 4.82 (t, J=2.0 Hz, 0.46H, NCH2CCCHN, atr-iso2), 5.41-5.60 (m, 2H,
NCH2CHCHCH:CH), 6.72-7.20 (m, 8H, NCH.CCHCH2CH: and ArH), 7.21-7.66 (m, 6H, ArH); 3C
NMR (101 MHz, Tclz): 6=26.6 (CHz), 26.8 (CH>), 26.9 (CH2), 46.8 (CH2), 47.0 (CHz), 47.1 (CH>), 47.1
(CH>), 47.7 (CH2), 47.9 (CH>), 48.4 (CH>), 48.7 (CH2), 50.1 (CH2), 50.3 (CH), 52.0 (CH3), 52.1 (CHs3),
58.2 (CH), 58.3 (CH), 80.9 (C), 82.2 (C), 82.4 (C), 82.5 (C), 125.2 (CH), 125.3 (CH), 125.7 (CH), 125.9
(CH), 126.6-127.0 (m, CH), 127.1 (CH), 127.4 (CH), 127.8 (CH), 127.7 (CH), 128.0 (CH), 128.1 (CH),
128.7 (CH), 129.1 (CH), 129.2 (C), 129.2 (C), 129.9 (CH), 129.9 (CH), 130.3 (CH), 130.6 (CH), 130.8
(CH), 131.4 (CH), 132.1 (CH), 136.4 (C), 136.7 (C), 138.2 (CH), 138.2 (CH), 139.3 (C), 139.4 (C), 140.9
(C),141.2(C), 141.4 (C), 141.6 (C), 141.7 (C), 141.7 (C), 166.5 (C); IR (film): ¥=3056, 3029, 2909, 2806,
1715, 1656, 1598, 1469, 1432, 1396, 1351, 1322, 1261, 1193, 1125, 1090, 1074, 1055, 1042, 998, 973,
948, 753, 719, 700 cm1; HRMS-ESI m/z [M+H]* calcd for Cs4H34N202: 503.2699, found: 503.2690. Ratio
of atropisomers is 46:54.

rac-[Methyl 1-{4-(2',4'-dichloro-[1,1'-biphenyl]-2-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yl}-
1,2,5,6-tetrahydropyridine-3-carboxylate] (rac-23s):

R=0.23 (PE/EtOAc 6:4); 'H NMR (400 MHz, Tclz): 6=1.71-2.01 (m, 2H, NCH2CHCHCH>CHz2), 2.13-
2.49 (m, 4H, NCH2CCHCH>CHz and NCH2CHCHCH2CHy), 2.56 (t, J=6.0 Hz, 0.86H, NCH2CCHCH2CH>,
atr-iso2), 2.57 (t, J=6.0 Hz, 1.14H, NCH2CCHCH:CH,, atr-isol), 2.61-2.88 (m, 2H,
NCH>CHCHCH2CH), 3.16-3.28 (m, 2H, NCH,CCHCH2CH), 3.47 (d, J=1.9 Hz, 0.86H, NCH,CCCHN,
atr-iso2), 3.49 (d, J=1.9 Hz, 1.14H, NCH,CCCHN, atr-isol), 3.65 (s, 1.71H, OCHps, atr-isol), 3.65 (s,
1.29H, OCHjs, atr-iso2), 4.26 (t, J=1.9 Hz, 0.57H, NCH2CCCHN, atr-iso1), 4.33 (t, J=1.9 Hz, 0.43H,
NCH2CCCHN, atr-iso2), 5.34-5.64 (m, 2H, NCH:CHCHCH:CH»), 6.92 (it, J=3.8/2.1 Hz, 1H,
NCH2CCHCH2CH?>), 7.07 (dd, J=7.4/1.6 Hz, 0.57H, NCHCCHCHCHCH, atr-isol), 7.09 (dd, J=7.4/1.6
Hz, 0.43H, NCHCCHCHCHCH, atr-iso2), 7.13 (d, J=8.2 Hz, 0.43H, CICCCH, atr-iso2), 7.16 (dd,
J=8.3/2.1 Hz, 0.57H, CICCCHCH, atr-iso1), 7.20 (dd, J=8.3/2.1 Hz, 0.43H, CICCCHCH, atr-iso2), 7.24—
7.37 (m, 2.57H, NCHCCHCHCH and CICCCH, atr-isol), 7.38 (d, J=2.1 Hz, 0.57H, CICCHCCI, atr-isol),
7.40 (d, J=2.1 Hz, 0.43H, CICCHCCI, atr-iso2), 7.67 (dor, J=7.5 Hz, , 0.57H, NCHCCH, atr-isol), 7.74
(dor, J=7.6 Hz, 0.43H, NCHCCH, atr-iso2); 3C NMR (101 MHz, Tclz): 6=26.5 (CH2), 26.7 (CH2), 26.9
(CH2), 46.6 (CH2), 47.0 (CH2), 47.0 (CH2), 47.9 (CH2), 48.1 (CH2), 49.1 (CH), 50.2 (CH2), 52.1 (CHs3),
52.1 (CHs), 58.7 (CH), 81.3 (C), 82.0 (C), 82.4 (C), 82.7 (C), 125.1 (CH), 125.1 (CH), 125.6 (CH), 125.7
(CH), 126.4 (CH), 126.6 (CH), 127.6 (CH), 127.9 (CH), 128.0 (CH), 128.3 (CH), 128.7-129.4 (m, CH),
130.5 (CH), 130.7 (CH), 133.6 (C), 133.8 (C), 131.2 (CH), 134.0 (CH), 133.7 (C), 135.5 (C), 138.1 (C),
138.2 (CH), 138.5 (C), 138.8 (C), 166.5 (C); IR (film): ¥=3030, 2948, 2909, 2806, 1716, 1656, 1587,
1551, 1463, 1438, 1376, 1350, 1320, 1262, 1193, 1127, 1100, 1067, 1055, 1042, 1004, 973, 949, 864,
809, 786, 764, 720, 704, 650 cm!; HRMS-ESI m/z [M+H]* calcd for C2sH2sCl2N202: 495.1606, found:
495.1600. Ratio of atropisomers is 43:57.

rac-[Methyl 1-{4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)-4-[3,6-dihydropyridin-1(2H)-yl]but-2-yn-1-yl}-
1,2,5,6-tetrahydropyridine-3-carboxylate] (rac-23t):

Ri=0.24 (PE/EtOAC 6:4); 'H NMR (400 MHz, Tclz, 353 K): 6=1.84-1.97 (m, 2H, NCH2CHCHCH,CHy>),
2.24-2.38 (m, 3H, NCH2CCHCH,CH, and NCH2CHCHCH:CH:), 2.42-2.53 (m, 1H,
NCH2CHCHCH2CH2), 2.61 (t, J=5.7 Hz, 2H, NCH2CCHCH2:CH.), 2.64-2.76 (m, 1H,
NCH2CHCHCH2CHy2), 2.77-2.89 (m, 1H, NCH2CHCHCHCH>), 3.22—3.31 (m, 2H, NCH,CCHCH2CHy),
3.50 (d, J=1.9 Hz, 2H, NCH,CCCHN), 3.68 (s, 3H, OCH3), 4.43 (t, J=1.9 Hz, 1H, NCH2CCCHN), 5.42—
5.62 (m, 2H, NCH2CHCHCH2CH), 6.76—6.87 (m, 2H, FCCHCFCHCHC and FCCHCFCHCHC), 6.92



(tt, J=3.9/1.9 Hz, 1H, NCH2CCHCH2CH>), 7.16 (dd, J=7.5/1.6 Hz, 1H, NCHCCCHCHCHCH), 7.29 (td,
J=7.4/1.5 Hz, 1H, NCHCCCHCHCHCH), 7.32 (Str, 1H, FCCHCFCHCHC), 7.35 (td, J=7.5/1.6 Hz, 1H,
NCHCCCHCHCHCH), 7.76 (dd, J=7.6/1.5 Hz, 1H, NCHCCCHCHCHCH); 13C NMR (101 MHz, Tclz, 353
K): 5=26.6 (CH2), 26.8 (CH2), 46.5 (CH2), 47.0 (CH2), 48.0 (CH2), 48.6 (CHz), 50.3 (CH2), 51.7 (CHa),
58.9 (CH), 81.7 (C), 82.9 (C), 103.7 (t, 2Jcr=26.1 Hz, CH), 110.6 (dd, 2*Jcr=20.9/3.7 Hz, CH), 124.9 (dd,
24)0¢=17.0/3.9 Hz, C), 125.0 (CH), 125.7 (CH), 127.6 (CH), 128.0 (CH), 129.2 (CH), 129.5 (C), 131.1
(CH), 132.8 (br, CH), 135.5 (C), 137.7 (CH), 137.8 (C), 162.6 (dd, ¥3]cr=248.2/11.7 Hz, C), 166.3 (C);
19F NMR {tH} (376 MHz, Tclz, 353 K): 6=-111.1, -109.3; IR (film): ¥=3032, 2910, 2808, 1715, 1657, 1620,
1593, 1510, 1480, 1462, 1437, 1420, 1396, 1351, 1321, 1263, 1194, 1138, 1099, 1055, 1042, 1000,
963, 950, 887, 849, 816, 786, 764, 746, 731, 718, 652 cm?; HRMS-ESI m/z [M+H]* calcd for
CasH2sF2N202: 463.2197, found: 463.2190.

rac-{Methyl 1-[4-([1,1":2',1"-terphenyl]-2-yl)buta-2,3-dien-1-yl]-1,2,5,6-tetrahydropyridine-3-
carboxylate} (rac-24p):

R=0.38 (PE/EtOAc 1:1); 'H NMR (400 MHz, CDClz): 6=2.28-2.40 (m, 2H, NCH2CCHCH,CH>), 2.45-
2.69 (m, 2H, NCH2CCHCH2CH), 3.08 (dd, J=7.3/2.3 Hz, 1.08H, NCH,CHCCH, atr-isol), 3.12—-3.36 (m,
2H, NCH,CCHCH2CH2 and 0.92H, NCH,CHCCH, atr-iso2), 3.73 (s, 1.38H, OCHjs, atr-iso2), 3.73 (s,
1.62H, OCHjs, atr-isol), 5.41 (q, J=7.1 Hz, 0.46H, NCH2CHCCH, atr-iso2), 5.43 (g, J=7.1 Hz, 0.54H,
NCH2CHCCH, atr-isol), 5.97 (dt, J=6.4/2.3 Hz, 0.54H, NCH2CHCCH, atr-isol), 6.04 (dt, J=6.4/2.4 Hz,
0.46H, NCH2CHCCH, atr-is02), 6.92—7.60 (m, 14H, ArH and NCH2CCHCH2CH3); 13C NMR (101 MHz,
CDCl3): 6=26.7 (CHz), 48.1 (CH2), 48.3 (CH2), 51.0 (CH2), 51.2 (CH2), 51.7 (CHs), 56.8 (CHz), 57.0
(CH2), 90.4 (CH), 90.8 (CH), 93.0 (CH), 93.1 (CH), 126.5 (CH), 126.5 (CH), 126.6 (CH), 126.6 (CH),
127.0 (CH), 127.2 (CH), 127.3 (CH), 127.3 (CH), 127.4 (CH), 127.8 (CH), 127.9 (CH), 127.9 (CH), 128.0
(CH), 129.1 (C), 129.2 (C), 129.7 (CH), 129.8 (CH), 130.2 (CH), 130.3 (CH), 131.2 (CH), 131.3 (CH),
131.4 (CH), 131.2 (CH), 132.4 (C), 132.4 (C), 138.0 (CH), 139.3 (C), 139.9 (C), 141.3 (C), 141.4 (C),
141.6 (C), 141.6 (C), 166.4 (C), 166.4 (C), 206.7 (C), 206.9 (C); IR (film): ¥=3057, 3021, 2949, 2917,
2802, 2237, 1947, 1714, 1656, 1598, 1490, 1472, 1435, 1397, 1354, 1337, 1311, 1264, 1193, 1126,
1090, 1056, 1044, 1006, 969, 950, 886, 801, 769, 745, 719, 700 cm%; HRMS-ESI m/z [M+H]* calcd for
C20H27NO2: 422.2120, found: 422.2112. Ratio of atropisomers is 46:54.

rac-{Methyl 1-[4-(2',4'-dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl]-1,2,5,6-tetrahydropyridine-
3-carboxylate} (rac-24s):

Ri=0.26 (PE/EtOAc 6:4); 'H NMR (400 MHz, Tclz, 353K): 6=2.19-2.39 (m, 2H, NCH2CCHCH,CH>),
2.42-2.70 (m, 2H, NCH2CCHCH2CHj), 3.09-3.36 (m, 4H, NCH,CHCCH and NCH,CCHCH2CH), 3.68
(s, 3H, OCHg), 5.46 (q, J=6.7 Hz, 1H, NCH2CHCCH), 5.89 (dt, J=6.5/2.4 Hz, 1H, NCH.CHCCH), 6.93
(tt, 3=3.9/1.9 Hz, 1H, NCH2CCHCH2CHz), 7.10 (dd, J=7.6/1.1 Hz, 1H, NCH.CHCCHCCCHCHCHCH),
7.16 (d, J=8.2 Hz, 1H, CICCHCCICHCHC), 7.21 (td, J=7.5/1.2 Hz, 1H, NCH2CHCCHCCCHCHCHCH),
7.26 (dd, J=8.2/21 Hz, 1H, CICCHCCICHCHC), 7.31 (td, J=7.6/1.4 Hz, 1H,
NCH2CHCCHCCCHCHCHCH), 7.42-7.49 (m, 2H, CICCHCCICHCHC and
NCH2CHCCHCCCHCHCHCH); 13C NMR (101 MHz, Tclz, 353K): 6=26.4 (CHz), 48.2 (CHz2), 50.9 (CH>),
51.7 (CHgs), 56.6 (CH2), 90.9 (CH), 93.0 (CH), 127.0 (CH), 127.2 (CH), 127.7 (CH), 128.7 (CH), 129.6
(CH), 130.4 (CH), 132.7 (CH), 132.9 (C), 134.3 (C), 134.8 (C), 136.8 (C), 137.9 (CH), 138.5 (C), 166.3
(C), 207.2 (C); IR (film): ¥=2922, 2802, 1946, 1714, 1656, 1586, 1550, 1467, 1438, 1375, 1353, 1263,
1193, 1128, 1101, 1069, 1044, 1004, 876, 826, 804, 787, 761, 720 cm; HRMS-ESI m/z [M+H]* calcd
for C23H21CI2NO2: 414.1028, found: 414.1022.Ratio of atropisomers ~ 50:50.

rac-{Methyl 1-[4-(2',4'-difluoro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl]-1,2,5,6-tetrahydropyridine-
3-carboxylate} (rac-24t):

Ri=0.16 (n-Pentan/Et20 1:1); IH NMR (400 MHz, Tclz, 373K): 5=2.21-2.40 (m, 2H, NCH2CCHCH2CH?>),
2.49-2.69 (M, 2H, NCH2CCHCHCHy), 3.10-3.35 (m, 4H, NCH,CHCCH and NCH,CCHCH2CHy), 3.69
(s, 3H, OCHs3), 5.50 (q, J=6.8 Hz, 1H, NCH2CHCCH), 5.96-6.06 (m, 1H, NCH2CHCCH), 6.82-6.96 (m,
3H, FCCHCFCHCHC and FCCHCFCHCHC and NCH2CCHCH:CHz), 7.13-7.26 (m, 3H,
NCH2CHCCHCCCHCHCHCH and NCH2CHCCHCCCHCHCHCH and FCCHCFCHCHC), 7.31 (td,
J=75/1.6 Hz, 1H, NCH2CHCCHCCCHCHCHCH), 7.49 (dd, J=7.9/1.0 Hz, 1H,
NCH>CHCCHCCCHCHCHCH); 3C NMR (126 MHz, Tclo): 5=26.8 (CHz), 48.3 (CHz), 51.1 (CHz), 52.1
(CHs), 56.9 (CH2), 91.5 (CH), 92.8 (CH), 104.4 (t, 2Jcr=25.8 Hz, CH), 111.7 (dd, #4Jcr=21.0/3.7 Hz, CH),
124.4 (dd, 24JcF=16.4/3.8 Hz, C), 127.2 (CH), 127.6 (CH), 128.7 (CH), 129.1 (C), 131.2 (CH), 133.0 (dd,



3Jcr=9.2/5.0 Hz, CH), 133.0 (C), 133.2 (C), 138.5 (CH), 159.8 (dd, ¥3JcF=249.8/13.1 Hz, C), 162.7 (dd,
13)c=248.6/11.4 Hz, C), 166.6 (C), 206.9 (C); 1°F {tH} NMR (376 MHz, Tcl»): 5=-110.3, -110.2, -109.9,
109.9; IR (film): ¥=3061, 2950, 2919, 2802, 1948, 1714, 1657, 1619, 1592, 1509, 1484, 1463, 1436,
1420, 1354, 1337, 1264, 1193, 1139, 1101, 1090, 1045, 1009, 963, 879, 850, 820, 761, 718 cm™;
HRMS-ESI m/z [M+H]* calcd for CasH21F2NO: 382.1619, found: 382.1615.

rac-{1-[4-([1,1":2',1"-Terphenyl]-2-yl)buta-2,3-dien-1-yl]-1,2,5,6-tetrahydropyridine-3-carboxylic
acid} (rac-25p):

mp: 105 °C; 'H NMR (400 MHz, CD2Cl2): 6=2.16-2.48 (m, 2H, NCH2CCHCH,CHz), 2.51-2.84 (m, 2H,
NCH2CCHCH2CHy), 3.01-3.51 (m, 4H, NCH,CCHCH2CH2 and NCH>CHCCH), 5.47 (q, J=6.8 Hz,
0.46H, NCH2CHCCH, atr-is02), 5.49 (q, J=6.8 Hz, 0.54H, NCH2CHCCH, atr-iso1), 5.97 (dt, J=6.4/2.1
Hz, 0.54H, NCH2CHCCH, atr-isol), 6.03 (dt, J=6.4/2.1 Hz, 0.46H, NCH2CHCCH, atr-is02), 6.89 (Sor, 1H,
NCH2CCHCH2CHz2), 6.99-7.24 (m, 8H, ArH), 7.24-7.58 (m, 5H, ArH); 13C NMR (101 MHz, CD2Cl):
0=25.6 (CH2), 25.8 (CH2), 47.6 (CH2), 47.8 (CH2), 50.8 (CHz), 51.0 (CHz), 56.1 (CH2), 56.3 (CH2), 89.5
(CH), 90.0 (CH), 93.6 (CH), 93.7 (CH), 127.0 (CH), 127.0 (CH), 127.0 (CH), 127.1 (CH), 127.5 (CH),
127.7 (CH), 127.8 (CH), 127.8 (CH), 127.9 (CH), 128.2 (CH), 128.3 (CH), 128.4 (CH), 128.5 (CH), 130.1
(CH), 130.2 (C), 130.7 (CH), 130.7 (CH), 131.6 (CH), 131.7 (CH), 131.8 (CH), 132.5 (C), 132.6 (C),
136.4 (CH), 139.6 (C), 140.5 (C), 141.8 (C), 141.9 (C), 142.0 (C), 142.0 (C), 169.3 (C), 169.6 (C), 207.6
(C), 207.9 (C); IR (KBr): v=3424, 3057, 3019, 2925, 2585, 1951, 1669, 1654, 1577, 1490, 1472, 1431,
1385, 1350, 1261, 1188, 1158, 1117, 1073, 1008, 955, 913, 883, 769, 749, 700, 633, 614, 565 cm;
HRMS-ESI m/z [M+H]* calcd for C2sH2sNO2: 408.1964, found: 408.1955. Ratio of atropisomers is 46:54.

rac-{1-[4-(2',4'-Dichloro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl]-1,2,5,6-tetrahydropyridine-3-
carboxylic acid} (rac-25s):

mp: 104 °C; *H NMR (500 MHz, CD2Clz): 6=2.07-2.42 (m, 2H, NCH2CCHCH,CH>), 2.43-2.71 (m, 2H,
NCH2CCHCH2CH), 3.10-3.53 (m, 4H, NCH,CHCCH and NCH,CCHCH:CHz2), 5.41-5.69 (m, 1H,
NCH2CHCCH), 5.88 (Sbr, 1H, NCH2CHCCH), 6.85 (sbtr, 1H, NCH2CCHCH2CH2), 6.98-7.62 (m, 7H, ArH);
13C NMR (126 MHz, CD2Cl2): 6=26.4 (CH2), 48.1 (CHz), 51.7 (CH2), 56.6 (CH2), 91.2 (CH), 92.9 (CH),
127.4 (CH), 127.6 (CH), 127.7 (CH), 127.7 (CH), 129.1 (CH), 129.8 (CH), 130.6 (CH), 133.1 (C and
CH), 134.5 (C), 134.9 (C), 134.9 (C), 137.0 (C), 138.6 (C), 170.6 (C), 207.4 (C); IR (KBr): ¥=3445, 2926,
1950, 1653, 1560, 1507, 1498, 1467, 1441, 1385, 1101, 1068, 1042, 1004, 866, 826, 804, 759, 733,
700, 658, 629, 577 cml; HRMS-ESI m/z [M+H]* calcd for C22H19CI2NOz2: 400.0871, found: 400.0864.
Ratio of atropisomers is ~ 50:50.

rac-{1-[4-(2',4'-Difluoro-[1,1'-biphenyl]-2-yl)buta-2,3-dien-1-yl]-1,2,5,6-tetrahydropyridine-3-
carboxylic acid} (rac-25t):

mp: 72-77 °C; 'H NMR (400 MHz, CD2Cl): §=2.24-2.40 (m, 2H, NCH2CCHCHCH>), 2.68 (t, J=5.8 Hz,
2H, NCH2CCHCH:CHj), 3.22-3.44 (m, 4H, NCH,CHCCH and NCH;CCHCH.CH>), 5.59 (q, J=7.0 Hz,
1H, NCH>CHCCH), 5.99-6.10 (m, 1H, NCH.CHCCH), 6.70 (s, 1H, COOH), 6.83-6.88 (m, 1H,
NCH2CCHCH2CH?>), 6.88-7.00 (m, 2H, FCCHCFCHCHC and FCCHCFCHCHC), 7.16-7.29 (m, 3H,
NCH>CHCCHCCCHCHCHCH and NCH>CHCCHCCCHCHCHCH and FCCHCFCHCHC), 7.34 (td,
J=7.6/14 Hz, 1H, NCH:CHCCHCCCHCHCHCH), 7.52 (dd, J=7.7/1.0 Hz, 1H,
NCH2CHCCHCCCHCHCHCH); 13C NMR (101 MHz, CDzCly): 6=25.7 (CHz), 47.9 (CH2), 51.0 (CH2),
56.2 (CH2), 90.3 (CH), 93.3 (CH), 104.5 (t, 3Jcr=25.9 Hz, CH), 111.9 (dd, 24Jcr=21.1/3.8 Hz, CH), 124.8
(dd, 24Jc¢=16.5/3.8 Hz, C), 127.5 (CH), 127.9 (CH), 129.0 (CH), 130.1 (C), 131.3 (CH), 133.1 (C), 133.3
(dd, 2Jcr=9.5/4.8 Hz, CH), 133.6 (C), 136.2 (CH), 160.2 (dd, 3Jcr=248.2/11.8 Hz, C), 163.2 (dd,
U3)cp=248.3/11.5 Hz, C), 169.8 (C), 207.8 (C); 19F {tH} NMR (376 MHz, CD:Cl): 5=-111.5, -111.5, -
110.9, -110.9; IR (KBr): ¥=3427, 3063, 2910, 2798, 1949, 1661, 1618, 1592, 1568, 1509, 1484, 1447,
1419, 1398, 1361, 1339, 1264, 1193, 1139, 1101, 1042, 1009, 963, 880, 851, 820, 760, 736, 715, 668,
631, 613, 290, 559, 457 cm't; HRMS-ESI m/z [M+H]* calcd for C22H1sF2NO»: 368.1462, found: 368.1457.



3.3 Third Publication: “Synthesis and Biological Evaluation of Nipecotic
Acid Derivatives as GABA Uptake Inhibitors with Terminally Double-

Substituted Allenic Spacers”

3.3.1 Summary of the Results

In summary, a new series of nipecotic acid derivatives, featuring a four- and five-carbon
atom allenic spacer connecting the nitrogen of the polar nipecotic acid head with up to
two lipophilic aromatic residues, has been synthesized. The parent compounds,
characterized as nipecotic acids bearing a buta-2,3-dien-1-yl and penta-3,4-dien-1-yl
residue at the amino nitrogen, respectively, have been synthesized via a two-step,
allyl(tert-butyl)amine mediated ATA reaction and a subsequent ester hydrolysis. For
the synthesis of the envisaged nipecotic acid derivatives characterized by an allenic
carbon chain originating from the amino nitrogen of the amino acid subunit linking the
latter with two terminal substituents, mainly aryl residues, a Cul-catalyzed cross-
coupling of diaryldiazomethanes and nipecotic acid derived terminal alkynes was used
as key step by which variously substituted diaryl subunits were implemented in the
target compounds. A similar synthesis method, whereat the diaryldiazomethanes were
replaced by N-tosylhydrazones, has been applied to incorporate non-diaryl substrates,
such as 6-methoxy-1-tetralone, into the terminal position of the corresponding allenic
spacer and to synthesize nipecotic acid derived compounds with an elongated, i.e. a
five-carbon atom allenic spacer with a single terminal substituent. In contrast to the
preceding study, in which nipecotic acid derivatives with an allenic four-carbon atom
chain, terminally un- or monosubstituted, have been investigated successfully, an
elongation of the spacer to five-carbon atoms resulted in nipecotic acid derivatives,
either un- or monosubstituted at the terminal position of the allenic carbon chain, that

exhibit a substantially lower stability. Hence, solely the nipecotic acid derivatives with
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a terminally disubstituted allenic four- and five-carbon atom spacer, have been
characterized regarding their inhibitory potency at mGAT1-4 and binding affinity for

MGAT1.

As a result, nipecotic acid derivatives equipped with a shorter terminally disubstituted
allenic four-carbon atom spacer have been identified to possess generally higher
biological activity at mGAT1-4 than their analogues with a terminally disubstituted
allenic five-carbon atom spacer. Among the biologically investigated compounds,
nipecotic acid derivative rac-32d (Scheme 4 in the manuscript), exhibiting two 4-
chlorophenyl residues connected via a four-carbon atom allenyl spacer to the amino
nitrogen of the polar nipecotic acid head, was identified as highly potent mGAT1 and
MGAT4 inhibitor. The R enantiomer (R)-32d displays an inhibitory potency at mGAT1
that is in the range of the known, therapeutically used inhibitor tiagabine. For the
enantiopure S isomer (S)-32d plCso values amounting to 6.59 £ 0.01 at mGAT4 and
6.49 + 0.10 for the human equivalent hGAT-3 have been determined, which are
significantly higher than that of the benchmark mGAT4 inhibitor (S)-SNAP-5114.
However, the subtype selectivity of (S)-32d for mGAT4 over the other three subtypes
is less pronounced. The combination of a rigid allenic spacer with a diaryl residue as
lipophilic domain in compound (S)-32d represents a novel structural motif for this kind
of bioactive compound. While diaryl moieties are well known as lipophilic domains of
MGATL1 inhibitors, it is to our knowledge unprecedented for mGAT4 inhibitors with high
potencies. Hence, the herein described compounds could serve as useful starting
points for further structure-activity relationship studies of mGAT4 inhibitors and
facilitate the design of new ligands with higher potencies and better selectivities at this

molecular target.
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Abstract

A new series of nipecotic acid derivatives, featuring a four- and five-carbon atom allenic
spacer connecting the nitrogen of the polar nipecotic acid head with up to two aromatic
residues, has been synthesized and characterized regarding their inhibitory potency at
MGAT1-4 and binding affinity for mGAT1. Among the investigated compounds a highly
potent MGAT4 inhibitor has been identified, which is defined as nipecotic acid
derivative with a four-carbon atom allenic spacer terminally carrying two 4-
chlorophenyl residues. The S enantiomer of this compound, 1-[4,4-bis(4-
chlorophenyl)penta-3,4-dien-1-yl]-(S)-piperidine-3-carboxylic acid [(S)-33d], displays
potencies in the higher nanomolar range at mMGAT4 and its human equivalent hGAT-3
with pICsos of 6.59 + 0.01 and 6.49 + 0.10, respectively, which are significantly higher
than that of the well-known mGAT4 inhibitor (S)-SNAP-5114. For the synthesis of the
studied nipecotic acid derivatives with terminally substituted allenic spacer a Cu'-
catalyzed cross-coupling of diaryldiazomethanes or N-tosylhydrazones with nipecotic
acid derived terminal alkynes was used as key step by which variously substituted

diaryl and monoaryl residues were attached at the allene terminus of the spacer.
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Introduction

y-Aminobutyric acid (GABA) (1, Figure 1), the major inhibitory neurotransmitter in the
mammalian central nervous system (CNS), plays a central role in normal brain
function. The uptake of GABA into neurons and glial cells mediated by GABA
transporters (GATS) is an important part of the GABAergic system. Targeting the
individual stages of GABA signaling to overcome a dysregulation of GABA
neurotransmission has become a valuable strategy for the potential therapy of related
diseases such as epilepsy, Parkinson’s disease, Huntington’s disease, schizophrenia,
and Alzheimer’s disease.!!! Through inhibition of the enzymatic breakdown of GABA,
inhibition of the GABA transport proteins, or direct agonism at the GABAAa receptors,
an increased GABAergic activity might be achieved.P'Bl4 The antiepileptic drug
vigabatrine, for instance, improves the GABA level by acting as a suicide inhibitor of
GABA transaminase, an enzyme, that is responsible for the metabolic degradation of
GABA. The enhancement of GABA neurotransmission through allosteric modulation of
GABAA receptors can be achieved by the use of benzodiazepines and barbiturates,
which are amongst the most commonly used GABAergic drugs today. GABA
transporters (GATs) mediate the transport of synaptically released GABA from the
extracellular to the intracellular side of glial and neuronal cells. Inhibition of these
transporters leads to enhanced GABA signaling as a consequence of increased
extracellular GABA levels, which has been shown to be effective in the treatment of
seizures in epileptic disorders. There are four different GABA transporter subtypes
belonging to the solute carrier 6 family (SLC6), which use the co-transport of sodium
ions as driving force for the translocation of their substrates against chemical
gradients.P! The subtypes cloned from mouse brain are termed as mGAT1, mGAT2,
MGAT3, and mGAT4,8 whereas the human derived GABA transporters are named as

hGAT-1, hBGT-1, hGAT-2, and hGAT-3, respectively. This nomenclature is also



adopted by the Human Genome Organization (HUGO).[! mGAT1 and mGAT4 are
almost exclusively expressed around the synaptic cleft, whereupon mGAT1 is primarily
located in presynaptic neuronal membranes, and mGAT4 is mainly located in
astrocytes. mMGAT1 is considered to be the most important transporter subtype for
neuronal GABA uptake, which makes it an interesting drug target. Nipecotic acid (2,
Figure 1), a cyclic GABA analogue, has subsequently been used as lead structure in
the efforts to synthesize potent GAT inhibitors. Among them, tiagabine (3, Figure 1) is
the only currently approved antiepileptic drug that addresses mGAT1 with high affinity
and subtype selectivity. However, it has the disadvantage of occasionally observed
side effects, which seem to be inherently coupled with the function of mGAT1.18MC]
Therefore other GAT subtypes, in particular mGAT4, has gained increasing research
interest.l10:1111.112] Although plenty of highly potent and subtype selective inhibitors are
available for mGAT1, the lack of similar potent inhibitors for mGAT4 still retards its
pharmacological elucidation. The first prototypic mGAT4 inhibitor with moderate
potency and selectivity is represented by (S)-SNAP-5114 (5, Figure 1).1*31 However,
the application of (S)-SNAP-5114 (5) in vivo is limited due to its low brain uptake and
modest chemical stability.** In addition, its selectivity is not sufficiently pronounced to
exclude effects on other GABA transporter subtypes. Hence, the development of more
potent and selective mGAT4 inhibitors would help to gain deeper insights in the
physiological roles and therapeutic potential of inhibitors of this transporter. Besides,
there is still a need for mGAT1 inhibitors with more favorable pharmacokinetic
properties than tiagabine (3), which is used as an add-on therapeutic agent for
epilepsy,*® and that possess also less side effects, such as dizziness, asthenia,

nervousness, tremor, diarrhea, and depression, than 3.6

Owing to the unique structural features, related to the presence of two in perpendicular

planes located 1 bonds, allenes are important and useful building blocks in organic



synthesis. Many natural products with interesting biological activity, containing an
allene moiety, have been identified.l17118 The interest in this scaffold is constantly
growing, due to its intrinsic three-carbon axial chirality, less-hindered linear structure
and high substituent-loading ability. Recently, a compound class characterized by a
four-carbon atom allenic spacer connecting the nitrogen of the nipecotic acid subunit
with an aromatic residue (6, Figure 1) has been synthesized in our group and
investigated regarding its biological activities at mGAT1-4. As a result, new mGAT1
inhibitors with good inhibitory potencies and subtype selectivities have been identified
among these nipecotic acid derivatives with a terminally mono-substituted allenic
spacer.[®! In continuation of this study, we now aimed at the synthesis and biological
characterization of related compounds 7 with a five-carbon atom allenic spacer with a
single terminal substituent (Figure 1) and nipecotic acid derivatives with an allenic four-
and five-carbon atom spacer with two terminal substituents 8 (Figure 1). Regarding the
latter class of compounds, it was of interest to introduce two lipophilic aryl residues,
like those present in SK&F-89976 (4, Figure 1), which are known to be favorable for

enhanced potency at and selectivity for mGAT1.
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Figure 1. Structures of GABA (1), selected GAT inhibitors (2-5) and nipecotic acid derivatives with allenic spacer
(6-8).

Results and Discussion

Chemistry

Synthesis of Parent Compounds

The synthesis of parent compounds rac-14 and rac-18 (Scheme 1), bearing a four- and
five-carbon atom N-substituent with a terminal allene unit, respectively, has been
accomplished by allenylation of the respective terminal alkynes rac-9 and rac-15 (ATA
reaction). Following a recently published two-step-procedure,?? at first the propargylic
amines rac-12 and rac-16 (Scheme 1) were synthesized via Cu'-catalyzed aldehyde-
alkyne-amine coupling. Thus, upon reaction of terminal alkynes rac-9 and rac-15 with
paraformaldehyde and allyl(tert-butyl)amine in the presence of CuBr, propargylic

amines rac-12 and rac-16 were obtained in yields of 93% and 79%, respectively



(Scheme 1). Subsequent treatment of rac-12 and rac-16 with Znl2 led to the
corresponding terminal allenes rac-13 and rac-17 in yields of 50% and 69%,
respectively (Scheme 1). Finally, after hydrolysis of the carboxylic acid ester functions
of the nipecotic acid ester derivatives rac-13 and rac-17 under basic conditions, the
desired nipecotic acid derived terminal allenes rac-14 and rac-18, respectively, were
obtained. Parent compound rac-18 seems to be prone to side reactions under the
conditions employed for the hydrolysis and the subsequent workup. Hence, this
compound was considered as too labile for biological studies. Since parent compound
rac-14 was obtained in a higher yield after hydrolysis (rac-14: 82%; rac-18: 39%;
Scheme 1), this stability difference is likely to be due to the length of the allenic N-

substituent.

CO,Et CO,Et CO,Et CO,H
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Scheme 1. Synthesis route to nipecotic acid derived parent compounds rac-14 and rac-18 with four- and five-carbon
atom comprising N-substituents with an allene moiety.



Synthesis of Nipecotic Acid Derivatives with a Terminally Substituted Five-Carbon

Atom Allenic Spacer

Various derivatives of parent compound rac-14, as e.g. represented by the mixture of
the racemic diastereomers rac-(3R,Ra)-23/rac-(3R,Sa)-23 in Scheme 2a, exhibiting a
four-carbon atom allenic spacer, have been successfully synthesized as previously
reported by us, by applying the ATA reaction method with terminal alkyne rac-9 as
starting material. For the preparation of these recently described compounds a
procedure similar to the synthesis route outlined in Scheme 1 has been employed,
whereby, however, 1,2,5,6-tetrahydropyridine (20) served as amine and Cdl2 as
catalyst (Scheme 2a).®! Unfortunately, when this method was applied to the syntheses
of derivatives of parent compound rac-18, exhibiting the longer five-carbon atom allenic
spacer, the yields of the intermediate propargylic amines were comparatively low [17%
with alkyne rac-15, benzaldehyde (24) and 20]. Although the conversion of propargylic
amines rac-(3R,5R)-25/rac-(3R,5'S)-25 to the corresponding allenes rac-(3R,Ra)-
26/rac-(3R,Sa)-26 provided good yields (Scheme 2b), further optimization experiments
could not improve the yield of the intermediate propargylic amines rac-(3R,5R)-25/rac-
(BR,5S)-25 above 27% (Scheme 2b), which was considered insufficient for the
intended purpose. Therefore, an alternative synthesis route had to be found,
whereupon the copper catalyzed coupling of N-tosylhydrazones with terminal alkynes
via a Cu' carbene migratory insertion mechanism appeared as a promising method,
since it should rapidly lead to substituted allenes from simple and readily available

starting materials.[2%122]
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Scheme 2. Synthesis of nipecotic acid derivatives with terminally mono-substituted allenic spacer via allenylation
of terminal alkynes; a) nipecotic acid derivatives with four-carbon atom allenic spacer, b) nipecotic acid
derivative with five-carbon atom allenic spacer. All racemic diastereomers have been obtained as ~ 1:1
mixtures.
When the aforementioned Cu'-catalyzed cross-coupling reaction was applied to alkyne
rac-15 and the N-tosylhydrazone (27) of benzaldehyde and of [1,1'-biphenyl]-2-
carbaldehyde, respectively, the desired nipecotic acid derivatives rac-(3R,Ra)-26/rac-
(3R,Sa)-26 and rac-(3R,Ra)-28/rac-(3R,Sa)-28 with a five-carbon atom allenic spacer
were obtained in high yields (Scheme 3). In both cases, products represented ~ 1:1
mixtures of racemic diastereomers. Unfortunately, upon attempts to transform rac-
(3R,Ra)-26/rac-(3R,Sa)-26 and rac-(3R,Ra)-28/rac-(3R,Sa)-28 into the free amino acids
rac-(3R,Ra)-29/rac-(3R,Sa)-29 under basic or acidic conditions, no such product could
be isolated. This behavior is in line with the low stability observed for parent compound
rac-18 (Scheme 1), and indicates for the investigated free amino acids that the

nipecotic acid derivatives with a five-carbon atom allenic spacer are more prone than

their analogues with a four-carbon atom allenic spacer to side reactions.
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Scheme 3. Synthesis of nipecotic acid derivatives rac-(3R,Ra)-26/rac-(3R,Sa)-26 and rac-(3R,Ra)-28/rac-(3R,Sa)-
28 with terminally mono-substituted five-carbon atom allenic spacer as ~ 1:1 mixture of racemic
diastereomers via N-tosylhydrazones.[22

Synthesis of Nipecotic Acid Derivatives with Terminally Double-Substituted Four- and

Five-Carbon Atom Allenic Spacers

For ketone-alkyne-amine coupling reactions (KA? coupling), in which ketones are used
as substrates instead of aldehydes, according to literature harsher reaction conditions,
i.e. higher temperature, are required,?324 which is most likely to be attributed to the
lower reactivity and higher steric demand of ketones as compared to aldehydes.
However, in our case all attempts to generate ketone derived propargylic amine
intermediates for the allenylation of terminal alkynes (such as rac-9), with the intention
to generate nipecotic acid derivatives with terminally double substituted allenic
spacers, failed in generating the desired amino methylation products. Hence, the Cu'
carbene migratory insertion process, that had already delivered the desired allenic
products rac-(3R,Ra)-26/rac-(3R,Sa)-26 and rac-(3R,Ra)-28/rac-(3R,Sa)-28 in excellent
yields (Scheme 3), seemed to be a very promising alternative for the synthesis of
nipecotic acid derivatives with a terminally double-substituted four- and five-carbon
atom allenic spacer, too. However, Wang et al. have demonstrated that substantially
better yields of 1,3,3-trisubstituted allenes are obtained, when diaryldiazomethanes
instead of N-tosylhydrazones are applied for the Cu'-catalyzed coupling of terminal

alkynes.!?®l Hence, this method was used in the attempts to synthesize the desired



nipecotic acid derivatives with a terminally double-substituted allenic four- and five-
carbon atom spacer (Scheme 4). The required diaryldiazomethanes 30a-f were
synthesized in a general procedure via the hydrazones of the corresponding ketones.
Cu'-catalyzed coupling of diaryldiazomethanes 30a-d,f with terminal alkynes rac-9 and
rac-15, respectively, in the presence of i-PraNH provided finally the desired 1,3,3-
trisubstituted allenes rac-3la-d,f and rac-33a-d,f in yields up to 97%. When
diazomethane 30e exhibiting two different aryl residues was employed with rac-9 and
rac-15 in this reaction, accordingly, rac-(3R,Ra)-31e/rac-(3R,Sa)-31e and rac-(3R,Ra)-
33e/rac-(3R,Sa)-33e as ~ 1:1 mixture of racemic diastereomers were obtained [yield:
rac-(3R,Ra)-31e/rac-(3R,Sa)-31le:  94%; rac-(3R,Ra)-33e/rac-(3R,Sa)-33e:  88%i.
Subsequent hydrolysis under basic conditions delivered the corresponding free amino
acids rac-32a-d, rac-(3R,Ra)-32e/rac-(3R,Sa)-32e, rac-34a-d and rac-(3R,Ra)-34e/rac-
(3R,Sa)-34e in yields up to 52% (Scheme 4). Accordingly, the enantiopure compounds
(R)-32d and (S)-32d had been synthesized applying terminal alkynes (R)-9 and (S)-9,

respectively, as starting material [yields: (R)-32d: 51%, (S)-32d: 68%].
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Scheme 4. Synthesis of nipecotic acid derivatives with terminally double-substituted allenic spacer via Cu'-
catalyzed cross-coupling of diaryldiazomethanes 30a-f and terminal alkynes rac-9 and rac-15.
**decomposition after isolation.



Nipecotic acid derivatives rac-34a-d and rac-(3R,Ra)-34e/rac-(3R,Sa)-34e with an
allenic five-carbon atom spacer, were found to be prone to side reactions during RP-
MPLC purification and subsequent freeze drying. Without recognizable differences in
reaction performance the decomposition tendency is varying within this series of
nipecotic acid derivatives, whereby these compounds distinguish from their more
stable analogues [rac-32a-d, rac-(3R,Ra)-32e/rac-(3R,Sa)-32e] only by the length of
the allenic spacer. The substituents on the two phenyl residues were observed to have
an influence on the decomposition tendency. For compound rac-34d for example,
complete decomposition was observed and by means of 'H NMR of isolated side
product 35 (see supporting information), the most prominent side reaction was
potentially identified as a reversible cyclization reaction (Scheme 5). Side product 35
exists as a mixture of racemic diastereomers. Thus, NMR signals could not be clearly
assigned, whereby the proposed structure is not completely confirmed. In literature,
related allene involved 6-endo-trig cyclization reactions have already been
described.?’l Whereas compound rac-34d, exhibiting a p-chloro substituent at both
phenyl groups, had completely decomposed to 35 after MPLC purification in a
MeOH/H20 solvent mixture and subsequent lyophilisation, no decomposition has been
observed for nipecotic acid derivative rac-34c, bearing p-fluoro substituents.
Fortunately, after repeating the synthesis under identical reaction conditions,
compound rac-34d could already be isolated in pure form after aqueous workup and
the MPLC purification step - likely to be responsible together with the freeze drying for
the decomposition - could be skipped. With compound rac-34d in hand, further
experiments have been performed to investigate its tendency to decompose during the
required incubation time in the applied incubation buffers for uptake (Tris-NaCl buffer)
and binding assays (Krebs buffer). For this purpose, a 100 uM solution of rac-34d in

buffer solution, containing 1% DMSO was stirred for 40 min, respectively 35 min, at



37 °C and was quenched by ether extraction. *H NMR analysis of the extracted residue
revealed that no decomposition had occurred and therefore results of the following
biological studies can be assumed to result from the allenic compound rac-35d.
Nipecotic acid derivative rac-34d displayed the highest tendency to undergo
decomposition, thus for the nipecotic acid derivatives rac-34a-c,e, being considered

as the more stable analogues, the same can be assumed.

(j/COZH
N
MeOH/H,0
Cl =———
‘ and enantiomer and enantiomer
35

Cl

and enantiomer
rac-34d

Scheme 5. Proposed reversible 6-endo cyclization of nipecotic acid derivative rac-34b to side product 35.

When applying ketones other than diaryl-ketones, the coupling procedure via N-
tosylhydrazones was used (Scheme 6). Reaction of the N-tosylhydrazone of 6-
methoxy-1-tetralone (36) with terminal alkyne rac-9 under copper catalysis delivered
the corresponding mixture of nipecotic acid derivatives rac-(3R,Ra)-38 and rac-(3R,Sa)-

38 in 61% yield.
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Scheme 6. Synthesis of nipecotic acid derivatives rac-(3R,Ra)-38 and rac-(3R,Sa)-38 with terminally double-
substituted four-carbon atom allenic spacer as ~ 1:1 mixture of racemic diastereomers via N-
tosylhydrazone 37.



Biological Evaluations

For synthesized nipecotic acid derivatives rac-14, rac-32a-d, rac-(3R,Ra)-32e/rac-
(3R,Sa)-32e, rac-34a-d, rac-(3R,Ra)-34e/rac-(3R,Sa)-34e and rac-(3R,Ra)-38/rac-
(3R,Sa)-38 binding affinities for mGAT1 (pKi values) were determined in MS Binding
Assays with NO711 as native MS marker.l?”l In addition, their functional activity was
characterized as plCso values in [3H]JGABA-Uptake-Assays on HEK293 cells stably
expressing the individual mouse GABA transporters mGAT1-mGAT4.281 Compounds
rac-(3R,Ra)-32e/rac-(3R,Sa)-32e, rac-(3R,Ra)-34e/rac-(3R,Sa)-34e and rac-(3R,Ra)-
38/rac-(3R,Sa)-38 have been tested as ~ 1:1 mixtures of racemic diastereomers as
which they had been formed. The biological results for each of the sterecisomers, i.e.
enantiomers and diastereomers, will most likely differ from the results of the mixture.
Hence, the derived structure-activity relationships for these compounds should be

regarded as estimates.

At first, parent compound rac-14, bearing an allenic four-carbon atom residue attached
to the nitrogen of the nipecotic acid serving as spacer in the more elaborate
compounds, was analyzed regarding its biological activity. Compared to (RS)-nipecotic
acid (2: plCso = 4.88 £ 0.07) the inhibitory potency of rac-14 is one log unit lower at
MGAT1 (rac-14: plCso = 3.89, Table 1, entry 1). Furthermore, compound rac-14
exhibits some but low subtype selectivity for mGATL1. Introducing phenyl groups at the
terminal position of the allenic four-carbon atom residue resulted in nipecotic acid
derived rac-32a as a close analogue to the known mGAT1 inhibitor SK&F-89976-A (4)
from which it differs only by an additional double bond transforming the mono- into a
di-unsaturated allenic spacer. Due to this substitution, the inhibitory potency at mGAT1
increased to pICso = 5.13 £ 0.11 (rac-32a, Table 1, entry 2), which is now in the range

of that of (RS)-nipecotic acid. The mGAT1 inhibitory potency of compound rac-32a,



equipped with an allenyl spacer, is, however, about one log unit lower than that of
SK&F-89976-A, possessing an alkenyl spacer (4: plCso = 6.16 £ 0.05, Table 1, entry
16), what might be explained by the different flexibility and geometry of both spacer
types. Since the nature of the spacer seems to influence the inhibitory potency, in
addition to rac-32a with a four-carbon atom allenic spacer also compound rac-34a with
an extended five-carbon atom allenic spacer has been studied. This spacer extension,
however, led to a decrease in mGAT1 inhibition of 0.52 log units (rac-34a: plCso = 4.61
+ 0.00, Table 1, entry 3). The introduction of methyl groups in para-position of both
phenyl residues in rac-32a and rac-34a led to a slight increase of about 0.24 log units
for the derivative with a five-carbon atom allenic spacer (rac-34b: pICso = 4.85 + 0.05,
Table 1, entry 5), whereas the mGATL1 inhibition potency of the derivative with a four-
carbon atom allenic spacer remained unchanged compared to rac-32a (rac-32b:
plCso =5.19 + 0.02, Table 1, entry 4). An increase in inhibitory potency at mGAT1 was
observed when in rac-32b, with the four-carbon atom allenic spacer, the methyl groups
were replaced by fluorine substituents resulting in compound rac-32c with a plCso of
5.97 + 0.10 (Table 1, entry 6). In contrast, the inhibitory potency of related compound
rac-34c with an extended five-carbon atom allenic spacer did not increase with fluorine
instead of the methyl substituents, it remained more or less unchanged (rac-32c:
plCso = 4.89 £ 0.09, Table 1, entry 7). The so far described nipecotic acid derivatives
with a terminally double-substituted allenic four- and five-carbon atom spacer
rac-32a-c and rac-34a-c displayed a subtype preference for mGAT1. This is least
distinct for compound rac-32b for which the inhibitory potency at mGAT3 and mGAT4

is only slightly lower than at mMGAT1 and further slowly declines for mGAT?2.

An additional gain in mGATL1 inhibition of about 0.5 log units was observed when p-
chlorine instead of p-fluorine is present in the terminal phenyl rings, resulting in rac-32d

with plCso = 6.43 £ 0.07 (Table 1, entry 8). Surprisingly, for this compound not only the



inhibitory potency at mGATL1 increased but also at mGAT4 which increase was even
distinctly higher (~ 1.5 log units as compared to 0.5 log units for mGAT1), leading to a
very good pICso value of 6.08 £ 0.05 (Table 1, entry 8). The plCso values of mGAT4
benchmark inhibitor (S)-SNAP-5114 (5) displayed in Table 1 are based on repetitive
testing over several years of (S)-SNAP-5114 as a reference mGAT4 inhibitor in our
laboratory, leading to continuously updated mean values (plCso = 5.65 £ 0.02 at
MGAT4, Table 1, entry 17). Thus, when rac-32d was characterized in [*H]GABA-
Uptake-Assays on HEK293 cells stably expressing mGAT4 in parallel also
(S)-SNAP-5114 as a reference was studied, what allows a direct comparison of the
inhibitory potency of rac-32d with (S)-SNAP-5114 (5). The obtained pICso value of
(S)-SNAP-5114 (5) in this experiment was found to be 6.09 £ 0.09, and thus relatively
high. Hence, considering the SEM, the plCso value of rac-32d at this transporter
subtype (rac-32d: plCso = 6.08 £ 0.05 at mGAT4, Table 1, entry 8) is identical with that
of (S)-SNAP-5114 (5). However, compound rac-32d possesses no distinct subtype

selectivity for mGAT4, due to its even higher inhibitory potency at mGAT1.

For mGAT1 inhibitors delineated from nipecotic acid, it is well known that the biological
activity resides mainly in the R enantiomer, whereas for mGAT4 inhibitors the S
enantiomer is more active. Hence, the enantiopure R and S isomers of rac-32d had
been synthesized and characterized with the intention to further increase mGAT1 and
MGAT4 inhibitory potency and subtype selectivity. As expected, compared to the
racemate, the isomer (R)-32d possesses an increased mGATL1 activity [(R)-32d: pICso
=6.81 + 0.03, Table 1, entry 9], which is in the range of the known inhibitor tiagabine
(3: plCso =6.88 + 0.12, Table 1, entry 15), whereas mGAT4 inhibition is reduced
[(R)-32d: plCs0 = 5.70 £ 0.11, Table 1, entry 9]. The opposite is true for isomer (S)-32d,
for which the inhibitory potency at mGATL1 is lower [(S)-32d: pICso =5.87 £ 0.11, Table

1, entry 10] and at mGAT4 increased to a distinguished plCso value of 6.59 + 0.01



(Table 1, entry 10), which is now significantly higher than that of (S)-SNAP-5114 (5,
pICso = 6.09 + 0.09). The lipophilic domain of (S)-32d is derived from a diaryl moiety.
While such a structural motif is well known as lipophilic domain of mMGAT1 inhibitors, it
is to our knowledge unprecedented for mGAT4 inhibitors with high potencies.
Regarding the subtype selectivity of (S)-32d for mGAT4 over mGAT1 and mGAT3 the
difference of the plCso values is about 0.6-0.7 log units, which indicates that in in vivo
studies a mixed pharmacological profile influenced by the latter GABA transporter
subtypes cannot be excluded. The poor subtype selectivity for mGAT4 over mGAT3
is, however, a problem frequently observed for mGAT4 inhibitors. [281[291[301[32] |somer
(R)-32d is at least one order of magnitude more potent towards mGAT1 than towards
MGAT2, mGAT3 and mGAT4, respectively, indicating a reasonable subtype selectivity
over the other subtypes. In order to confirm potencies and to establish pICso values
also at the human equivalent of mMGAT4, compounds rac-32d, (R)-32d, and (S)-32d
were additionally characterized at hGAT-3 in competitive MS based GABA transport
experiments (MS Transport Assays)BU32 tilizing COS cells stably expressing
hGAT-3. The results obtained in these experiments reassured the high inhibitory
potencies of rac-32d and (S)-32d at hGAT-3 [rac-32d: plCso = 6.35 = 0.02, Table 1,
entry 8; (S)-32d: pICso = 6.49 = 0.10, Table 1, entry 10], with (S)-32d possessing a
slightly higher pICso value than rac-32d. Accordingly, the inhibitory potency of (R)-32d
[(R)-32d: pICs0 = 5.62 + 0.06, Table 1, entry 9] is lower than that of the racemic
compound rac-32d and even more than that of its enantiomer (S)-32d. In nipecotic
acid derivative rac-34d (Table 1, entry 11) the extension of the allenic spacer to five
carbons resulted in a loss of activity at all four transporter subtypes compared to

compound rac-32d, equipped with the four-carbon atom allenic spacer.

In an effort to further elucidate structural influences, two different diaryl residues, a

phenyl and a 4’-biphenyl moiety, had been introduced as lipophilic domains at the



termini of the allenic spacer of the nipecotic acid derivatives. This resulted in rac-
(3R,Ra)-32e/rac-(3R,Sa)-32e as derivatives with a four-carbon atom allenic spacer and
rac-(3R,Ra)-34e/rac-(3R,Sa)-34e as derivatives with a five-carbon atom allenic spacer,
respectively, which had been obtained as ~ 1:1 mixture of racemic diastereomers and
also characterized with regard to their biological activity as such. At the subtypes
MGAT1-3 both compound mixtures displayed a plCso value of around 5, though for
MGAT4 inhibition, the derivative possessing the shorter allenyl spacer is about 0.45
log units more active than the derivative with extended spacer [rac-(3R,Ra)-32e/rac-
(3R,Sa)-32e: plCso = 5.35 + 0.12, Table 1, entry 12; rac-(3R,Ra)-34e/rac-(3R,Sa)-34e:
plCso = 4.90 + 0.08, Table 1, entry 13]. The mixture of racemic diastereomers rac-
(3R,Ra)-32e/rac-(3R,Sa)-32e with a four-carbon atom allenic spacer has almost equal
potencies at all four GABA transporter subtypes, whereas rac-(3R,Ra)-34e/rac-
(3R,Sa)-34e with a five-carbon atom allenic spacer is slightly more potent towards
MGAT1 than towards mGAT2-4. The moderate to good potencies at mGAT4 have
been confirmed at hGAT-3, at which even higher plCso values for both compounds
have been obtained [rac-(3R,Ra)-32e/rac-(3R,Sa)-32e: plCso = 5.78 £ 0.11, Table 1,

entry 12; rac-(3R,Ra)-34e/rac-(3R,Sa)-34e: plCso = 5.21 + 0.08, Table 1, entry 13].

Finally, to mimic one of the anisole groups of (S)-SNAP-5114 (5), the nipecotic acid
derived ~ 1:1 mixture of racemic diastereomers rac-(3R,Ra)-38/rac-(3R,Sa)-38 with a
four-carbon atom allenic spacer of which the terminal allene carbon is embedded in
the lipophilic ring system has been synthesized. Contrary to the expected results, with
plCso values below 4.87 at all four transporter subtypes, this compound mixture is

amongst the least potent inhibitors in this study (Table 1, entry 14).

To sum up the influence of the allenic spacer length, the shorter four-carbon atom

spacer is more favored, except for the at the terminal allene moiety unsymmetrical



substituted compound mixtures rac-(3R,Ra)-32e/rac-(3R,Sa)-32e and rac-(3R,Ra)-
34e/rac-(3R,Sa)-34e, where the inhibitory potency at mGAT1-3 is not influenced by the
spacer length. The inhibitory potencies of most of the studied compounds at mGAT1
(pICs0) were about a half to one log unit lower than the corresponding pKi values. Such
a difference between pICso and pKi values is a common phenomenon constantly
observed for mGAT1 inhibitors when characterized in this test system. [33341[35].[36].[37]
The conclusions drawn for the above discussed pICso values at mGAT1 are equally

well supported by the observed pKi values.



Table 1: Nipecotic acid derived GAT inhibitors containing terminally double-substituted allenic spacers and their inhibitory potencies at

MGAT1-4 (hGAT-3) and binding affinities for mGAT1.
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8 rac-32d 6.81 + 0.05 6.43 £ 0.07 5.12 £ 0.06 5.53 £ 0.08 (6.35 £ 0.02)¢
5.70+£0.11
- b
9 (R)-32d /©/H ) 1 6.99 + 0.06 6.81 £ 0.03 4.80£0.10 5.38 £ 0.08 (5.62 + 0.06)¢
¢ 6.59 £ 0.01
+
- c Do
10 (S)-32d 5.60 £ 0.10 5.87 £0.11 5.39 £ 0.03 5.96 £ 0.04 (6.49 + 0.10)0
11 rac-34d2 2 6.20 £ 0.10 5.72+0.10 4.92 455+ 0.07 4.77 £0.13
rac-(3R,Ra)- 5.35+0.12
12 32elrac- 1 5.91 £ 0.05 5.30+0.12 5.19+£0.08 5.08 +£0.12 7 ; ) g
(3R,S,)-32¢¢ @ /©) (5.78 £ 0.11)
rac-(3R,Ra)- Ph
13 34e/rac- 2 6.05 + 0.09 5.33+£0.07 491+0.12 4,99 £ 0.04 4903 0'089
(3R.S,)-34e¢ (5.21 £ 0.08)
rac-(3R,Ra)- (;
14 38/rac- 1 4.23 4.87 81% 75% 70%
(3R,S,)-38¢ OMe
. . . . . 73%/100 pMi
h
15 tiagabine (3) 7.43+0.11 6.88 £ 0.12' 52%/100 pM' | 64%/100 pM' (78%/250 pM)'9
. ; ; 3.56 + 0.06'
16 SK&F-89976-A (4) 6.73 +0.02" 6.16 + 0.05' 3.43£0.07' 3.71 £ 0.04' (3.00 £ 0.06)9
. 5.65 + 0.02k
17 (S)-SNAP-5114 (5) 4.56 +0.02! 4.07 +£0.09% | 63%/100 uM* | 5.29 + 0.04% (5.48 + 0.10)9

2 Compounds were tested as racemates. ? %ee=77.7. ¢ %ee=95.4. ¢ Investigated as ~ 1:1 mixture of diastereomeric compounds in
racemic form. © Data are the mean + SEM of three or more independent experiments, each performed in triplicate. In case of low
inhibitory potencies percentages are given that represent remaining GABA uptake in presence of 100 pM test compound (except for
tiagabine (3) at hGAT-3, which was applied in a concentration of 250 puM). f Results of [*H]GABA uptake assays performed with HEK
cells stably expressing mGAT1-mGAT4 in our laboratory. 9 Results of MS Transport Assays performed with COS cells stably expressing
hGAT-3 in our laboratory. " Values from reference literaturel®8l. ' Values from reference literature?® (MGAT1-mGAT4) and reference
literaturel32 (hnGAT-3). | Value from reference literaturel®9. X Values from reference literaturel#9,




Conclusion

In summary, a new series of nipecotic acid derived GABA uptake inhibitors,
characterized by an allenic four- and five-carbon atom spacer, bearing lipophilic aryl
residues at the spacer terminus, has been synthesized and biologically characterized.
Compounds equipped with the shorter four-carbon atom allenic spacer have been
identified to possess higher biological activity than those with an allenic five-carbon
atom spacer. The synthesis of nipecotic acid derivatives with terminally double-
substituted allenic spacers was accomplished by two efficient cross-coupling reactions,
whereby diaryl ketones as starting material have been implemented in Cu'-catalyzed
cross-couplings of related ketone derived diaryldiazomethanes with nipecotic acid
derived terminal alkynes, and substrates like 6-methoxy-1-tetralone have been
transformed in an analogue cross-coupling reaction via the corresponding N-
tosylhydrazones. The latter cross-coupling method has also been applied for the
synthesis of nipecotic acid derivatives with a terminally mono-substituted allenic five-
carbon atom spacer attached to the amino nitrogen. Among the biologically
investigated compounds derivative rac-32d, exhibiting two 4-chlorophenyl residues
connected via the four-carbon atom allenic spacer with the amino nitrogen of the polar
nipecotic acid head, was identified as highly potent mGAT1 and mGAT4 inhibitor. The
R enantiomer (R)-32d displays an inhibitory potency at mGAT1 that is in the range of
the known inhibitor tiagabine (3). For the enantiopure S isomer (S)-32d pICso values
of 6.59 + 0.01 at mGAT4 and 6.49 + 0.10 for the human equivalent hGAT-3 have been
determined, which are significantly higher than that of the benchmark mGAT4 inhibitor
(S)-SNAP-5114 (5). The combination of a rigid allenyl spacer with a diaryl residue as
lipophilic domain in compound (S)-32d possesses a novel structural scaffold for this
kind of bioactive compounds. Unfortunately, the subtype selectivity of (S)-33d for

MGAT4 over the other three subtypes is not very pronounced. Hence, there is still a



lack of highly selective mGAT4 inhibitors that would allow to elucidate the
pharmacological role of this GABA transporter subtype. The herein described
compounds represent a new structural motif for mGAT4 inhibitors, which could serve
as useful starting points for the further expansion of structure-activity relationships of
MGAT4 inhibitors and facilitate the design of new ligands with higher potencies and

better selectivities at this molecular target.

Experimental Section

All commercially available reagents were used without further purification. Unless
otherwise noted, all reactions were performed in oven dried glassware under moisture-
free conditions and argon- or nitrogen atmosphere. Toluene and 1,4-dioxane were
dried over sodium and distilled under nitrogen. Chlorobenzene was dried over CaClz,
distilled under nitrogen atmosphere and stored over molecular sieves (4 A) under
nitrogen atmosphere prior to use. For chromatographic purposes only distilled solvents
were used (EtOAc, iso-hexane/PE 42-62 °C, dichloromethane/DCM, MeOH, n-
pentane, Et20, H20). Flash column chromatography was performed using silica gel
(grading 0.035-0.070 mm). Thin layer chromatography (TLC) was carried out on
precoated silica gel F2s4 glass plates. Preparative MPLC was performed using a Bichi
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 (26x230 mm) equipped with
YMC Gel SIL-HG (12 nm, 5-20 um) for straight phase and YMC Gel Triart Prep C18-
S (12 nm, S-20 pm) for reverse phase. NMR spectra were recorded on a JNMR-GX
(JEOL) at room temperature (unless otherwise noted) on 400 MHz (*H NMR: 400 MHz,
13C NMR: 101 MHz) and 500 MHz (*H NMR: 500 MHz, 3C NMR: 126 MHz)
spectrometers. These NMR spectrometers were also used for DEPT, HMQC, HMBC
and COSY experiments. 'H and '3C NMR chemical shifts were referenced to the
deuterated solvent signals and the coupling constants were stated with an accuracy of
0.5 Hz. MestreNova software was used for further analysis of the NMR data.
Broadened signals in 'H NMR spectra were supplemented by the index “br” (Sbr, dor,
tor) and signals from mixtures of diastereomeric compounds in racemic form were
labeled as “dia1” or “dia2”. IR spectra were recorded with a FT-IR spectrometer and
Spectrum v2.00 software was used for analysis. Samples were measured either as
KBr pellets or as films on NaCl plates. High resolution mass spectrometry was carried
out with a LTQ FT Ultra mass spectrometer (ThermoFinnigan). Optical rotations were
determined by a 241 MC Polarimeter ADP440+ at A=589 cm. Purity testing of
biologically tested compounds rac-14, rac-34a and rac-34d was done by Quantitative
H NMR (qHNMR)#1:421 and purity was determined as 295%. QHNMR data based on
peak area ratios are determined under conditions that assure complete relaxation. For
gHNMR the internal standard maleic acid (TraceCERT®, Sigma Aldrich,
Lot#BCBM8127V: purity 99.94%) was dissolved in MeOD. The purity was calculated
using the purity calculator of MestreNova NMR software (MestreLab Research S.L.).
For compounds rac-32a, rac-32b, rac-32c, rac-32d, (R)-32d, (S)-32d, rac-(3R,Ra)-
32elrac-(3R,Sa)-32e, rac-34b, rac-34c, rac-(3R,Ra)-34e/rac-(3R,Sa)-34e, and rac-
(3R,Ra)-38/rac-(3R,Sa)-38 purity testing was done by means of analytical HPLC on an



Agilent 1100 instrument (G1329A ALS autosampler, G1316A column compartment,
G1314A VWD detector, G1312A binary pump, G1379A degasser), equipped with a
Lichrospher 100 RP-18 (5 ym) in a LiChroCART 250-4 column, with elution at 0.5
mL/min with ammonium formate buffer (10 mM, pH 6.8) to MeOH 20:80 and purity was
determined as 295%.

General Procedure for the N-Alkylation (GP1): N-alkylation was performed
employing a synthesis route similar to a procedure described in literature.*3 Alkyne
(1.00 equiv) and amine (1.20 equiv) were dissolved in acetone (2 mL/mmol) and
Na2COs (2.50 equiv) and Nal (0.50 equiv) were added. The reaction mixture was
refluxed for 72 h and the reaction was monitored by TLC. For quenching, DCM (5
mL/mmol) and water (5 mL/mmol) were added and the product was extracted with
DCM. The combined organic phases were then dried over Na2SO4 and concentrated
under vacuum. The crude product was purified by flash column chromatography to
afford the desired alkyne.

General Procedure for the Synthesis of Tosylhydrazones (27, 36) by Literature
Procedurel* (GP2): A solution of pure TSNHNH2 (1 equiv) in methanol (1 mL/mmol)
was stirred and heated to 60 °C until the TsSNHNH:2 dissolved. The mixture was cooled
to rt. Then the corresponding aldehyde (1 equiv) was dropped slowly to the mixture.
The crude product could be obtained as needle shaped crystals. The colorless crystals
were collected by filtration and washed with PE and were then dried under vacuum to
afford the desired product.

General Procedure for the Preparation of Diaryldiazomethanes 30a-f by
Literature Procedurel* (GP3): Hydrazine monohydrate (80% purity) was added to a
solution of diarylmethanone in ethanol. Then, agueous HCI (37%, 0.50 mL/20 mmol
ketone) was added and the mixture was heated to reflux overnight. After cooling to
room temperature, the diarylmethanone hydrazone was precipitated as needle shaped
crystals. Filtration of the crude mixture gave pure diarylmethanone hydrazones. A
mixture of diarylmethanone hydrazone (10.0 mmol, 1.0 equiv), anhydrous MgSQO4
(1.00 g) and 30.0 mL DCM was cooled to 0 °C. To this rapidly stirred mixture activated
MnO:2[*61 (3.04 g, 35.0 mmol, 3.5 equiv) was added in one portion. The reaction mixture
was warmed to room temperature and kept stirring for 8 h and then the solid was
filtered off with a celite pad and washed with DCM. After removal of the solvent under
reduced pressure, the residual was purified by column chromatography (pretreated
with PE/EtsN 10:1) with PE/EtsN 20:1 as the eluent to afford diaryldiazomethanes 30a-
f as purple solid or oil.

General Procedure for the Synthesis of Allenes via N-Tosylhydrazones (GP4):[47]
Under argon atmosphere, the alkyne (1 equiv) was added to a mixture of Cul (0.2
equiv), LitOBu (3.5 equiv), and N-tosylhydrazone (2.2 equiv) in 1,4-dioxane (5 mL/0.4
mmol). The solution was stirred at 90 °C for 1 h, and the progress of the reaction was
monitored by TLC. Upon completion of the reaction, the mixture was cooled to rt and
was filtered through a short silica gel column eluting with EtOAc. The solvent was
removed in vacuum to leave a crude product mixture, which was purified by column
chromatography to afford the pure allene.

General Procedure for the Cu'-Catalyzed Cross-Coupling of
Diaryldiazomethanes and Terminal Alkynes (GP5):#3 Under nitrogen atmosphere,
diaryldiazomethane (1.0 equiv) was added to a mixture of Cul (0.2 equiv), i-Pr2NH (1.1
equiv) and terminal alkyne (1.0 equiv) in 1,4-dioxane (1.0 mL). The solution was stirred
at 30 °C for 1 h and the progress of the reaction was monitored by TLC. Upon



completion of the reaction, indicated by a color change from purple to yellow/brown,
the reaction mixture was cooled down to room temperature and filtered through a short
pad of aluminum oxide by using EtOAc as the eluent. The solvent was removed in
vacuum to leave a crude mixture, which was purified by column chromatography to
afford the desired allenic product.

General Procedure for the Ester Hydrolysis with NaOH (GP6):1*8 The ester was
dissolved in EtOH (5.0 mL/mmol) and 2N NaOH (1.5 mL/mmol, 3 equiv) was added.
The mixture was stirred at rt and controlled via TLC (EtOAc). The solvent was then
completely removed under reduced pressure. Phosphate buffer (pH 7) was then added
to the solid residue until the pH was adjusted to 7 (indicator paper). After freeze drying,
Et2O was added to the solid residue and the resulting suspension was filtrated.
Subsequently, the filter cake was washed several times with Et20. The solvent was
then completely removed under reduced pressure and the remaining oil was dissolved
in water and freeze dried, to obtain the free amino acid as white to yellow amorphous
powder.

General Procedure for the Ester Hydrolysis with Ba(OH)2 (GP7):1*9 The ester (1
equiv) was dissolved in EtOH/H20 (2:1) and Ba(OH)2x8H20 (2 equiv) was added. The
suspension was then stirred at rt overnight. After completion of the reaction CO2 was
bubbled through the suspension until no further BaCOs precipitated. The suspension
was then filtered through a syringe filter (25mm) and the filtrate was purified by RP-
MPLC. After freeze drying the corresponding free amino acid could be obtained as
white to yellow amorphous powder.

Ethyl 1-(prop-2-yn-1-yl)-(3S)-piperidine-3-carboxylate (S-9): GP1 was followed
applying propargyl bromide solution (80 wt% in xylene, 0.56 mL, 5.0 mmol), ethyl (S)-
piperidine-3-carboxylate (943 mg, 6.0 mmol), acetone (10 mL), Na2COs (1.33 g, 12.5
mmol) and Nal (375 mg, 2.50 mmol). The crude product was purified by column
chromatography (PE/EtOAc 8:2) to afford the desired alkyne S-9 as pale yellow oil
(973 mg, >99%): R=0.18 (PE/EtOAC 8:2); [a]p?*=-7.2 (c=1.76 g/100 mL in chloroform);
!H NMR (400 MHz, CD2Cl2): 6=1.23 (t, J=7.1 Hz, 3H, OCH2CH?3), 1.41 (qd, J=11.7/3.9
Hz, 1H, NCH2CHCHaxHeq), 1.49-1.62 (m, 1H, NCH2CHaxHeqCH2CH), 1.69-1.78 (m,
1H, NCH2CHaxHeqCH2CH), 1.83-1.94 (m, 1H, NCH2CHCHaxHeq), 2.20 (td, J=10.9/3.1
Hz, 1H, NCHaxHeqCH2CH2CH), 2.27 (t, J=2.4 Hz, 1H, NCH2C=CH), 2.34 (t, J=10.5 Hz,
1H, NCHaxHeqCHCH2), 2.53 (tt, J=10.4/3.9 Hz, 1H, NCH2CHaxCH2), 2.71 (dtor,
J=11.2/4.2 Hz, 1H, NCHaxHeqCH2CH2CH), 2.94 (ddor, J=10.9/4.0 Hz, 1H,
NCHaxHeqCHCH>2), 3.29 (d, J=2.4 Hz, 2H, NCH.C=CH), 4.09 (q, J=7.1 Hz, 2H,
OCH2CHz3); *C NMR (101 MHz, CD2Cl2): 6 = 14.6, 25.1, 27.0, 42.4, 47.7, 52.8, 54.8,
60.8, 73.2, 79.6, 174.4; IR (film): v=3291, 2980, 2941, 2860, 2807, 1731, 1468, 1450,
1393, 1368, 1348, 1311, 1262, 1223, 1183, 1153, 1134, 1095, 1047, 1031, 1003, 979,
956, 936, 900, 864, 792, 625 cm; HRMS-ESI m/z [M+H]* calcd for C11H17NOz:
196.1338, found: 196.1331.

rac-[Ethyl 1-(but-3-yn-1-yl)piperidine-3-carboxylate] (rac-15): GP1 was followed
applying 4-bromo-1-butin (1.00 eq, 1.94 mL, 20.0 mmol), ethyl nipecotate (1.20 eq,
3.74 mL, 24.0 mmol), acetone (40 mL), Na2COs (2.50 eq, 5.30 g, 50.0 mmol) and Nal
(0.50 eq, 1.50 g, 10.0 mmol). The crude product was purified by column
chromatography (PE/EtOAc 8:2) to afford the desired alkyne rac-15 as pale yellow oil
(3.22 g, 77%): R=0.20 (PE/EtOAc 8:2); *H NMR (500 MHz, CDCls): 6=1.25 (t, J=7.1
Hz, 3H, OCH:CH3), 1.38-1.51 (m, 1H, NCH2CHCHaxHeg), 1.51-1.63 (m, 1H,
NCH2CHaxHegCH2CH), 1.68-1.77 (m, 1H, NCH2CHaxHeqCH2CH), 1.88-1.96 (m, 1H,
NCH2CHCHaxHeq), 1.97 (t, J=2.7 Hz, 1H, NCH2CH2CCH), 2.07 (td, J=11.0/3.1 Hz, 1H,



NCHaxHeqCH2CH2CH), 2.23 (t, J=10.6 Hz, 1H, NCHaxHeqCHCH2), 2.34-2.41 (m, 2H,
NCH2CH2CCH), 2.55 (tt, J=10.6/3.9 Hz, 1H, NCH2CHaCH2), 2.57-2.66 (m, 2H,
NCH>CH2CCH), 2.73-2.81 (m, 1H, NCHaxHeqCH2CH2CH), 2.94-3.02 (m, 1H,
NCHaxHeqCHCH?2), 4.13 (q, J=7.1 Hz, 2H, OCH>CHs3); ¥3C NMR (126 MHz, CDClz3):
0=14.2 (1C, OCH2CHp3s), 16.7 (1C, NCH2CH2CCH), 24.5 (1C, NCH2CH2CH2CH), 26.9
(1C, NCH2CH2CH2CH), 41.8 (1C, NCH2CH2CH2CH), 53.4 (1C, NCH2CH2CH2CH),
55.1 (1C, NCH2CHCHz2), 57.3 (1C, NCH2CH2CCH), 60.3 (1C, OCH2CHs), 69.0 (1C,
NCH2CH2CCH), 82.8 (1C, NCH2CH2CCH), 174.1 (1C, CO); IR (film): ¥=3297, 2945,
2856, 2812, 2118, 1731, 1469, 1447,1371, 1311, 1273,1214, 1181, 1154,1134, 1102,
1033 cmt; HRMS-ESI m/z [M+H]* calcd for C12H10NOz2: 210.1494, found: 210.1489.

rac-[Ethyl  1-{5-[allyl(tert-butyl)amino]pent-3-yn-1-yl}piperidine-3-carboxylate]
(rac-16): This modified procedure based on a procedure described by Yu et al.b% To
a Schlenk flask was added CuBr (65 mg, 0.45 mmol, 0.15 equiv) and molecular sieve
(4A). Toluene anhyd. (15 mL, 5.00 mL/mmol) was then added, followed by
paraformaldehyde (171 mg, 5.40 mmol, 1.80 equiv), N-allyl-N-tert-butylamine (0.63
mL, 4.2 mmol, 1.4 equiv) and alkyne rac-15 (628 mg, 3.00 mmol, 1.00 equiv). The
reaction mixture was stirred at rt overnight. The completion of the reaction was
monitored by TLC. The reaction mixture was then filtrated, washed with EtOAc and
concentrated under vacuum. The crude product was purified by column
chromatography (PE/EtOAc 1:1) to afford the desired propargylic amine rac-16 as pale
yellow oil (791 mg, 79%): R=0.26 (PE/EtOAc 1:1); *H NMR (400 MHz, CDCl3): 6=1.16
(s, 9H, t-Bu), 1.25 (t, J=7.1 Hz, 3H, OCH2CHs), 1.42 (qd, J=11.8/3.8 Hz, 1H,
NCH2CHCHaxHeq), 1.49-1.64 (m, 1H, NCH2CHaxHeqCH2CH), 1.72 (dp, J=13.3/3.8 Hz,
1H, NCH2CHaxHeqCH2CH), 1.88-1.99 (m, 1H, NCH2CHCHaxHeq), 2.05 (td, J=11.0/3.0
Hz, 1H, NCHaxHeqCH2CH2CH), 2.20 (t, J=10.7 Hz, 1H, NCHaxHeqCHCH?2), 2.31-2.41
(m, 2H, NCH2:CCCH2CH2N), 2.47-2.62 (m, 3H, NCH2CCCH:CH>N and
NCH2CHaxCHz), 2.78 (dt, J=10.5/4.0 Hz, 1H, NCHaxHeqCH2CH2CH), 2.94-3.04 (m, 1H,
NCHaxHeqCHCH_2), 3.27 (dt, J=6.5/1.3 Hz, 2H, NCH2CH=CH>), 3.44 (t, J=2.2 Hz, 2H,
NCH2CCCH2CH2N), 4.13 (q, J=7.1 Hz, 2H, OCH2CH3s), 5.09 (ddt, J=10.0/2.2/1.2 Hz,
lH, NCHZCH:CHtranchis), 5.23 (ddt, J=17.1/2.2/]1.4 HZ, 1H, NCHZCH:CHtranchis),
5.82 (ddt, J=17.1/10.0/6.5 Hz, 1H, NCH2CH=CH2); *3C NMR (101 MHz, CDCls): 6=14.2
(1C, OCH2CHgs), 17.2 (1C, NCH2CCCH2CH2N), 24.6 (1C, NCH2CHCH2CH2CH2), 26.9
(1C, NCH2CHCH2CH2CHy), 27.7 (3C, NC(CHg3)3), 36.6 (1C, NCH2CCCH2CH2N), 41.9
(ac, NCH2CHCH2CH2CHy>), 50.0 (1C, NCH2CH=CH>), 53.4 (1C,
NCH2CHCH2CH2CHz), 54.9 (1C, NC(CHs)s), 55.1 (1C, NCH2CHCH2CH2CHz2), 57.7
(1C, NCH2CCCH2CH2N), 60.3 (1C, OCH2CHs), 79.0 (1C, NCH2CCCH2CH2N), 82.2
(1C, NCH2CCCH2CH2N), 116.7 (1C, NCH2CH=CH2), 137.5 (1C, NCH2CH=CH), 174.1
(1C, CO); IR (film): ¥=3416, 2971, 2814, 2359, 2337, 1732, 1641, 1467, 1445, 1390,
1364, 1309, 1270, 1203, 1179, 1153, 1133, 1101, 1032, 994, 916 cm™t; HRMS-ESI m/z
[M+H]* calcd for C20H34N202: 335.2699, found: 335.2698.

rac-[Ethyl 1-(penta-3,4-dien-1-yl)piperidine-3-carboxylate] (rac-17): To a Schlenk
tube Znl2 (107 mg, 0.336 mmol, 0.800 equiv) was added. The Znl2 was then heated
with a heat gun under vacuum until the pale yellow solid turned to darker yellow.
Chlorobenzene anhyd (8.0 mL/mmol) was added, followed by propargylic amine rac-
16 (140 mg, 0.420 mmol, 1.00 equiv). The reaction mixture was stirred at 100 °C for
30 min and the reaction was monitored by TLC. After cooling to rt, the reaction mixture
was directly purified by column chromatography (PE/EtOAc 1:1) to afford the desired
allene rac-17 as pale yellow oil (64.4 mg, 69%): R=0.35 (PE/EtOAc 1:1); *H NMR (500
MHz, CDCl3): 6=1.25 (t, J=7.1 Hz, 3H, OCH2CH3s), 1.44 (qd, J=11.4/4.2 Hz, 1H,
NCH2CHCHaxHeg), 1.53-1.66 (m, 1H, NCH2CHaxHeqCH2CH), 1.73 (dp, J=13.4/3.9 Hz,



1H, NCH2CHaxHeqCH2CH), 1.90-1.99 (m, 1H, NCH2CHCHaxHeq), 2.02 (td, J=11.1/3.0
Hz, 1H, NCHaHeqCH2CH2CH), 2.14-2.25 (m, 3H, NCH2CH2CHCCH: and
NCHaxHeqCHCH2), 2.43-2.50 (m, 2H, NCH2CH2CHCCH2), 2.52-2.62 (m, 1H,
NCH2CHaxCHz), 2.76—2.82 (m, 1H, NCHaxHeqCH2CH2CH), 3.01 (dbr, J=10.6 Hz, 1H,
NCHaxHeqCHCH?2), 4.13 (g, J=7.1 Hz, 2H, OCH2CH3), 4.67 (dt, J=6.7/3.2 Hz, 2H,
NCH2CH2CHCCH?2), 5.11 (p, J=6.7 Hz, 1H, NCH2CH2CHCCH2): 13C NMR (126 MHz,
CDCls): &6=14.2 (1C, OCH2CHs), 24.6 (1C, NCH2CHCH.CHz), 25.7 (1C,
NCH2CH2CHCCH2),  27.0  (1C,  NCH2CHCH:CH2CH2), 419  (1C,
NCH2CHCH2CH2CHz2),  53.7  (1C,  NCH2CHCH:CH:CH2), 554  (1C,
NCH2CHCH2CH2CHz), 58.1 (1C, NCH2CH2CHCCHy), 60.3 (1C, OCH2CHa), 75.0 (1C,
NCH2CH2CHCCH2), 87.9 (1C, NCH2CH.CHCCH2), 174.2 (1C, CO), 208.6 (1C,
CHCCHy): IR (film): ¥=3425, 2942, 2856, 2805, 1956, 1732, 1641, 1468, 1444, 1371,
1311, 1273, 1211, 1180, 1153, 1101, 1031, 844 cm'; HRMS-ESI m/z [M+H]* calcd for
Ci3H21NO2: 224.1651, found: 224.1645.

rac-[1-(Penta-3,4-dien-1-yl)piperidine-3-carboxylic acid] (rac-18): GP6 was
followed using nipecotic acid ester rac-17 (0.30 mmol, 67 mg), EtOH (1.0 mL) and 2M
NaOH (2 equiv, 0.30 mL) for 2.75 h. The crude compound was purified by RP-MPLC
(MeOH/H20 3:7) to obtain the free amino acid rac-18 as colorless viscous oil (23 mg,
39%): 'H NMR (500 MHz, MeOD, NaOD): 6=1.35 (qd, J=12.8/4.1 Hz, 1H,
NCH2CHCHaxHeq), 1.59 (qt, J=12.8/3.9 Hz, 1H, NCH2CHaxHeqCH2CH), 1.67-1.75 (m,
1H, NCH2CHaxHeqCH2CH), 1.94 (td, J=11.8/2.8 Hz, 1H, NCHaxHeqCH2CH2CH), 1.96—
2.01 (m, 1H, NCH2CHCHaxHeg), 2.04 (t, J=11.4 Hz, 1H, NCHaxHeqCHCHy), 2.15-2.28
(m, 2H, CH2CCHCH2CH2N), 2.38 (tt, J=11.8/3.8 Hz, 1H, NCH2CHaxCH2), 2.42-2.49
(m, 2H, CH2CCHCH2CH2N), 2.89 (dbr, J=10.4 Hz, 1H, NCHaxHeqCH2CH2CH), 3.12 (ddt,
J=11.3/3.5/1.6 Hz, 1H, NCHaxHeqCHCH2), 4.68 (dt, J=6.6/3.2 Hz, 2H,
NCH2CH2CHCCHy), 5.12 (p, J=6.8 Hz, 1H, NCH2CH2CHCCH); 3C NMR (126 MHz,
MeOD, NaOD): 6=25.9 (1C, NCH2CH2CH2CH), 26.3 (1C, NCH2CH2CHCCHz2), 29.4
(1C, NCH2CH2CH2CH), 46.3 (1C, NCH2CH2CH2CH), 54.9 (1C, NCH2CH2CH2CH),
58.1 (1C, NCH2CHCHz2), 59.5 (1C, NCH2CH2CHCCHgy), 75.3 (1C, NCH2CH2CHCCH2),
88.4 (1C, NCH2CH2CHCCHz), 182.8 (1C, CO), 210.1 (1C, CH2CHCCHy>); IR (film):
V=3385, 2956, 1956, 1585, 1450, 1391, 1150, 1076, 857 cmt; HRMS-ESI m/z [M+H]*
calcd for C11H17NO2: 196.1338, found: 196.1331.

rac-[Ethyl (Ra)-1-(5-phenylpenta-3,4-dien-1-yl)-(3R)-piperidine-3-carboxylate]
(rac-(3R,Ra)-26) and rac-[ethyl (Sa)-1-(5-phenylpenta-3,4-dien-1-yl)-(3R)-
piperidine-3-carboxylate] (rac-(3R,Sa)-26): GP4 was followed applying alkyne rac-
15 (84 mg, 0.40 mmol), Cul (15 mg, 0.080 mmol), LitOBu (112 mg, 1.40 mmol), and
N'-benzylidene-4-methylbenzenesulfonohydrazide (241 mg, 0.880 mmol) in 1,4-
dioxane (5 mL). The solution was stirred at 90 °C for 40 min. Purification by column
chromatography (DCM/MeOH 98:2) afforded the desired allenes rac-(3R,Ra)-26 and
rac-(3R,Sa)-26 as ~ 1:1 mixture of racemic diastereomers as yellow viscous oil (88.7
mg, 74%): R=0.20 (PE/EtOAc 8:2); *H NMR (500 MHz, CDCls): 6=1.19-1.30 (m, 3H,
OCH2CH3), 1.37-1.50 (m, 1H, NCH2CHCHaxHeq), 1.49-1.64 (m, 1H,
NCH2CHaxHeqCH2CH), 1.66-1.77 (m, 1H, NCH2CHaxHeqCH2CH), 1.91-1.95 (m, 1H,
NCH2CHCHaxHeq), 1.98-2.05 (m, 1H, NCHaxHeqCH2CH2CH), 2.15-2.20 (m, 1H,
NCHaxHeqCHCH2), 2.28-2.37 (m, 2H, NCH2CH2CHCCH), 2.46-2.63 (m, 3H,
NCH2CH2CHCCH and NCH2CHaxCHz), 2.77-2.80 (m, 1H, NCHaxHeqCH2CH2CH),
2.96-3.06 (m, 1H, NCHaxHeqCHCH_2), 4.07-4.16 (m, 2H, OCH2CH3s), 5.58 (q, J=6.6 Hz,
1H, NCH2CH2CHCCH), 6.13 (dt, J=6.2/3.0 Hz, 1H, NCH2CH2CHCCH), 7.14-7.22 (m,
1H, ArH), 7.23-7.36 (m, 4H, ArH); *C NMR (126 MHz, CDClz): 6=14.2 (1C,
OCH2CH3), 24.6 (1C, NCH2CHCH2CH2CHz2), 26.3 (0.5C, NCH2CH2CHCCH, dial or



dia2), 26.3 (0.5C, NCH2CH2CHCCH, dial or dia2), 27.0 (0.5C, NCH2CHCH2CH2CHz2,
dial or dia2), 27.0 (0.5C, NCH2CHCH2CH2CH2, dial or dia2), 41.9 (0.5C,
NCH2CHCH2CH2CHz, dial or dia2), 42.0 (0.5C, NCH2CHCH2CH2CH2, dial or dia2),
53.7 (0.5C, NCH2CHCH2CH2CH, dial or dia2), 53.8 (0.5C, NCH2CHCH2CH2CHz, dial
or dia2), 55.4 (0.5C, NCH2CHCH2:CH2CH2, dial or dia2), 55.5 (0.5C,
NCH2CHCH2CH2CH2, dial or dia2), 58.0 (1C, NCH2CH2CHCCH), 60.3 (0.5C,
OCH2CH3s, dial or dia2), 60.3 (0.5C, OCH2CHs, dial or dia2), 92.9 (1C,
NCH2CH2CHCCH), 94.9 (0.5C, NCH2:CH2CHCCH, dial or dia2), 94.9 (0.5C,
NCH2CH2CHCCH, dial or dia2), 126.6 (2C, ArC), 126.7 (1C, ArC), 128.5 (2C, ArC),
134.8 (0.5C, ArCq, dial or dia2), 134.8 (0.5C, ArCq, dial or dia2), 174.2 (0.5C, CO,
dial or dia2), 174.2 (0.5C, CO, dial or dia2), 205.3 (0.5C, NCH2CH2CHCCH, dial or
dia2), 205.3 (0.5C, NCH2CH2CHCCH, dial or dia2); IR (film): v=3061, 3030, 2936,
2855, 2807, 1948, 1730, 1598, 1495, 1459, 1370, 1300, 1273,1210,1179, 1151, 1134,
1100, 1072, 1029, 962, 911, 874, 776, 722, 692, 650, 629 cm*; HRMS-ESI m/z [M+H]*
calcd for C19H2sNO2: 300.1964, found: 300.1956.

rac-{Ethyl  (Ra)-1-[5-([1,1'-biphenyl]-2-yl)penta-3,4-dien-1-yl]-(3R)-piperidine-3-
carboxylate} (rac-(3R,Ra)-28) and rac-{ethyl (Sa)-1-[5-([1,1'-biphenyl]-2-yl)penta-
3,4-dien-1-yl]-(3R)-piperidine-3-carboxylate} (rac-(3R,Sa)-28): GP4 was followed
applying alkyne rac-15 (84 mg, 0.40 mmol), Cul (15 mg, 0.08 mmol), LitOBu (112 mg,
1.40 mmol), and N'-([1,1'-biphenyl]-2-ylmethylene)-4-methylbenzenesulfonohydrazide
(308 mg, 0.880 mmol) in 1,4-dioxane (5 mL). The solution was stirred at 90 °C for 40
min. Purification by column chromatography (PE/EtOAc 8:2) afforded the desired
allenes rac-(3R,Ra)-28 and rac-(3R,Sa)-28 as ~ 1:1 mixture of racemic diastereomers
as yellow viscous oil (122 mg, 82%): R=0.36 (PE/EtOAc 7:3); *H NMR (500 MHz,
CD2Cl2): 6=1.21 (t, J=7.1 Hz, 1.5H, OCH2CHs, dial or dia2), 1.22 (t, J=7.1 Hz, 1.5H,
OCH2CHs, dial or dia2), 1.34-1.47 (m, 1H, NCH2CHCHaxHeq), 1.47-1.59 (m, 1H,
NCH2CHaxHeqCH2CH), 1.60-1.78 (m, 1H, NCH2CHaxHeqCH2CH), 1.82-1.93 (m, 1H,
NCH2CHCHaxHeq), 1.99 (td, J=11.3/3.0 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2),
2.02 (td, J=11.3/3.0 Hz, 0.5H, NCHaxHeqCH2CH2CH, dial or dia2), 2.16 (t, J=10.3 Hz,
1H, NCHaxHeqCHCH?2), 2.26 (q, J=6.9 Hz, 1H, NCH2CH2CHCCH, dial or dia2), 2.27
(q, J=6.9 Hz, 1H, NCH2CH2CHCCH, dial or dia2), 2.40-2.57 (m, 3H,
NCH>CH2CHCCH and NCH2CHaxCHz2), 2.62-2.82 (m, 1H, NCHaxHeqCH2CH2CH), 2.93
(dbr, J=10.6 Hz, 0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.96 (dor, J=10.6 Hz, 0.5H,
NCHaxHeqCHCHz, dial or dia2), 4.07 (q, J=7.1 Hz, 1H, OCH2CHgs, dial or dia2), 4.08
(q, J=7.1 Hz, 1H, OCH2CHs, dial or dia2), 5.53 (g, J=6.7 Hz, 1H, NCH2CH2CHCCH),
6.15 (dt, J=6.2/3.0 Hz, 1H, NCH2CH2CHCCH), 7.19-7.26 (m, 2H, ArH), 7.26—7.32 (m,
1H, ArH), 7.32—-7.38 (m, 3H, ArH), 7.38-7.45 (m, 2H, ArH), 7.57 (dd, J=8.0/0.8 Hz, 1H,
ArH); 13C NMR (126 MHz, CD2Cl): 6=14.4 (1C, OCH2CHs), 25.1 (1C,
NCH2CHCH2CH2CH2), 26.8 (0.5C, NCH2CH2CHCCH, dial or dia2), 26.8 (0.5C,
NCH2CH2CHCCH, dial or dia2), 27.4 (0.5C, NCH2CHCH2CH2CHz, dial or dia2), 27.4
(0.5C, NCH2CHCH2CH2CHz, dial or dia2), 42.3 (0.5C, NCH2CHCH2CH2CHz, dial or
dia2), 424 (0.5C, NCH2CHCH2CH2CH2, dial or dia2), 54.1 (1C,
NCH2CHCH2CH2CH2), 55.9 (0.5C, NCH2CHCH2CH2CHz, dial or dia2), 56.0 (0.5C,
NCH2CHCH2CH2CHz, dial or dia2), 58.4 (0.5C, NCH2CH2CHCCH, dial or dia2), 58.4
(0.5C, NCH2CH2CHCCH, dial or dia2), 60.5 (0.5C, OCH2CHs, dial or dia2), 60.5
(0.5C, OCH2CHgs, dial or dia2), 93.0 (0.5C, NCH2CH2CHCCH or NCH2CH2CHCCH,
dial or dia2), 93.0 (0.5C, NCH2CH2CHCCH or NCH2CH2CHCCH, dial or dia2), 93.1
(0.5C, NCH2CH2CHCCH or NCH2CH2CHCCH, dial or dia2), 93.1 (0.5C,
NCH2CH2CHCCH or NCH2CH2CHCCH, dial or dia2), 126.9 (1C, ArC), 127.4 (1C,
ArC), 127.7 (0.5C, ArC, dial or dia2), 127.7 (0.5C, ArC, dial or dia2), 127.8 (0.5C,
ArC, dial or dia2), 127.8 (0.5C, ArC, dial or dia2), 128.5 (2C, ArC), 130.1 (2C, ArC),



130.5 (0.5C, ArC, dial or dia2), 130.5 (0.5C, ArC, dial or dia2), 132.6 (0.5C, ArCq,
dial or dia2), 132.6 (0.5C, ArCq, dial or dia2), 140.5 (0.5C, ArCq, dial or dia2), 140.5
(0.5C, ArCq, dial or dia2), 141.3 (0.5C, ArCq, dial or dia2), 141.3 (0.5C, ArCq, dial or
dia2), 174.4 (0.5C, CO, dial or dia2), 174.4 (0.5C, CO, dial or dia2), 206.1 (1C,
NCH2CH2CHCCH); IR (film): ¥=3058, 3026, 2940, 2854, 2804, 1947, 1730, 1596,
1499, 1480, 1467, 1436, 1370, 1304, 1210, 1179, 1152, 1102, 1032, 1009, 881, 770,
746, 702 cm?; HRMS-ESI m/z [M+H]* calcd for Ca2sH20NO2: 376.2277, found:
376.2271.

rac-[Ethyl 1-(4,4-diphenylbuta-2,3-dien-1-yl)piperidine-3-carboxylate] (rac-31a):
GP5 was followed using alkyne rac-9 (98 mg, 0.50 mmol), Cul (19 mg, 0.10 mmol), i-
PraNH (0.08 mL, 0.55 mmol) and (diazomethylene)dibenzene (97 mg, 0.50 mmol) in
1,4-dioxane (2.5 mL). After purification by column chromatography (PE/EtOAc 8:2)
pure rac-31a was afforded as yellow viscous oil (167 mg, 92%): R=0.18 (PE/EtOAc
8:2); IH NMR (400 MHz, CD2Clo): 6=1.21 (t, J=7.1 Hz, 3H, OCH2CHs), 1.42 (qd,
J=11.5/4.1 Hz, 1H, NCH2CHCHaxHeq), 1.47-1.62 (m, 1H, NCH2CHaxHeqCH2CH), 1.65—
1.75 (m, 1H, NCH2CHaxHeqCH2CH), 1.83-1.94 (m, 1H, NCH2CHCHaxHeq), 2.10 (td,
J=10.9/3.0 Hz, 1H, NCHaxHeqCH2CH2CH), 2.25 (t, J=10.5 Hz, 1H, NCHaxHeqCHCH?2),
2.52 (tt, J=10.4/3.9 Hz, 1H, NCH2CHaxCH2), 2.73-2.85 (m, 1H, NCHaxHeqCH2CH2CH),
3.02 (ddbr, J=11.2/3.6 Hz, 1H, NCHaxHeqCHCH?), 3.23 (d, J=7.0 Hz, 2H, NCH>.CHCC),
4.07 (q, J=7.1 Hz, 2H, OCH2CHs), 5.72 (t, J=7.0 Hz, 1 H, NCH2CHCC), 7.24-7.31 (m,
2H, ArH), 7.33 (d, J=4.5 Hz, 8 H, ArH); 13C NMR (101 MHz, CD2Cl2): 6=14.6 (1C,
OCH2CHgs), 25.2 (1C, NCH2CH2CH2CH), 27.4 (1C, NCH2CH2CH2CH), 42.6 (1C,
NCH2CH2CH2CH), 53.8 (1C, NCH2CH2CH2CH), 55.8 (1C, NCH2CHCH2), 58.4 (1C,
NCH2CHCC), 60.7 (1C, OCH2CHs), 91.8 (1C, NCH2CHCC), 110.4 (1C, NCH2CHCC),
127.7 (2C, ArC), 128.9 (4C, ArC), 129.0 (2C, ArC), 129.0 (2C, ArC), 137.4 (1C, ArCy),
137.4 (1C, ArCy), 174.5 (1C, CO), 206.7 (1C, NCH2CHCC); IR (film): v=3057, 3026,
2939, 2866, 2807, 1943, 1731, 1597, 1492, 1466, 1451, 1442, 1367, 1310, 1223, 1180,
1151, 1133, 1095, 1074, 1030, 998, 921, 902, 863, 768, 695 cm; HRMS-ESI m/z
[M+H]* calcd for C24H27NO2: 362.2120, found: 362.2113.

rac-[Ethyl 1-(4,4-di-p-tolylbuta-2,3-dien-1-yl)piperidine-3-carboxylate] (rac-31b):
GP5 was followed using alkyne rac-9 (98 mg, 0.50 mmol), Cul (19 mg, 0.10 mmol), i-
PraNH (0.08 mL, 0.55 mmol) and 4,4'-(diazomethylene)bis(methylbenzene) (111 mag,
0.50 mmol) in 1,4-dioxane (2.5 mL) for 30 min. After purification by column
chromatography (PE/EtOAc 8:2) pure rac-31b was afforded as yellow viscous oil (103
mg, 52%): R=0.27 (PE/EtOAc 8:2); 'H NMR (400 MHz, C2D2Cls): 6=1.15 (t, J=7.1 Hz,
3H, OCH2CHzs), 1.33 (qd, J=11.8/3.8 Hz, 1H, NCH2CHCHaxHeq), 1.41-1.55 (m, 1H,
NCH2CHaxHeqCH2CH), 1.58-1.71 (m, 1H, NCH2CHaxHeqCH2CH), 1.76-1.93 (m, 1H,
NCH2CHCHaxHeg), 2.02 (tor, J=10.9 Hz, 1H, NCHaxHeqCH2CH2CH), 2.16 (t, J=10.6 Hz,
1H, NCHaxHeqCHCHy), 2.28 (s, 6H, CH3), 2.39-2.62 (m, 1H, NCH2CHaxCH2), 2.76 (dbr,
J=7.8 Hz, 1H, NCHaxHeqCH2CH2CH), 2.99 (dbr, J=10.0 Hz, 1H, NCHaxHeqCHCH?2), 3.16
(d, J=7.1 Hz, 2H, NCH2CHCC), 4.02 (g, J=7.1 Hz, 2H, OCH2CH3s), 5.62 (t, J=7.1 Hz,
1H, NCH2CHCC), 7.07 (d, J=8.2 Hz, 4H, ArH), 7.15 (d, J=8.2 Hz, 4H, ArH); 3C NMR
(101 MHz, C2D2Cls): 06=14.6 (1C, OCH2CHs), 21.6 (2C, CHs), 249 (1C,
NCH2CH2CH2CH), 27.1 (1C, NCH2CH2CH2CH), 42.1 (1C, NCH2CH2CH2CH), 53.4
(1C, NCH2CH2CH2CH), 55.2 (1C, NCH2CHCH), 58.2 (1C, NCH2CHCC), 60.7 (1C,
OCH2CH3s), 91.0 (1C, NCH2CHCC), 109.8 (1C, NCH2CHCC), 128.7 (2C, ArC), 128.7
(2C, ArC), 129.4 (4C, ArC), 134.0 (2C, ArCyq), 137.2 (2C, ArCq), 174.5 (1C, CO), 206.2
(1C, NCH2CHCC); IR (film): v=3023, 2940, 2866, 2804, 2237, 1941, 1731, 1509, 1466,
1451, 1368, 1310, 1278, 1223, 1181, 1151, 1133, 1095, 1031, 1005, 949, 911, 887,



863, 822, 781, 745, 720, 702 cm; HRMS-ESI m/z [M+H]* calcd for C2sH31NOz2:
390.2433, found: 390.2424.

rac-{Ethyl 1-[4,4-bis(4-fluorophenyl)buta-2,3-dien-1-yl]piperidine-3-carboxylate}
(rac-31c): GP5 was followed using alkyne rac-9 (98 mg, 0.50 mmol), Cul (19 mg, 0.10
mmol), i-PraNH (0.08 mL, 0.55 mmol) and 4,4'-(diazomethylene)bis(fluorobenzene)
(115 mg, 0.500 mmol) in 1,4-dioxane (2.5 mL). After purification by column
chromatography (PE/EtOAc 8:2) pure rac-31c was afforded as pale yellow oil (192 mg,
97%): Ri=0.43 (PE/EtOAc 7:3); *H NMR (400 MHz, C2D2Cls): 6=1.14 (t, J=7.1 Hz, 3H,
OCH2CHs), 1.32 (qd, J=11.9/3.9 Hz, 1H, NCH2CHCHaxHeq), 1.40-1.54 (m, 1H,
NCH2CHaxHeqCH2CH), 1.55-1.70 (m, 1H, NCH2CHaxHeqCH2CH), 1.78-1.90 (m, 1H,
NCH2CHCHaxHeq), 2.00 (td, J=11.1/3.1 Hz, 1H, NCHaxHeqCH2CH2CH), 2.14 (t, J=10.6
Hz, 1H, NCHaxHeqCHCH?), 2.45 (tt, J=10.6/3.8 Hz, 1H, NCH2CHaxCHz2), 2.70 (dor,
J=11.2 Hz, 1H, NCHaxHeqCH2CH2CH), 2.93 (dde, J=11.1/3.4 Hz, 1H,
NCHaxHeqCHCH>2), 3.15 (d, J=7.1 Hz, 2H, NCH2CHCC), 4.01 (q, J=7.1 Hz, 2H,
OCH.CHs), 5.65 (t, J=7.1 Hz, 1H, NCH2CHCC), 6.90-7.02 (m, 4H, FCCH), 7.18-7.25
(m, 4H, FCCHCH); 13C NMR (101 MHz, C2D2Cls): 5=14.6 (1C, OCH2CHs), 24.9 (1C,
NCH2CH2CH2CH), 27.1 (1C, NCH2CH2CH2CH), 42.1 (1C, NCH2CH2CH2CH), 53.4
(1C, NCH2CH2CH2CH), 55.2 (1C, NCH2CHCH), 58.0 (1C, NCH2CHCC), 60.7 (1C,
OCH2CH3s), 91.6 (1C, NCH2CHCC), 108.4 (1C, NCH2CHCC), 115.7 (dcF, 2Jcr=21.5
Hz, 4C, FCCH), 130.2 (dcF, 3JcF=3.9 Hz, 2C, FCCHCH), 130.3 (dcr, 3Jcr=3.9 Hz, 2C,
FCCHCH), 132.8 (dcr, *Jcr=1.8 Hz, 1C, FCCHCHC), 132.9 (dcr, *Jcr=1.8 Hz, 1C,
FCCHCHC), 162.27 (dcr, 1JcF=246.5 Hz, 2C, FC), 174.4 (1C, CO), 206.2 (1C,
NCH2CHCC); 1°F NMR (376 MHz, C2D2Cls): 6=-114.59—114.33 (m); IR (film): = 2940,
2803, 1941, 1731, 1601, 1505, 1469, 1455, 1372, 1298, 1281, 1223, 1180, 1155, 1133,
1094, 1030, 911, 838, 800, 723 cmt; HRMS-ESI m/z [M+H]* calcd for C24H25F2NOz2:
398.1932, found: 398.1919.

rac-{Ethyl 1-[4,4-bis(4-chlorophenyl)buta-2,3-dien-1-yl]piperidine-3-carboxylate}
(rac-31d): GP5 was followed using alkyne rac-9 (98 mg, 0.50 mmol), Cul (19 mg, 0.10
mmol), i-Pr2NH (0.08 mL, 0.55 mmol) and 4,4'-(diazomethylene)bis(chlorobenzene)
(203 mg, crude compound) in 1,4-dioxane (2.5 mL). After purification by column
chromatography (PE/EtOAc 8:2) pure rac-31d was afforded as yellow viscous oil (204
mg, 95%): Ri=0.57 (PE/EtOAc 6:4); 1H NMR (400 MHz, CD2Cl2): 6=1.21 (t, J=7.1 Hz,
3H, OCH2CHg), 1.41 (qd, J=11.3/3.7 Hz, 1H, NCH2CHCHaxHeg), 1.47-1.60 (m, 1H,
NCH2CHaxHeqCH2CH), 1.65-1.75 (m, 1H, NCH2CHaxHeqCH2CH), 1.84-1.94 (m, 1H,
NCH2CHCHaxHeq), 2.09 (td, J=10.8/3.0 Hz, 1H, NCHaxHeqCH2CH2CH), 2.23 (t, J=10.5
Hz, 1H, NCHaxHeqCHCHz2), 2.50 (tt, J=10.3/3.9 Hz, 1H, NCH2CHaxCH2), 2.71-2.80 (m,
1H, NCHaxHeqCH2CH2CH), 2.98 (ddbr, J=11.2/3.6 Hz, 1H, NCHaxHeqCHCH?2), 3.22 (dd,
J=7.0/1.6 Hz, 2H, NCH>CHCC), 4.08 (q, J=7.1 Hz, 2H, OCH2CHB3s), 5.75 (t, J=7.0 Hz,
1H, NCH2CHCC), 7.23-7.29 (m, 4H, ArH), 7.29-7.35 (m, 4H, ArH); 13C NMR (101
MHz, CD2Cl2): 6=14.6 (1C, OCH2CHs), 25.2 (1C, NCH2CH2CH2CH), 27.4 (1C,
NCH2CH2CH2CH), 42.5 (1C, NCH2CH2CH2CH), 53.8 (1C, NCH2CH2CH2CH), 55.7
(1C, NCH2CHCH2), 58.1 (1C, NCH2CHCC), 60.7 (1C, OCH2CHs), 92.6 (1C,
NCH2CHCC), 108.8 (1C, NCH2CHCC), 129.1 (4C, ArC), 130.2 (2C, ArC), 130.3 (2C,
ArC), 133.5 (1C, ArCq), 133.6 (1C, ArCq), 135.6 (1C, ArCq), 135.7 (1C, ArCy), 174.4
(1C, CO), 206.6 (1C, NCH2CHCCQC); IR (film): v=2941, 2867, 2801, 2238, 1941, 1728,
1590, 1489, 1467, 1452, 1415, 1396, 1368, 1309, 1274, 1223, 1182,1152,1134, 1091,
1047, 1030, 1014, 949, 909, 887, 832, 746, 702 cm't; HRMS-ESI m/z [M+H]* calcd for
C24H25CI2NO2: 430.1341, found: 430.1338.



rac-{Ethyl (Ra)-1-[4-([1,1'-biphenyl]-4-yl)-4-phenylbuta-2,3-dien-1-yl]-(3R)-
piperidine-3-carboxylate} (rac-(3R,Ra)-31e) and rac-{ethyl (Sa)-1-[4-([1,1'-
biphenyl]-4-yl)-4-phenylbuta-2,3-dien-1-yl]-(3R)-piperidine-3-carboxylate} (rac-
(3R,Sa)-31e): GP5 was followed using alkyne rac-9 (98 mg, 0.50 mmol), Cul (19 mg,
0.10 mmol), i-Pr2NH (0.08 mL, 0.55 mmol) and 4-[diazo(phenyl)methyl]-1,1'-biphenyl
(135 mg, 0.50 mmol) in 1,4-dioxane (2.5 mL) for 40 min. After purification by column
chromatography (gradient elution PE/EtOAc 9:1 to PE/EtOAc 7:3) pure rac-(3R,Ra)-
3le and rac-(3R,Sa)-31e were obtained as ~ 1:1 mixture of racemic diastereomers as
yellow viscous oil (205 mg, 94%): R=0.19 (PE/EtOAc 8:2); 'H NMR (400 MHz,
C2D2Cls): 6=1.14 (t, J=7.1 Hz, 1.5H, OCH2CHg, dial or dia2), 1.14 (t, J=7.1 Hz, 1.5H,
OCH2CHg, dial or dia2), 1.34 (qd, J=12.0/3.5 Hz, 1H, NCH2CHCHaxHeq), 1.43-1.53
(m, 1H, NCH2CHaxHeqCH2CH), 1.60-1.71 (m, 1H, NCH2CHaxHeqCH2CH), 1.78-1.91
(m, 1H, NCH2CHCHaxHeq), 2.04 (tor, J=11.1 Hz, 1H, NCHaxHeqCH2CH2CH), 2.19 (t,
J=10.6 Hz, 1H, NCHaxHeqCHCHz2), 2.40-2.55 (m, 1H, NCH2CHaxCHz2), 2.76 (dbr, J=9.1
Hz, 1H, NCHaxHeqCH2CH2CH), 2.99 (dbr, J=11.0 Hz, 1H, NCHaxHeqCHCH?2), 3.21 (d,
J=7.0 Hz, 2H, NCH2CHCC), 4.01 (q, J=7.1 Hz, 1H, OCH.CHs, dial or dia2), 4.01 (q,
J=7.1 Hz, 1H, OCH2CHs, dial or dia2), 5.71 (t, J=7.0 Hz, 1H, NCH2CHCC), 7.26-7.41
(m, 10H, ArH), 7.48-7.59 (m, 4H, ArH); 13C NMR (101 MHz, C2D2Cls): 6=14.6 (1C,
OCH2CH3s), 24.8 (1C, NCH2CH2CH2CH), 27.1 (1C, NCH2CH2CH2CH), 42.1 (1C,
NCH2CH2CH2CH), 53.3 (0.5C, NCH2CH2CH2CH, dial or dia2), 53.4 (0.5C,
NCH2CH2CH2CH, dial or dia2), 55.2 (1C, NCH2CHCH), 58.1 (0.5C, NCH2CHCC, dial
or dia2), 58.1 (0.5C, NCH2CHCC, dial or dia2), 60.7 (1C, OCH2CHs), 91.3 (0.5C,
NCH2CHCC, dial or dia2), 91.4 (0.5C, NCH2CHCC, dial or dia2), 109.9 (1C,
NCH2CHCC), 127.2 (2C, ArC), 127.3 (2C, ArC), 127.7 (1C, ArC), 127.7 (1C, ArC),
128.8 (2C, ArC), 128.9 (1C, ArC), 128.9 (1C, ArC), 129.1 (1C, ArC), 129.1 (1C, ArC),
129.2 (2C, ArC), 135.9 (1C, ArCq), 136.8 (1C, ArCq), 140.0 (1C, ArCy), 140.7 (1C,
ArCq), 174.4 (1C, CO), 206.6 (1C, NCH2CHCC); IR (film): v=3424, 3057, 3028, 2939,
2803, 1943, 1730, 1598, 1486, 1466, 1447,1367, 1310, 1222,1180, 1151, 1133, 1094,
1030, 1007, 906, 841, 767, 729, 697 cmt; HRMS-ESI m/z [M+H]* calcd for C3oH31NOz2:
438.2433, found: 438.2421.

rac-{Ethyl 1-[4,4-bis(4-methoxyphenyl)buta-2,3-dien-1-yl]piperidine-3-
carboxylate} (rac-31f). GP5 was followed using alkyne rac-9 (98 mg, 0.50 mmol), Cul
(19 mg, 0.10 mmol), i-Pr.NH (0.080 mL, 055 mmol) and 4,4'-
(diazomethylene)bis(methoxybenzene) (650 mg, crude compound) in 1,4-dioxane (2.5
mL). After purification by column chromatography (PE/EtOAc 7:3) pure rac-31f was
afforded as yellow viscous oil (148 mg, 70%): R=0.34 (PE/EtOAc 6:4); *H NMR (400
MHz, C2D2Cls): 6=1.22 (t, J=7.1 Hz, 3H, OCH2CH3s), 1.40 (qd, J=12.1/3.9 Hz, 1H,
NCH2CHCHaxHeg), 1.49-1.63 (m, 1H, NCH2CHaxHeqCH2CH), 1.66-1.78 (m, 1H,
NCH2CHaxHeqCH2CH), 1.87-1.98 (m, 1H, NCH2CHCHaxHeqg), 2.02-2.15 (m, 1H,
NCHaxHeqCH2CH2CH), 2.24 (t, J=10.7 Hz, 1H, NCHaxHeqCHCH2), 2.47-2.66 (m, 1H,
NCH2CHaxCHz2), 2.82 (dbr, J=11.2 Hz, 1H, NCHaxHeqCH2CH2CH), 3.06 (dbr, J=10.9 Hz,
1H, NCHaxHeqCHCH?2), 3.23 (d, J=7.0 Hz, 2H, NCH,CHCC), 3.81 (s, 6H, OCHz3), 4.09
(q, J=7.1 Hz, 2H, OCH2CHs3), 5.69 (t, J=7.0 Hz, 1H, NCH2CHCC), 6.80-6.96 (m, 4H,
ArH), 7.17-7.35 (m, 4H, ArH); 13C NMR (101 MHz, C2D2Cls): 5=14.2 (1C, OCH2CHs),
24.4 (1C, NCH2CH2CH2CH), 26.7 (1C, NCH2CH2CH2CH), 41.7 (1C,
NCH2CH2CH2CH), 52.9 (1C, NCH2CH2CH2CH), 54.8 (1C, NCH2CHCH2), 55.3 (2C,
OCHpgs), 57.9 (1C, NCH2CHCC), 60.3 (1C, OCH2CH3s), 90.4 (1C, NCH2CHCC), 108.8
(1C, NCH2CHCC), 113.7 (4C, ArC), 128.9 (2C, ArCq), 129.4 (2C, ArC), 129.4 (2C,
ArC), 158.6 (2C, COCHs), 174.0 (1C, CO), 205.6 (1C, NCH2CHCC); IR (film): ¥=2938,
2835, 1729, 1606, 1578, 1508, 1464, 1442, 1368, 1295, 1248, 1175, 1151, 1134, 1095,



1034, 833 cm; HRMS-ESI m/z [M+H]* calcd for C2sH31NOa: 422.2331, found:
422.2328.

rac-[1-(4,4-Diphenylbuta-2,3-dien-1-yl)piperidine-3-carboxylic acid] (rac-32a):
GP7 was followed using nipecotic acid ester rac-31a (171 mg, 0.472 mmol) and
Ba(OH)2x8H20 (298 mg, 0.944 mmol) in 3.4 mL EtOH/H20 (2:1) overnight. After
purification by RP-MPLC (MeOH/H20 7:3) the desired amino acid rac-32a was
afforded as pale yellow amorphous solid (43.6 mg, 28%): mp: -; *H NMR (500 MHz,
MeOD, NaOD): 6=1.24 (qd, J=12.5/3.1 Hz, 1H, NCH2CHCHaxHeq), 1.39—-1.53 (m, 1H,
NCH2CHaxHeqCH2CH), 1.53-1.63 (m, 1H, NCH2CHaxHeqCH2CH), 1.80-1.95 (m, 2H,
NCH2CHCHaxHeg and  NCHaxHeqCH2CH2CH), 2.08 (t, J=11.1 Hz, 1H,
NCHaxHeqCHCH?2), 2.30 (tor, J=7.3 Hz, 1H, NCH2CHaxCH2), 2.82 (d, J=11.2 Hz, 1H,
NCHaxHeqCH2CH2CH), 3.01-3.18 (m, 3H, NCHaxHeqCHCH2 and NCH>CHCC), 5.65 (t,
J=7.3 Hz, 1H, NCH2CHCC), 7.19 (m, 10H, ArH); 3C NMR (126 MHz, MeOD, NaOD):
0=26.0 (1C, NCH2CH2CH2:CH), 29.3 (1C, NCH2CH:CH:CH), 46.6 (1C,
NCH2CH2CH2CH), 54.4 (1C, NCH2CH2CH2CH), 58.1 (1C, NCH2CHCH2), 59.1 (1C,
NCH2CHCC), 91.1 (1C, NCH2CHCC), 111.4 (1C, NCH2CHCC), 128.4 (1C, ArC), 128.4
(1C, ArC), 129.4-129.6 (m, 8C, ArC), 137.9 (1C, ArCq), 138.0 (1C, ArCy), 182.6 (1C,
CO), 207.6 (1C, NCH2CHCC); IR (KBr): v=3418, 3057, 3027, 2937, 2858, 2804, 1945,
1560, 1492, 1466, 1451, 1442, 1407, 1333, 1155, 1093, 1074, 1030, 1000, 961, 922,
903, 769, 695, 630, 611 cm; HRMS-ESI m/z [M+H]* calcd for C22H23NOz2: 334.1807,
found: 334.1801.

rac-[1-(4,4-Di-p-tolylbuta-2,3-dien-1-yl)piperidine-3-carboxylic acid] (rac-32b):
GP7 was followed using nipecotic acid ester rac-31b (92.3 mg, 0.237 mmol) and
Ba(OH)2x8H20 (150 mg, 0.474 mmol) in 1.5 mL EtOH/H20 (2:1) for 6 h. After
purification by RP-MPLC (MeOH/H20 7:3) the desired amino acid rac-32b was
afforded as white amorphous solid (19.2 mg, 22%): mp: 101°C; *H NMR (400 MHz,
MeOD): 6=1.36 (qd, J=12.7/4.4 Hz, 1H, NCH2CHCHaxHeq), 1.51-1.65 (m, 1H,
NCH2CHaxHeqCH2CH), 1.65-1.75 (m, 1H, NCH2CHaxHeqCH2CH), 1.91-2.05 (m, 2H,
NCH2CHCHaxHeg and  NCHaxHeqCH2CH2CH), 2.19 (t, J=11.2 Hz, 1H,
NCHaxHeqCHCH_2), 2.33 (s, 3H, CHs3), 2.34 (s, 3H, CHa), 2.42 (tt, J=11.6/3.8 Hz, 1H,
NCH2CHaxCHz), 2.93 (dbr, J=11.4 Hz, 1H, NCHaxHeqCH2CH2CH), 3.13-3.30 (m, 3H,
NCHaxHeqCHCH2 and NCH2CHCC), 5.71 (t, J=7.3 Hz, 1H, NCH2CHCC), 6.99-7.31 (m,
8H, ArH); 13C NMR (126 MHz, MeOD): 6=21.2 (2C, CHzs), 26.0 (1C, NCH2CH2CH2CH),
29.3 (1C, NCH2CH2CH2CH), 46.6 (1C, NCH2CH2CH2CH), 54.4 (1C,
NCH2CH2CH2CH), 58.1 (1C, NCH2CHCHz), 59.3 (1C, NCH2CHCC), 90.8 (1C,
NCH2CHCC), 111.1 (1C, NCH2CHCC), 129.4 (2C, ArC), 129.4 (2C, ArC), 130.1 (2C,
ArC), 130.1 (2C, ArC), 135.0 (1C, ArCq), 135.1 (1C, ArCq), 138.2 (1C, ArCq), 138.3
(1C, ArCy), 182.7 (1C, CO), 207.4 (1C, NCH2CHCC); IR (KBr): ¥v=3387, 3026, 2922,
1932, 1603, 1508, 1447, 1374, 1362, 1336, 1309, 1279, 1258, 1210, 1178, 1149, 1108,
1059, 1017, 959, 938, 912, 872, 855, 829, 820, 783, 725, 668, 647, 610, 591, 526 cm"
1 HRMS-ESI m/z [M+H]* calcd for C24aH27NO2: 362.2120, found: 362.2112.

rac-{1-[4,4-Bis(4-fluorophenyl)buta-2,3-dien-1-yl]piperidine-3-carboxylic  acid}
(rac-32c): GP6 was followed using nipecotic acid ester rac-31c (0.425 mmol, 169 mg),
EtOH (2.1 mL) and 2M NaOH (0.64 mL) for 40 min. The desired amino acid rac-32c
was obtained as pale yellow amorphous solid (40.4 mg, 26%): mp: 77 °C; *H NMR (400
MHz, MeOD, NaOD): 6=1.11 (qd, J=12.7/4.1 Hz, 1H, NCH2CHCHaxHeq), 1.33 (qt,
J=13.1/4.0 Hz, 1H, NCH2CHaxHeqCH2CH), 1.40-1.52 (m, 1H, NCH2CHaxHeqCH2CH),
1.67-1.81 (m, 2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 1.92 (t, J=11.3 Hz, 1H,
NCHaxHeqCHCH?), 2.16 (tt, J=11.8/3.8 Hz, 1H, NCH2CHaxCH2), 2.66 (dbr, J=11.2 Hz,
1H, NCHaxHeqCH2CH2CH), 2.90-2.97 (m, 1H, NCHaxHeqCHCH?2), 2.99 (dd, J=7.3/2.0



Hz, 2H, NCH2.CHCC), 5.53 (t, J=7.3 Hz, 1H, NCH2CHCC), 6.76-6.92 (m, 4H, FCCH),
6.98-7.12 (m, 4H, FCCHCH); *C NMR (101 MHz, MeOD, NaOD): 6=26.0 (1C,
NCH2CH2CH2CH), 29.3 (1C, NCH2CH2CH2CH), 46.6 (1C, NCH2CH2CH2CH), 54.5
(1C, NCH2CH2CH2CH), 58.0 (1C, NCH2CHCH2), 59.0 (1C, NCH2CHCC), 91.6 (1C,
NCH2CHCC), 109.6 (1C, NCH2CHCC), 116.4 (ddcr, 2Jcr=21.9/2.0 Hz, 4C, FCCH),
131.2 (ddcr, 3JcF=8.1/3.0 Hz, 4C, FCCHCH), 134.0 (tcr, *Jcr=3.8 Hz, 2C, FCCHCHCQC),
163.7 (dcr, 1Jcr=245.5 Hz, 2C, FC), 182.7 (1C, CO), 207.4 (1C, NCH2CHCC); *°®F NMR
(376 MHz, MeOD, NaOD): 6=-116.9, -117.0; IR (KBr): v=3447, 3048, 2940, 2863,
2802, 1944, 1715, 1601, 1505, 1467, 1451, 1400, 1338, 1298, 1282, 1224, 1156, 1095,
1013, 911, 838, 800, 724, 606, 584 cmt; HRMS-ESI m/z [M+H]* calcd for
C22H21F2NO2: 370.1619, found: 370.1610.

rac-{1-[4,4-Bis(4-chlorophenyl)penta-3,4-dien-1-yl]piperidine-3-carboxylic acid}
(rac-32d): GP6 was followed using nipecotic acid ester rac-31d (0.470 mmol, 202 mg),
EtOH (2.35 mL) and 2M NaOH (0.71 mL) for 1.5 h. The desired amino acid rac-32d
was obtained as pale yellow amorphous solid (46.8 mg, 25%): mp: 91 °C; *H NMR
(500 MHz, MeOD, NaOD): 6=1.36 (qd, J=12.7/4.1 Hz, 1H, NCH2CHCHaxHeq), 1.58 (qt,
J=13.0/3.8 Hz, 1H, NCH2CHaxHeqCH2CH), 1.67-1.76 (m, 1H, NCH2CHaxHeqCH2CH),
1.94-2.06 (m, 2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.18 (t, J=11.3 Hz, 1H,
NCHaxHeqCHCH?2), 2.41 (tt, J=11.7/3.8 Hz, 1H, NCH2CHaxCHz2), 2.90 (dbr, J=11.2 Hz,
1H, NCHaxHeqCH2CH2CH), 3.14-3.22 (m, 1H, NCHaxHeqCHCH?2), 3.26 (dd, J=7.3/2.0
Hz, 2H, NCH2CHCC), 5.83 (t, J=7.3 Hz, 1H, NCH2CHCC), 7.21-7.32 (m, 4H, ArH),
7.32-7.42 (m, 4H, ArH); 3C NMR (126 MHz, MeOD, NaoD): 6=26.0 (1C,
NCH2CH2CH2CH), 29.3 (1C, NCH2CH2CH2CH), 46.5 (1C, NCH2CH2CH2CH), 54.5
(1C, NCH2CH2CH2CH), 58.0 (1C, NCH2CHCH), 58.7 (1C, NCH2CHCC), 92.1 (1C,
NCH2CHCC), 109.7 (1C, NCH2CHCC), 129.8 (2C, ArC), 129.8 (2C, ArC), 130.9 (2C,
ArC), 130.9 (2C, ArC), 134.4 (1C, ArCq), 134.4 (1C, ArCq), 136.3 (1C, ArCy), 136.3
(1C, ArCq), 182.7 (1C, CO), 207.5 (1C, CH2CHCC); IR (KBr): ¥=3433, 3030, 2938,
2860, 2796, 2522, 1942, 1712, 1589, 1489, 1451, 1396, 1334, 1300, 1222, 1191, 1153,
1090, 1044, 1013, 959, 909, 868, 831, 783, 747, 722, 702, 638, 612, 535, 509, 460
cmt; HRMS-ESI m/z [M+H]* calcd for C22H21Cl2NO2: 402.1028, found: 402.1020.

1-[4,4-Bis(4-chlorophenyl)penta-3,4-dien-1-yl]-(R)-piperidine-3-carboxylic  acid
((R)-32d): GP6 was followed using the corresponding nipecotic acid ester (0.480
mmol, 207 mg), EtOH (2.4 mL) and 2M NaOH (0.72 mL) for 1.5 h. The desired amino
acid (R)-32d was obtained as pale yellow amorphous solid (99.0 mg, 51%): mp: 85 °C;
[a]p??=+15.2 (c=0.90 g/100 mL in chloroform); *H NMR (500 MHz, MeOD, NaOD):
06=1.36 (qd, J=12.7/3.9 Hz, 1H, NCH2CHCHaxHeq), 1.53-1.64 (m, 1H,
NCH2CHaxHeqCH2CH), 1.66-1.75 (m, 1H, NCH2CHaxHeqCH2CH), 1.94-2.06 (m, 2H,
NCH2CHCHaxHeg and  NCHaxHeqCH2CH2CH), 2.18 (t, J=11.3 Hz, 1H,
NCHaxHeqCHCH?2), 2.41 (tt, J=11.7/3.3 Hz, 1H, NCH2CHaxCHz2), 2.90 (dbr, J=11.2 Hz,
1H, NCHaxHeqCH2CH2CH), 3.19 (dor, J=11.7 Hz, 1H, NCHaxHeqCHCH2), 3.25 (dd,
J=7.3/1.3 Hz, 2H, NCH>CHCC), 5.83 (t, J=7.3 Hz, 1H, NCH2CHCC), 7.24-7.31 (m, 4H,
ArH), 7.32-7.41 (m, 4H, ArH); 3C NMR (126 MHz, MeOD, NaOD): 6=26.0 (1C,
NCH2CH2CH2CH), 29.3 (1C, NCH2CH2CH2CH), 46.6 (1C, NCH2CH2CH2CH), 54.5
(1C, NCH2CH2CH2CH), 58.0 (1C, NCH2CHCH), 58.7 (1C, NCH2CHCC), 92.1 (1C,
NCH2CHCC), 109.7 (1C, NCH2CHCC), 129.8 (2C, ArC), 129.8 (2C, ArC), 130.9 (2C,
ArC), 130.9 (2C, ArC), 134.4 (1C, ArCy), 134.4 (1C, ArCq), 136.3 (1C, ArCq), 136.3
(1C, ArCq), 182.6 (1C, CO), 207.5 (1C, CH2CHCC); IR (KBr): v=3426, 3030, 2938,
2862, 2797, 2531, 1942, 1711, 1589, 1489, 1451, 1396, 1333, 1300, 1222, 1192, 1152,
1090, 1044, 1013, 959, 909, 868, 831, 769, 747, 722, 702, 638, 612, 534, 508, 460
cmt; HRMS-ESI m/z [M+H]* calcd for C22H21Cl2NO2: 402.1028, found: 402.1021.



1-[4,4-Bis(4-chlorophenyl)penta-3,4-dien-1-yl]-(S)-piperidine-3-carboxylic  acid
((S)-32d): GP6 was followed using the corresponding nipecotic acid ester (0.480
mmol, 207 mg), EtOH (2.4 mL) and 2M NaOH (0.72 mL) for 1.5 h. The desired amino
acid (S)-32d was obtained as pale yellow amorphous solid (130 mg, 68%): mp: 86 °C;
[a]p??=-18.4 (c=0.90 g/100 mL in chloroform); H NMR (400 MHz, MeOD, NaOD):
0=1.36 (qd, J=12.6/4.2 Hz, 1H, NCH2CHCHaxHeq), 1.58 (qt, J=12.8/4.0 Hz, 1H,
NCH2CHaxHeqCH2CH), 1.66-1.76 (m, 1H, NCH2CHaxHeqCH2CH), 1.93-2.06 (m, 2H,
NCH2CHCHaxHeq and  NCHaxHeqCH2CH2CH), 2.18 (t, J=11.2 Hz, 1H,
NCHaxHeqCHCHz), 2.41 (tt, J=11.6/3.7 Hz, 1H, NCH2CHaxCH2), 2.90 (dbr, J=11.2 Hz,
1H, NCHaxHeqCH2CH2CH), 3.18 (ddbr, J=11.1/3.5 Hz, 1H, NCHaxHeqCHCH?2), 3.25 (dd,
J=7.3/1.3 Hz, 2H, NCH>CHCC), 5.83 (t, J=7.3 Hz, 1H, NCH2CHCC), 7.24-7.31 (m, 4H,
ArH), 7.31-7.40 (m, 4H, ArH); 3C NMR (126 MHz, MeOD, NaOD): 6=26.0 (1C,
NCH2CH2CH2CH), 29.3 (1C, NCH2CH2CH2CH), 46.5 (1C, NCH2CH2CH2CH), 54.5
(1C, NCH2CH2CH2CH), 57.9 (1C, NCH2CHCH), 58.7 (1C, NCH2CHCC), 92.1 (1C,
NCH2CHCC), 109.7 (1C, NCH2CHCC), 129.8 (2C, ArC), 129.8 (2C, ArC), 130.9 (2C,
ArC), 130.9 (2C, ArC), 134.4 (1C, ArCq), 134.4 (1C, ArCg), 136.3 (1C, ArCq), 136.3
(1C, ArCq), 182.7 (1C, CO), 207.5 (1C, CH2CHCC); IR (KBr): ¥=3428, 3030, 2936,
2858, 2797, 2528, 1943, 1708, 1589, 1489, 1450, 1396, 1333, 1300, 1276, 1222, 1192,
1152, 1090, 1044, 1013, 959, 909, 867, 831, 770, 746, 722, 702, 670, 638, 612, 535,
509, 462 cm; HRMS-ESI m/z [M+H]* calcd for C22H21CI2NO2: 402.1028, found:
402.1022.

rac-{(Ra)-1-[4-([1,1'-biphenyl]-4-yl)-4-phenylbuta-2,3-dien-1-yl]-(3R)-piperidine-3-
carboxylic acid} (rac-(3R,Ra)-32e) and rac-{(Sa)-1-[4-([1,1'-biphenyl]-4-yl)-4-
phenylbuta-2,3-dien-1-yl]-(3R)-piperidine-3-carboxylic acid} (rac-(3R,Sa)-32e).
GP6 was followed using nipecotic acid esters rac-(3R,Ra)-31e and rac-(3R,Sa)-31e
(0.423 mmol, 185 mg), EtOH (2.1 mL) and 2M NaOH (0.63 mL) for 2 h. The desired
amino acids rac-(3R,Ra)-32e and rac-(3R,Sa)-32e were obtained as ~ 1:1 mixture of
racemic diastereomers as pale yellow amorphous solid (16.2 mg, 9%): mp: 109 °C; H
NMR (400 MHz, MeOD, NaOD): 6=1.37 (qd, J=12.7/4.2 Hz, 1H, NCH2CHCHaxHeq),
1.51-1.67 (m, 1H, NCH2CHaxHeqCH2CH), 1.67-1.79 (m, 1H, NCH2CHaxHeqCH2CH),
1.93-2.10 (m, 2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.21 (t, J=11.3 Hz,
0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.23 (t, J=11.3 Hz, 0.5H, NCHaxHegCHCHz, dial
or dia2), 2.43 (tt, J=11.6/3.8 Hz, 1H, NCH2CHaxCH2), 2.96 (du, J=11.3 Hz, 1H,
NCHaxHeqCH2CH2CH), 3.17-3.30 (m, 3H, NCHaxHeqCHCH2 and NCH2CHCC), 5.80 (t,
J=7.3 Hz, 0.5H, NCH2CHCC, dial or dia2), 5.81 (t, J=7.3 Hz, 0.5H, NCH2CHCC, dial
ordia2), 7.22-7.47 (m, 10H, ArH), 7.53-7.70 (m, 4H, ArH); 13C NMR (126 MHz, MeOD,
NaOD): 6=26.0 (1C, NCH2CH2CH2CH), 29.3 (1C, NCH2CH2CH2CH), 46.6 (0.5C,
NCH2CH2CH2CH, dial or dia2), 46.6 (0.5C, NCH2CH2CH2CH, dial or dia2), 54.4
(0.5C, NCH2CH2CH2CH, dial or dia2), 54.5 (0.5C, NCH2CH2CH2CH, dial or dia2),
58.0 (0.5C, NCH2CHCHz, dial or dia2), 58.1 (0.5C, NCH2CHCHz, dial or dia2), 59.1
(0.5C, NCH2CHCC, dial or dia2), 59.2 (0.5C, NCH2CHCC, dial or dia2), 91.2 (0.5C,
NCH2CHCC, dial or dia2), 91.3 (0.5C, NCH2CHCC, dial or dia2), 111.1 (1C,
NCH2CHCC), 127.9 (2C, ArC), 128.0 (1C, ArC), 128.0 (1C, ArC), 128.4 (0.5C, ArC,
dial or dia2), 128.4 (0.5C, ArC, dial or dia2), 128.5 (0.5C, ArC, dial or dia2), 128.5
(0.5C, ArC, dial or dia2), 129.6 (1C, ArC), 129.6 (1C, ArC), 129.6 (1C, ArC), 129.6
(1C, ArC), 129.9 (1C, ArC), 129.9 (2C, ArC), 129.9 (1C, ArC), 136.9 (0.5C, ArCq, dial
or dia2), 136.9 (0.5C, ArCq, dial or dia2), 137.9 (0.5C, ArCq, dial or dia2), 137.9 (0.5C,
ArCq, dial or dia2), 141.5 (0.5C, ArCq, dial or dia2), 141.5 (0.5C, ArCq, dial or dia2),
141.9 (1C, ArCq), 182.7 (1C, CO), 207.7 (0.5C, NCH2CHCC, dial or dia2), 207.7 (0.5C,
NCH2CHCC, dial or dia2); IR (KBr): ¥=3423, 3055, 3027, 2936, 2857, 2800, 1942,
1708, 1597, 1578, 1486, 1466, 1447, 1405, 1334, 1309, 1224, 1191, 1155, 1133, 1094,



1074, 1040, 1007, 963, 907, 841, 767, 729, 697, 630 cmt; HRMS-ESI m/z [M+H]*
calcd for C2sH27NO2: 410.2120, found: 410.2110.

rac-[Ethyl 1-(5,5-diphenylpenta-3,4-dien-1-yl)piperidine-3-carboxylate] (rac-33a):
GP5 was followed using alkyne rac-15 (105 mg, 0.500 mmol), Cul (19 mg, 0.10 mmol),
i-PrNH (0.08 mL, 0.55 mmol) and (diazomethylene)dibenzene (97 mg, 0.50 mmol) in
1,4-dioxane (2.5 mL). After purification by column chromatography (PE/EtOAc 8:2)
pure rac-33a was afforded as yellow viscous oil (151 mg, 80%): R=0.28 (PE/EtOAc
7:3); IH NMR (400 MHz, CD2Cl2): 6=1.22 (t, J=7.1 Hz, 3H, OCH2CHs), 1.33-1.44 (m,
1H, NCH2CHCHaxHeq), 1.45-1.56 (m, 1H, NCH2CHaxHeqCH2CH), 1.61-1.72 (m, 1H,
NCH2CHaxHeqCH2CH), 1.82—-1.92 (m, 1H, NCH2CHCHaxHeg), 1.99 (td, J=10.9/2.9 Hz,
1H, NCHaxHeqCH2CH2CH), 2.15 (t, J=10.6 Hz, 1H, NCHaxHeqCHCH?2), 2.36 (q, J=6.8
Hz, 2H, NCH2CH2CHCC), 2.41-2.59 (m, 3H, NCH2CHaxCH2 and NCH>CH2CHCC),
2.68-2.81 (m, 1H, NCHaxHeqCH2CH2CH), 2.96 (dbr, J=11.1 Hz, 1H, NCHaxHeqCHCH>2),
4.07 (q, J=7.1 Hz, 2H, OCH2CH?3s), 5.72 (t, J=6.8 Hz, 1H, NCH2CH2CHCC), 7.15-7.27
(m, 2H, ArH), 7.27-7.41 (m, 8H, ArH); 3C NMR (101 MHz, CD2Cl2): 6=14.4 (1C,
OCH2CHs), 25.1 (1C, NCH2CH2CH2CH), 27.1 (1C, NCH2CH2CHCC or
NCH2CH2CH2CH), 27.4 (1C, NCH2CH2CHCC or NCH2CH2CH2CH), 42.3 (1C,
NCH2CH2CH2CH), 54.1 (1C, NCH2CH2CH2CH), 56.0 (1C, NCH2CHCH2), 58.4 (1C,
NCH2CH2CHCC), 60.5 (1C, OCH2CHs), 92.9 (1C, NCH2CH2CHCC), 110.1 (1C,
NCH2CH2CHCC), 127.4 (2C, ArC), 128.7 (4C, ArC), 128.8 (4C, ArC), 137.5 (2C, ArCy),
174.4 (1C, CO), 205.9 (1C, CH2CHCC); IR (film): v=3057, 3025, 2940, 2854, 2806,
1943,1731, 1597, 1492, 1467, 1452, 1442, 1370, 1310, 1273, 1210, 1178, 1151, 1100,
1031, 768, 695 cm; HRMS-ESI m/z [M+H]* calcd for C2sH290NO2: 376.2277, found:
376.2272.

rac-[Ethyl  1-(5,5-di-p-tolylpenta-3,4-dien-1-yl)piperidine-3-carboxylate] (rac-
33b): GP5 was followed using alkyne rac-15 (105 mg, 0.500 mmol), Cul (19 mg, 0.10
mmol), i-Pr2NH (0.08 mL, 0.55 mmol) and 4,4'-(diazomethylene)bis(methylbenzene)
(111 mg, 0.500 mmol) in 1,4-dioxane (2.5 mL) for 30 min. After purification by column
chromatography (PE/EtOAc 8:2) pure rac-33b was afforded as yellow viscous oil (124
mg, 62%): R=0.20 (PE/EtOAc 8:2); *H NMR (400 MHz, C2D2Cls): 6=1.16 (t, J=7.1 Hz,
3H, OCH2CH3s), 1.32 (qd, J=11.9/3.8 Hz, 1H, NCH2CHCHaxHeq), 1.38-1.52 (m, 1H,
NCH2CHaxHeqCH2CH), 1.52-1.66 (m, 1H, NCH2CHaxHeqCH2CH), 1.75-1.87 (m, 1H,
NCH2CHCHaxHeg), 1.91 (tor, J=10.4 Hz, 1H, NCHaxHeqCH2CH2CH), 2.07 (t, J=10.6 Hz,
1H, NCHaxHeqCHCH?2), 2.28 (s, 8H, NCH2CH2CHCC and CHgs), 2.35-2.55 (m, 3H,
NCH2CHaxCH2 and NCH2CH2CHCC), 2.69 (dor, J=11.0 Hz, 1H, NCHaxHeqCH2CH2CH)),
2.90 (dbr, J=11.0 Hz, 1H, NCHaxHeqCHCH?2), 4.02 (q, J=7.1 Hz, 2H, OCH2CHs), 5.60 (t,
J=6.6 Hz, 1H, NCH2CH2CHCC), 7.07 (d, J=8.0 Hz, 4H, ArH), 7.17 (d, J=8.0 Hz, 4H,
ArH); 13C NMR (101 MHz, C2D2Cls): 5=14.6 (1C, OCH2CHBg), 21.6 (2C, CHz), 24.9 (1C,
NCH2CH2CH2CH), 26.9 (1C, NCH2CH2CHCC or NCH2CH2CH2CH), 27.3 (1C,
NCH2CH2CHCC or NCH2CH2CH2CH), 42.1 (1C, NCH2CH2CH2CH), 53.8 (1C,
NCH2CH2CH2CH), 55.6 (1C, NCH2CHCH2), 58.3 (1C, NCH2CH2CHCC), 60.7 (1C,
OCH2CH3s), 92.5 (1C, NCH2CH2CHCC), 109.7 (1C, NCH2CH2CHCC), 128.6 (2C, ArC),
128.6 (2C, ArC), 129.4 (4C, ArC), 134.3 (2C, ArCq), 137.0 (2C, ArCq), 174.6 (1C, CO),
205.5 (1C, NCH2CH2CHCC); IR (film): v=3022, 2939, 2857, 2805, 1940, 1731, 1508,
1468, 1445, 1370, 1308, 1275, 1210, 1179, 1151, 1133, 1100, 1033, 910, 862, 822,
720 cmt; HRMS-ESI m/z [M+H]* calcd for C27H33NOz2: 404.2590, found: 404.2579.

rac-{Ethyl 1-[5,5-bis(4-fluorophenyl)penta-3,4-dien-1-yl]piperidine-3-
carboxylate} (rac-33c): GP5 was followed using alkyne rac-15 (105 mg, 0.500 mmol),
Cul (19 mg, 0.10 mmol), i-PraNH (0.08 mL, 0.55 mmol) and 4,4'-
(diazomethylene)bis(fluorobenzene) (115 mg, 0.500 mmol) in 1,4-dioxane (2.5 mL).



After purification by column chromatography (PE/EtOAc 8:2) pure rac-33c was
afforded as pale yellow oil (194 mg, 94%): R=0.21 (PE/EtOAc 7:3); 'H NMR (400 MHz,
C2D2Cls): 6=1.15 (t, J=7.1 Hz, 3H, OCH2CH3), 1.23-1.49 (m, 2H, NCH2CHCHaxHeq and
NCH2CHaxHeqCH2CH), 1.54-1.68 (m, 1H, NCH2CHaxHeqCH2CH), 1.76-1.86 (m, 1H,
NCH2CHCHaxHeg), 1.91 (td, J=10.6/2.3 Hz, 1H, NCHaxHeqCH2CH2CH), 2.07 (t, J=10.6
Hz, 1H, NCHaxHeqCHCH?2), 2.29 (g, J=7.0 Hz, 2H, NCH2CH>CHCC), 2.34-2.52 (m, 3H,
NCH2CHaxCH2 and NCH>CH2CHCC), 2.67 (dbr, J=10.9 Hz, 1H, NCHaxHeqCH2CH2CH),
2.88 (dbr, J=10.3 Hz, 1H, NCHaxHeqCHCH2), 4.01 (g, J=7.1 Hz, 2H, OCH2CH?3), 5.64 (t,
J=6.6 Hz, 1H, NCH2CH2CHCC), 6.91-7.01 (m, 4H, FCCH), 7.16-7.29 (m, 4H,
FCCHCH); ¥C NMR (101 MHz, C2D2Cls): 6=14.4 (1C, OCH2CHs), 24.7 (1C,
NCH2CH2CH2CH), 26.6 (1C, NCH2CH2CHCC), 27.1 (1C, NCH2CH2CH2CH), 41.9 (1C,
NCH2CH2CH2CH), 53.6 (1C, NCH2CH2CH2CH), 55.4 (1C, NCH2CHCH2), 57.9 (1C,
NCH2CH2CHCC), 60.5 (1C, OCH2CHs), 93.0 (1C, NCH2CH2CHCC), 108.1 (1C,
NCH2CH2CHCC), 115.4 (dcF, 2Jcr=21.4 Hz, 4C, FCCH), 130.0 (dcr, 3Jcr=8.0 Hz, 2C,
FCCHCH), 130.3 (dcr, 3Jcr=8.0 Hz, 2C, FCCHCH), 133.0 (dcr, 4Jcr=2.8 Hz, 2C,
FCCHCHC), 162.0 (dcr, 1Jcr=245.9 Hz, 2C, FC), 174.4 (1C, CO), 205.3 (1C,
CH2CHCC); F {*H} NMR (376 MHz, C2D2Cls): 6=-114.8; IR (film): ¥=2941, 2855,
2806, 1942, 1893, 1731, 1601, 1505, 1468, 1446, 1370, 1299, 1279, 1222,1179, 1156,
1134, 1096, 1032, 1014, 911, 838, 800, 723 cm™; HRMS-ESI m/z [M+H]* calcd for
Ca2sH27F2NO2: 412.2088, found: 412.2078.

rac-{Ethyl 1-[5,5-bis(4-chlorophenyl)penta-3,4-dien-1-yl]piperidine-3-
carboxylate} (rac-33d): GP5 was followed using alkyne rac-15 (105 mg, 0.500 mmol),
Cul (19 mg, 0.10 mmol), i-Pr.NH (0.08 mL, 0.55 mmol) and 4,4'-
(diazomethylene)bis(chlorobenzene) (303 mg, crude compound) in 1,4-dioxane (2.5
mL). After purification by column chromatography (PE/EtOAc 8:2) pure rac-33d was
afforded as yellow viscous oil (203 mg, 91%): R=0.50 (PE/EtOAc 6:4); *H NMR (400
MHz, CD2Cl2): 6=1.22 (t, J=7.1 Hz, 3H, OCH:CHs), 1.32-1.55 (m, 2H,
NCH2CHCHaxHeq and NCH2CHaxHeqCH2CH), 1.63-1.72 (m, 1H,
NCH2CHaxHeqCH2CH), 1.83-1.92 (m, 1H, NCH2CHCHaxHeg), 1.99 (td, J=10.9/3.0 Hz,
1H, NCHaxHeqCH2CH2CH), 2.14 (t, J=10.6 Hz, 1H, NCHaxHeqCHCH?2), 2.29-2.39 (m,
2H, NCH2CH2CHCC), 2.39-2.54 (m, 3H, NCH2CHaxCH2 and NCH>CH2CHCC), 2.67—
2.79 (m, 1H, NCHaxHeqCH2CH2CH), 2.94 (dbr, J=11.6 Hz, 1H, NCHaxHeqCHCHz2), 4.08
(q, J=7.1 Hz, 2H, OCH2CHz3), 5.76 (t, J=6.7 Hz, 1H, NCH2CH2CHCC), 7.24-7.30 (m,
4H, ArH), 7.30-7.35 (m, 4H, ArH); 3C NMR (101 MHz, CD:Cly): 6=14.6 (1C,
OCH2CHs), 25.2 (1C, NCH2CH2CH2CH), 27.1 (1C, NCH2CH2CHCC), 27.6 (1C,
NCH2CH2CH2CH), 42.5 (1C, NCH2CH2CH2CH), 53.5 (1C, NCH2CH2CH2CH), 56.1
(1C, NCH2CHCH2), 58.3 (1C, NCH2CH2CHCC), 60.7 (1C, OCH2CHs), 93.9 (1C,
NCH2CH2CHCC), 108.6 (1C, NCH2CH2CHCC), 129.0 (4C, ArC), 130.2 (2C, ArC),
130.2 (2C, ArC), 133.3 (2C, ArCq), 136.0 (1C, ArCq), 136.0 (1C, ArCq), 174.5 (1C, CO),
206.1 (1C, CH2CHCCQC); IR (film): v=2941, 2855, 2807, 2361, 2230, 1941, 1727, 1590,
1489, 1467, 1444, 1396, 1370, 1303, 1274, 1181, 1152, 1133, 1090, 1032, 1014, 949,
909, 887, 832, 795, 746, 721, 702 cm't; HRMS-ESI m/z [M+H]* calcd for C25H27CI2NO2:
444.1497, found: 444.1495.

rac-{Ethyl (Ra)-1-[5-([1,1'-biphenyl]-4-yl)-5-phenylpenta-3,4-dien-1-yl]-(3R)-
piperidine-3-carboxylate} (rac-(3R,Ra)-33e) and rac-{ethyl (Sa)-1-[5-([1,1'-
biphenyl]-4-yl)-5-phenylpenta-3,4-dien-1-yl]-(3R)-piperidine-3-carboxylate} (rac-
(3R,Sa)-33e): GP5 was followed using alkyne rac-15 (105 mg, 0.500 mmol), Cul (19
mg, 0.10 mmol), i-Pr2NH (0.08 mL, 0.55 mmol) and 4-(diazo(phenyl)methyl)-1,1'-
biphenyl (135 mg, 0.50 mmol) in 1,4-dioxane (2.5 mL) for 1 h. After purification by
column chromatography (gradient elution PE/EtOAc 9:1 to PE/EtOAc 7:3) pure rac-



(BR,Ra)-33e and rac-(3R,Sa)-33e were obtained as ~ 1:1 mixture of racemic
diastereomers as yellow viscous oil (198 mg, 88%): Ri=0.14 (PE/EtOAc 8:2); *H NMR
(400 MHz, C2D2Cls): 6=1.15 (t, J=7.1 Hz, 1.5H, OCH2CHjs, dial or dia2), 1.16 (t, J=7.1
Hz, 1.5H, OCH2CHs, dial or dia2), 1.32 (qd, J=11.7/3.7 Hz, 1H, NCH2CHCHaxHeq),
1.38-1.52 (m, 1H, NCH2CHaxHeqCH2CH), 1.53-1.67 (m, 1H, NCH2CHaxHeqCH2CH),
1.76-1.88 (m, 1H, NCH2CHCHaxHeq), 1.93 (tor, J=10.8 Hz, 1H, NCHaxHeqCH2CH2CH),
2.09 (t, J=10.6 Hz, 1H, NCHaxHeqCHCH?2), 2.33 (g, J=7.1 Hz, 2H, NCH2CH2CHCC),
2.38-2.56 (m, 3H, NCH2CHaxCH2 and NCH>CH2CHCC), 2.71 (dbr, J=11.1 Hz, 1H,
NCHaxHeqCH2CH2CH), 2.92 (dbr, J=11.0 Hz, 1H, NCHaxHeqCHCH>), 4.01 (q, J=7.1 Hz,
1H, OCH2CHs, dial or dia2), 4.02 (q, J=7.1 Hz, 1H, OCH2CHs, dial or dia2), 5.69 (t,
J=7.1 Hz, 1H, NCH2CH2CHCC), 7.18-7.45 (m, 10H, ArH), 7.45-7.63 (m, 4H, ArH); 13C
NMR (101 MHz, C2D2Cl4): 6=14.6 (1C, OCH2CHs), 24.9 (1C, NCH2CH2CH2CH), 26.8
(1C, NCH2CH2CHCC or NCH2CH2CH2CH), 27.3 (1C, NCH2CH2:CHCC or
NCH2CH2CH2CH), 42.1 (1C, NCH2CH2CH2CH), 53.8 (1C, NCH2CH2CH2CH), 55.6
(1C, NCH2CHCH2), 58.2 (1C, NCH2CH2CHCC), 60.7 (1C, OCH2CHs), 92.9 (1C,
NCH2CH2CHCC), 109.8 (1C, NCH2CH2CHCC), 127.3 (2C, ArC), 127.3 (2C, ArC),
127.5 (1C, ArC), 127.7 (1C, ArC), 128.7 (2C, ArC), 128.9 (1C, ArC), 128.9 (1C, ArC),
129.1 (1C, ArC), 129.1 (1C, ArC), 129.2 (2C, ArC), 136.3 (1C, ArCq), 137.1 (1C, ArCy),
139.8 (1C, ArCg), 140.8 (1C, ArCq), 174.6 (1C, CO), 206.0 (1C, NCH2CH2CHCC); IR
(film): ¥v=3057, 3028, 2940, 2854, 2804, 1940, 1730, 1598, 1519, 1486, 1468, 1446,
1370, 1310, 1273, 1210, 1178, 1151, 1133, 1100, 1074, 1030, 1007, 964, 906, 842,
799, 767, 728, 697 cm™t; HRMS-ESI m/z [M+H]* calcd for C31H33NO2: 452.2590, found:
452.2578.

rac-{Ethyl 1-[5,5-bis(4-methoxyphenyl)penta-3,4-dien-1-yl]piperidine-3-
carboxylate} (rac-33f): GP5 was followed using alkyne rac-15 (105 mg, 0.500 mmol),
Cul (19 mg, 010 mmol), i-PraNH (0.08 mL, 0.55 mmol) and 4,4'-
(diazomethylene)bis(methoxybenzene) (520 mg, crude compound) in 1,4-dioxane (2.5
mL). After purification by column chromatography (PE/EtOAc 8:2) pure rac-33f was
afforded as yellow viscous oil (97.7 mg, 45%): Ri=0.24 (PE/EtOAc 7:3); *H NMR (400
MHz, CDCls): 6=1.24 (t, J=7.1 Hz, 3H, OCH2CHs), 1.41 (qd, J=12.0/4.0 Hz, 1H,
NCH2CHCHaxHeq), 1.47-1.63 (m, 1H, NCH2CHaxHeqCH2CH), 1.64-1.76 (m, 1H,
NCH2CHaxHeqCH2CH), 1.87-2.08 (m, 2H, NCH2CHCHaxHeq and
NCHaxHeqCH2CH2CH), 2.17 (t, J=10.7 Hz, 1H, NCHaxHeqCHCH?2), 2.36 (q, J=7.2 Hz,
2H, NCH2CH>CHCC), 2.45-2.66 (m, 3H, NCH2CHaxCH2 and NCH2CH2CHCC), 2.80
(dor, J=11.3 Hz, 1H, NCHaxHeqCH2CH2CH), 3.02 (do, J=11.2 Hz, 1H,
NCHaxHeqCHCHz2), 3.82 (s, 6H, OCH?3), 4.12 (g, J=7.1 Hz, 2H, OCH>CH3s), 5.65 (t, J=6.6
Hz, 1H, NCH2CH2CHCC), 6.78-6.94 (m, 4H, ArH), 7.17-7.35 (m, 4H, ArH); 3C NMR
(101 MHz, CDCls): 6=14.2 (1C, OCH2CHs), 24.6 (1C, NCH2CH2CH2CH), 26.8 (1C,
NCH2CH2CHCC), 27.0 (1C, NCH2CH2CH2CH), 41.9 (1C, NCH2CH2CH2CH), 53.7 (1C,
NCH2CH2CH2CH), 55.3 (2C, OCHs), 554 (1C, NCH2CHCH2), 58.1 (1C,
NCH2CH2CHCC), 60.3 (1C, OCH2CHs), 91.8 (1C, NCH2CH2CHCC), 109.0 (1C,
NCH2CH2CHCC), 113.7 (4C, ArC), 129.5 (4C, ArC), 129.6 (2C, ArCq), 158.7 (2C,
COCHs3), 174.2 (1C, CO), 204.9 (1C, NCH2CH2CHCC); IR (film): v=2938, 2835, 2805,
1940, 1730, 1606, 1578, 1508, 1464, 1442, 1370, 1296, 1247, 1174,1152, 1106, 1034,
963, 935, 910, 833, 807, 779, 730 cm*; HRMS-ESI m/z [M+H]* calcd for C27H33NOa:
436.2488, found: 436.2486.

rac-[1-(5,5-Diphenylpenta-3,4-dien-1-yl)piperidine-3-carboxylic acid] (rac-34a):
GP7 was followed using nipecotic acid ester rac-33a (93.9 mg, 0.250 mmol) and
Ba(OH)2x8H20 (158 mg, 0.500 mmol) in 1.8 mL EtOH/H20 (2:1) for 25 h. After
purification by RP-MPLC (MeOH/H20 7:3) the desired amino acid rac-34a was



afforded as white amorphous solid (45.3 mg, 52%): mp: 41 °C; *H NMR (500 MHz,
MeOD, NaOD): 6=1.13 (qd, J=13.5/4.4 Hz, 1H, NCH2CHCHaxHeq), 1.36 (qt, J=12.9/3.8
Hz, 1H, NCH2CHaxHeqCH2CH), 1.43-1.55 (m, 1H, NCH2CHaxHeqCH2CH), 1.67-1.82
(m, 2H, NCHaxHeqCH2CH2CH and NCH2CHCHaxHeq), 1.86 (t, J=11.4 Hz, 1H,
NCHaxHeqCHCH2), 2.11-2.30 (m, 3H, NCH2CHaxCH2 and NCH2CH2CHCC), 2.32-2.43
(m, 2H, NCH2CH2CHCC), 2.71 (dbr, J=11.4 Hz, 1H, NCHaxHeqCH2CH2CH), 2.95 (dbr,
J=11.0 Hz, 1H, NCHaxHeqCHCH?2), 5.55 (t, J=6.7 Hz, 1H, NCH2CH>CHCC), 7.00-7.19
(m, 10H, ArH); 3C NMR (101 MHz, MeOD, NaOD): 6=26.0 (1C, NCH2CH2CH2CH),
27.2 (1C, NCH2CH2CHCC), 29.5 (1C, NCH2CH2CH2CH), 46.3 (1C, NCH2CH2CH2CH),
54.9 (1C, NCH2CH2CH2CH), 58.2 (1C, NCH2CHCHz), 59.4 (1C, NCH2CH2CHCC),
92.9 (1C, NCH2CH2CHCC), 111.5 (1C, NCH2CH2CHCC), 128.2 (2C, ArC), 129.4 (4C,
ArC), 129.4 (4C, ArC), 138.3 (2C, ArCy), 182.7 (1C, CO), 206.7 (1C, CH2CHCC); IR
(KBr): v=3433, 3056, 3026, 2938, 2857, 2805, 2525, 2368, 2345, 1944, 1708, 1597,
1491, 1451, 1442, 1389, 1310, 1278, 1218, 1188, 1155, 1101, 1074, 1030, 921, 902,
770, 696, 630 cm*; HRMS-ESI m/z [M+H]* calcd for C23H2sNO2: 348.1964, found:
348.1958; average purity by gHNMR (internal calibrant: maleic acid Lot#BCBM8127V):
99%.

rac-[1-(5,5-Di-p-tolylpenta-3,4-dien-1-yl)piperidine-3-carboxylic acid] (rac-34b):
GP7 was followed using nipecotic acid ester rac-33b (109 mg, 0.269 mmol) and
Ba(OH)2x8H20 (170 mg, 0.538 mmol) in 1.5 mL EtOH/H20 (2:1) for 5 h. After
purification by RP-MPLC (MeOH/H20 7:3) the desired amino acid rac-34b was
afforded as white amorphous solid (14.6 mg, 15%): mp: 54 °C; *H NMR (500 MHz,
MeOD): 6=1.33 (qd, J=13.0/4.4 Hz, 1H, NCH2CHCHaxHeq), 1.51-1.63 (m, 1H,
NCHZCHaxHeqCHZCH), 1.64-1.74 (m, 1H, NCHZCHaxHeqCHZCH), 1.93 (td, J=11.8/2.9
Hz, 1H, NCHaxHeqCH2CH2CH), 1.97-2.03 (m, 1H, NCH2CHCHaxHeg), 2.05 (t, J=11.4
Hz, 1H, NCHaxHeqCHCH?2), 2.33 (s, 6H, CH3), 2.35-2.45 (m, 3H, NCH2CH>CHCC and
NCH2CHaxCH2), 2.52-2.61 (m, 2H, NCH2CH2CHCC), 2.90 (dw, J=11.3 Hz, 1H,
NCHaxHeqCH2CH2CH), 3.16 (dbr, J=11.5 Hz, 1H, NCHaxHeqCHCH?2), 5.69 (t, J=6.6 Hz,
1H, NCH2CH2CHCC), 7.11-7.23 (m, 8H, ArH); 3C NMR (126 MHz, MeOD): 6=21.2
(2C, CHs), 26.0 (1C, NCH2CH2CH2CH), 27.3 (1C, NCH2CH2CHCC), 29.5 (1C,
NCH2CH2CH2CH), 46.3 (1C, NCH2CH2CH2CH), 54.9 (1C, NCH2CH2CH2CH), 58.2
(1C, NCH2CHCHz), 59.5 (1C, NCH2CH2CHCC), 92.5 (1C, NCH2CH2CHCC), 111.2
(1C, NCH2CH2CHCC), 129.3 (4C, ArC), 130.0 (4C, ArC), 135.5 (2C, ArCq), 138.0 (2C,
ArCg), 182.7 (1C, CO), 206.4 (1C, NCH2CH2CHCC); IR (KBr): v=3432, 3021, 2922,
2858, 1942, 1702, 1593, 1509, 1449, 1386, 1308, 1181, 1153, 1108, 1020, 910, 822,
796, 783, 720, 668, 611, 584, 514, 462 cm?; HRMS-ESI m/z [M+H]* calcd for
Ca2sH20NO2: 376.2277, found: 376.2266.

rac-{1-[5,5-Bis(4-fluorophenyl)penta-3,4-dien-1-yl]piperidine-3-carboxylic acid}
(rac-34c): GP7 was followed using nipecotic acid ester rac-33c (194 mg, 0.472 mmol)
and Ba(OH)2x8H20 (298 mg, 0.944 mmol) in 3.0 mL EtOH/H20 (2:1) overnight. After
purification by RP-MPLC (gradient elution with MeOH/H20 6:4 to MeOH/H20 7:3) the
desired amino acid rac-34c was afforded as white amorphous solid (82.4 mg, 46%):
mp: 62 °C; 'H NMR (400 MHz, MeOD, NaOD): 6=1.33 (qd, J=12.8/4.2 Hz, 1H,
NCH2CHCHaxHeq), 1.55 (qt, J=12.8/3.9 Hz, 1H, NCH2CHaxHeqCH2CH), 1.63-1.76 (m,
1H, NCH2CHaxHeqCH2CH), 1.86-2.01 (m, 2H, NCHaxHeqCH2CH2CH and
NCH2CHCHaxHeq), 2.05 (t, J=11.3 Hz, 1H, NCHaxHeqCHCHz2), 2.32-2.47 (m, 3H,
NCH2CHaxCH2 and NCH2CH>CHCC), 2.50-2.61 (m, 2H, NCH>CH2CHCC), 2.90 (dbr,
J=11.3 Hz, 1H, NCHaxHeqCH2CH2CH), 3.08-3.19 (m, 1H, NCHaxHeqCHCH?2), 5.77 (t,
J=6.6 Hz, 1H, NCH2CH2:CHCC), 7.01-7.14 (m, 4H, FCCH), 7.22-7.37 (m, 4H,
FCCHCH); 3C NMR (101 MHz, MeOD, NaOD): 6=26.0 (1C, NCH2CH2CH2CH), 27.2



(1C, NCH2CH2CHCC), 29.5 (1C, NCH2CH2CH2CH), 46.3 (1C, NCH2CH2CH2CH), 54.9
(1C, NCH2CH2CH2CH), 58.2 (1C, NCH2CHCHz2), 59.3 (1C, NCH2CH2CHCC), 93.5 (1C,
NCH2CH2CHCC), 109.7 (1C, NCH2CH2CHCC), 116.3 (dcr, 2Jcr=21.8 Hz, 2C,
FCCHCHC), 116.3 (dcr, 2Jcr=21.8 Hz, 2C, FCCHCHC), 131.1 (dcF, 3Jcr=8.0 Hz, 4C,
FCCHCHC), 134.4 (dcr, Jcr=3.4 Hz, 2C, FCCHCHC), 163.5 (dcr, 1Jcr=245.3 Hz, 2C,
FC), 182.8 (1C, C0O), 206.5 (1C, CH2CHCC); *°*F NMR (376 MHz, MeOD, NaOD): &=-
116.5, -116.6; IR (KBr): v=3422, 3044, 2942, 2861, 2804, 2494, 2027, 1944, 1896,
1711, 1600, 1505, 1468, 1450, 1390, 1298, 1281, 1222, 1156, 1096, 1013, 911, 838,
799, 767, 724, 606, 582, 550, 519, 490 cm; HRMS-ESI m/z [M+H]* calcd for
C23H23F2NO2: 384.1775, found: 384.1766.

rac-{1-[5,5-Bis(4-chlorophenyl)penta-3,4-dien-1-yl]piperidine-3-carboxylic acid}
(rac-34d): GP6 was followed using nipecotic acid ester rac-33d (0.510 mmol, 227 mg),
EtOH (2.55 mL) and 2M NaOH (0.77 mL) for 45 min. The desired amino acid rac-34d
was obtained as colorless amorphous solid (53.2 mg, 25%): mp: 79 °C; 'H NMR (500
MHz, MeOD, NaOD): 6=1.01 (qd, J=12.7/3.9 Hz, 1H, NCH2CHCHaxHeg), 1.15-1.30 (m,
1H, NCH2CHaxHeqCH2CH), 1.30-1.42 (m, 1H, NCH2CHaxHeqCH2CH), 1.55-1.69 (m,
2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 1.72 (t, J=11.3 Hz, 1H,
NCHaxHeqCHCH2), 1.99-2.16 (m, 3H, NCH2CH>.CHCC and NCH2CHaxCH2), 2.23 (t,
J=7.7 Hz, 2H, NCH2CH2CHCC), 2.57 (dbr, J=11.3 Hz, 1H, NCHaxHeqCH2CH2CH), 2.82
(dobr, J=11.2 Hz, 1H, NCHaxHeqCHCH2), 5.49 (t, J=6.6 Hz, 1H, NCH2CH2CHCC), 6.95
(d, J=8.1 Hz, 4H, ArH), 7.02 (d, J=8.1 Hz, 4H, ArH); 13C NMR (126 MHz, MeOD,
NaOD): 6=26.0 (1C, NCH2CH2CH2CH), 27.0 (1C, NCH2CH2:CHCC), 29.5 (1C,
NCH2CH2CH2CH), 46.3 (1C, NCH2CH2CH2CH), 54.9 (1C, NCH2CH2CH2CH), 58.2
(1C, NCH2CHCHz), 59.3 (1C, NCH2CH2CHCC), 94.0 (1C, NCH2CH2CHCC), 109.6
(1C, NCH2CH2CHCC), 129.7 (2C, ArC), 129.7 (2C, ArC), 130.8 (4C, ArC), 134.2 (2C,
ArCq), 136.7 (2C, ArCy), 182.8 (1C, CO), 206.8 (1C, CH2CHCC); IR (KBr): v=3435,
2936, 2855, 2803, 1941, 1711, 1590, 1488, 1450, 1396, 1299, 1218, 1154, 1090, 1013,
909, 832, 745, 722, 701, 639, 613, 595, 532, 511, 461 cm'; HRMS-ESI m/z [M+H]*
calcd for Ca23H23CI2NO2: 416.1184, found: 416.1178; average purity by qHNMR
(internal calibrant: maleic acid Lot#BCBM8127V): 98%.

rac-{(Ra)-1-[5-([1,1'-biphenyl]-4-yl)-5-phenylpenta-3,4-dien-1-yl]-(3R)-piperidine-

3-carboxylic acid} (rac-(3R,Ra)-34e) and rac-{(Sa)-1-[5-([1,1'-biphenyl]-4-yl)-5-
phenylpenta-3,4-dien-1-yl]-(3R)-piperidine-3-carboxylic acid} (rac-(3R,Sa)-34e):
GP6 was followed using nipecotic acid esters rac-(3R,Ra)-33e and rac-(3R,Sa)-33e
(0.202 mmol, 91.2 mg), EtOH (1.0 mL) and 2M NaOH (0.30 mL) for 2.5 h. The desired
amino acids rac-(3R,Ra)-34e and rac-(3R,Sa)-34e were obtained as ~ 1:1 mixture of
racemic diastereomers as yellow amorphous solid (25.6 mg, 30%): mp: 86 °C; *H NMR
(500 MHz, MeOD, NaOD): 6=1.34 (qd, J=12.8/4.2 Hz, 1H, NCH2CHCHaxHeq), 1.57 (qt,
J=13.0/4.0 Hz, 1H, NCH2CHaxHeqCH2CH), 1.65-1.73 (m, 1H, NCH2CHaxHeqCH2CH),
1.91-2.02 (m, 2H, NCH2CHCHaxHeq and NCHaxHeqCH2CH2CH), 2.07 (t, J=11.4 Hz, 1H,
NCHaxHeqCHCH2), 2.33-2.51 (m, 3H, NCH2CH2CHCC and NCH2CHaxCHz), 2.54—-2.64
(m, 2H, NCH2CH2CHCC), 2.92 (dbr, J=11.3 Hz, 1H, NCHaxHeqCH2CH2CH), 3.16 (ddbr,
J=10.5/3.5 Hz, 1H, NCHaxHeqCHCH?2), 5.79 (t, J=6.6 Hz, 1H, NCH2CH2CHCC), 7.24—
7.47 (m, 10H, ArH), 7.57-7.66 (m, 4H, ArH); 13C NMR (126 MHz, MeOD, NaOD):
0=26.0 (1C, NCH2CH2CH2CH), 27.2 (1C, NCH2CH2CHCC), 29.5 (1C,
NCH2CH2CH2CH), 46.3 (1C, NCH2CH2CH2CH), 54.9 (1C, NCH2CH2CH2CH), 58.3
(1C, NCH2CHCHz2), 59.5 (1C, NCH2CH2CHCC), 93.1 (1C, NCH2CH2CHCC), 111.2
(1C, NCH2CH2CHCC), 127.9 (2C, ArC), 128.0 (2C, ArC), 128.3 (1C, ArC), 128.4 (1C,
ArC), 129.5 (2C, ArC), 129.5 (2C, ArC), 129.8 (2C, ArC), 129.9 (2C, ArC), 137.3 (1C,
ArCq), 138.3 (1C, ArCq), 141.3 (1C, ArCq), 142.0 (1C, ArCy), 182.8 (1C, CO), 206.9



(1C, NCH2CH2CHCC); IR (KBr): v=3422, 3054, 3027, 2931, 2855, 2802, 1943, 1711,
1655, 1598, 1485, 1446, 1390, 1312, 1279, 1183, 1154, 1101, 1074, 1029, 1007, 907,
842, 768, 729, 697, 629 cmt; HRMS-ESI m/z [M+H]* calcd for C20H20NO2: 424.2277,
found: 424.2269.

rac-[Ethyl (Ra)-1-{3-[6-methoxy-3,4-dihydronaphthalen-1(2H)-ylidene]allyl}-(3R)-
piperidine-3-carboxylate] (rac-(3R,Ra)-37) and rac-[ethyl (Sa)-1-{3-[6-methoxy-
3,4-dihydronaphthalen-1(2H)-ylidene]allyl}-(3R)-piperidine-3-carboxylate] (rac-
(3R,Sa)-37): GP4 was followed applying alkyne rac-9 (98 mg, 0.50 mmol), Cul (19 mg,
0.10 mmol), LitOBu (140 mg, 1.75 mmol), and N'-[6-methoxy-3,4-dihydronaphthalen-
1(2H)-ylidene]-4-methylbenzenesulfonohydrazide (379 mg, 1.10 mmol) in 1,4-dioxane
(5.0 mL). The solution was stirred at 90 °C for 1 h. After purification by column
chromatography (PE/EtOAc 7:3) rac-(3R,Ra)-37 and rac-(3R,Sa)-37 were obtained as
~ 1:1 mixture of racemic diastereomers as yellow oil (107 mg, 60%): R:=0.35
(PE/EtOAC 6:4); TH NMR (500 MHz, CD2Cl2): 6=1.23 (t, J=7.1 Hz, 1.5H, OCH2CHs,
dia2), 1.24 (t, J=7.1 Hz, 1.5H, OCH2CHs, dial), 1.43 (qd, J=11.8/4.0 Hz, 1H,
NCHZCHCHaxHeq), 1.50-1.66 (m, 1H, NCHZCHaxHeqCHZCH), 1.68-1.77 (m, 1H,
NCH2CHaxHeqCH2CH), 1.86 (p, J=6.2 Hz, 2H, NCH2CHCCCH2CH>CH>), 1.89-1.95 (m,
1H, NCH2CHCHaxHeq), 2.10 (td, J=11.0/2.4 Hz, 1H, NCHaxHeqCH2CH2CH), 2.23 {t,
J=10.6 Hz, 1H, NCHaxHeqCHCH2), 2.46-2.59 (m, 3H, NCH2CHaCH2 and
NCH2CHCCCH2CH2CHy), 2.77 (t, J=6.2 Hz, 2H, NCH2CHCCCH2CH2CH>), 2.78-2.87
(m, 1H, NCHaxHeqCH2CH2CH), 2.98-3.08 (m, 1H, NCHaxHeqCHCH2), 3.09 (d, J=6.9
Hz, 1H, NCH>.CHCC, dia2), 3.10 (d, J=6.9 Hz, 1H, NCH.CHCC, dial), 3.76 (s, 3H,
OCHs), 4.10 (g, J=7.1 Hz, 1H, OCH2CHs, dia2), 4.10 (q, J=7.1 Hz, 1H, OCH2CHzs, dial),
5.45 (tt, J=6.9/3.0 Hz, 1H, NCH2CHCC), 6.62 (d, J=2.8 Hz, 1H, CCCHCOCH?3), 6.68
(dt, J=8.6/2.8 Hz, 1H, CH3OCCHCH), 7.33 (d, J=8.6 Hz, 1H, CH3OCCHCH); 13C NMR
(126 MHz, CD2Cl2): 6=14.6 (0.5C, OCH2CHgs, dia2), 14.6 (0.5C, OCH2CHgs, dial), 23.6
(1C, NCH2CHCCCH2CH2CHz2), 25.2 (0.5C, NCH2CHCH2CH2CHz, dial), 25.3 (0.5C,
NCH2CHCH2CH2CH2, dia2), 27.4 (1C, NCH2CHCH:CH2CH2), 29.7 (1C,
NCH2CHCCCH2CH2CH2), 30.9 (1C, NCH2CHCCCH2CH2CH2), 42.6 (0.5C,
NCH2CHCH2CH2CHz, dial or dia2), 42.6 (0.5C, NCH2CHCH2CH2CHz2, dial or dia2),
53.7 (0.5C, NCH2CHCH2CH2CHz, dial or dia2), 53.8 (0.5C, NCH2CHCH2CH2CHz2, dial
or dia2), 55.6 (0.5C, NCH2CHCH2CH2CH2, dial or dia2), 55.7 (0.5C,
NCH2CHCH2CH2CHz, dial or dia2), 55.7 (1C, OCH3s), 58.9 (0.5C, NCH2CHCC, dial),
58.9 (0.5C, NCH2CHCC, dia2), 60.7 (1C, OCH2CHs), 91.2 (0.5C, NCH2CHCC, dial),
91.2 (0.5C, NCH2CHCC, dia2), 101.9 (0.5C, NCH2:CHCC, dia2), 101.9 (0.5C,
NCH2CHCC, dial), 113.2 (1C, CH3OCCHCH), 113.8 (1C, CCCHCOCHgs), 124.5 (0.5C,
ArCq, dial or dia2), 124.5 (0.5C, ArCq, dial or dia2), 128.6 (1C, CHsOCCHCH), 138.5
(1C, ArCy), 158.9 (1C, COCHz), 174.6 (0.5C, CO, dial or dia2), 174.6 (0.5C, CO, dial
or dia2), 202.6 (0.5C, NCH2CHCC, dial or dia2), 202.6 (0.5C, NCH2CHCC, dial or
dia2); IR (film): v=2937, 2862, 2834, 2796, 1946, 1730, 1607, 1571, 1498, 1466, 1441,
1366, 1319, 1261, 1245, 1180, 1152, 1132, 1111, 1094, 1068, 1033, 884, 836, 809
cmt; HRMS-ESI m/z [M+H]* calcd for C22H20NOs: 356.2226, found: 356.2221.

rac-[(Ra)-1-{3-[6-methoxy-3,4-dihydronaphthalen-1(2H)-ylidene]allyl}-(3R)-

piperidine-3-carboxylic acid] (rac-(3R,Ra)-38) and rac-[(Sa)-1-{3-[6-methoxy-3,4-
dihydronaphthalen-1(2H)-ylidene]allyl}-(3R)-piperidine-3-carboxylic acid] (rac-
(3R,Sa)-38): GP7 was followed using nipecotic acid esters rac-(3R,Ra)-37 and rac-
(3R,Sa)-37 (107 mg, 0.300 mmol) and Ba(OH)2x8H20 (189 mg, 0.600 mmol) in 2.1 mL
EtOH/H20 (2:1) for 24 h. After purification by RP-MPLC (MeOH/H20 6:4) the desired
amino acids rac-(3R,Ra)-38 and rac-(3R,Saz)-38 were obtained as ~ 1:1 mixture of
racemic diastereomers as pale yellow amorphous solid (59.6 mg, 61%): mp.: 115.2 °C;



1H NMR (400 MHz, MeOD): 5=1.37 (qd, J=12.7/4.0 Hz, 1H, NCH2CHCHaxHeq), 1.54—
1.69 (m, 1H, NCH2CHaxHeqCH2CH), 1.70-1.80 (m, 1H, NCH2CHaxHeqCH2CH), 1.85 (p,
J=6.1 Hz, 2H, NCH2CHCCCH2CH2CH2), 1.95-2.07 (m, 2H, NCH2CHCHaxHeq and
NCHaxHeqCH2CH2CH), 2.13 (t, J=11.4 Hz, 0.5H, NCHaxHeqCHCHz2, dial or dia2), 2.16
(t, J=11.4 Hz, 0.5H, NCHaHeqCHCHz, dial or dia2), 2.35-2.48 (m, 1H,
NCH2CHaxCH2), 2.48-2.61 (m, 2H, NCH2CHCCCH>CH2CH>), 2.76 (t, J=6.1 Hz, 2H,
NCH2CHCCCH2CH2CHy), 2.92-3.05 (m, 1H, NCHaxHeqCH2CH2CH), 3.05-3.18 (m,
2H, NCH2CHCC), 3.18-3.28 (m, 1H, NCHaxHeqCHCHz2), 3.75 (s, 3H, OCH3), 5.40-5.56
(m, 1H, NCH2CHCC), 6.63 (d, J=2.6 Hz, 0.5H, CCCHCOCHs, dial or dia2), 6.63 (d,
J=2.4 Hz, 0.5H, CCCHCOCHs, dial or dia2), 6.69 (dd, J=8.6/2.6 Hz, 0.5H,
CH3OCCHCH, dial or dia2), 6.71 (dd, J=8.6/2.6 Hz, 0.5H, CH3sOCCHCH, dial or dia2),
7.29 (d, J=8.6 Hz, 0.5H, CH3OCCHCH, dial or dia2), 7.32 (d, J=8.6 Hz, 0.5H,
CH3OCCHCH, dial or dia2); ¥*C NMR (101 MHz, MeOD): 06=24.2 (1C,
NCH2CHCCCH2CH2CH2), 26.0 (0.5C, NCH2CHCH2CH2CHz2, dial or dia2), 26.0 (0.5C,
NCH2CHCH2CH2CH2, dial or dia2), 29.4 (1C, NCH2CHCH2CH2CH2), 30.2 (1C,
NCH2CHCCCH2CH2CH2), 31.4 (1C, NCH2CHCCCH2:CH2CH2), 46.5 (0.5C,
NCH2CHCH2CH2CHz, dial or dia2), 46.6 (0.5C, NCH2CHCH2CH2CHz2, dial or dia2),
54.3 (0.5C, NCH2CHCH2CH2CHg, dial or dia2), 54.5 (0.5C, NCH2CHCH2CH2CHz, dial
or dia2), 55.6 (1C, OCHzs), 57.8 (0.5C, NCH2CHCH2CH2CHz>, dial or dia2), 57.9 (0.5C,
NCH2CHCH2CH2CHz, dial or dia2), 59.6 (0.5C, NCH2CHCC, dial or dia2), 59.7 (0.5C,
NCH2CHCC, dial or dia2), 90.6 (0.5C, NCH2CHCC, dial or dia2), 90.6 (0.5C,
NCH2CHCC, dial or dia2), 103.0 (1C, NCH2CHCC), 113.8 (0.5C, CH3OCCHCH, dial
or dia2), 113.8 (0.5C, CH3OCCHCH, dial or dia2), 114.4 (0.5C, CCCHCOCHs3, dial or
dia2), 114.4 (0.5C, CCCHCOCHgs, dial or dia2), 124.7 (0.5C, ArCq, dial or dia2), 124.7
(0.5C, ArCq, dial or dia2), 129.2 (0.5C, CH3OCCHCH, dial or dia2), 129.3 (0.5C,
CH3OCCHCH, dial or dia2), 139.0 (0.5C, ArCq, dial or dia2), 139.1 (0.5C, ArCq, dial
or dia2), 160.0 (1C, COCHz), 182.7 (1C, CO), 203.8 (0.5C, NCH2CHCC, dial or dia2),
203.8 (0.5C, NCH2CHCC, dial or dia2); IR (KBr): ¥v=3433, 2935, 2860, 2835, 2525,
1946, 1715, 1606, 1571, 1498, 1465, 1452, 1394, 1320, 1271, 1246, 1195, 1154, 1125,
1067, 1035, 953, 884, 837, 820, 766, 718, 668, 565 cm™*; HRMS-ESI m/z [M+H]* calcd
for C20H2s5NO3: 328.1913, found: 328.1907.

Keywords: allene moiety - GABA uptake inhibitors - mGAT4 - nipecotic acid
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NMR spectra of decomposition product 35:

and enantiomer and enantiomer
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SI-Figure 1. *H-NMR of compound 35 in MeOD.

!H NMR (500 MHz, MeOD): 6=1.62 (qd, J=12.9/4.8 Hz, 1H, CH>), 1.87-2.08 (m, 2H,
CH»), 2.15 (d, J=12.5 Hz, 1H, CH2), 2.64-2.92 (m, 3H, CH> and CH), 3.13 (d, J=11.7
Hz, 1H, CHz), 3.33-3.39 (m, 1H, CH2), 3.55 (td, J=12.3/4.3 Hz, 1H, CH2), 3.65 (t,
J=12.4 Hz, 1H, CHz), 3.95-4.14 (m, 2H, CH2), 5.53 (s, 1H, CH), 5.88-5.97 (m, 1H,
CH), 7.21-7.35 (m, 4H, ArH), 7.35-7.48 (m, 4H, ArH); 3C NMR (126 MHz, MeOD):
0=20.8 (1C, CH2), 24.9 (1C, CH>), 26.5 (1C, CH>), 40.7 (1C, CH), 45.2 (1C, CH), 59.1
(1C, CH2), 59.5 (1C, CHy), 61.2 (1C, CH2), 128.9 (2C, ArC), 128.9 (2C, ArC), 129.3
(1C, CH), 129.9 (2C, ArC), 130.0 (2C, ArC), 133.3 (1C, C), 133.4 (1C, C), 138.5 (1C,
C), 138.8 (1C, C), 150.8 (1C, C), 176.2 (1C, C). The assignment was done by means
of 2D NMR spectra (HMQC, COSY, DEPT). HRMS-ESI m/z [M+H]* calcd for
C23H23CI2NOz2: 416.1184, found: 416.1172.



4 Conclusion and Summary

Within the first study, a new synthesis procedure was developed giving flexible access
to a wide range of nipecotic acid derivatives with terminally substituted and
unsubstituted allenic spacers as lipophilic N-substituents. Through studying the
synthesis of terminal and 1,3-disubstituted allenes from amino methylation precursors
via [1,5]-hydride transfer reactions under Cdlz catalysis, deeper insights of how the
electronic, conformational and especially the steric properties of different secondary
amines serving as hydride donors influence this reaction step, have been gained. With
allyl(tert-butyl)amine a new hydride donor has been found that due to its high steric
demand reduces the reaction limiting complexation of the hydride donor nitrogen by
the Lewis acid catalyst and thus delivers excellent yields when used as mediator in
terminal allene synthesis. In addition, 1,2,5,6-tetrahydropyridine has also been
identified as high performing hydride donor in ATA (allenylation of terminal alkynes)

reactions delivering 1,3-disubstituted allenes in high yields.

In the first series of nipecotic acid and guvacine derivatives that is defined by a
terminally monosubstituted allenic four-carbon atom spacer connecting the polar
amino acid head via the amino nitrogen with various aromatic residues, such as
phenyls and 2-biphenyls, several very promising mGATL1 inhibitors have been
identified. The target compounds were synthesized via the previously developed
1,2,5,6-tetrahydropyridine mediated ATA procedure, delivering the allene products in
good to excellent yields up to 95%. This procedure allowed to easily vary the lipophilic
residue attached to the allene termini of the desired compounds. Due to the presence
of two stereogenic centers, a chiral center at the nipecotic acid and a chiral axis arising
from the allene moiety, the synthesis yielded the nipecotic acid derivatives as a mixture
of racemic diastereomers, the ratio of which amounted to approximately 1:1. As these
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mixtures of diastereomers were highly difficult to separate, on the stage of the amino
acid esters and the free amino acids, they were directly, i.e. as ~1:1 mixtures, used for
biological testing. The small o-chlorophenyl residue and the larger o-terphenyl residue
are considered as the most interesting implemented aromatic domains of this study.
The mGAT1 binding affinity of the corresponding nipecotic acid derivatives rac-
(BR,Ra)-77/rac-(3R,Sa)-77 and  rac-(3R,Ra)-78/rac-(3R,Sa)-78  (Figure  10),
representing ~ 1:1 mixtures of racemic diastereomers, has been determined as pKi =
6.48 and pKi = 6.67, respectively. For the (R)-nipecotic acid derived form of 78,
(3R,Ra)-78/(3R,S4)-78, the inhibitory potency in [*HJGABA-Uptake-Assays has been
determined as plCso = 6.78, being in the range of the known mGAT1 inhibitor tiagabine
(7, Figure 10). With guvacine instead of nipecotic acid as polar subunit in 78, a slightly
lower inhibitory potency at mGAT1 and an equally high binding affinity for mGAT1 has
been observed (pICso = 6.46; pKi=7.07). Due to the lower molecular weight and higher
polarity of the racemic diastereomers rac-(3R,Ra)-77 and rac-(3R,Sa)-77 as compared
to tiagabine (7), especially this compound appears to be very promising for the further

development of mMGAT1 selective inhibitors as potential antiepileptic drugs.

[j~jI,COOH [j\:T,cozH [jﬂjI’COZH
N Hf

N N
H H
TN
X C| ﬁ\
“'H DY
@ d X
— Cl Cl
Tiagabine (7) and enantiomer and enantiomer
plCsp =6.88 £ 0.12 rac-(3R,R,)-77 rac-(3R,S,)-77
pK;=7.43 £ 0.11 (~1:1)
plCso =5.71 £ 0.07
pK; = 6.48 + 0.04 and enantiomer and enantiomer

rac-(3R,R,)-78 rac-(3R,S,)-78
(~1:1)
pICsq = 6.48 % 0.11
pK; = 6.67 £ 0.08

Figure 10: Structure of the known mGAT1 inhibitor tiagabine and structures of new identified mMGAT1 inhibitors.

46



In an additional study, the new compound class has been complemented with nipecotic
acid derivatives exhibiting an extended, i.e. allenic five-carbon atom chain attached to
the amino nitrogen of the polar amino acid head being terminally either, un-, mono-, or
disubstituted, whereat compounds with terminally disubstituted allenic spacer have
been synthesized with a shorter four-carbon atom spacer, too. The synthesis of the
corresponding compounds has been achieved via a copper-catalyzed cross coupling
reaction of nipecotic acid derived terminal alkynes with diaryldiazomethanes or N-
tosylhydrazones for the introduction of diaryl and monoaryl residues as lipophilic

domains.

As a result, among the various biologically investigated nipecotic acid derived
compounds with a terminally disubstituted allenic spacer a highly potent mGAT4
inhibitor has been identified. For the enantiopure S isomer (S)-79 (Figure 11) plCso
values of 6.59 at mGAT4 and 6.49 for the human equivalent hGAT-3 have been
determined, which are significantly higher than that of the benchmark mGAT4 inhibitor
(S)-SNAP-5114 (13, Figure 11). The lipophilic domain of (S)-79 is derived from a diaryl
moiety. While such a structural motif is well known as lipophilic domain of mMGAT1
inhibitors, it is to our knowledge unprecedented for mGAT4 inhibitors with high
potencies. Hence, the combination of the rigid allenyl spacer, the resulting new ligand
orientation and the diaryl residue as lipophilic domain represents a new structural motif

for mGAT4 inhibitors.
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(S)-SNAP-5114 (13) (S)-79
pICso (MGATA4) = 5.65 £ 0.02 pICso (MGAT4) = 6.59 £ 0.01

Figure 11: Structure of benchmark mGAT4 inhibitor (S)-SNAP-5114 (13) and structure of newly identified mGAT4
inhibitor (S)-79.

Overall, the herein introduced compounds might represent useful tools for further
progressions in search of novel mMGAT1 and mGAT4 selective inhibitors that one day
possibly may serve as final active substances for the successful treatment of

neurological diseases.
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5 Further Experiments

5.1 Separation of Diastereomers via Analytical HPLC

3R.R,

Figure 12: Mixture of diastereomers (3R,Ra)-21p and (3R,Sa)-21p, containing 19% of the enantiomers (3S,Ra)-21p
and (3S,Sa)-21p (from the publication “Synthesis and Biological Evaluation of Nipecotic Acid and
Guvacine Derived 1,3-Disubstituted Allenes as Inhibitors of Murine GABA Transporter mGAT1”; M.
Schaarschmidt, G. Héfner, K. T. Wanner, ChemMedChem 2019, accepted article).

For the separation of the diastereomers (3R,Ra)-21p and (3R,Sa)-21p (Figure 12,
containing 19% of the corresponding enantiomers (3S,Ra)-21p and (3S,Sa)-21p) HPLC
method development has been performed. In Figure 13 the HPLC conditions, under
which the best separation result has been achieved, are described, whereat the
desired diastereomers (3R,Ra)-21p and (3R,Sa)-21p have been characterized as the
first two peaks (peaks could not be assigned). The assignment of the (R)-nipecotic acid
derivatives (3R,Ra)-21p and (3R,Sa)-21p and (S)-nipecotic acid derivatives (3S,Ra)-
21p and (3S,Sa)-21p has been concluded by comparing the peak areas of the
chromatogram shown in Figure 13 with the HPLC chromatogram of the mixture of the
racemic diastereomers rac-(3R,Ra)-21p and rac-(3R,Sa)-21p obtained under the same
conditions. The synthesis of the mixture of diastereomers (3R,Ra)-21p and (3R,Sa)-
21p was performed by applying the commercially available (R)-ethyl nipecotate as
starting material, thus peaks with larger areas were assigned to the (R)-nipecotic acid

derivatives and the smaller third peak was assigned to the mixture of (S)-nipecotic acid
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derivatives (3S,Ra)-21p and (3S,Sa)-21p, originating from a contamination of the
starting material (R)-ethyl nipecotate. Through repeated fraction collection on the
analytical column Chiralpak ZWI1X(+) applying the developed HPLC method, minor
amounts (less than 1 mg) of separated diastereomer (Peak 1, (3R,Ra)-21p or (3R,Sa)-
21p) have been obtained (Figure 14a). However, NMR analysis revealed that the
solvent additives formic acid and triethylamine could not be completely removed. For
the second diastereomer (Peak 2, (3R,Ra)-21p or (3R,Sa)-21p) only a partially

separation has been obtained after repeated fraction collection (Figure 14b).

VWD1A Wavelength=254 nm
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Figure 13: HPLC separation method; mobile phase: EtOH/MeOH/ACN 30:20:50 (v/v/v), 50mM FA, 25mM TEA; 0.2
mL/min; Chiralpak ZWIX(+), injection volume: 2 pL (1 mg/mL).
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Figure 14: Repeated fraction collection (cutting fractions every 20 seconds) led to complete separation of the first
peak, displayed in chromatogram a), and partial separation of the second peak, displayed in

chromatogram b); mobile phase: EtOH/MeOH/ACN 30:20:50 (v/v/v), 50mM FA, 25mM TEA; 0.2 mL/min;
Chiralpak ZWIX(+).

5.2 Determination of logD Values

(j/COOH (j/COZH (j/cozH
N Hf

N N
H H
5 Hf
“H
@, ©f X
— Cl
Tiagabine (7) and enantiomer and enantiomer
rac-(3R,R,)-T7 rac-(3R,S,)-77
(~1:1)

Figure 15: Selected compounds for the determination of logD.

The mixture of racemic diastereomers rac-(3R,Ra)-77 and rac-(3R,Sa)-77 (Figure 15),
which was among the most promising test compounds synthesized, displayed
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moderate inhibitory potency at mGAT1 (pKi = 6.48 = 0.04; pICso = 5.71 £ 0.07).
Compared to the known mGAT1 inhibitor tiagabine (7, Figure 15, MW = 375,55 g/mol)
the mixture of racemic diastereomers rac-(3R,Ra)-77 and rac-(3R,Sa)-77 (MW = 291,78
g/mol) has a significantly reduced molecular weight, what is thought to facilitate the
penetration across the blood-brain barrier, being an important criterion for CNS
drugs.”? Another important descriptor for CNS penetration is lipophilicity, whereat for
better brain permeation the logD values should best be between 0 and 3.72 Hence, for
better evaluation of the capability of rac-(3R,Ra)-77 and rac-(3R,Sa)-77 to cross the
blood-brain barrier, it appears obvious to determine the corresponding logD value.
Within this experiment the logD value of tiagabine (7) has been determined as well, for

comparability reasons.

For the determination of the logD values the Eppendorf Shake-Flask method described
in literature has been employed.”® To 100 uL, 300 pL, and 400 pL of a 1 mg/mL solution
of the analyte in 200 mM phosphate buffer (pH 7.4) were added 400 pL, 200 uL, and
100 pL of 100 mM phosphate buffer (pH 7.4) and 500 pL of octan-1-ol. The logD
determination for each of the concentrations were performed in triplicate. All Eppendorf
vials were Vortex mixed and shaken on a reciprocal shaker for 15 minutes, with
repeated Vortex mixing after 5 minutes. After centrifugation, both phases were
manually separated. The octan-1-ol phase was diluted with methanol (1+9). Both
phases, the diluted octan-1-ol phase and the buffer phase were then diluted with
mobile phase (1+9) and transferred into HPLC vials. Each phase was analyzed by
HPLC and the logD values derived from the peak area ratios for the analyte in each
phase. The applied analytical RP-HPLC method is described in Figure 16. As a result,
the logD value of the mixture of racemic diastereomers rac-(3R,Ra)-77 and rac-(3R,Sa)-

77 has been determined as logD = 0.54 + 0.02 at pH 7.4 (calculated in MarvinSketch:™*
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logD = 0.8 at pH 7.4) and the logD value of tiagabine (7) has been determined as logD
= 1.47 + 0.04 at pH 7.4 (calculated in MarvinSketch:* logD = 2.6 at pH 7.4).

Consequently, the mixture of racemic diastereomers rac-(3R,Ra)-77 and rac-(3R,Sa)-

77 is more polar than tiagabine (7).
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Figure 16: Chromatograms of the mixture of racemic diastereomers rac-(3R,Ra)-77 and rac-(3R,Sa)-77 (top) and
tiagabine (7, bottom); mobile phase: 80% MeOH, 20% ammonium formate (10 mM, pH 6.8), 0.5 mL/min,
injection volume 10 pL (1 mg/mL), column: Lichrospher 100 RP-18 (5 um), LiChroCART 250-4.
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6 List of Abbreviations

ATA reaction

A3 coupling

BBB

CNS

GABA

GABA-T

GAD

GAT

HPLC

HUGO

ICs0

Ki

LeuT

MGAT1-4

NMR

NSS

RP

SAR

SLC

™

VGAT

WHO

allenylation of terminal alkynes
aldehyde-alkyne-amine reaction
blood-brain barrier

central nervous system
y-aminobutyric acid

GABA transaminase

glutamic acid decarboxylase

GABA transporter

high performance liquid chromatography
human genome organization

half maximal inhibitory concentration
inhibition constant

leucine transporter

murine y-aminobutyric acid transporter subtype 1-4
nuclear magnetic resonance
neurotransmitter-sodium-symporters
reverse phase

structure-activity relationship

solute carrier

transmembrane helix

vesicular neurotransmitter transporter

world health organization
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7 Formula Index

P1:
Maren Schaarschmidt, Klaus T. Wanner;
Journal of Organic Chemistry 2017, 82, 8371-8388.

"Synthesis of Allene Substituted Nipecotic Acids by Allenylation of Terminal Alkynes”
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Maren Schaarschmidt, Georg Hofner, Klaus T. Wanner;
ChemMedChem 2019, accepted article.

“Synthesis and Biological Evaluation of Nipecotic Acid and Guvacine Derived 1,3-

Disubstituted Allenes as Inhibitors of Murine GABA Transporter mGAT1”
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“Synthesis and Biological Evaluation of Nipecotic Acid Derivatives as GABA Uptake
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