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ABSTRACT

Meperidine has been shown to have potent bindifigitgf for serotonin transporters
(SERT) K = 41 nM) and be an inhibitor of serotonin reuptak®ased upon these
pharmacological results meperidine has been idedtds a lead compound for the development
of a novel class of serotonin-selective reuptakéitors (SSRIs).

A variety of potent analogues of meperidine havenb&ynthesized and evaluaieditro
as potential ligands for the serotonin transpoebstitutions have been made on the aryl ring,
the ester moiety and the piperidine nitrogen of enelne. Potent analogues of the aryl
substituted series that included 4-iodophenyl, phtiayl, 3,4-dichlorophenyl and 4-biphenyl
meperidine derivatives were synthesized and chtigefurther optimization of the benzyl ester
analogues. Benzyl ester analogues included 4-ndrmethoxyl and 3,4-dichloro benzyl
analogues and exhibited high potency for serotaransporters and high selectivity over the
dopamine transporter (DAT) and the norepinephmiaegporter (NET). Also thH-demethylated
analogues improve the binding affinity and selettifor serotonin transporter. The analogue 4-
(carboxymethoxybenzyl)-4-(4-iodophenyl) piperidi(@f), was found the most poteri;€0.6
nM) and selective ligand for serotonin transpo(@AT/SERT >4500; NET/SERT >4500) for

the series and has been advanced tovo evaluation.

Keywords: meperidine, piperidine, serotonin tramgag SSRIs, antidepressant.



INTRODUCTION

Neurotransmitters

Neurotransmitters are endogenous chemicals reledsmut presynaptic neurons to
stimulate neighboring neurons, allowing impulsebagassed throughout the nervous system. A
nerve impulse arriving at the axon terminal of oneuron stimulates release of a

neurotransmitter, which crosses the synaptic tbetihe adjoining neuron's dendrite. (Figuré 1).

Figure Neuron cell and neurotransmitters
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There are many different classifications of n&namesmitters, but most of these neuro-
transmitters are divided into following major greupr research purposes
« Amino acids glutamate aspartaté serine® y-aminobutyric acid (GABAY, glycine®
« Monoamines dopamine (DAY, serotonin (SE, 5-HTjnorepinephrine (noradrenaline;
NE),? epinephrine (adrenalinéj histaminet* melatonin™*
« Others: acetylcholine (AChj? adenosiné? anandamidé> nitric oxide!® etc.

All these neurotransmitters are released by spgendurons and showing their different
effects on central nervous system. The direct efdé@ neurotransmitter is to activate one or
more types of receptors. The effect on the posiimaell depends, therefore, entirely on the
properties of those receptors. It happens thatsfone neurotransmitters, the most important
receptors have excitatory effects: that is, theyaase the probability that the target cell wiléfi
an action potential. For other neurotransmitteng, most important receptors have inhibitory
effects. There are, however, other neurotransmijtteuch as acetylcholine, for which both
excitatory and inhibitory receptors extét? and there are some types of receptors that agtivat
complex metabolic pathways in the postsynaptictogtiroduce effects that cannot appropriately

be called either excitatory or inhibitory.

Monoamine Neurotransmitters

Monoamine neurotransmitters are neurotransmitheisc¢ontain one amino group that is
connected to an aromatic ring by a two-carbon cf#&if,-CH,-). All monoamines are derived
from aromatic amino acids like phenylalanine, tymestryptophan, and the thyroid hormones by
the action of aromatic amino acid decarboxylasemes® The most important members in this

group are dopamine (DA), serotonin (SE2), and norepinephrine (NB). Despite their similar



structures, they have different roles in neurotr@iasion and have specific receptor/transporter

mechanism.

HO NH, OH
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/\/©: ) HoN OH
HoN N 2

OH
H OH
1 2 3

As mentioned above, the different concentratiorellewof these monoamines will enhance
or weaken the receptor binding activities and sl leo different levels of stimulation. The

releasing and reuptake actions of these monoaraiediustrated in Figure 2.
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Figure 2. Monoamine transporters and reuptake aétion

In the synaptic cleft, some the released monoamaresbound to the receptors on
postsynaptic membranes, which can initiate an acpotential. However, the remaining

concentration of unbound monoamine will be recoddrg their transporters and sent back to



presynaptic vesicles waiting the next wave of @@ impulses. In addition some of

monoamine will be metabolized and degraded by Spesizymes like monoamine oxidases.

Most Central Nervous System (CNS) medications aogkivg on neurotransmitter
systems due to their specific drug targeting. Bangple, Parkinson's disease is at least in part
related to failure of dopaminergic cells in deeptbmuclei. Also, Cocaine, for example, blocks
the reuptake of dopamine back into the presynaizon, leaving the neurotransmitter
molecules in the synaptic gap longer. A brief congmm of the major drugs targeting these

neurotransmitter systems is listed as Table 1.

Table 1. Monoamines and their Drug Targeting

Physiological Effect Drug Targeting

Reward system , Motor Cocaine Addiction, Parkinson ,
Dopamine (DA)
system, Cognition , etc. Alzheimer,

Mood, Satiety, Body
Serotonin (SE) Depression, Psychotics, Migraine:.
temperature, Sleep, etc.

Attention-deficit/ hyperactivity
Reward system, Arousal,
Norepinephrine (NE) disorder, depression and
also hormone, etc.
hypotension



One important method to modulate the extracell(téeft) level of monoamine is by
blocking the reuptake route by inhibiting the tramder proteins. Monoamine transporters are
the proteins on the presynaptic membrane thatfeatise free monoamines from synaptic cleft
back to the presynaptic cells. This procedure s ahlled “reuptake”. Monoamine transporters
are specific and highly selective. As in Figureh® dopamine transporters (DAT) only reuptake
dopamine and the serotonin transporters (SERT)ramdpinephrine transporters (NET) only
reuptake the corresponding monoamine. Drugs that to these transporters either physically
block of allosterically modulate the transporteotpm structure to prevent the re-uptake of the
corresponding monoamine. This leads to sustaingdatlular concentration of the monoamine
and continued excitation of the monoamineric systliot until the drug/inhibitor is removed

from the system, does system return to the “norrsiaite.

Monoamine Transporters and Their Genes

Dopamine transporters (DAT), as well as serotonrandporters (SERT) and
norepinephrine transporters (NET), belong to thmesasolute carrier family of Naor CrI
dependent neurotransmitter transporters, and ae khown as neurotransmitter sodium
symporters (NSSs) family 2.A.22, which include ¢$enin autoreceptors, glyciney-
aminobutyric acid (GABA), and other amino acid rettansmitters?:

In 1990s, express cloning of these transportexs successfully fulfilled from various
sources including human, monkey, rat, mouse and.’€éwThe gene for human DAT is
officially termed the Solute Ligand Carrier Fam@j, Member 3 (SLC6A3), with the number 3
indicating that it was the third gene in the famalfy neurotransmitter transporter genes to be

cloned, after thg-aminobutyric acid (GABA) and norepinephrine tramsgprs®® The dopamine



transporter gene is located on chromosome 5pl15,amiegion of over 64 kilobase (kb) long and
comprising 15 exons encoding a protein of 630 araitid***? The human serotonin transporter
(SLC6A4) spans 37.8 kb on chromosome 17qg11.2, sedmposed of fourteen exons encoding
a protein of 630 amino acid$3* The norepinephrine transporter, with the gene 18BhC6A2,
consists of 14 exons spanning 45 kb chromosomed&116912.2.31. The human NET is a 617
amino acid (aa) protein which shows 66% overalhiig in amino acid sequence with the
human DAT and 48% identity with the human SERY.These gene code locations on human

chromosome are illustrated in Figure 3.
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Figure 3.Human chromosome with locations of DAT, SERT arkllN

Serotonin Transporter: Homology and Structure

Although the human serotonin transporter gene wgsenced and cloned a decade ago,
the tertiary structure of serotonin transport prots still unclear due to limited quantities of
dissolved membrane proteins for even initial stsidienhis challenge comes from its nature to

easy decompose and aggregat®.



So far the only available structural 3-D models $erotonin transporter are bacterial
transporter homology such as lactose perm&abe, glycerol-3-phosphate transporteand the
adenine nucleotide exchanger in mitochondfri@mong these three bacterial homologies,
extensive studies of the LacY permease Esficherichia coliand other major facilitator
superfamily (MFS) carriers were focused. Despite fhct that these proteins share 20%
similarities with human serotonin transporter, tligynot belong to the same family as SERT
and their topology might therefore be differentdded, some important residues for ligand
binding are missed in LacY- based SERT mddét.

Recently, more and more homology studies are foouthe bacterial leucine transporter
(LeuT) fromAquifex aeolicuswhich belongs to the same transport as SERT laaicts 20-25%
identity in primary sequence and 40 to 45% simyawith human neurotransmitter transporters
with the human neurotransmitter transporférs.

Hydrophobicity analysis of these transporters anmanm sequences revealed the same
presence of 12 transmembranes (TMs) spanning dsmaonsisting primarily ofa-helical
structure. The TMs are linked through intracellldad extracellular loops (ILs and ELS), with
the N- and C-termini facing the cytoplaéf(Figure 4). The second extracellular loop (EL2,
between TM3 and TM4) is characteristic of this s@orter family, being the largest connecting
loops and containing extensive gylcosylation arglifide bondindg’® Many residues predicted
by the initial topological predictions to lie in dophilic loops were demonstrated to be
accessible from the appropriate side of the menebfdfl These studies extensively utilized
cysteine scanning mutagenesis of internal and maitdoops and transmembrane domains.
Topology Studies generated from the crystal stnectd LeuT detected various reactive sites on

both ELs and ILs, especially on EL3 and E4%*°
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Figure 4.Basic Structure of Monoamine Transporters (illatsom only)

Despite the major advance in our understandingigeovby the structure of LeuT, many
aspects of SERT structure remain unresolved. Tifiereince in ion coupling between SERT and
LeuT must be reflected in ffierences in the structure of the substrate bindteg & addition,
there are three regions of SERT where the struafiteeuT provides little or no information.
The first of these is EL2, which is much longelSBERT than in LeuT. The second is that SERT
has much longer NH2- and COOH-terminal regions tHaas LeuT, which contain specific

domains with potential interaction with the intrkar face of the central region of SERY.

Mechanism of Serotonin Transporters

One generalized mechanism for transport is baseth@mwell-known alternate access
model®**3In this model, transporters are believed to florchyy alternately exposing a substrate
binding site to the cytoplasmic and extracellulaces of the plasma membrane. The model

allows solutes to be transported from one side haf tnembrane to the other, but more



importantly, it provides a mechanism for a transrbeme concentration difference of one solute
to be utilized as a driving force to generate aceotration diference for another solute. The two
main mechanisms for this process, hamed symportaatigort by Mitchell et al., couple the
movement of two solutes moving in the same directaross the membrane or in opposite
directions, respectiveR}. In symport, two (or more) solutes birtd the transporter in one
conformation, and are later released to the opposile of the membrane from another
conformation. In antiport, binding of one soluteiligates conversion of the transporter to the
form facing the opposite side of the membrane.rAdtesociation of the first solute, binding of a
second solute allows the reverse conformationah@hdeading to dissociation of the second
solute on the side of the membrane where thedaistte originated.

In 2008, A more improved model of mechanism is bpssposed, which is based on
different homology conducted among the familiemefirotransmitter sodium symporters [NSS;
glutamate transporter (GItPh) and leucine trangpditeuT)], solute sodium symporters [SSS;
sodium galactose transporter (vSGLT)], and nuclsebeation symporters [NCS1; benzyl-
hydantoin transporter (Mhp1§:>>°° Although belonging to three evolutionarily distimrotein
families with no primary amino acid sequence sintjaand different substrate specificities, all
four transporters share a similar structure andyssigtransporter structure consists of two V-
shaped domains (with five TMs each), intertwinedaim antiparallel topology. A substrate
binding site is located in a nearly identical piositat two broken helices, one from each domain.
The ion binding sites necessary for energy coupdirg located close to the substrate binding.
Hence, there are three conformations caught in gntbese four homologies (see Figure 5):
“outward-facing open” (Leuf! Mhp1?>®) “outward-facing occluded” (VGItPf#>®> LeuT;?’

Mhp1>®) and “inward-facing occluded” (vSGL). A fourth conformation, corresponding to an



inward-facing open can only be hypothetical. Thisates a sequence of action to explain how

the transporter works inside itself.

out \

A B c o
in )
5.HT Ricid heli Flexible helices bundles with
o G tgré hetiees ' 5-HT and ion binding sites Gate elements

Substrate-induced structural conformations of gated switch transporter

A) The outward-facing open conformation is ready to accept the 5-HT and ion particle.

B) The outward-facing occluded conformation with5-HT bounded and external gate closed.
C) Closure of the external gate drives the inward-facing occluded conformation.

D) The hypothetically inward-faceing conformation open the gate for 5-HT and ion release.

Figure 5. “Rock-switch” mechanism for serotonin transpat@lustration only)

In both open and occluded outward-facing conforometi of LeuT and Mhpl, the
intracellular gate is closed by a considerable ggnomass. Similarly, in the occluded inward-
facing conformation of vSGLT, a considerable hélicess closes the extracellular gate. This
implies that there are two kinds of sequential oomfational changes (see the figure). The first
involves specific gating amino acids or parts olides located over and below the substrate
binding site, and the second involves a more massievement of transmembrane domains,
which leads to alternating inward- or outward-fachrydrophilic vestibules.

There is still some crucial details concerning $ggorter function and mechanism that

remain unclear, especially how the ion coupling avitht is the gating protein. A series of

10



transporter structures with different bound sulbetrawill be significant to explore these

unknown regions?

Serotonin Hypothesis and Antidepressants

Depressive disorders are one of the most commuoessles in modern society. Every year,
9.5 percent of the population, or about 18.8 milllmerican adults, suffer from a depressive
illness® It involves human body, mood, and thoughts andosa “passing blue mood” or a
weakness of personal character. Depression ngtlmmigs the patient a negative effect on
mood and motive, but also causes pain and weakendanimune system leading to other
infectious diseases.

Although there are many factors can cause depressivarying degrees, biologically,
depressive disorders are a disease caused by dhetéd serotonergic pathway between the
neurons! The monoamine hypothesis postulates that the teficierotonin is responsible for
the corresponding features of depression. Mostl@ptessant medications increase the levels of
one or more of the monoamine neurotransmittersdéetonin, norepinephrine and dopamine in
the synaptic cleft between neurons in the brainjepme medications affect the monoamine
receptors directly.

Tricyclic antidepressants (TCAs) were first disa@ek in the early 1950s and were
subsequently introduced later in the decXdehey are heterocyclic chemical compounds used
primarily as antidepressants. The TCAs are namted #ifeir chemical structure, which contains
three rings of atoms, like Amitriptyline4)®® The tetracyclic antidepressants (TeCAs), which
contain four rings of atoms, are also a closelgtesl group of antidepressant compounds [e.g.,

Amoxapine 6)]. ®

11
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The drawbacks of the TCAs are their side effedfhese include drowsineSy,
restlessnes®, anxiety attack§’ urinary problems like urinary retenti6h,irregular cardiac
rhythm and other effect§.Also TCAs overdose is a significant cause of fdralg poisoning®
The severe morbidity and mortality associated witese drugs is well documented due to
their cardio-vascular and neurological toxicity. $fl@f side effects are due to their poor binding
selectivity for the serotonin transporter (SERT)eiowther transporters like the dopamine
transporter and the norepinephrine transp&reér.

Monoamine oxidase inhibitors (MAOIs,) are anothetass of antidepressant
drugs prescribed for the treatment of depres§loMAOIs act by inhibiting the activity
of monoamine oxidase, thus preventing the breakd@fvmonoamine neurotransmitters and
thereby increasing their availability. The early KB inhibited monoamine oxidase irreversibly.
When they react with monoamine oxidase, they peemiiy deactivated these enzymes, and the
enzyme would function until it had been replacedtly body. This process would take about
two weeks. A few newer MAOIs, which are reversibténibitors of MAO-A (RIMA),
notably Pirlindole 6),"* are able to detach from the enzyme to facilitasealicatabolism of
the substrate. The level of inhibition in this way governed by the concentrations of the

substrate and the MAOIs.
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Since MOAIs have no selectivity on reducing thealkdown of most monoamines, they
have a higher risk of serotonin syndrome or a hgpsive crisis? Also tyramine is broken
down by MAO-A, therefore inhibiting its action magsult in excessive build-up of it, so diet
must be monitored for tyramine intake. Due to poédly lethal dietary and drug interactions,
MAOIs had been reserved as a last line of defemsed only when other classes of

antidepressant drugs have failed.

The Serotonin-Selective Reuptake Inhibitors

Serotonin-selective reuptake inhibitors (SSRIs)emdiscovered in the 1980’s as a new
class of drugs useful for treatment of depresSiohhe SSRIs widely replaced tricyclic
antidepressants (TCAs, e.g. amitriptylide and monoamine oxidase inhibitors (MAOIs, e.g.
pirlindole 6) as new medications for the treatment of depras&id’

As antidepressants the SSRIs selectively inhibikedreuptake of the neurotransmitter
serotonin (5-HT) resulting in the increased conitn of extracellular serotonin in the synapse.
This leads to the therapeutic effect by remediathng disrupted serotonergic pathway that is
manifested by depressidfi’® As a result of their selective actions on serotgicemechanisms

the SSRIs have much improved tolerability, a broaterapeutic index and increased safety
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towards overdose than TCAs and MAGIE? In addition to the treatment of depression, some
SSRIs have been recognized as possessing the@apalite for the treatment of a variety of
central nervous system (CNS) disorders and dissgtases. These include Panic Disordféf
Post-Traumatic Stress Disord@r,Social Phobi&! Obsessive-Compulsive Disord&r,Pre-

a’®%and Schizophreni®.

Menstrual Dysphoric Disordet® Anorexia®’ Bulimi
There are five main SSRI-classed drugs (Figureudeatly on the market and widely
prescribed for a variety CNS mediated illnes$&&° The most widely prescribed SSRI for the
treatment of depression is fluoxetirfe Prozac®}f° The SSRIs paroxetin®,(Paxil®), sertraline
(9, Zoloft®), citalopram 10, Celexa®), fluvoxaminel(l, Luvox®) have all been shown to be
effective in the treatment of depression. Howedag to differences in metabolism (cytochrome

P450 enzymes) and secondary pharmacology theses SaRIexhibit varied pharmacological

profiles among patients.
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Figure 6. Currently Marketed SSRIs
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Most SSRIs exhibit high selectivity for the seratotransporter over the dopamine
transporter (DAT) while somewhat less selectivéhat norepinephrine transporter (NET). The
SSRI citalopram9) is the most selective compound as measured by igro serotonin (5-HT),
norepinephrine (NE) and dopamine (DA) reuptakehiititin (Table 2)"® However selectivity
does not necessarily correlate with efficacy. Fetme {7) is generally considered to be the most
efficacious SSRI but is 94-fold less selective (BHEHT) than citalopram9) and ten-fold less

selective (NE/5-HT) than paroxeting) {°

Table 2.SSRIs Inhibition of Monoamine Neurotransmitfers

SSRI 5-HT Ki,;nM)  NE (K;,nM) DA (Ki,nM)  NE/5-HT  DA/5-HT
Fluoxetine() 8 250 1,300 31 163
Paroxetinef) 0.2 60 5,400 300 27,000
Citalopram(.C) 2 5800 >10,000 2,900 >5,000
Sertaline9) 3 220 440 73 147

8Derived from data cited in referente

Mechanism of Action of SSRIs

The SSRIs elicit their pharmacological effects lgjestively blocking the serotonin
recovery system of serotonergic neurons (Figur& #&SRIs bind to the serotonin transporter
located on the pre-synaptic terminal. The normalcfion of the serotonin transporter is to
remove serotonin from the synapse and terminate st#retonergic action. The serotonin
transporter recovers the serotonin where it iseston the pre-synaptic terminal until the next

neurochemical event. By binding to the SERT, th&S®lock the recovery mechanisms of the
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SERT thus leading to increased extracellular camagons of serotonin in the synapse thus
enhancing post-synaptic serotonin receptor actiwati he increased serotonergic transmission
then remedies the disruption of the serotonin payfsnassociated with depression and other

psychiatric disorders.

Trytophan

Sem%nn in

Serotonin
reuptake
transporter

Wesicle
containing
Serotonin

Syna ps?xm

/

S — SGR
R

Serotonin receptor

Figure 7lllustrated mechanism of SSRIs activity.

Although the extracellular serotonin level can ey increased by selective inhibition
mechanism, it is puzzling that whereas inhibitoochkl reuptake immediately, alleviation of
symptom usually requires at least 2-4 wetKéMany studies reveal this limitation is partially
due to serotonin autoreceptors. Autoreceptor iscaptor located also on presynaptic nerve cell
terminals and serves as a part of a feedback losmnal transduction. For serotonin neuron cell,
the major autoreceptors are 5-HTand 5-HTg, which are both sensitive to local serotonin
concentration with different extent. Studies showew autoreceptor 5-HX is activated as
serotonin extracellular level enhanced by SSRIgjvies negative feedback to the neuron cell
and decrease release of serotonin from presynagelic While there may be little basal

endogenous tone at the 5-HTautoreceptor site$:®’ Also research works reveal combined
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treatment with an SSRI and an autoreceptor antagprovide a more rapid, and perhaps more
efficient means of enhancing 5-HT neurotransmis&8hwhile, jointly blocking 5-HT and 5-
HT.s autoreceptors has proven without effect on basHIT5output, arguing against the
possibility that a blockade of the former would dféset by an action arising from increased
activation of the latter, and vice verSa:®°Detail mechanism of these autoreceptors still earcl

and need further study.

The Disadvantages of SSRIs

Despite many advances in SSRI therapies, as mar3p-d9% of patients treated for
depression with these drugs typically do not redgdh’ In addition, nearly 50% of those
patients that do respond never fully achieve coteplemission of their depressive symptoms.
Moreover, many patients using SSRIs experienceradwgde effects. These side effects include
sexual dysfunctioff® increased anxiety, gastrointestinal effects (naYi¥eand insomnid®Many
patients also terminate their medication regimerg t slow-onset of action of the SSE¥an
clinical environments it can take 2-6 weeks of gwmus SSRI administration before
antidepressant activity can be obsenladate 2004 media attention was given to a progose
link between SSRI use and juvenile suicitfe:®*

Given the plethora of adverse side effects aswatiaith currently available SSRIs there
clearly remains a need for new SSRI-based drugs migher efficacy and fewer adverse side

effects that could be used for treatment of a wanépsychiatric illnesses.

New Targets for Drug Development
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The SSRIs such as fluoxetind @nd paroxetineg) are currently among the most widely
prescribed drugs for the treatment of depresSidhHowever; recently several new approaches
have been explored as potential avenues for tlagntent of depression and related disorders.
One approach has been to target the developmesgrotfonin autoreceptor (5-hd; 5-HTig/10,
5-HT,a) antagonists’>'°°Co-administration of a 5-H antagonist with an SSRI would then
lead to shorter induction periods. While thereame evidence that the 5-kjJantagonist/SSRI
therapies have enhanced the clinical efficacy efdb-SSRI the results do not clearly mandate
the abandonment of current SSRI-based therapiesdthtion, several dual acting 5-khl
antagonist/SSRI compounds have been identified.LTThecompound dapoxetin€l@ in Figure
5) has exhibited perhaps the greatest potentiah dsial action ligand for the treatment of

depression and is under investigattdh.
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Figure 8. Other Antidepressant Drugs
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A second approach has been to target compoundsdwdah SSRI and norepinephrine
reuptake inhibition (NRI) pharmacological profil?&!® It is believed that the efficacy of the

dual action compounds is achieved via a synergisgfitect on the serotonergic and

110 111

norepinephrinergic systems. Compounds such as etibhex (13), venlafaxine 14),

112 113

milnacipran 15)~" and duloxetinel(6)~~* all exhibit slightly improved onset of action rateith
diminished adverse side effects. However, thesé¢ alttang SSRI/NRI agents are generally no

more efficacious and sometimes less efficacious tharently prescribed SSRIs.

Meperidine

Meperidine 17), commercially marketed under the name Demerol®s wirst
synthesized in 1939 at an IG Farben laboratorynasnéimuscarinic agent? It was discovered
that it possessed analgesic effects similar to hogp by acting as an atypical agonist atjthe
opioid receptor K; = 920 nM)**° For much of the 20th century, meperidine was thieid of
choice for many physicians; in 1983 60% of doctersscribed it for acute pain and 22% for
chronic severe paitt®In 1990s, there are multiple reports of a serot@yimdrome observed in
patients treated with meperidif€:**® This serotonin syndrome which is characterizgd b
rigidity, confusion, nausea, diarrhea and coma, haen described in both animals and
humans-***#*The following bioassay proved that it has potentiimg affinity for the serotonin
transporter K; = 413 nM) and be an inhibitor of serotonin reuptdfkeMeperidine also exhibits
weak affinity for the dopamine transporter with Hrgic reuptake inhibition offfijdopamine
[ICs0= 0.61 = 2.2 nM (22% of total inhibition)] when eraed in a chopped tissue rather than
synaptosomal preparatiofis. Further, the concentration response curve of dapameuptake

inhibition exhibited a plateau at approximately 20fhibition over a broad range of low
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concentrations of meperidine. The maximal inhilbitiof dopamine reuptake produced by
meperidine at low concentrations (20%) was alsosistent with the maximal inhibition
associated with the high-affinity binding compongt8%) of the selective dopamine transporter
ligand PH]WIN 35,428 (8).}*> However, structural modification of meperidine tegn shown
to effectively eliminate dopaminergic activity rilee to its serotonergic pharmacological

profile **

o) HsC.
YN
OEt CO,CHj
ITI F
CHj
17 18

Meperidine Hypothesis

Meperidine 17) exhibits high affinity for the serotonin transper and relative poor
affinity for the dopamine transporteK;(= 18,000 nM):*> All the facts observed directed our
attention to compare the structure of meperidiregtenin and dopamine to find their structural
similarities. (Figure 6) From a comparison of getmmeptimized structures, meperidine was
found share a high similarity with serotonin. Thistahce between amine nitrogen atom to aryl
ring was determined to be 4.4-7.1A for meperidiffdsee Table 3) This was very similar to that
calculated for serotonin, 3.8-7.1A. An overlay oeperidine and serotonin exhibits a good
match for the ring systems and the amino groupslevthere is less of a structural alignment
with dopamine. This can partially explain why megere shows binding differences for the

serotonin transporter over the dopamine transporter
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Based upon these pharmacological results and ithetwtal comparison, meperidine has
been identified as a lead compound for the devedmpnof a novel class of SSRIs. It was
envisaged that through structural modification ofp@ridine increased serotonin transporter
selectively over the dopamine transporter and threpinephrine transporter can be achieved.
Structure-activity studies of meperidine analogasmonoamine transporters will lead to
identification of the necessary functionality faglh serotonin transporter selectivity and potent
serotonin reuptake inhibition, but also improve awmderstanding of the protein structure of

these transporters.

Dopamine Overlay of Meperidine and Serotonin

Figure 9Structural comparison of Meperidine, Serotonid Bropamine
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Table 3. Geometry features comparison of meperidine, seno@nd dopamine

Compound N-Ar Distance (A}
Meperidine 4.4-7.1
Serotonin 3.8-7.1
Dopamine 3.9-6.6
Average 4.1-6.9

Lead Modification

As our lead compound, Meperidine is chemically tamcted by attaching a phenyl ring
to the 4-position of the piperidine ring, and aleguires an ethyl carboxylic ester on the 4-
position. Since the carbon-nitrogen ring scaffofdneeperidine was determined to be highly
important for molecular recognition at serotonimngporters from the previous structural

comparisori’*#'the lead modification will focus on the sub-stures shown in Scheme 1.

Scheme 1
'e) Functional Group
— Transformation
- OEt
Aromatic Moiety 'Tl ~— '
Analogues CHs Homologation

Meperidine (17)
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The first modifications will focus on optimizinggharomatic ring system for transporter
affinity. The different ring moieties with variousubstituted groups will be examined for
serotonin transporter, dopamine transporter andpnoephrine transporter binding affinity and
selectivity. Also the p-opioid affinity will be rexamined, since any analgesic effects from
meperidine is unwanted in SSRI development.

The second modification will focus on the funcabgroup transformations at the ester
moiety. Initially, the ester group will be modified explore the structure-activity relationships at
of the alkyl group. Secondly, new functional growg8 be explored that could lead to reduced
lipophilicity and enhanced bioavailabity.

The last optimization is focused on the amino graach is the most important factor in
monoamine transporter recognition. Different substd N-groups will be introduced that do not
change the basicity of nitrogen atom, but effeetgteric environment around the nitrogen atom

as well as the piperidine ring conformation.

Transporter Binding Affinity and Inhibition Constan t

The potency of compounds for the monoamine tramsare typically given as igor
Ki value. These values indicate the affinity or eag which the compound binds to the
specific transporter; the lower the value, the bigthe affinity. Therefore, a compound that
exhibits high affinity for a transporter binds tbat transporter at low concentrations. The
compounds are compared to a bound radiolabeleddighat exhibits high affinity for the
transporter, such a8H]WIN35,428 (8) for the dopamine transporte?Hﬂparoxetine 8) for the

serotonin transporter antHJnisoxetine 19) for norepinephrine transporter.
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WIN 35,425 (18) Paroxetine (8) Nisoxetine (19)

The 1Gs is the concentration at which the compound is eddd displace 50% of the
radiolabeled ligandThe inhibition constantk) was derived by Cheng and Prusoff in 1973 and

is shown in equation (£f3

IC4

Ki =
[ 3Hsub] 1
— + 1

Ky

[*Hsub] is the concentration of the radiolabeled fifjzor substrates, anly is the
dissociation constant of the radiolabeled liganevigusly determined for specific transporter.
By taking the concentration of radiolabeled ligaam the dissociation constant for that ligand
into account in addition to the dgvalue for the compound being tested, the valuesnaore

comparable between laboratories.

General Hierarchy of Screening
Our general screening flow for this project isst@ated as Scheme 2. The analogues from
each modification step will be screened for thededates with potency for serotonin transporter
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(SERTK;<20nM) and selectivity over the dopamine, norepimaye transporters (DAT, NET)
and p-opioid receptor (>100 times), all the anaésgwill complete the inhibition assays with the
radiolabeled ligands in vitro. Then, the new caatkd will be sent to next screening level of in
vitro assays to determine the serotonin, dopammukererepinephrine reuptake inhibition. The
most promising compounds from these assays will thee advanced to behavioral assays and

pharmacokinetic studies.

Scheme 2

Chemical DAT,SERT,
Modification Analogues NET and p-opioid
Binding Affinity

IF NO,Feedback to SARs Study %&‘%T;%%‘%“ﬁl 00

NET/SERT>100
and n/SERT>100

PK/PD,ADME-Tox
Behavioral Assay
(e.g.Rat Swim Test)

[C59<20nM,
DA/5-HT >100,
and NE/5-HT>10

DA, NE,5-HT
Reuptake Inhibition
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Preliminary Structure-Activity Relationships of Meperidine Analogues

Novel derivatives of meperidindl]) were synthesized and the binding affinities were
compared for the dopamine and serotonin transpores well as the p-opioid receptors. The
substituted aryl ring group on the piperidine systeas explored for the meperidine system with
both the nitrile 20a-f) and ethyl ester moietie®Xa-f) at the 4-position of the piperidine

ring.121‘124

O
Ar CN A
Ej Eﬁkoa
N N
CH; CHs,
20a-f 21a-f

The in vitro binding affinities of the aryl derivative21a-f) of this series are listed in
Table 4. In general, these compounds were morapthtan the corresponding nitrile derivatives
(20a-f) at the both transportet&! The binding affinities for p-opioid receptor wemeasured
against JHJDAMGO ([D-Ala-N-Me-Phe-Gly-ollenkephalin). The selectivities of cka
compound for the serotonin transporter relativeldpamine transporter and p-opioid receptor

are listed in Table 5.
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Table 4.Theln Vitro Binding Data at Dopamine Transporter (DAT), Senatol ransporter
(SERT), and u-Opioid Receptor for 4-Aryl-Substitlitdeperidines.

0]

A
Eﬁ}\oa

N
|
21a-f
Cod AR [*H]WIN 35,428 [*H]Paroxetine [*HIDAMGO
P (DAT)K(WM)®  (SERDK(M)® (@) KM’

17 Ph 17,800+2,670 413+44 920
2la 4-F-Ph 10,700+2250 308+26 1,470
21b 4-Cl-Ph 4,100+1270 277+40 4,410
21c 4-1-Ph 3,250+195 21.0+2.4 2,350
21d  3,4-Ch-Ph 125+15 19.0+2.6 2,040
2le  2-Naphthyl 11404380 7.20+0.53 2,030
21f 4-Me-Ph 12,400+5,210 1,610+110 2,670

2 All compound were tested as HCI sdlll values are the mean+SEM of three experiments
performed in triplicate.
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Table 5. The Binding Selectivity on Serotonin TransportefeoDopamine Transporter and p-
Opioid Receptor for 4-Aryl-Substituted Meperidines.

0
AEﬁLOEt
|
21a-f

Cpd Ar DAT/SERT WSERT
17 Ph 43 2.2
2la 4-F-Ph 34 4.8
21b 4-CI-Ph 14 16
21c 4-|-Ph 154 111
21d 3,4-Cb-Ph 6.7 109
21e 2-Naphthyl 162 281
21f 4-Me-Ph 7.7 1.7

In general, the aryl-substituted meperidine anasgwere more selective for the
serotonin transporter than the dopamine transpdaiéowing the same trend as meperidité)(
In particular, the 4-iodophenyllc 3,4-dichlrorophenyRl1d and 4-naphthyRle were highly
selective for serotonin transportéf.All of the analogues were less selective for thepjoid
receptor than meperidine. These results promptésgtesst in further studies of meperidine
analogues to selectively inhibiting serotonin reiket

Other modifications were made on the ester grouthat4-position of the meperidine

scaffold. These analogues were synthesized by Rietda. via the synthetic route illustrated in
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Scheme 3% Thein vitro binding affinities of the piperidine derivative®2(- 28) of this series

are listed in Table 5.

Scheme 3

0]

Ar Ar Ar
- N OH X0 Ar N
LiAIH,, Et,0 DMSO, (COCl), Ph;P"MeBr’, nBuLi
—_—
N iPrNEt, -78-0 °C N

| r? T THEF, 0 °C-r.t
|
21d 22 24
RMgBr,
0 -
Et,0, 0 °C-r.t. H,,10% Pd/C,
MeOH
OH o
Ar. Ar Ar
Ar R R NaBH,, MeOH Affﬁk fﬁOAC fﬁ\
R
or
N N N
T . ! ' '
|
26 26a-
c 25 Ar=3.4-Cl ba-c o 2
_ R:CH3, 25a
R=Ph Ph, 25b

Table 6.Binding Data at Serotonin Transporters (SERT) angdbnine Transporter (DAT) for
4-(3,4-Dichlorophenyl) 4-Substituted Meperidines.

Cl
Cl

22-28
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[*H]WIN 35,428 [*H]Paroxetine

Cmpd R (DAT) K(nM)? (SERT)K(nM)?  DAT/SERT
21d  CO,CH,CH; 125415 18.7+2.6 6.7
28 CH.CH; 163+38 9.141.6 18
24 CH=CH, 192431 11.4+0.5 17
25h COPh 253421 200+18 1.3
25a COCH; 36735 35413 10
27 CH,0COCH, 63301 3846 17
2%6a  CHOHCH 670439 17+1 36
26c  CHOH(GHs) 4590+330 NT NT
22 CH,OH 33104210 83+3 40

2All values are the mean + SEM of three experimeet$ormed in triplicate. NT (Not tested).

The results of the dopamine and serotonin bindiifigites of the various functional
group transformations indicated that the ethyl resteiety of 21d is not necessary for high
affinity binding to the serotonin transporter. Req# most of the ester moiety with short rigid
chain showed no improvement on binding affinityhe serotonin transporter. Chain and branch
alcohols increased selectivity to some extent,tdusecreased dopamine transporter affinity. An
extra electron donor or H-bond acceptor on the gitjpm is not favored by the dopamine
transporter, but still tolerated by the serotomansporter. These preliminary results provided
helpful SAR information and pointed out that théeesunctional group itself can be maintained
for the further modification, since it can be easdonverted into other derivatives via

transesterification, reduction and hydrolysis.
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Synthesis of Meperidine

Meperidine L7) was synthesized in 1939 at an IG Farben laborats an anti-
muscarinic agent* After its analgesic effect was discovered, mepeddand its derivatives
have been synthesized using several different ndstieach of the methods has drawbacks due
to limited substitution potential, highly toxic igents, number of synthetic transformations, low
total yields or production of highly toxic intermatkes. A synthesis which minimizes the use of
toxic reagents and intermediates and allows fagilestitutions of wide variety moieties with
better total yields on the meperidine system iglider obtaining a full spectrum of compounds
for structure-activity studies at the dopamine sabtonin transporters.

Meperidine consists of one benzene ring, one mpe¥iring and one ester functional
group. By examining the structure, two differenntéyetic routes can be identified by retro-
synthetic analysis as illustrated in Scheme 4. fiits¢ route is to the close the piperidine by
dialkylation of a-carbon of phenyl nitrile; the other way, which smemore straightforward, is

coupling two ring systems with an organometalliersigand specific catalyst.

Scheme 4

Ring Formation

Ring Coupling/

Meperidine (17)

The most widely used synthesis, via Route |, ingslvthe reaction of big{

haloalkyl)amines, in particular mechlorethami@)( However,30 is considered a highly toxic
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cancer suspect agent:*?®

This synthesis of meperidind®) was patented by Otto Eisleb in
1939 (Scheme 5F> Other amines can be synthesized as the hydrodélsalt to provide
various substitutions on the nitrogen; however dhene compounds are severe vesicants and
must be handled with cautidff. The amines are reacted with phenylacetonifieénd sodium
amide to give the piperidine ring. The nitrile da@m hydrolyzed with acid and esterified with

ethanol via Dean Stark Trap to give the meperidomapound->>*2®

Scheme 5
CN CO,Et
©\/ + CI\/\N/\/Cl NaNH,, N, 1. Hydrolysis
CN I reflux 2. EtOH
N N
| |
29 30 20 21

One variation of the synthesis eliminates the ratyesef sodium amide by using sodium
hydroxide and a phase transfer catalyst, such asdeeyltributylphosphonium bromide
(HDTPB) was employed as illustrated in Scheme & fAydrochloride salt of the amid2 (R =
methyl, ethyl, n-butyl, t-butyl, and phenyl) and methoxyphenylacetonitrile3@) in 50%
sodium hydroxide reacted to give the meperidindl@it33)."*’*?® The disadvantage of phase
transfer catalyst is that the total yield is higlilgpendent upon the stirring efficiency, which

usually causes the reaction mixture to foam upndutihe course of the reaction.
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Scheme 6

OMe
B} MeO CN
cl Cl 50% NaOH (aq)
N \/\ﬁ/\/CI
CN 2N HDTPB, 100 °C
H w
31 32 33

HDTPB: CH3 (CHz) 1 SP-I':-(CHz):;CH:;] 3BI'_

In 1952, Blickeet al. reported a different method to obtain the piperdiing system of
meperidine (Scheme ¥3° Phenylacetonitrild9), sodium amide and-dimethylaminoethyl
chloride @4) were reacted to formu,a-di-(B-dimethylaminoethyl)x-phenylacetonitrile 35).
Heating 35 at high temperature (270-290°C) furnished the mdjme nitrile hydrochloride

(20).*?° This method limits\- substitution based on the nature of the ringictpstep.

Scheme 7
l CN
N NaNH,, toluene 270-290 °C CN
CN +7 ” Me ——
100 °C N N
Cl Me~ “Me Me \
* HCI | e HCI
29 34 35 20

Another approach employed by Smiss&t al. was to use a quasi-Favorskii
rearrangement (Scheme 8}.This method is considerably longer and limitedia manner of

facile substitutions of various moieties includiagyl substitutions and nitrogen substitutions.
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Isonicotinic acid 86) was methylated with methyl iodide followed by the of an ion-exchange
column to give38. Hydrogenation afforded the piperidine rir8p), which was then reacted with
thionyl chloride, to give the acid chloride. Theicachloride was converted into 1-methyl-4-
benzoyl-piperidine hydrochloridet) via the Friedel-Crafts reaction with aluminunchioride
and benzene. Chlorination afforded the di-substitupiperidine ring 41). Treatment with
sodium hydroxide and xylenes gave a mixture of kkone 42) and 1-methyl-4-phenyl-4-
piperidingcarboxylic acid43). Esterification of43 using hydrochloric acid and ethanol gave

meperidine hydrochloride2() in an overall yield lower than104%°

Scheme 8
COOH COOH COOH qooH
P NG LV @ H, ﬁj 1.SOCl
| | o PtO, N 2.AIC1;-CgHg
N N - N _
' | Cl | 88%
38 39
o o)
Cl NaOH COOH OH
_— Cl — > +
90% Xylene
N
 HCI N N |
| 25% 64%
40 41 43

65%

42
COOH (. 4 o, HCl ;COOCZHS
N~ ° HCl
|
21

42
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Also a more straightforward method via Route Il disect coupling the aromatic ring
with the piperidine via Grignard method (SchemeTe Grignhard reagent phenylmagnesium
bromide was reacted with 1-methylpiperidin-4-od&)(and afforded a 30% yield of target
product 1-methyl-4-phenylpiperidin-4-o4€), and a 25% vyield of the byproduct 1-methyl-4-
phenyl-1,2,5,6-tetra-hydropyridine (MPTR47), because the tertiary alcoholis liable to
dehydration under acidic conditions if the reactiemperature rises above -30 °C. MPTP has
been found to produce Parkinson’s-like symptomskingathis synthetic sequence and the
handling of the intermediate compound quite unetiva****3One case in particular involved
the development of Parkinson-like symptoms in a/&&r old chemist who had worked with the
compound for eight years? Also in 1982, seven people were diagnosed withkiRson-like
symptoms after having used 1-methyl-4-phenyl-4-mmogxypiperidine (MPPP48), an illegal
recreational drug, contaminated with MPTP. Evemyuthle motor symptoms of two of the seven

patients were successfully treatéd.

Scheme 9
o)
©\ Et,0, -78 °C-r.t. OH
+ —_—
MgBr Ar,3h
N
| N
|
44 45 46
OY\
N o)
N
N |
l
MPTP (47) MPPP (48)
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In 2002, Hartwiget al. publish a new coupling method fararylation, which connect
aryl ring directly to ther-carbon of activated esters or ketolf8gScheme 10) According to the
published paper, the yields are highly depend enstart materials as well as optimized base
ligand pair and optimized solvents. In 2007, samivork was published from from a Pfizer
laboratory™*? In their publish paper, only N-BOC protected pigires, with electron-deficient

pyridine halides were applied with variable yields.

Scheme 10
R4 O 0
LiNCy, Pd,(dba)s, (t-Bu);P Ri
+ Rs OR, OR,
Br R4 toluene, Ar, r.t. R3 R4
yields: 78-99%
49 50 51
~Z°N O
(e} R '
R ) N oM
| SN OMe | HMDSs, Pd,(dba)s, (t-Bu);P €
+
=
Br lV toluene, Ar, r.t. ’T‘ yields: 0-94%
52 53 54

Acetal Pathway for Meperidine Synthesis

Since the direct coupling route was determined doldw yielding and produced an
inevitably toxic by-product and alternative appioacas investigated. In 1999, a new synthesis
pathway was designed and developed by Lomeeroal. (Scheme 113** This synthesis

provided a facile method of incorporating variowngl aubstitutions on the meperidine scaffold,
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while keeping toxic reagents and intermediates tai@mum. Improvements to the synthesis
were achieved to make it more efficient for largals. Specifically, the ring closure step was

targeted.

Scheme 11

BrCH2CH2(OCH3)2,
NaNH, 50% in toulene H3CO Ar. CN OCHs 3N HCl, 50 °C

ArCH,CN W
toluene, 70 °C to reflux 4 h H3CO OCH3  overnight

29 55
O
Ar. CN Ar
CH;NH, -HCI, CH;0H o~ >
3sNH, -HCl, CH;0H, 1) H,SO4/H,0, 120 °C, 1.5 h

NaBH;CN, r.t., 48 h 2) EtOH, azeotropic distill. with

T Dean-Stark Trap 'Il

20 21

Objectives and Specific Aims

Based on the previous SAR studies of meperidintbguoas, we have clearly identified a
new class of serotonin transporter selective ligalc,d,d.'** These preliminary studies
demonstrated the potential for the development eperidine—based SSRIs with diminished p-
opioid receptor affinity. The serotonin transportanding affinity data obtained for these
meperidine derivative2(.c,d,g indicate that serotonin transporter reuptakebitioin should be

both potent and selective over dopamine transpartémorepinephrine transport&t:
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Although structural modifications on norepinephrieg@ptake inhibition (NRI) have yet
to be determined, NRI will probably not be sigrafint since the meperidine analogues generally
exhibited very poor affinity for the norepinephritfé Moreover, the dopamine uptake inhibition
may be selectively diminished by simple structuraldifications of the aryl group and ester
group.

We realized that the preliminary SAR was ratheitiohin scope and far from optimized.
Nevertheless based on the serotonin transportectsaly observed for these compounds, we
were encouraged that a novel meperidine-based &38Rl be developed with therapeutic value
for the treatment of a variety of psychiatric dibens.

The objective of the proposed research is to sgigheand evaluate the preclinical
biological and behavioral effects of novel compandrgeted for the serotonin transporter.
These compounds are designed to further elucidage structure-activity relationships of
serotonin transporter ligands as well as providdseoward the development of new therapeutic
SSRIs for the treatment of depression and relawghpatric disorders. To achieve these

objectives the proposed areas of research areilobedaen the following sections.

Specific Aim |: To design, synthesize and evaluatéhe 4-aryl-4-carboethoxy-
piperidines as potential SSRIs.

A series of 4-aryl-4-carboethoxy-piperidines arebto synthesized. The initial focus of
the proposed study will be to complete the SARstlekcribed in the Introduction Section. This
will require the synthesis of the analogu2%d,d,g for evaluation of the norepinephrine affinity,
monoamine reuptake inhibition (dopamine, serotoairg norepinephrine), as well as p-opioid

receptor affinity. In addition to these analoguég, SAR of the aryl ring of meperidine will be
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explored further by the preparation of a varietyovel 4-aryl meperidine derivative®l). It has
been shown that increased lipophilicity on the aiyy of 3-phenyl tropane derivatives led to
enhanced serotonin transporter selectivity overadope transporter and norepinephrine
transporter2°1° Since the SAR of the meperidine analogues has beewn to parallel the
SAR of the 3-phenyltropanes many of the target aumgs have aryl substitution patterns that
have been shown to favor the serotonin transpaer the dopamine transporter and the

norepinephrine transporter.

Specific Aim 2: To design, synthesize and evaluatearyl-4-substituted meperidine
derivatives as potential SSRIs.

A series of 4-aryl-4-substituted piperidine analegjthat possess a variety of functional
groups at the 4-position of 4-aryl-piperidines itiiged in Specific Aim 1 will be synthesized.
The focus of this study will be to optimize the SAIR the ester moiety to enhance SERT
selectivity over DAT and NET. As described in theeliminary Results Section, replacing the
ester group with other function groups did not eeaSERT selectivity relative. Therefore, for
potent 4-aryl-carboethoxypiperidine derivative®l)( in Specific Aim 1, a series of ester

analogues will be prepared. The initial focus a$ gtudy will be the preparation of benzyl esters.

Specific Aim 3. To design, synthesize and evaluatBl-Demethylated 4-aryl-4-
substituted meperidine derivatives as potential SSR.

Based on early SAR studies of N-substituted meperidnalogues, substituent group on
N-atom will exhibit serotonin transporter affinitiramatically decreased due to increased steric

hindrance and rigid amino conformation. Howevemesd\-demethylated analogued) exhibit
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higher serotonin transporter selectivity over dopem transporter and norepinephrine
transportef?®> Hence, N-demethylated analogues, which combind wijitimized functional

groups from aim 1 and 2, will be explored.
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RESULTS AND DISCUSSION

Since the discovery of the analgesic effects of enidme, various methods for the
synthesis of meperidine and meperidine derivatitese been reported?’ 31 As we
introduced and compared in previous section, séwdrthe methods involve the use of toxic
reagents or intermediat&S 29131134 Other syntheses either involved a number of syithe
transformations or were limited in potential sutosibns. To meet the objectives of this project,
a synthesis that involved user- friendly reagethts,potential for incorporating a wide variety of
substitutions and efficient in nature to produdarge number of analogues as well as large scale
production of select analogues would be desirake. synthesis reported by Lomeneal*?*
meets several of these requirements: 1) toxic raagend intermediates are kept to a minimum;
2) various substitutions can be afforded in diffeersteps of the synthesis and; 3) the five-step
sequence can provide useful quantities from comialgrcavailable starting materials. As
illustrated in Scheme 10, the synthetic sequengmbewith dialkylation of an arylacetonitrile
derivative 29 with bromoacetaldehyde dimethyl acetal to furnisie bisacetal55. Acid
hydrolysis of55 gives the dialdehyde and concomitant reductivenation provides the nitriles

20. Hydrolysis of the nitrile0 gives the carboxylic acid, followed by esterificat with an

alcohol to afford various este?q.
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Attempted Alternative Meperidine Synthesis

Early experiments in our lab using mechlorethamivere successful to close the ring
with good efficiency providing the meperidine datives in 50% yields. However, in order to
avoid the toxic start materials, diethanolamibé) (was used as the starting material instead of
mechlorethamine in Scheme 12, following the tosytato convert both hydroxyl and amino
groups into a sulfonate and sulfamide groups, smdy. The tosylated amin&7 should
decrease the nitrogen basicity and nucleophilieihd lead to lower toxicity than that of
mechlorethamine. However, when the following ringsare step was conducted with sodium
amide, initially only monoalkylated phenyl acetoihits (59) were obtained. Different bases like
sodium hydride, lithium diisopropylamide an@butyllithium were tested in parallel with
different solvent systems, temperatures, reactiores and starting material concentrations
(Table 7). Unfortunately the major product was ¢stesitly found to be mono-alkylated phenyl
acetonitrile $9), and only <10% of the piperidine nitrilé&) was afforded. The carbon anion is
observed after addition of base, but the alkylastopped after one side chain was attached.
Extended reaction times were unsuccessful and tmy mono-alkylated nitrile 50) was
observed after heating for 2 days, even in dilggstems. Also the further attempts to form the
piperidine rings by using purified mono-alkylatedrife (59) and base-promoted ring-closing
conditions to effect the ring closure were unsusftésand afforded low yields (<10%) of
piperidine nitrile 68). Unreacted starting materials were observed amixéure of intractable
material was observed. The failure to close thg was possibly due to the sulfamide group,
which results in increased ring strain and makinglifficult for the other side chain to be

attacked by nitrilei-carbon anion.
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Scheme 12

Ar CN
HO -~ N/\/OH TsCl, E;N, Me;N+HCl TsO_~ N/\/OTS ArCH,CN, Base Ej
H CH;CN, 0 °C, overnight Ts Solvent, Temp., Conc. 'Tl
yield=90-98% Ts yields<10%
Ars, CN Ar<__CN
Base, Solvent, Temp. Ej
OTs
NN~ N
Ts Ts yields<10%

Table 7.Various conditions for ring closing step57 and59

Base Solvent Temp. (°C) Conc. (M)
NaNH, | Toluene/Ether| -23°C-r.t, then reflu

NaH THF/Toluene| 0°C-R.T, then reflux 0.1M
0.2M
LDA | CH:CN/THF | -78°C-r.t thenreflux g 3m

n-BuLi THF 0°C-r.t, then reflux

X

According to the published method from Hartwig'ogp** a couple of trails were
carried out as illustrated Scheme 12. The proceda® carried out in glove box under a dry
Argon atmosphere. A solution of the esbédr(1.1 mmol) in toluene (2 mL) was added to a vial
containing 1.3 equiv of LINGy(1.3 mmol). The solution was stirred for 10 mirfdse it was
transferred to a screw-capped vial containing algié¢ amount of Pgldba} and the aryl halide
(2.0 mmol). Finally, R¢Bu); was added from a 0.5 M toluene stock solution. Mikewas fitted

with a PFTE septum and removed from the glove Btwe reaction mixture was stirred at room
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temperature for 24 h. The target product methylethyl-4-phenyl-4-carboxymethylpiperidine
(62) was observed by GC-MS however with low yields (24), the homo-coupling byproduct
and unreacted ester were also present. The resulpassibly explained by the low reactivity of
phenyllithium and the potential catalyst poisonimg basic piperidine nitrogen. This analysis
was supported by the research work from a Pfizeorktory*** Only N-BOC protected

piperidines, with electron-deficient pyridine haswere applied with variable yields.

Scheme 12
o o]
Cl H
Cl OMe LlNCYz, sz(dba)3, (t-Bu)3P OMe
+ o
i “Br N toluene, Ar, r.t. N
| | yields<10%
60 61 62

Attempted Modification of Ring Closure Step

Since our attempts to develop new method for swmhmeperidine were successful.
Attention focused on the optimization of acetyl thytic pathway. It was evident that the
synthesis shown in Scheme 11 would require inctkafeiency for large-scale synthesis of the
target aryl-substituted meperidines in order taawbthe desired gram quantities for behavioral
studies. In particular, the ring closure step, whigpically gave the piperidine ring products in

moderate yields (30-50%), was targeted.
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A search of the literature revealed that the degotain of acetals using trimethylsilyl
iodide afforded the corresponding aldehytfésPrevious attempts of using this deprotection
method to obtain the dialdehyde prod&d from the diacetal compoun85 (Scheme 14).
Propene was bubbled into chloroform followed by iadd of iodotrimethylsilane and the
diacetal55. (The use of the propene was necessary to elimthathydrogen iodide formed from
the reaction of iodotrimethylsilane with moisture the air. The resulting product, isopropyl
iodide, could then be easily removed in vacuo.) $okition was allowed to stir for up to 75
minutes at room temperature. No evidence of thileligyde product3 was detected by thin
layer chromatography. It was determined ¥ NMR and MS that the major product was
actually a substituted pyra¥ obtained in 77% yield. It is thought that the proity of the
diacetals allows for favorable intramolecular reigsure to form a pyran ring upon formation of

an intermediate hemiacetal.

Scheme 14

Ar_ CN

H3CO Ar, CN OCH; Me;Sil /\Ar)iN/\
+
WOCH?) CHCly/propene, 25 °C o~ N

H3CO @)
H,cO” O OCH;
Ar=34-Cl,-Ph major compound
55 63 64

Purified byproducts of the original deprotectiodiretive amination method revealed a
similar pyran ring syster@5 had been formed in the hydrolysis5# (Scheme 10). The pyr&b

was obtained in 33% yield with a 35% vyield of thesided nitrile20. With trails of different
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conditions and reactant amounts, the optimizeddyi¢|50% can be achieved with fresh made
3N HCI for hydrolysis and three equivalents of nytdimine HCI for the reductive amination.
Attempts to hydrolyze the pyrdb revealed that it was necessary to increase théoeac
temperature to reflux to afford the desired dialakh Subsequent reductive amination furnished
the piperidine ring20 in only 30% vyield (Scheme 15). Presumably the d&igheaction
temperature required for the hydrolysis also lechydrolysis of the nitrile moiety as well,

leading to the low overall yield &O0.

Scheme 15
Ar. CN
ArCN 3N HClyreflux  CH;NH,HCI, CH;0H, fﬁ
overnight NaBH;CN, r.t., 48 h N
Hyco~ O “OH |
30% yield
Ar =3,4-CL,-Ph oY
65 20

At this point it was determined that the originghthesis using the acetyl pathway could
be scaled up enough to obtain gram quantities efdésired meperidine derivatives despite the
modestly efficient ring closing sequence. The proy of the diacetal moieties led to
intramolecular ring-closure competition using tldatrimethylsilane deprotection method and
would more than likely be problematic using othepmbtection methods as well. Alternatively,
harsh conditions for the hydrolysis of the diacetaicreased the risk of by-products such as
hydrolysis of the nitrile. Performing the initiaydirolysis at 80 °C gave multiple products by thin

layer chromatography and it can be assumed thabfusetronger acid would also give multiple
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products. Also treating the diacetal nitrile withosig acid and higher temperatures to make the
dialdehyde with a carboxylic acid, or even straightesterification step was assumed to be
problematic due to too many possible byproducts #knino acid, amide and dehydrated pyrans,
which will diminish the overall yield and add potieh difficulty to the work up and purification

steps.

Synthesis of Aryl-substituted Meperidine Derivatives

A series of aryl-substituted meperidine derivativesre chosen to be synthesized and
tested for in vitro binding affinity. These compasnwere chosen for their high affinity or
selectivity for the serotonin transporter relatiee meperidine. The desired variations of aryl
moieties could be obtained as illustrated in Schéfe

The dialkylation of 2-aryl acetonitrileéZ9a-h with sodium amide and bromoacetaldehyde
dimethyl acetal in dry toluene gave the correspogdiiacetal$5a-hin good yields (65-80%).
The diacetal5a-h were then deprotected via acid hydrolysis using3Mrochloric acid at
50 °C followed by reductive amination with methyias hydrochloride and sodium cyano-
borohydride in dry methanol to obtain the piperedi@Oa-h This two-step process afforded the
4-aryl-4-cyano piperidine20a-h in moderate overall yields (30-50%). The nitri3a-h were
converted into the corresponding ethyl esg&rdirst by hydrolysis with aqueous sulfuric acid at
120 °C to obtain the carboxylic acid, followed bgddion of excess ethanol to the reaction
mixture. Azeotropic distillation of the ethanol/\eatafforded the ethyl estefsla-h in good

overall yields (50-80%).
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Scheme 16

BrCH,CH,(OCHj3),, CN OCH 3N HCl, 50°C
3 i)

NaNH, 50% in toulene H3CO_ Ar.
ArCH,CN W
toluene, 70 °C to reflux 4 h H3CO OCH3  overnight

29 55
0
Ar_ CN Ar
CH;NH, -HCI, CH;0H o~ >
3NH, -HCI, CH;0H, 1) H,SO,/H,0 120°C, 1.5 h

NaBH3;CN, r.t., 48 h 2) EtOH, azeotropic distill. with

T Dean-Stark Trap |
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Biological Studies of Dopamine Transporter, Serotoim Transporter, Norepinephrine
Transporter and p-opioid Binding Affinities of Aryl -substituted Meperidine Derivatives (21)
The binding assays were performed by Dr. Sari |zmser at the University of Miami

School of Medicine. The binding affinities for maroine transporters and p-opioid receptor are

reported a¥; values and listed in Table 8 and Table 9.
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Table 8 The In Vitro Binding Data at Dopamine Transporter (DAT), SenatoTransporter
(SERT), Norepinephrine Transporter (NET) and p-@pi®eceptor for 4-Aryl-Substituted
Meperidines.

Ar P

21a-h

Cpd  Ar [PHIWIN 35,428 [3H]Paroxetineb [3H]Nisoxetin§ [3H]DAMGbO
(DAT) Ki(nM)®  (SERT)Ki(nM)®  (NET) Ki(nM)° (1) Ki(nM)
17 Ph 17,800+2,670 413+44 NT 920
2la 4-F-Ph 10,700+2250 308426 (71°9) 1,470
21b  4-CI-Ph 4,100+1270 277+40 601,000+45,900 4,410
21c  4-I-Ph 3,250+195 21.0+2.4 519,000+51,100 2,350
21d  4-Br-Ph 6,601+137.6 48.616.1 NT NT
2le 3,4-Ch-Ph  125#15 19.0+2.6 74,500+5,100 2,040
21f 2-Naphthyl 1140+380 7.20+0.53 71,100+9,700 2,030
21g 4-Ph-Ph 6,800+3,000 43.0£8.0 4,820+632 4,390
21h 4-Me-Ph 12,400+5,210 1,610+110 (57.6) 2,670

2 All compound were tested as HCI salAll values are the mean+SEM of three experiments
performed in triplicate® Percent inhibition at highest dose tested () dPercent inhibition at

highest dose tested (). NT, Not tested.
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Table 9. The Binding Selectivity on SERT over DAT, NET and)pioid Receptor for 4-Aryl-
Substituted Meperidine Compounds.

0]
Ar O/\

\

CH;

21a-h
Cpd Ar DAT/SERT NET/SERT WSERT
17 Ph 43 -- 2.2
2la  4-F-Ph 34 -- 4.8
21b  4-CI-Ph 14 2,170 16
21c  4-1-Ph 154 24,700 111
21d  4-Br-Ph 136 - --
2le  3,4-Cb-Ph 6.7 3,920 109
21f 2-Naphthyl 162 9,880 281
21g  4-Ph-Ph 158 112 102
21h  4-Me-Ph 7.7 - 1.7

In general, the substituted aryl ring improved fleeotonin transporter binding potency
and selectivity, except compourdh, which bearing 4-methyl group as an electron-dagat
substituent. For the analogues containing an eleetithdrawing substituent, the serotonin
transporter binding affinity improved with largaubstituent, such as 4-1-pheny1(, 3,4-C}b-
phenyl @19, 2-naphthyl 21f), and 4-biphenyl Z19) analogues. Also the p-opioid receptor
binding affinity was dramatically diminished by d@r substituent. For norepinephrine
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transporter binding, these meperidine analoguew $fomr affinities and can be considering not
relative.

The results of this SAR study gave us the pictbet there must be a large hydrophobic
pocket at serotonin transporter that can accomrmoadarge substituent on the aryl ring (e.g.
analoguelc,e,f,g).The 3-D models of these candidates are shown belalustrate these ring

features (Figure 10).

\ NS SRIN G YIN §

H;C HsC H5C H;C~

EtO" O EtO” O EtO" ~O EtO" ~O

21c 21e 21f 21g

Figure 1Q Structure comparison of Meperidine Analogugkc(e,f,g.

Also the bioavailability properties of these analeg are also summarized in Table 10.
Both partition coefficient (ClogP) and topologigadlar surface area (tPSA) data are calculated
and compared** CLogP and tPSA are important index for predictriagts possibility to pass
through cell membranes and blood brain barriersialllg the tPSA should be lower than 140

angstroms square (A for the drug penetrate cell membranes and lowan t60 angstroms
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square to pass the blood-brain barri&falso the drug candidate with ClogP <5 will be able

pass the blood-brain barriers ,according to Lipisgkile of five®

Table 10 CLog P and tPSA properties of meperidine analsgute, e, f, g

Cmpd.No. CLogP Topological Polar

Surface Area?* (A?
21c 3.35 29.54
2le 3.53 29.54
21f 3.40 29.54
21g 4.11 29.54

Among of those aryl rings, 4-1- phenyX0c), 3,4-Cb-phenyl @16, 2-naphthyl 21f),and
4-biphenyl 1g) analogues, which exhibit high potency and seldgtiwill serve a new leads to
the next level of structure modifications. Also thié analogues present good bioavailability with
low CLogP and tPSA prediction. The 3,4-@Phenyl derivative21le was selected as the primary
lead for further optimization due to the relativase it could be synthesized and the availability

of gram quantities.

Synthesis of Substituted Benzyl 1-methyl-4-aryl-4arboalkoxy-piperidine

Based on the earlier work of Rhoden al, the binding data of 4-aryl-4-substituted
meperidine analogues exhibited no positive effeats serotonin transporter binding and
selectivity*?® In other words, modification of the ester moiatyoi other functionalities did not
significantly improve serotonin transporter bindiogmpared to the ester moiety. Hence, our
next task focused on different esters possessiifigrehit alkyl groups and different substituted

benzyl group.
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Due to the high boiling points of some alkyl dob or crystalline nature of the
substituted benzyl alcohols, the hydrolysis ancrégtation process in Scheme 10 were not
successful. The N-heterocyclic carbene catalyskvimm the laboratories of Professor Steve
Nolan appeared to be well suited for this transfttion. We choose to apply this novel trans-
esterification method illustrated as Scheme 16btain our desired ester analogt&s-*°

Based upon the literature, the 1,3-bis(cyclohexaméjazol-2-ylidene (ICy) N-hetero-
cycliccarbene catalyst was identified as the batdlyst for the 3,4-dichlorophenyl meperidine
system. Using a fluoroboric acid salt of 16@ the N-heterocycliccarbene catalyst was form in
situ by adding potassiutert-butoxide (9.5 mol%), and activated molecular sieVd® reaction
was performed in tetrahydrofuran at room tempeeatar 1-3 days and gave the desired esters
67a-f with isolated 50% yield or 70% by GC. The low eteld yield is due to the similar polarity
of both ester21 and67. All of the products show the same spot on TL&elit could only be

separated with long thin column using $&d 10% MeOH in CHGI
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Scheme 17

0O
0
Ar 0" R
Ar 0~ >\ ROH, ICys HBF,, M.S.
\ KO'Bu, THF, 3-5 days N
|
|
@/B\F4@ 50-70% yields
21 LN 67
\—/
66, ICy+HBF,
Ar =3,4-Cl,-Ph

RN PP PP f';\( ;\(\

67a 67b 67¢ 67d 67e¢
- \[ j /\©\ NO,
67f 67g 67h
yields= 30% 10%

While the transesterification method worked wetlthee formation of alkyl esters, further

application of this method for some substitutedzykalcohols like 4-nitro, 4-methoxy, 4-phenyl

and 3, 4-dichloro groups gave low yields (10% t&63@f the corresponding benzyl esters. Even

with prolonged reaction times of up to 5-7 days hmgher catalyst loading (5%-10%), the yields

did not improve. The source of the low yield i€gumably due to the lower nucleophilicity of

the oxygen of the substituted benzyl alcohols.

Generally problems encountered during transestatifin arise from equilibratiof?°

There is plethora of methods to bias the equilforito the product side. Comparing to several
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other strategies and attempts, the acid chloridbwasey as illustrated in Scheme 18 gave
moderate overall yields, about 55%, with easy pation of the final ester compound. In this
route, basic hydrolysis of the piperidine nitril@d) was chosen because of higher yields, easy
purification and avoiding potential piperidine riogening. Released ammonia gassiéh be
detected by wet pH paper as a monitor for reacpoogress. The 4-aryl-4-carboxylic acid
piperidine analoguesAB) were afforded by recrystalization as the HCI,saith 92% yield.
Thionyl chloride was used to convert the carboxgtds into the corresponding acid chlorides.
Employing thionyl chloride for this step requiredreful handling and waste control, due to its
corrosive nature and irritating smell. To this emel designed a simple but effective device to
absorb and HCI fumes produced by the reaction.rAenoving all the thionyl chloride at
100 °C, the mixture was cooled down and dried bgoatinuous flow of M. The following
esterification employed a heterogeneous systengueé@s NaOH and dichloromethane. Tetra-
butylammonium bisulphate was used as a phase ¢racafalyst and the esterification gave the
product67 in 50% vyields for the two step process. Other pheansfer agents like 18-crown-6
ethers and tetra-butyl ammonium bromide were alsploeed for this reaction, but gave

significantly lower yields of the desired benzyiess.
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Scheme 18

o}
1 N NaOH/MeOH 1:3, Q
Ar C reflux, overnight Ar! OH SOCl,, reflux AIZCHZOH" Buy,NHSO,4 Arl N
reflux. overnight r o~ AR
then IM HCI 2 h overnight, No  \z0H/DCM. r.t.. 4 h
N N LTt
| | ¢ HCI N
0,
90% | 50% in 2 steps
20 43 67
Ar! =3.4-Cl,-Ph
® ®
%/\@ %/\@\Br %/\©\]
67g 67h 67i 67 67k
g/\CECl g/\©\ %/\©\ %/\@\
cl NO, OCH3; CF,
671 67m 67n 670

Biological Studies of Dopamine Transporter, Serotom Transporter, and Norepinephrine

Transporter Binding Affinities of 4-Aryl-4-carboalk oxy meperidine Derivatives (67)

The binding assays were performed by Dr. Sari |z&ser at the University of Miami
School of Medicine. The binding affinities for mamoine transporters and p-opioid receptor are

reported a¥;values and are listed in Table 11.
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Table 11 The In Vitro Binding Data at Dopamine Transporter (DAT), SengtoTransporter
(SERT) for 4-Aryl-4-Substituted Meperidines.

0]

A R
r o

CHj;
67a-n

Cmpd  Ar R [*H]WIN 35,428 [3H]ParoxetinE DAT/
(DAT) Ki(nM) (SERTK(nM)°  SERT
21e 3,4-Ch-Ph  CHCHs 125+15 19+2.6 6.6
21i 3,4-Ch-Ph  CH 383+32 15+1.1 26
67a 3,4-Ch-Ph  CHCH,CH; 449+94 16+0.7 27
67b 3,4-Ch-Ph  CHCH,CH;CHs 864114 16+2.5 54
67d 3,4-Ch-Ph  CH(CH); 271451 43+7.0 6.3
67e 3,4-Ch-Ph  CH(CH)CH,CH; 28311 A4+4.7 6.4
679 3,4-Ch-Ph  CHC4Hs 917+138 9.2+3.1 100
67h 3,4-Ch-Ph  CHCgHs-4-Br 2563+47.8 7.0t0.9 366
67i 3,4-Ch-Ph  CHCgHs-4-I 3471+237.8 13.2-1.8 262
67 3,4-Ch-Ph  CH-naphthyl 4913+525.2 9.9-3.7 496
67k 3,4-Ch-Ph  CHCsHs-4-phenyl  5629+508 10.9+2.1 516
67l 3,4-Ch-Ph  CHCsHs-3,4 Cb 5,230+152 4.3+0.5 1,215
67m  3,4-Ch-Ph  CHCeHs-4-NO, 1,530+334 1.020.10 1,530
67n 3,4-Ch-Ph  CH,CsHs-4-OMe 2792+626.4 1.7+0.2 1642

2All compound were tested as HCI sdlall values are the mean+SEM of three experiments

performed in triplicate.

From the above data, the benzyl ester congenersralgnexhibited better serotonin

transporter affinity and selectivity than alkyl @st Among the benzyl ester congeners,
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substituted benzyl ring with 3,4-@7l, 4-NO, 67m, 4-OMe 67n exhibited higher potency and

selectivity.

Cl cl
Cl

EO
z
@)
N
EO
—0O

67m

3
N

Paroxetine (8)

Figure 11.Structure comparison of meperidine analoghiés, 67n, and Paroxetine

Table 12 Structual summary of meperidine analogé@sy, n, and Paroxetiné?

Compound _ N-Art _ N-Ar® _Arl-Ar2
Distance (A) Distance (A) Distance (A)
67m 4.4-8.8 6.4-10.4 8.0-10.1
67n 4.4-8.8 6.7-10.9 8.3-9.6
Paroxetine 3.9-7.5 5.3-8.9 8.5-10.6
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From the SAR studies, a second aromatic ring appegvortant for SERT recognition.
In addition, a strong H-bond acceptor substituenth@ benzyl ester is favored. As illustrated in
Figure 11 and Table 12, the computational comparégstn, 67mand Paroxetine revealed that
these molecules share similar structural geometrjufes. The aryl groups of the ester lies in the

same domain as the benzodioxole group of paroxetine

Synthesis ofN-Demethylated Benzyl 1-methyl-4-aryl-4carboalkoxy-peridine

The previous SAR studies from our group showed that N-substituted meperidine
analogues exhibit diminished serotonin transpotérding affinity!*®> However the N-
demethylated piperidine analogue showed slight ampment of serotonin transporter binding
affinity and apparently better selectivity. It wasteworthy, that most current market SSRIs

possesses a secondary amine group Figure 12.

e &0, @

(x)Fluoxetine (7) (-)Paroxetine (8) Sertraline (10)

Cl
o8
/N\H

Figure 12Secondary amines in current market SSRIs.

Based on the above analysis, all the potent catetidhat had passed previous screening

would be demethylated using our established mefSodeme 19). The target compounds are the
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combination of previous screening candidates, 3;40enyl, 4-I-phenyl and 2-naphthyl,
combined with the three potent benzyl esters grodpSMe benzyl, 4-N@ benzyl and 3,4-

dichloro benzyl.

Scheme 19
0 O
Ar. /R Ar R
O ACC-CI, ClCHchzcl, O
Na,COs3, reflux 24 h

N then CH5OH, reflux 3 h N

éH3 |_|| 70% for 2 steps
671,m,n 69a-j
68a-f

Cl

68a: Ar=4-1-Phenyl;R=3,4-Cl,-Benzyl  68d: Ar=2-Naphthyl;R=3,4-Cl,-Benzyl
68b: Ar=4-I-Phenyl;R=4-NO,-Benzyl = 68e: Ar=2-Naphthyl;R=4-NO,-Benzyl
68c: Ar=4-I-Phenyl;R=4-OMe-Benzyl  68f: Ar=2-Naphthyl;R=4-OMe-Benzyl

Biological Studies of DAT, SERT, and NET Binding Afinities of Benzyl 4-Aryl- 4-
Carboxylate N-Substituent Piperidine Derivatives (8a-j)

The binding assays were performed by Dr. Sari |zs3er at the University of Miami
School of Medicine. The binding affinities for mamine transporters are reportedkasalues

for the N-demethylated analogues are listed in @48l
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Table 13 The In Vitro Binding Data at Dopamine Transporter (DAT), SenatoTransporter
(SERT), and Norepinephrine Transporter (NET) fohr§-4-carbobenzyloxy piperidine68I-

n,69a-)).
DAT SERT  NET DAT/ NET/

Cpd Ar X R KinM)®  Ki(nM)®  Ki(nM)® SERT SERT

681  3,4-Ch-Ph  34CI CHs 52302152 43205 NT 1,215 -
11,930

69a 3,4-Ch-Ph  3.4C H  2,892:715 30245 0 96 395

68m 3,4-Ch-Ph  4-NQ  CHs 1,530+334 1.020.10 NT 1,530 -
10,190

69b 3,4-Ch-Ph  4-NQ H  1,2054263 3712 " 350 2754
299.9

68m 3,4-ChPh  4-OCH CHy 2792:626 1.7+02 o, 1642 176
12,109

69c 34-ChPh  4-0CH  H  1264:142 45:09 oo 280 2690

. 7,902

69 3,4-Ch-Ph  4CFK H  2,2444200  46.7417 oo 48 196

21c 4-1-Ph - H  3,500$321 21.621.6 NT 162 -
6,059

69d 4-1-Ph 3,4-C} H  4342+1089 59427 oo 736 1027
2,069

69e 4--Ph  4-NQ H 17774265 59420 Ln,> 301 351
2,731

69f 4-Ph  4-OCH  H  2925$626 06402 L. oo 4875 4552

21f  2-Naphthyl - H 710138 25208 NT 284 -
16,557

699 2-Naphthyl  3,4-Gi H 32124311 265:24 00" 121 625

69h  2-Naphthyl  4-NQ H  732#132  2.0+05 937+7 366 469

. 2,349

69i  2-Naphthyl 4-OCH  H  889x463  29:02 ;- 807 810

2All compounds were tested as oxylate sdAdl.values are the mean+SEM of three experiments

performed in triplicate. NT means not test.
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From above data, we observed N-demethylated meperiahalogues6Q) generally
exhibited improved serotonin transporter affinitgdaselectivity. Analogue9f showed the
highest potency and selectivity in the meperidiegvatives, which exhibited sub-nanomolar
binding affinity and great than 4500 times selattifor the serotonin transporter. Compared to
the our initial lead compound, meperidifd&), compound9f is 700 times more potent and 100
times more selective for the serotonin transpqegure 13). Also comparing to the marketed
drug Prozac®, [fluoxetine7f], 69f still shows at least ten-fold greater potency &Qefold
increased selectivity over dopamine transporterdibon and 150 fold over norepinephrine
transporter. This compound will be advancedntwivo behavioral studies for evaluating as a

potential antidepressant.

[ 0
F3C@O
CO,Et o
O/

N \
|
CHs b CHs
Meperidine (17) 69f Fluoxetine (7)
SERT K;=0.6 nM SERT K ;=8 nM
SERT K=413 nM DAT/SERT=4875 DAT/SERT=163
DAT/SERT=43 NET/SERT=4552 NET/SERT=31

Figure 13. Comparison of potency and selectivity of analodig# with meperidine and
fluoxetine.

Design of Next Generation SSRIs
Although we have done the optimization and obtaiagomising candidate for in vivo

behavioral tests, we always keep “Lipinski’s RufeFove” for blood brain barrier permeability
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in mind throughout our design and developméhfThe rule of five is the basic guideline to
evaluate druglikeness, or determine if a chemicahmound with a certain pharmacological or
biological activity has properties that would make likely to pass through the blood-brain
barriers in humans. Over the past decade Lipingkodiling tool for druglikeness has led to
further investigations by scientists to extend girgf tools to lead-like properties of compounds
in the hope that a better starting point in earbcavery can save time and cost.re According to
Lipinski’s rules, a CNS active drug has no morentbae violation of the following criteria:

1. Not more than 5 hydrogen bond donors.

2. Not more than 10 hydrogen bond acceptors (retia oxygen atoms).

3. A molecular weight under 500 daltons (bettemfrb60-480).

4. An octanol-water partition coefficient log Plegs than 5.

Drug candidateé69f possesses a molecular weight of 451.30 and CLadire \of 4.686,
which are close to the boundary lines of the Ruld-ige (illustrated in Figure 14). Hence,
lowering the molecular weight and CLogP of next thedidate should lead to improved blood
brain permeability and potential efficacy. Also thster functional group i66f is liable to
hydrolysis that might lead to a short pharmacolalgihalf-life. The half-lifeis an
important pharmaco-kinetic parameter in drug dgwalent, which indicate how long the drug
will maintain its pharmacological activity in humdody. Here we designed-benzyl-1-(1-
methyl-4-phenylpiperidin-4-yl) derivatives as thexh generation SSRIs. With the replacement
of ester group by less metabolically liable amimougp, the half life is assumed to be extended
while the amino group still participates as pot@nki-bond acceptor/donor and provides chain
flexibility. In addition, the conversion of diamirie dihydrochloride salt, the diamine congeners

would be expected to exhibit much improved watéulsbty.
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O/\Ej\o/ — ”/\©\o/

| \
H H
69f
Molecular Weight: 451.30 Molecular Weight: 436.33
Log P: 4.88 Log P: 4.63
CLogP: 4.686 CLogP: 4.795

Figure 14New design of next generation SSRIs based on ana&gj

Synthesis ofN-benzyl-1-methyl-4-aryl-4-methylamine Derivatives 71)

The synthesis of Bl-benzyl piperidine analogues was achieved fromrgpe nitriles as
shown in Scheme 20. The first reduction step usadeR Ni in a saturated NHnethanol
solution in a hydrogen atmosphere (50 psi) andraffoe primary aming0 in 90% yield. The
subsequent reductive amination gave the N-alkylawszbndary aminegl in 65-70% yields.
The target compounds were converted in the oxalats and submitted for in vitro testing at
dopamine transporter, serotonin transporter andpnoephrine transporter. The results of these

bioassay studies will be reported elsewhere.
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Benzyl amine analogues, 68 a-i

Scheme 20

Cl

7
@)
NH, /\©\R cl
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NO, “OO
71h

71d T1e
71i
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CONCLUSIONS

In conclusion, an efficient synthesis for derivaivof meperidine was developed to
obtain a variety of meperidine derivatives as lagfor the serotonin transporter. This synthesis
allowed for large-scale (gram) quantities of potant-substituted derivatives of meperidine to
be synthesized, as well as allow the facile incapon of various substitutions and
transformations on the meperidine system in orderfuture explore the structure-activity
relationships at the serotonin transporter. Theh®gis also minimized the use of toxic reagents

and intermediates to provide a safe proceduredpgpe the target compounds.

From thein vitro binding affinity studies, the substituted arylgigenerally improved the
serotonin transporter binding potency and selagtiviOnly compound21h, bearing 4-methyl
group as an electron-donating substituent, exldbdieninished potency relative to meperidine.
For the analogues containing an electron-withdrgwsnibstituent, the serotonin transporter
binding affinity improved with larger substituenssich as 4-1-phenyRQ0), 3,4-Cb-phenyl @16,
2-naphthyl 21f), and 4-biphenyl41g) analogues. Also the p-opioid receptor bindingnéif
was dramatically diminished by larger substituenfdl these ring systems indicate a
hydrophobic pocket at the serotonin transporter ¢ha hold an aromatic ring system like the 4-

iodophenyl or biphenyl rings.
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Substituted benzyl esters exhibit higher potenoy selectivity than the corresponding
alkyl esters. The high affinity of these benzyleestindicates that a second ring system is quite
important for serotonin transporter recognition. @ayg the benzyl ester congeners, a substituted
benzyl ring with a 3,4-GI (671), 4-NG, (67m), 4-OCH; (67n) group exhibited the highest

potency and selectivity in this series.

The N-substitution of piperidine analogues decrease hbéh binding affinity at the
serotonin transporter and the dopamine transpo8ebstituents larger than a methyl group
decreased the potency. Presumably, the sterigarind around the nitrogen atom blocks the
nitrogen terminal for dopamine transporter and tegria transporter recognition. Alternatively,
N-demethylated meperidine analogué8)(generally exhibited improved serotonin transporte
affinity and selectivity. Compoun®9f, the methoxylbenzyl-4-iodophenyl piperidine ester
analogue showed the highest selectivity and potency of thimounds prepared in this study
with sub-nanomolar binding affinityk{ = 0.6 nM) and selectivity at the serotonin tramgo
greater than 4500 times that of the dopamine ti@tespand the norepinephine transporter. This

compounds9f will be advanced ti vivo bioassays and animal behavioral tests.

Based upon the structure-activity studies, the mphaophore of the meperidine
analogues can be summarized in Figure 15. Theigubstphenyl ring at 4-position is required
for SERT binding recognition. Here, lipophilic gpmiare favored with the 4-iodo substiution
preferred. The second aryl ring system of the bleesters is also crucial for high binding
potency. Substitution on this aryl ring is favot®dthe electron-rich 4-methoxy group. Finally a

secondary amine terminal leads to improved serottvansporter selectivity.
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L Benzyl ester

L

OCH; NO,

Figure 12Meperidine analogue pharmacophore for SERT Bopdin

A series of N-benzyl piperidine analogues were lsgsized as the next generation of
SSRIs, based upon the ester analogues. These aomgeners are expected to maintain the high
potency and selectivity with lower molecular weigbhétter bioavailability and extended half-life
relative to ester analogues. The results of theésasbay studies are still undergoing and the

binding data will be reported elsewhere.
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EXPERIMENTAL SECTION

All chemicals were purchased from Aldrich Chemicab., Milwaukee, WI. unless
otherwise noted. Anhydrous THF, @&, and CHOH were purchased from Mallinkrodt Baker.
Toluene and RO (Drisolv®, EMD Chemicals) were purchased from VWiRernational.
Chromatography refers to flash column chromatogyaph silica gel (Sorbent Technologies
Silica Gel 60A, 230-400 mesh, 32-63 pum Standrarad€). Petroleum ether refers to pentanes
with a boiling point range of 30-60 °C. Reportedlimg points are uncorrected and were
determined using a Hoover Mel-Temp apparatus. NNMBctgsa were recorded on a Varian-
Gemini 400 MHz spectrometer. Chemical shifts apopreed asd values with tetramethylsilane
(TMS), employed as the internal standard. Elemeatallyses were obtained from Atlantic

Microlabs, Inc. Norcross, GA.

General Procedure A-1. Preparation of HydrochlorideSalts.

Some of the compounds were converted into the Ioydivade salts for biological testing, as
well as for storage and handling purposes. The &E3400 mg) was dissolved in a minimum
amount of diethyl ether (1-2 mL) and added to aursé¢d ethereal solution (10 mL) of

anhydrous hydrogen chloride. The hydrochloridessatystallized and were washed with@{3
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x 2 mL) and purified by trituration with ED and ethyl acetate. Fractional moles of wateraoul
not be prevented, despite vigorous drying (110 26) under vacuum (0.01 mm Hg). All

compounds were homogeneous on thin-layer chromegbgr(CHCYCH;OH/NH,OH, 90:9:1).

General Procedure A-2. Preparation of Oxalic Acid 8lts.

Some of the final compounds were converted intootkedic acid salts for biological testing, as
well as for storage and handling purposes. The E&3400 mg) was dissolved in a minimum
amount of anhydrous THF (1-2 mL) and added to arated THF solution (10mL) of anhydrous
oxalic acid. The salts crystallized and were washé&l anhydrous THF (1 x 2 mL) and then
washed with BO (3 x 2 mL) and purified by trituration with £ and ethyl acetate. Fractional
moles of water could not be prevented, despitereig® drying (110 °C, 1h) under vacuum (0.01
mm Hg). All compounds were homogeneous by thinflagieromatography (CH@ICH;OH

INH4OH, 90:9:1).

2,2'-(Tosylazanediyl)bis(ethane-2,1-diyl) bis(4-maylbenzenesulfonate) (57)->*

TsO\/\N/\,OTs

)

Ts
TsClI (33.3 mmol) in dry toluene (30 mL) was addedatstirred suspension of diethanolamine
(9.51 mmol), EN (4.0 mmol) and MgNeHCI (0.2 mmol) in toluene (10 mL) at 0-5 °C, atie
mixture was stirred overnight. Water (20 mL) wasledl to the mixture, which was extracted
with EtOAc (3 x 25 mL). The organic layers were doned and washed with brine, dried
(Na&SQy) and concentrated under reduced pressure. Thdueesvas purified by silica-gel

column chromatograph (SiOhexane: EtOAc, 1:1) to give7 as white solid (4.7 g, 91%
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yield).*H NMR (CDCk) & 7.77-7.75 (d,) = 8.4 Hz, 3H), 7.63-7.61 (d,= 8.4 Hz, 2H), 7.37-7.35
(d,J = 8.0 Hz, 4H), 7.31-7.29 (d,= 8.0 Hz, 3H), 4.11 () = 8Hz, 4H), 3.38 (tJ = 6 Hz, 4H),

2.46 (s, 6H), 2.43 (s, 3H).

Synthesis of meperidine using Hartwig-Buchward metbd (62).

Cl
Cl

OMe
T

The procedure was carried out in glove box unddryaArgon atmosphere. A solution of the
ester61 (173 mg, 1.1 mmol) in toluene (2 mL) was added teiad containing 1.3 equiv of
LiINCy, (250 mg, 1.3 mmol). The solution was stirred fOrriin before it was transferred to a
screw-capped vial containing a catalytic amourRPa@{dba) (1.15 mg, 0.002 mmol)and the aryl
halide60 (225.9 mg, 1.0 mmol). Finally, PBu)3 (0.002 mmol, 0.5 pl) was added from a 0.5 M
toluene stock solution. The vial was fitted witPBTE septum and removed from the glove box.
The reaction mixture was stirred at room tempeeator 24 h. The target product methyl 1-
methyl-4-phenyl-4-carboxymethylpiperidiné2) was observed by GC-MS with low yields (<

10%), m/z: found [ESI]: [MH] 301.55, G4H:7Cl.NO, requires [MH] 302.06.

(4-lodophenyl) Acetonitrile (29¢)**?
I
\©\/CN
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A mixture of KCN (2.7 g, 41 mmol) and deionized @@af4.0 mL) was heated in an oil bath to
dissolve the KCN. A solution of the 4-iodobenzybimide (9.8 g, 33 mmol) in MeOH (190 mL)
was added to the reaction flask via addition furered allowed to stir at reflux for 4 h. The
reaction mixture was allowed to cool to room tenapare. The salts were filtered, and the filtrate
was partially concentrated under reduced pres3ime resulting residue was purified by bulb-to-
bulb distillation. The impurities were collecteddn 80-100 °C and the product was collected
from 100-120 °C. This compound was obtained as itevaolid (4.8 g, 60% yield). mp 55-56 °C
(lit.: mp 56-57 °C)*H NMR (CDCk) 6 7.71 (d,J= 8.4 Hz, 2H), 7.09 (d] = 8.4Hz, 2H), 3.70 (s,

2H).*%C NMR (CDCk) § 138.1, 129.7, 129.5, 117.2, 93.5, 23.2.

General Procedure B. Dialkylation of 2-Aryl Acetontriles 29a-h!#

To a 100 mL round bottom flask fitted with a conslen containing 2-aryl acetonitrii9 (5.4
mmol) and bromoacetaldehyde dimethyl acetal (13 lhhmanhydrous toluene (7 mL) under an
atmosphere of nitrogen, a suspension of 50% Naf§bP6 by wt in toluene,1 equiv.) was added
in portions. The reaction was allowed to stir at@Xo reflux for 15 min before the next portion
of NaNH, was added. This was repeated until the mono-dutesti product was no longer
visible using thin layer chromatograph {8t hexanes, 1:1). The reaction mixture was coaded t
room temperature and quenched with deionized watee. aqueous layer was extracted with
ether (4 x 25 mL). The combined organic fractiorgendried (Ng&SQOy) and filtered. The solvent
was removed under vacuum and the residue was quifify silica-gel column chromatography

using a gradient of 25% E3/hexanes to 50% Ed/hexanes to afford produd$a-h

2-(4-Fluorophenyl)-2-(2,2-dimethoxy-ethyl)-4,4-dimehoxy-butyronitrile (55a).
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H,CO OCH3
H;CO oN OCHs
This compound was obtained from General Procedyra@sBan orange solid (12 g, 66% yield).
'H NMR (free base)H NMR (400 MHz, CDCY) 5 7.44 (m, 2H), 7.10 (m, 2H), 4.27 (diiz 4.8,
4.2 Hz, 2H), 3.23 (s, 6H), 3.17 (s, 6H), 2.40 (@, 14.2, 6.6 Hz, 2H), 2.14 (dd= 4.0, 14.4 Hz,

2H), °C (101 MHz, CDGJ) § 133.6, 127.7, 121.1, 115.7, 101.9, 53.6, 53.17,48L 4.

2-(4-Chlorophenyl)-2-(2,2-dimethoxy-ethyl)-4,4-dim#hoxy-butyronitrile (55b).

Cl

H5CO OCHjs
H;CO CN OCH3
This compound was obtained from General Procedyr@sBan orange solid (14 g, 66% yield).
'H NMR (free base)*H NMR (400 MHz, CDCJ) § 7.42-7.40 (m, 3H), 4.27 (m, 2H), 3.32 (s,
6H), 3.17 (s, 6H), 2.40 (dd,= 6.8, 14.4 Hz, 2H), 2.13 (dd= 4.0, 14.4 Hz, 2H)}*C (101 MHz,
CDCly) & 136.4, 133.7, 128.9, 127.4, 120.8, 101.9, 53.5],583.4, 41.5, Anal. Calcd. for

Ci16H2oNOLCI: C, 58.62; H, 6.76; N, 4.27. Found: C, 58.706:¥5; N, 4.19.

2-(2,2-Dimethoxyethyl)-2-(4-iodophenyl)-4,4-dimethoy-butyronitrile (55c¢).

I

H4CO, OCH;

HsCO OCHs
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The compound was obtained from General Proceduas Bn orange solid (6.9 g, 64% yield).
mp 73-75°C. 'H NMR (free base)'H NMR (400 MHz, CDCJ) § 7.74 (d,J = 8.8 Hz, 2H),
7.22(d,J = 8.4 Hz, 2H), 4.27 (m) = 4.0 Hz, 2H), 3.32 (s, 6H), 3.17 (s, 6H), 2,46, @@= 7.2,
14.4 Hz, 2H), 2.13 (dd) = 4.4, 14.6 Hz, 2H)"C (101 MHz, CDC)) 6 137.8, 137.6, 127.8,
120.7, 101.7, 93.3, 53.5, 53.1, 43.2, 41Bal. Calcd. for GsHooNO4l: C, 45.84; H, 5.29; N,

3.34. Found: C, 46.11; H, 5.24; N, 3.33.

2-(4-Bromophenyl)-2-(2,2-dimethoxy-ethyl)-4,4-dimdtoxy-butyronitrile (55d).

Br

H5CO OCHs
H5CO N OCH;
This compound was obtained from General ProcedurasBan orange solid (14 g, 66% yield).
'H NMR (free base)H NMR (400 MHz, CDC}) 6 7.55 (d,J = 8.8 Hz, 2H), 7.35 (d] = 8.4 Hz,
2H), 4.27 (m, 2H), 3.32 (s, 6H), 3.17 (s, 6H), 2(d8,J = 6.4, 14.4 Hz, 2H), 2.13 (dd, = 4.0,
14.4 Hz, 2H)*C (101 MHz, CDGJ) 6 136.4, 133.7, 128.9, 127.4, 120.8, 101.9, 53.5, 5.4,
41.5,Anal. Calcd. for GeH2oNOLCI: C, 58.62; H, 6.76; N, 4.27. Found: C, 58.70;64/5; N,

4.19.

2-(3,4-Dichlorophenyl)-2-(2,2-dimethoxyethyl)-4,4-snethoxybutyronitrile (55e).

Cl
Cl

HsCO OCHs

H3CO OCH
3 CN 3
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This compound was obtained from General ProcedyrasBorange oil (7.9g, 81% yieldH
NMR (free base)'H NMR (400 MHz, CDC}) & 7.56 (d,J =2.4 Hz, 1H), 7.49 (d] =8.4 Hz, 1H),
7.31 (dd,J = 2.4, 8.4 Hz, 1H), 4.30 (M, =4.4 Hz, 2H), 3.33 (s, 6H), 3.19 (s, 6H), 2,40, (@
6.4, 14.4 Hz, 2H), 2.13 (dd,= 4.4, 14.4 Hz, 2H)**C (101 MHz, CDGJ) & 137.8, 138.3, 133.0,
132.1, 130.6, 128.1, 125.4, 120.4, 101.8, 53.6,58.3, 41.5.Anal. Calcd. for GeH21NO4Cl,:

C, 53.05; H, 5.84; N, 3.87. Found: C, 52.87; H/5N, 3.77.

2-(2,2-Dimethoxyethyl)-4,4-dimethoxy-2-naphthalen-¥I-butyronitrile (55f).

HsCO OCHj
HsCO OCH
3 CN 3

This compound was obtained from General ProcedyrasBorange oil (7.9 g, 76% vyieldJH
NMR (free base)'H NMR (400 MHz, CDCJ) & 8.05 (s, 1H), 7.87 (m, 3H), 7.52 (m, 3H), 4.28
(dd,J = 4.0, 7.0 Hz, 2H), 3.31 (s,6H), 3.13 (s,6H), 2(80,J = 7.2, 14.2 Hz, 2H), 2.26 (dd,=

4.0, 14.6 Hz, 2H).13C (101 MHz, CDGJ) 6 135.0, 133.1, 132.6, 128.9, 128.3, 127.5, 126.7,
126.6, 125.6, 122.9, 121.3, 102.1, 53.7, 53.2,,425l. Anal. Calcd. for GoH2sNO,4: C, 69.95;

H, 7.34; N, 4.08. Found: C, 69.75: H, 7.22; NJ#4.0

2-Biphenyl-4-yl-2-(2,2-dimethoxyethyl)-4,4-dimethox-butyronitrile (55g).

HsCO. OCH;

HsCO OCH;

CN
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This compound was obtained from General ProceduyrasBa yellow solid (9.4 g, 82% yield).
mp 50-52C. *H NMR (free base)H NMR (400 MHz, CDC}) & 7.65 — 7.60 (m, 4H), 7.55 (m,
2H), 7.44 (m, 2H), 7.35 (m, 1H), 4.33 @= 4.0 Hz, 2H), 3.34 (s, 6H), 3.18 (s, 6H), 2,446, @

= 6.8, 14.4 Hz, 2H), 2.21 (dd, = 4.0, 14.4 Hz, 2H)*C (101 MHz, CDCJ) 6 140.5, 139.7,
136.7, 128.7, 127.5, 127.2, 126.8, 126.2, 121.1,9.(53.4, 52.9, 43.4, 41.5, 13.8nal. Calcd.
for CooH27NO,: C, 71.52; H, 7.37; N, 3.79. Found: C, 71.627E38; N, 3.80.

General Procedure C. Reductive Amination of DiacetaNitriles 55a-h.*?*

To a three neck 100 mL round-bottom flask contagrénN HCI (160 mL) at 50 °C was added
the diacetab (10 mmol) and the mixture was allowed to stir owgint. The acid mixture was
allowed to cool down to room temperature and thdéraeted with EtQ (300 mL). The ethereal
layer was washed with saturated NaHGO50 mL) and dried (N&Oy). The EO was removed
under reduced pressure. The resulting residue vgaslded in dry methanol (52 mL) and then
the methylamine hydrochloride (25 mmol) was addetipwed by the addition of NaB4CN
(9.4 mmol), and the mixture was allowed to stir 48 h under an atmosphere of nitrogen. The
methanol was removed under reduced pressure andesidue was treated with saturated
NaHCG; solution (160 mL) and the mixture extracted with@ (3 x 100mL). The combined
organic fractions were dried (b80O,) and the solvent was removed under reduced pesthe

residue was purified by chromatography (CEHCHs;OH, 39:1) to afford20a-h respectively.

4-(4-Fluorophenyl)-1-methyl-piperidine-4-carbonitrile (20b).
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N
CHs

This compound was obtained from General Procedur@s@n orange solid (2.1 g, 30% vyield).
'H NMR (free base)'H NMR (400 MHz, CDCY) & 7.47 (m, 2H), 7.09 (m, 2H), 2.96 (m, 2H),
2.45 (m, 2H), 2.39(s, 3H), 2.09 (m, 4H}°C (101 MHz, CDG) § 162.2, 135.9, 127.3, 121.7,

115.8, 52.6, 45.9, 41.6, 36.7.

4-(4-Chlorophenyl)-1-methyl-piperidine-4-carbonitrile (20b).

Cl

N
CHs

This compound was obtained from General Procedu@s@n orange solid (2.1 g, 30% yield).
'H NMR (free base)'H NMR (400 MHz, CDC}) § 7.44 (d,J =7.6 Hz, 2H), 7.37 (d] = 9.2 Hz,
2H), 2.96 (m, 2H), 2.48 (m, 2H), 2.38(s, 3H), 2(@9, 4H). **C (101 MHz, CDCJ) § 138.6,

133.9, 129.1, 126.9, 121.4, 52.5, 45.9, 41.7, 36.4.

4-(4-lodophenyl)-1-methyl-piperidine-4-carbonitrile (20c).

I

N
CHs

This compound was obtained from General Procedums@ yellow oil (1.9 g, 30% yield}d
NMR (free base)*H NMR (400 MHz, CDC}) 6 7.73 (d,J = 8.8 Hz, 2H), 7.25 (d] = 8.4 Hz,
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2H), 2.97 (dJ = 14.8 Hz, 2H), 2.48 (m, 2H), 2.39 (s, 3H), 2.69 @H). *C (101 MHz, CDC))

0 139.8, 138.1, 127.5, 121.4, 93.7, 52.6, 46.0,,864.

4-(4-Bromophenyl)-1-methyl-piperidine-4-carbonitrile (20d).

Br

N
CHs

This compound was obtained from General Procedur@s@n orange solid (2.1 g, 30% vyield).
'H NMR (free base)'H NMR (400 MHz, CDC}) § 7.55-7.54 (dJ) = 8.4 Hz, 2H), 7.39-7.37 (d,
= 8.8 Hz, 2H), 3.04-3.01 (d,= 6.0 Hz, 2H), 2.55 (m, 2H), 2.43(s, 3H), 2.192(fn, 4H). **C

(101 MHz, CDC}) 6 138.6, 133.9, 129.1, 126.9, 121.4, 52.5, 45.9[,436.4.

4-(3,4-Dichlorophenyl)-1-mehtyl-piperidine-4-carbontrile (20e).

Cl
Cl

N
CHj

This compound was obtained from General Proceduss@n orange oil (2.2 g, 39%) NMR
(free base)*H NMR (400 MHz, CDCY) § 7.56 (d, J = 2.0 Hz, 1H), 7.45 (d, J = 8.4 Hz, 1TH}1
(dd, J = 2.4, 8.4 Hz, 1H), 2.95 (m, 2H), 2.46 (rH),22.07 (m, 4H).*C (101 MHz, CDCJ) §

140.2, 133.2, 132.4, 130.9, 125.0, 121.0, 52.4,44..6, 36.3.
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1-Methyl-4-naphthalen-2-yl-piperidine-4-carbonitril e (20f).

L on

N
CHj

This compound was obtained from General Procedues@n orange oil (2.3 g, 35% yielth
NMR (free base)'H NMR (400 MHz, CDCY) 6 7.97 (d, J = 1.6 Hz, 1H), 7.85 (m, 3H), 7.57 (dd,
J = 2.0, 8.4 Hz, 1H), 7.50 (m, 2H), 2.99 (d, J s012H), 2.53 (m, 2H), 2.40 (s, 3H), 2.22 (m,
4H). 3¢ (101 MHz, CDGJ) 6 137.3, 133.1, 132.7, 128.9, 128.1, 127.5, 12626,5, 124.6,

123.3, 121.9, 52.7, 46.0, 42.3, 36.5.

4-Biphenyl-4-yl-1-methyl-piperidine-4-carbonitrile (209)

I on

N

CH,
This compound was obtained from General Procedues @n orange oil (2.2 g, 40%H NMR
(free base)*H NMR (400 MHz, CDCY) § 7.64 — 7.55 (m, 6H), 7.44 (m, 2H), 7.35 (m, 1HR&
(d, J = 12.6 Hz, 2.51 (m, 2H), 2.40 (s, 3H), 2.46 4H).°C (101 MHz, CDCJ) § 141.0, 140.1,

139.1, 128.8, 127.6, 127.0, 126.0, 121.9, 52.10,44..9, 36.6.

General Procedure D. Esterification of Nitriles 20ah.*?*
The nitrile 30 (5.2 mmol) in an aqueous solution of sulfuric a@®d mL HSO;:H,0,1:1) was

heated in an oil bath at 120 °C for 1.5 h. Thekflams then equipped with a Dean-Stark Trap

79



and excess alcohol was added. The water was ap&atitg removed over 4.5 h and alcohol was
added as needed. The reaction was heated to @flemight and then allowed to cool to room
temperature. The alcohol was removed under redpiessure. The flask was then cooled in an
ice bath and the acid was neutralized to pH 10 WvibhNaOH. The aqueous layer was extracted
with Et,O (3 x 75 mL). The combined organic fractions wetied (NaSQO,) and the solvent was
removed under reduced pressure. The residue wdge@uy chromatography (CHgCH3;OH,

39:1) to afford esterdla-h,respectively.

4-Carboethoxy-(4-fluorophenyl)-1-methyl-piperidine (21a).

F
CO4Et

N

CH;
This compound was obtained from General Proceduas B white solid (1.0 g, 70% yield), and
converted into a hydrochloride salt (General PracedA-1), which was obtained as a white
solid, mp 137-138 °C'H NMR (free base)s 7.36 (m, 4H), 7.00 (m,2H), 4.12 (4= 6.8 Hz,
2H), 2.78 (br s, 2H), 2.57 (d,= 12.8 Hz, 2H), 2.26 (s, 3H), 2.13 Jt= 11.2 Hz, 2H), 1.94 (m,
2H), 1.18 (t,J = 7.2 Hz, 3H),**C NMR (free base)s 174.1, 161.7, 138.7, 127.5, 115.3, 60.8,

53.4, 48.1, 46.2, 34.0, 14.0.

4-Carboethoxy-(4-chlorophenyl)-1-methyl-piperidine(21b).

Cl
CO,Et

N
CHs
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This compound was obtained from General Proceduas B white solid (1.1 g, 70% yield), and
converted into a hydrochloride salt (General PracedA-1), which was obtained as a white
solid, mp 168-169 °CH NMR (free base)s 7.31 (m, 4H), 4.12 (q] = 6.8 Hz, 2H), 2.77 (br s,
2H), 2.56 (dJ = 12.8 Hz, 2H), 2.27 (s, 3H), 2.13 Jt= 11.2 Hz, 2H), 1.93 (1] = 10.4 Hz, 2H),
1.18 (t,J = 7.2 Hz, 3H),"*C NMR (free base)s 174.0, 141.5, 132.9, 128.6, 127.3, 60.9, 53.4,

48.3, 46.2, 33.6, 14.0.

4-Carboethoxy-(4-iodophenyl)-1-methyl-piperidine (2c).

I
CO,Et

N
CHs

This compound was obtained from General Proceduas B white solid (1.1 g, 68% yield), and
converted into a hydrochloride salt (General PracedA-1), which was obtained as a white
solid, mp 247-249 °CH NMR (free base)s 7.65 (d,J = 8.8 Hz, 2H), 7.13 (d] = 8.4 Hz, 2H),
4.12 (m,J = 7.2 Hz, 2H), 2.78 (d] = 8.4 Hz, 2H), 2.54 (d] = 13.2 Hz, 2H), 2.27 (s, 3H), 2.14 (t,
J = 10.8 Hz, 2H), 1.94 () = 10.4 Hz, 2H), 1.18 (J = 7.6 Hz, 3H),23C NMR (free base)s
173.7, 137.5, 127.8, 92,7, 60.9, 53.2, 48.3, 48316, 14.0. Anal. Calcd. for GsH2oNO,l- HCI:

C, 43.98; H, 5.17; N, 3.42. Found: C, 44.10; 235N, 3.43.

4-(4-Bromophenyl)-4-carboethoxy-1-methyl-piperidine(21d).

Br
CO,Et

CHs;
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This compound was obtained from General Proceduas B white solid (1.1 g, 80% yield), and
converted into a hydrochloride salt (General PracedA-1), which was obtained as a white
solid, mp 247-249 °CH NMR (free base) 7.47 (d,J = 8.8 Hz, 2H), 7.26 (d] = 8.8 Hz, 2H),
4.12 (9,0 = 7.2 Hz, 2H), 2.78 (br s, 2H), 2.54 (b 12.4 Hz, 2H), 2.26 (s, 3H), 2.13Jtz 11.2

Hz, 2H), 1.93 (tJ = 11.2 Hz, 2H), 1.18 (] = 7.2 Hz, 3H).

4-Carboethoxy-(3,4-dichlorophenyl)-1-methyl-piperidne (21e).

Cl
Cl

CO,Et

N
CH,

This compound was obtained from General Proceduas Bn off-white solid (1.2 g, 70% vyield),
and converted into a hydrochloride salt (Generakc®dure A), which was obtained as a white
solid, mp 195-196 °CH NMR (free base)s 7.47 (d,J = 2.0 Hz, 1H), 7.40 (d] = 8.8 Hz, 1H),
7.23 (dd,J = 2.4, 8.4 Hz, 1H), 4.14 (nd,= 6.8 Hz, 2H), 2.80 (dJ = 8.4 Hz, 2H), 2.55 (dJ=
12.8 Hz, 2H), 2.28 (s, 3H), 2.16 {t= 11.6 Hz, 2H), 1.94 (m] = 11.2 Hz, 2H), 1.20 (] = 6.8
Hz, 3H).13C NMR (free base)d 173.4, 132.6, 131.2, 130.4, 128.2, 125.4, 61.2,58.2, 46.0,

33.6, 14.0. Anal. Calcd. for GsH1gNO,Cl,: HCI: C, 51.08; H, 5.72; N, 3.97. Found: C, 51.23

H, 5.78; N, 4.00.

4-Carboethoxy-1-methyl-4-naphthalen-2-yl-piperidine(21f).
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O CO,Et

N
CHs

This compound was obtained from General ProceDuas an off-white solid (1.2 g, 32% vyield)
and converted into a hydrochloride salt (Generakc®dure A), which was obtained as a white
solid, mp 191-193 °CH NMR (free base)s 7.80 (m, 4H), 7.55 (dd] = 2.0, 8.6 Hz, 1H), 7.44
(m, 2H), 4.12 (m,) = 6.8 Hz, 2H), 2.83 (d] = 9.2 Hz, 2H), 2.70 (dJ = 12.4 Hz, 2H), 2.28 (s,
3H), 2.21 (t,J = 11.6 Hz, 2H), 2.10 (m, 2H), 1.16 &= 6.8 Hz, 3H).X*C NMR (free base)s
174.3, 133.3, 132.3, 128.1, 128.0, 127.3, 126.6,9.224.6, 124.0, 60.8, 53.5, 48.7, 46.2, 33.9,
14.0. Anal. Calcd. for GgH23NO,- HCI: C, 68.36; H, 7.25; N, 4.20. Found: C, 68.877.30; N,

4.14.

4-Biphenyl-4-carboethoxy-1-methyl-piperidine (219).

O CO,Et

N
CH,

The compound was obtained from General Proceduas ®yellow solid (1.1 g, 80% yield) and
converted into a hydrochloride salt (General Praced\), which was obtained as a white solid,
mp 196-198 °C*H NMR (free base)s 7.54 — 7.28 (m, 9H), 4.10 (4= 6.8 Hz, 2H), 2.78 (d]
= 9.2 Hz, 2H), 2.61 (d] = 12.8 Hz, 2H), 2.24(s, 3H), 2.15 {t= 11.2 Hz, 2H), 2.01 ( = 11.2

Hz, 2H), 1.14 (tJ = 7.4 Hz, 3H).2*C NMR (free base)s 174.3, 140.5, 139.8, 128.7, 127.3,
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127.2,127.0, 126.2, 60.9, 53.5, 48.5, 46.3, 339). Anal. Calcd. for GiHsNO,- HCI/4H,0:

C, 69.21;: H, 7.73; N, 3.84; Found: C, 69.47; H57I2, 3.80.

General Procedure E. Transesterification of Ethyl Bter of 21e.1%*

A flask containing oven-dried molecular sieves (5@§) was charged with ICy-HCI (10 mol %),
potassiunt-butoxide (9.5 mol %), and THF (1 mL). The ethyle1.0 mmol) and alcohol (1.5
mmol) were dissolved in THF (0.5 mL) and addedh® teaction mixture via cannula addition.
The reaction was allowed to stir at room tempeeaturd was monitored by TLC (CHVMeOH,
19:1). The mixture was filtered and the solvent seed under reduced pressure. The residue
was purified using column chromatography to affoechpound$7a-h.

General Procedure F. Hydrolysis of Nitriles 20c,&.*>

A solution of the nitrile (5.2 mmol) and 25 % (W§aOH (34 mL) in methanol (100 mL) was
stirred at reflux overnight, then cool down to rod@mperature. The mixture was reduced to
half the volume under reduced pressure and exttagth ELO (3 x 30 mL). The aqueous layer
was cooled to 0 °C, then acidified to pH = 2 wittl HCI solution and then extracted with ethyl
acetate (3 x 75 mL). A white suspension was forraed white solid was filtered by vacuum
filtration. The solid was recrystallized from,®/MeOH (4/1, v/v) to afford produdi7g-o as
white crystals.

General Procedure G. Esterification of Carboxylic Aids 43g-01°3

Thionyl chloride (20 mLyvas transferred to a 100 mL round-bottom flasleditivith a condenser

and filled with carboxylic aci@3g-o(1.85 mmol). The mixture was heated to reflux oignt
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with stirring under M. Excess thionyl chloride was removed by distiiatiwith absorption
device (Sat.NaOH solution). A solution of alcohbl85 mmol) and BANHSO, (0.36 mmol) in
CH.CI, (20 mL) was transferred to the residue. The medurere cool to -5 °C then 5% NaOH
(3mL) was added. Stirring was continued at -5 °C1fdn and then the mixture was allowed to
warm room temperature. The reaction was monitoye@l every 30 minutes until the starting
material was consumed. The organic layer was stgohrevashed with water, dried (M&0,),
filtered and concentrated under reduced presswiefidation by column chromatography

(MeOH/CHCE 2.5:98) gave esté&7g-oas white solids.

4-Bromobenzyl-4-(3, 4-dichlorophenyl)-1-methylpiperdine-4-carboxylate (67h).

Cl Cl

N

On
Br
|

CHs
Compound was obtained from General Procedure Gvasita solid (411 mg, 50% yield) and
converted into the HCI salt (General Procedure Ad jfford a white foamtH NMR (free base):
'H NMR (400 MHz, CDCY)) § 7.45 — 7.41 (m, 3H), 7.38-7.36 (@= 8.0 Hz, 1H), 7.18-7.15 (m,
1H), 7.07 — 7.05 (dJ = 8.0 Hz, 1H), 5.04(s, 2H), 2.76-2.74 (d= 8.4 Hz, 2H), 2.55-2.52 (d,=
12.0 Hz, 2H), 2.24 (s, 3H), 2.13-2.07Jt 12.0 Hz, 2H ), 1.94 (i = 10.0 Hz, 2H)Anal. Calcd.

for CyoH20BrCIoNO,- HCI- 1/2H0: C, 47.78; H, 4.41; N, 2.79. Found: C, 47.704H,7; N, 2.73.

4-lodobenzyl-4-(3, 4-dichlorophenyl)-1-methylpiperiine-4-carboxylate (671).
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T

N
I

CHs
Compound was obtained from General Procedure Cvalsita solid (450 mg, 50% yield) and
converted into the HCI salt (General Procedure Aelafford white foam™ NMR (free base):
'H NMR (400 MHz, CDCJ) 5 7.65 — 7.63 (m, 2H), 7.40-7.36 (m, 2H), 7.18-7(15 1H), 6.93 —
6.91 (d,J = 8.0, 2H), 5.03(s, 2H), 2.76-2.74 (W= 8.8, 2H), 2.55-2.52 (d, = 12.0, 2H), 2.24 (s,
3H), 2.11 (tJ = 10.4, 2H ), 1.94 () = 10.8, 2H).Anal. Calcd. for GoH20ClLINO,- HCI- HO: C,

43.00; H, 4.15; N, 2.51. Found: C, 43.01; H, 41922.39.

2-Naphthyl-4-(3, 4-dichlorophenyl)-1-methylpiperidine-4-carboxylate (67j).

cl Cl

N

T

CHs
Compound was obtained from General Procedure Cvalsita solid (385 mg, 50% yield) and
converted into the HCI salt (General Procedure Ad gfford white foam*H NMR (free base):
§ 7.84— 7.74 (m, 2H), 7.40-7.36 (m, 2H), 7.60 (s),1H51-7.45(m,2H), 7.35-7.33 (d,= 8.0
Hz,1H) 7.27 (s,1H) 7.20-7.17 (ddl= 2.0,2.0 Hz,1H), 5.27(s, 2H), 2.76-2.74J& 5.6 Hz, 2H),
2.59-2.56 (dJ) = 12.0 Hz, 2H), 2.23 (s, 3H), 2.14 Jt= 10.8 Hz, 2H ), 1.95 (f = 10.8 Hz, 2H).
Anal. Calcd. for G4H23CI,NO2-HCI-1.5H0: C, 58.61; H, 5.53; N, 2.85. Found: C, 58.37; H,

5.50; N, 2.83.
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4-Biphenyl-4-(3, 4-dichlorophenyl)-1-methylpiperidne-4-carboxylate (67Kk).

cl Cl

0]

e
\ 9
I

CHs
Compound was obtained from General Procedure Cvasitea solid (410 mg, 51% vyield) and
converted into the HCI salt (General Procedure Ad jfford a white foamH NMR (free base):
§ 7.59— 7.53 (m, 4H), 7.46-7.43 (dii= 6.8, 2.0 Hz, 3H), 7.38-7.36 (d,= 8.8 Hz, 2H), 7.27-
7.25(d,J=8.0 Hz, 2H), 7.21-7.18 (dd,= 2.4, 6.4 Hz, 1H), 5.15(s, 2H), 2.78-2.76 J&; 8.0 Hz,
2H), 2.59-2.56 (dJ = 12.8 Hz, 2H), 2.25 (s, 3H), 2.15 Jt= 10.8 Hz, 2H ), 1.96 (] = 10.8 Hz,
2H). Anal. Calcd. for GgH25CIo,NO,-HCI-H0O: C, 61.37; H, 5.55; N, 2.75. Found: C, 61.33; H,

5.48; N, 2.84.

3,4-Dichlorobenzyl 4-(3,4-dichlorophenyl)-1-methylperidine-4-carboxylate (671).

Cl
Oﬁ
Cl
N

CH3
Compound was obtained from General Procedure G adfavhite solid (400 mg, 50% vyield)
and converted into the HCI salt (General Procedufg, which was obtained as a white solid,
mp 182-183 °C*H NMR (free base}H NMR (400 MHz, CDCJ) 7.40 (ddJ = 2.4, 8.4 Hz, 2H),

7.36(s, 1H), 7.18 (dd] = 2.0, 2.1 Hz, 2H), 7.00 (dd,= 2.0, 2.0 Hz, 1H) 5.04 (s, 2H), 2.83 (s,
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2H), 2.58-2.55 (dJ = 12.8 Hz, 2H), 2.30 (s, 3H), 2.20-2.18 (@t 8.0 Hz, 2H), 2.06-2.03 (d,
= 10.4 Hz, 2H)}3C NMR (101 MHz, CDGJ) § 173.4, 141.3, 135.9, 133.1, 132.7, 131.8, 130.8,
130.0, 128.5, 127.3, 125.6, 65.5, 53.3, 48.6, 48337.Anal. Calcd. for GoH1gNO,Cls- HCI: C,

49.67; H, 4.17; N, 2.90. Found: C, 49.44; H, 41972.84.

4-Nitrobenzyl 4-(3,4-dichlorophenyl)-1-methylpiperdine-4-carboxylate (67m).

Compound was obtained from General Procedure Gya#iawv solid (410 mg, 47% yield) and
converted into a HCI salt (General Procedure Aaljich was obtained as an orange solid, mp
187-189 °CH NMR (free base)H NMR (400 MHz, CDCJ) 6 8.16 (d,J = 8.8 Hz, 2H), 7.40
(dd,J = 2.4, 8.4 Hz, 2H), 7.29 (d,= 8.8 Hz, 2H), 7.13 (dd] = 2.4, 2.4 Hz, 1H), 5.17 (s, 2H),
2.74 (s, 2H), 2.56-2.53 (d,= 12.4 Hz, 2H), 2.24 (s, 3H), 2.15-2.10 (@t 10.8 Hz, 2H), 2.00-
1.98 (d,J = 11.2 Hz, 2H).13C NMR (101 MHz, CDQ) ¢ 173.4, 147.9, 142.8, 135.5, 133.1,
131.9, 130.8, 128.6, 125.6, 124.0, 65.7, 53.3, ,486.3, 33.7. Anal. Calcd. for

Ca0H20N204Cly- HCI- 1/4H0: C, 51.74; H, 4.67; N, 6.03. Found: C, 51.744H5; N, 5.83.

4-Methoxylbenzyl 4-(3,4-Dichlorophenyl)-1-methylpigridine-4-carboxylate (67n).
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o)

O/\@\
OCHj3

Compound was obtained from General Procedure Gvasita solid (410 mg, 51% yield) and

N
I

CH3

converted into the HCI salt (General Procedure Ad jfford a white foamH NMR (free base):
'H NMR (400 MHz, CDC}) & 7.40 (d,J = 2.3, 1H), 7.34 (dd] = 8.4, 4.1 Hz, 1H), 7.20 — 7.16
(m, 1H), 7.13 (dtJ = 17.3, 8.2 Hz, 2H), 6.91 — 6.77 (m, 2H), 5.042H), 3.80 (s, 3H), 2.75-
2.73 (d,J = 9.2 Hz, 2H), 2.54-2.51 (d,= 12.6 Hz, 2H), 2.23 (s, 3H), 2.12-2.10 (m, 2HY21(d,
J=10.8 Hz, 2H)*C NMR (101 MHz, CDGJ) § 173.6, 159.6, 132.9. 131.5, 130.6, 130.2, 128.5,
127.8, 125.6, 118.74, 114.1, 67.1, 55.9, 55.5, ,538.6, 46.3, 33.9.Anal. Calcd. for

C21H23CIb,NO3- HCI- HO: C, 54.50; H, 5.66; N, 3.03. Found: C, 52.3750; N, 3.03.

4-Trifluromethyl-(3,4-dichlorophenyl)-1-methylpiper idine-4-carboxylate (670).

Cl Cl

3
N

On
CF
|

CHs
Compound was obtained from General Procedure Cvalsita solid (400 mg, 48% yield) and
converted into the oxalic salt (General Procedus®) Ao afford a white foamtH NMR (free
base): (400 MHz, CDG) § 7.57 (d,J = 8.0 Hz, 2H), 7.39 (ngH), 7.29 (d,J = 8.4 Hz, 2H), 7.18

(dd,J = 2.0 Hz 1H), 5.15 (s, 2H), 2.80 (s, 2H), 2.56J¢; 12.8 Hz, 2H), 2.28 (s, 3H), 2.17 ,
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= 10.8 Hz 2H), 2.01(t) = 10.8 Hz, 2H)*C NMR (101 MHz, CDGJ) & 173.4, 139.5, 135.4,

133.1, 130.8, 128.5, 128.3, 125.8, 125.8, 125.3,6.56.3, 53.2, 48.5, 46.2, 33.6.

3,4-Dichlorobenzyl 4-(4-iodophenyl)-1-methylpiperithe-4-carboxylate (68a).

I

Cl
O/\@
Cl
h
CH,
Compound was obtained from General Procedure Gvasita solid (500 mg, 48% yield) and
converted into the oxalic acid salt (General PracedA-2), to afford a white solid forntH
NMR (free base)*H NMR (400 MHz, CDCY) § 7.76 — 7.60 (m, 2H), 7.43 — 7.32 (m, 1H), 7.18 —
7.03 (m, 3H), 6.95 (dt = 16.2, 8.1 Hz, 1H), 5.03 (s, 2H), 2.93 — 2.67 &), 2.55 (dJ = 12.9

Hz, 3H), 2.26 (m, 3H), 2.20 — 2.09 (m, 2H), 2.01J& 10.0 Hz, 2H).

4-Nitrobenzyl 4-(4-iodophenyl)-1-methylpiperidine-4carboxylate (68b).

|
OA©\
NO

Compound was obtained from General Procedure Gndmste solid (400 mg, 45% vyield) and

2

N
I

CHj

converted into the oxalic salt (General Procedw®) Ao afford white foamtH NMR (free

base)*H NMR (400 MHz, CDCY) & 8.19 — 8.07 (m, 2H), 7.69 — 7.58 (m, 2H), 7.33197m,

90



2H), 7.17 — 7.02 (m, 2H), 5.22 — 5.09 (m, 2H), A352H), 2.58-2.55 (d] = 12.0, 2H), 2.31 —
2.20 (m, 3H), 2.19 — 2.06 (m, 2H), 2.01 Jc& 11.0, 2H)**C NMR (101 MHz, CDGJ) § 173.7,

137.9, 128.3, 123.9, 123.3, 118.5, 115.5, 93.24,&3.4, 46.4, 36.4, 33.7.

4-Methoxylbenzyl 4-(4-iodophenyl)-1-methylpiperidire-4-carboxylate (68c).
I
0
On
OCHj

N

CHs
Compound was obtained from General Procedure Gvasita solid (440 mg, 50% vyield) and
converted into the oxalic salt (General Procedus®)Ato afford a white foamiH NMR (free
base)'H NMR (400 MHz, CDC}) § 7.67 — 7.56 (m, 2H), 7.19 — 6.98 (m, 4H), 6.89.746(m,
2H), 5.08 — 4.97 (m, 2H), 3.85 — 3.75 (m, 3H), 2(§32H), 2.55-2.53 (d] = 12.8 Hz, 2H), 2.20
(d,J =19.7 Hz, 3H), 2.15 — 2.00 (m, 2H), 1.94 J& 11.0 Hz, 2H)}*C NMR (101 MHz, CDGJ)

0 173.9, 159.8, 137.8, 130.1, 128.2, 127.9, 1148M,%6.8, 55.5, 53.4, 48.7, 46.3, 33.7.

3,4-Dichlorobenzyl 4-(naphthalen-2-yl)-1-methylpipedine-4-carboxylate (68d).

(1§
Cl
Oﬁ
Cl
N
CHs
Compound was obtained from General Procedure Gvasita solid (380 mg, 48% yield) and

converted into the oxalic salt(General Procedur)Ato afford a white foamiH NMR (free
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base)H NMR (400 MHz, CDCJ) § 7.91 — 7.70 (m, 4H), 7.55 — 7.43 (m, 2H), 7.29.297(m,
2H), 7.14 (d,J = 1.9 Hz, OH), 7.00 — 6.86 (m, 1H), 5.03 (s, 2”81 (s, 2H), 2.72-2.70 (d,=
8.0 Hz, 2H), 2.43 — 2.31 (m, 4H), 2.29 (s, 3H),02(8,J = 17.5 Hz, 1H)!*C NMR (101 MHz,
CDCl) 6 174.1, 136.1, 133.5, 132.8, 132.7, 130.6, 12928.7, 128.4, 127.7, 127.2, 126.5,

126.5, 125.1, 124.0, 65.7,53.4, 48.9, 46.1,.33.6

4-Nitrobenzyl 4-(naphthalen-2-yl)-1-methylpiperidine-4-carboxylate (68e).

(2
) ¢
O/\©\NO

2

N
|

CHs;
Compound was obtained from General Procedure Gvasta solid (360 mg, 48% yield) and
converted into the oxalic salt (General Procedus®) Ao afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDCY) & 8.04 — 7.91 (m, 2H), 7.79 (m, 4H), 7.50 (m, 3H),87(d,J
= 8.6 Hz, 2H), 5.15 (m, 2H), 2.85 — 2.72 (m, 4HB®(s, 3H), 2.27 — 2.24 (m, 4HJC NMR
(101 MHz, CDC}) 6 174.2, 147.7, 143.2, 133.5, 132.6, 128.6, 1288,3], 127.7, 126.6, 126.6,

125.2, 124.1, 123.8, 65.3, 53.6, 49.2, 46.5, 33.9.

4-Methoxylbenzyl 4-(naphthalen-2-yl)-1-methylpiperdine-4-carboxylate (68f).

92



(2
O 0
O/\©\OCH3

N

|
CHs

Compound was obtained from General Procedure Cvelsita solid (350 mg, 50% vyield) and
converted into the oxalic salt (General Procedus2) Ao afford a white foamH NMR (free
base)*H NMR (400 MHz, CDC)) § 7.80 — 7.74 (m, 4H), 7.52 — 7.49 (m, 1H), 7.46.447(m,
2H), 7.12 — 7.10 (d] = 8.0 Hz,2H), 6.78 — 6.75 (m, 2H), 5.05 (s, , 2B{Y¥5 (s, 3H), 2.80 (s, 2H),
2.71- 2.68 (dJ = 12.0 Hz, 2H), 2.26 (s, 3H), 2.18 — 2.12 (m, 4%} NMR (101 MHz, CDCI3)

0 174.20, 159.8, 133.5, 132.6, 130.2, 128.5, 12828.0, 127.6, 126.4, 126.3, 125.1, 124.1,

114.0, 66.9, 55.5, 53.3, 48.9, 45.8, 33.4.

General procedure H.N-Demethylation of Benzyl 4-Aryl-1-methyl-piperidine Analogues
(67,68)**

A solution of65 (6.1 mmol), sodium bicarbonate (9.1 mmol) and bihethylchloroformate
(52 mmol) in 1,2-dichloroethane (27 mL) was hedtedeflux under an atmosphere of nitrogen
for 48 h. The mixture was filtered to remove anjidsoand the solvent was removed under
reduced pressure. Methanol (115 mL) was added fandnixture was heated to reflux for 3 h.
The solvent was removed under reduced pressurerd@mtm was added, washed with 1.8 N
NaOH (30 mL) and water (30 mL), and then dried ®@;). The crude product was purified by
column chromatography (S¥OCHCL/CH;OH, 12:1) to afford the normeperidine analogues

69a-.
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3,4-Dichlrobenzyl 4-(3,4-dichlorophenyl) piperidine4-carboxylate (69a).
cl Cl

(0]
Cl
O/\©i
Cl

Compound was obtained from General Procedure Hvalsite solid (173 mg, 70% vyield) and

\
H

converted into the oxalic salt(General Procedur®)Ato afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDC}) § 7.40 (dd,J = 14.3, 8.3, 2H), 7.32 (d,= 1.9 Hz, 1H), 7.17 —
7.06 (m, 2H), 6.98 (dd] = 8.2 Hz, 1.6, 1H), 5.06 (s, 2H), 3.44 {d= 12.8 Hz, 2H), 3.04 (] =
11.7 Hz, 2H), 2.68 (d] = 14.4 Hz, 2H), 2.42 — 2.21 (m, 2H}’C NMR (101 MHz, CDGJ) 5
171.9, 151.1, 139.9, 134.9, 132.9, 131.2, 130.6,2328.0, 127.5, 125.1, 66.4, 55.9, 48.1, 41.9,
34.6. Anal. Calcd. for GgH17CIsNO,- GH204-1/2H0: C, 47.39; H, 3.79; N, 2.63. Found: C,

47.60; H, 3.83; N, 2.74.

4-Nitrobenzyl 4-(3,4-dichlorophenyl) piperidine-4€arboxylate (69b).

cl Cl

O/\©\
NO

Compound was obtained from General Procedure Hwakite solid (163 mg, 69% yield) and

2

\
H

converted into the oxalic salt (General Procedus)Ato afford a white foamtH NMR (free
base)H NMR (400 MHz, CDC}) & 8.15 (d,J = 8.5 Hz, 2H), 7.45 — 7.36 (m, 2H), 7.32 {c&&

8.7 Hz, 2H), 7.24 — 7.15 (m, 1H), 5.19 (s, 2H),73(8,J = 12.7 Hz, 2H), 2.77 () = 11.5 Hz,
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2H), 2.54 (dJ = 13.1 Hz, 2H), 2.39 (s, 1H), 1.99 — 1.78 (m, 2f0.NMR (101 MHz, CDGJ) &
173.4, 147.9, 142.8, 142.8, 133.1, 131.8, 130.8,68,2428.4, 125.5, 123.9, 65.7, 49.5, 43.9, 34.6.
Anal. Calcd. for Q9H13C|2N204'C2H204: C,50.52;: H, 4.04;: N,5 .61. Found: C, 50.60; HA N,

5.33.

4-Methoxylbenzyl 4-(3,4-dichlorophenyl) piperidine4-carboxylate (69c).

0]

O/\@\
OCH3;

Compound was obtained from General Procedure Hwakite solid (160 mg, 71% yield) and

N
H

converted into the oxalic salt (General Procedui®)Ato afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDCY) § 7.38 — 7.29 (m, 2H), 7.11 @,= 10.2 Hz, 4H), 6.83 (d] =
8.5 Hz, 2H), 5.06 (s, 2H), 3.80 (s, 3H), 3.43 (4),22.98 (s, 2H), 2.65 (d = 13.1 Hz, 2H), 2.29
(s, 2H).13C NMR (101 MHz, CD(J) 6 173.6, 159.9, 143.2, 132.9, 131.5, 130.6, 13@23,4,
127.7,125.5, 114.0, 67.1, 55.5, 49.4, 44.0, 3A@al. Calcd. for GoH21CI,NO3- G;H,04- 0.1H0:

C, 54.36; H, 4.81; N, 2.88. Found: C, 54.70; H 1419, 2.87.

3,4-Dichlorobenzyl 4-(4-iodophenyl) piperidine-4-ceboxylate (69d).

I

0]

Cl
OA©1
Cl

Ir-=
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Compound was obtained from General Procedure Hvalsite solid (196 mg, 70 % vyield) and
converted into the oxalic salt (General Procedus®) Ao afford a white foamtH NMR (free
base):*H NMR (400 MHz, CDC}) 5 7.65 (d,J = 8.5 Hz, 2H), 7.35 (d] = 8.2 Hz, 1H), 7.13 (d,

J = 1.8 Hz, 1H), 7.09 (d] = 8.5 Hz, 2H), 6.96 (dd] = 8.2, 1.8 Hz, 1H), 5.02 (s, 2H), 3.07 (s,
2H), 2.79 (dJ = 6.9 HZ, 2H), 2.53 (s, 2H), 1.87 (s, 2HC NMR (101 MHz, CDG)) § 173.8,
142.3, 138.0, 136.1, 132.9, 132.5, 131.1, 130.9,81A428.1, 127.2, 93.4, 65.3, 49.6, 43.94, 34.6.
Anal. Calcd. for GgH1gClaINO2- GH04: C, 43.47; H, 3.47; N, 2.41. Found: C, 43.92; 593 N,

2.39.

4-Nitrobenzyl 4-(4-iodophenyl) piperidine-4-carboxyate (69e).

|
On
NO

Compound was obtained from General Procedure Hwakite solid (186 mg, 72% yield) and

2

\
H

converted into the oxalic salt (General Procedus)Ato afford a white foamtH NMR (free
base):'H NMR (400 MHz, CDCJ)  8.14 (d,J = 8.7 Hz, 2H), 7.66 (t) = 5.5 Hz, 2H), 7.33 —
7.22 (m, 2H), 7.11 (dJ = 8.6 Hz, 2H), 5.17 (s, 2H), 3.06 @= 12.5 Hz, 2H), 2.77 (1 = 11.6
Hz, 2H), 2.54 (dJ = 12.6 Hz, 2H), 2.16 — 1.49 (m, 2HYC NMR (101 MHz, CDGJ) 6 173.9,
143.1, 138.0, 128.4, 128.1, 123.9, 104.5, 93.24,689.7, 44.1, 34.6Anal. Calcd. for

Ci19H19IN2O4- GH204: C, 45.34; H, 3.80; N, 5.04. Found: C, 46.444H5; N, 4.69.

4-Methoxylbenzyl 4-(4-iodophenyl) piperidine-4-carloxylate (69f).
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On
OCH3

Compound was obtained from General Procedure Hvalsite solid (168mg, 73% vyield) and

\
H

converted into the oxalic salt (General Procedu®) Ao afford a white foamtH NMR (free
base)H NMR (400 MHz, CDCY) § 7.62 (d,J = 8.6 Hz, 2H), 7.11 (d] = 8.6 Hz, 2H), 7.03 (dl

= 8.6 Hz, 2H), 6.82 (dJ = 8.7 Hz, 2H), 5.03 (s, 2H), 3.80 (s, 3H), 3.33.68 (m, 2H), 2.99 —
2.70 (m, 2H), 2.72 — 2.43 (m, 2H), 2.28 — 1.95 AH).**C NMR (101 MHz, CDGJ) 5 173.3,
159.9, 138.0, 137.7, 130.2, 129.9, 128.0, 127.9,51214.2, 114.0, 93.4, 67.3, 55.5, 49.8, 33.7.
Anal. Calcd. for GoH22INO3- GH04: C, 48.81; H, 4.47; N, 2.59. Found: C, 49.504,1; N,

2.52.

3,4-Dichlorobenzyl 4-(naphthalen-2-yl) piperidine-4carboxylate (699).

LS o

Compound was obtained from General Procedure Hvalsite solid (180 mg, 71% vyield) and

N
H

converted into the oxalic salt (General Procedus)Ato afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDC}) & 7.88 — 7.74 (m, 4H), 7.54 — 7.41 (m, 3H), 7.25.:77(m,
1H), 7.17 — 7.06 (m, 1H), 6.98 — 6.85 (m, 1H), 5:09.94 (m, 2H), 3.10 (1] = 22.6 Hz, 2H),

2.87 (dd,J = 25.4, 14.1 Hz, 3H), 2.68 (d,= 13.2 Hz, 2H), 2.16 — 1.93 (m, 2HfC NMR (101
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MHz, CDCk) 6 174.2, 139.7, 136.2, 133.5, 132.8, 132.7, 13230.4, 129.8, 128.7, 128.4,
127.7, 127.2, 126.6, 126.55, 126.5, 125.1, 12332,6 49.9, 44.1, 34.6Anal. Calcd. for

023H21C|2N02'C2H204Z C, 59.53: H, 4.60: N, 2,78. Found: C, 59.53;: 25N, 2.60.

4-Nitrobenzyl 4-(naphthalen-2-yl) piperidine-4-carloxylate (69h).

(2
O 0
O/\©\NO

Compound was obtained from General Procedure Hvasite solid (160 mg, 73% yield) and

2

N
H

converted into the oxalic salt (General Procedus®) Ao afford a white foamtH NMR (free
base)’H NMR (400 MHz, CDGJ) & 8.01 — 7.92 (m, 2H), 7.85 — 7.77 (m, 2H), 7.76.717(m,
1H), 7.71 (s, 1H), 7.55 — 7.46 (m, 2H), 7.42 — 7134 1H), 7.20 — 7.07 (m, 2H), 5.30 — 5.07 (m,
2H), 3.54 — 3.36 (m, 2H), 3.16 (= 11.1 Hz, 2H), 2.84 (1] = 14.3 Hz, 2H), 2.52 (] = 10.9 Hz,
2H). *C NMR (101 MHz, CDGJ) & 172.7, 147.9, 142.3, 133.4, 132.8, 129.2, 1282R.4,
128.3, 127.7, 127.1, 127.0, 125.2, 123.9, 123.29,688.6, 42.0, 30.5.Anal. Calcd. for

023H22N204'C2H204' 1/2"&0 C, 61.34; H,5.15; N,5.72. Found: C, 61.855H4:; N, 5.68.

4-Methoxylbenzyl 4-(Naphthalen-2-yl) piperidine-4-arboxylate (69i).
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Compound was obtained from General Procedure Hvalsita solid (150 mg, 72% vyield) and

N
H

converted into the oxalic salt (General Procedus)Ato afford a white foamtH NMR (free
base)’H NMR (400 MHz, CDCJ) & 7.88 — 7.66 (m, 4H), 7.54 — 7.40 (m, 3H), 7.17.657(m,
2H), 6.85 — 6.69 (m, 2H), 5.05 (s, 2H), 3.75 (s),3812-3.05 (m, 2H), 2.84 (s, 2H), 2,67 (s,
2H), 2.03 (t,J =10.4 Hz, 2H)*C NMR (101 MHz, CDGJ) § 174.5, 159.8, 140.3, 133.5, 132.6,
130.1, 128.5, 128.4, 128.1, 127.6, 126.4, 126.2,912124.2, 114.0, 66.8, 55.4, 49.9, 3A8al.
Calcd. for G4H2sNOs- GH,04- 1/3H0: C, 66.32; H, 5.91; N, 2.97. Found: C, 66.345195; N,

2.93.

4-Trifluromethylbenzyl 4-(3,4-dichlorophenyl) piperidine-4-carboxylate (69j).

cl Cl
O/\@\
CF

Compound was obtained from general method H as itevelolid (180mg, 72% vyield) and

3

\
H

converted into the HCI salt (General Procedure Ad pfford a white foamH NMR (free base):
1H NMR (400 MHz, CDCI3 7.67 — 7.50 (m, 2H), 7.46 — 7.35 (m, 2H), 7.20 & 9.1 Hz, 2H),
7.17 (td, J = 8.2, 2.4 Hz, 1H),5.04 (s, 2H), 3.22.93 (m, 2H), 2.89 — 2.66 (m, 2H), 2.53 (d, J =
13.2 Hz, 2H), 2.35 — 2.14 (m, 1H), 1.99 — 1.72 2#).3C NMR (101 MHz, CDCI3)5 173.5,
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142.9, 139.6, 133.0, 131.7, 130.7, 128.4, 128.8,812125.8, 125.7, 125.7, 125.5, 122.8, 66.2,
49.5, 44.1, 43.9, 34.8, 34.8, 29&nal. Calcd. for GoH1sClFsNO,-HCI-1/3H0: C, 50.60; H,

4.18: N, 2.95. Found: C: 50.65; H, 4.27; N, 2.92

General procedure |. Reduction of 4-(3,4 Dichlorobezyl) Piperidine Nitrile (20d).*>*

In a pressure reaction bottle were placed nigdd (1.73g, 6.3mmol)anhydrous methanol (40
mL), and Raney Ni (1.97 g). Anhydrous hlWas bubbled through the solution until saturated.
The reaction bottle was sealed and fixed to Padrétyenation apparatus. After shaking at room
temperature overnight under an atmosphere ©{39 psi), the reaction mixture was filtered
through a layer of celite and the filtrate was earicated under reduced pressure to yiéd
(1.53 g, 97%) as a white solid. The product wasdlovernight under vacuum and used in
subsequent reactions with no further purification.

General Procedure J. Reductive Amination of 4-(3ichlorobenzyl)-piperidines (70)'*°

The amine70 (0.82 mmol), benzaldehyde (0.82 mmol), NaBN (51.4 mg, 0.818 mmol) and
glacial acetic acid (51.4 mg, 0.82mmol) were coratliin a 100 mL round-bottom flask, with
CH.Cl, (30 mL) and mixture was allowed to stir overnightr@om temperature. The mixture
was then treated with saturated,8@; solution and extracted with GBI, (3 x 25 mL). The
combined organic fractions were dried {N@y) and the solvent was removed under reduced
pressure. The residue was purified by chromatogrd@tiCl/CHsOH, 9:1) to afford71a-h

respectively.

N-Benzyl-1-(4-(3,4-dichlorophenyl)-1-methylpiperidir4-yl) methanamine (71a).
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N
CH;

Compound was obtained from General Procedure Jvdsta solid (203 mg, 70% yield) and
converted into the oxalic salt (General Procedui®)Ato afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDCY) § 7.40 — 7.38 (m, 2H), 7.30 — 7.26 (m, 2H), 7.25.227d,J

= 8.8 Hz 1H), 7.16 — 7.13 (m, 3H), 3.64 (s, 2HBL(s, 2H), 2.48 (s, 2H), 2.20 (s, 3H), 2.16-
2.12 (d,J = 14.0 Hz, 4H), 1.94-1.88 (m, 2HYC NMR (101 MHz, CDGCJ) 5 = 140.6, 132.8,
130.5, 130.2, 129.6, 128.5, 128.0, 127.1, 126.91,982.1, 46.4, 40.4, 33.%nal. Calcd. for

Co0H24CIoN2- 1.5GH204- HO: C, 53.50; H, 5.66; N, 5.42. Found: C, 53.545H4; N, 5.13.

N-(4-Methylbenzyl)-1-(4-(3,4-dichlorophenyl)-1-methipiperidin-4-yl) methanamine (71b).
Cl

Cl

N
Hn
CH

3

N
|

CHs
Compound was obtained from General Procedure Jvdsta solid (200 mg, 70% yield) and
converted into the oxalic salt (General Procedus®)Ato afford a white foamtH NMR (free
base)H NMR (400 MHz, CDCJ) § 7.40 — 7.38 (m, 2H), 7.15 — 7.13 (m, 1H), 7.08667d,J
= 8.0 Hz, 2H), 7.02 — 7.00 (d,= 8.0 Hz, 2H), 3.59 (s, 2H), 2.63 (s, 2H), 2.4921), 2.31 (s,
3H), 2.20 (s, 3H), 2.15-2.11 (d= 15.2 Hz, 4H), 1.91 (dd, = 16.3, 6.4 Hz, 2H)°*C NMR (101

MHz, CDCI3)s 137.5, 136.6, 132.7, 130.4, 130.2, 129.6, 1227,9, 126.9, 53.9, 52.1, 46.4,
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40.4, 33.9, 21.3Anal. Calcd. for QlH26C|2N2'C2H204'2H202 C,54.87; H, 6.41; N, 5.56. Found:

C,54.51; H, 6.38; N, 4.45.

N-(4-Trifloromethylbenzyl)-1-(4-(3,4-dichlorophenyl)-1-methylpiperidin-4-yl)methanamine
(71c).

Cl

Cl

Compound was obtained from General Procedure Jvdsta solid (258 mg, 72% yield) and
converted into the oxalic salt (General Procedus®)Ato afford a white foamtH NMR (free
base)H NMR (400 MHz, CDCJ) § 7.53 — 7.51 (dJ = 8.0 Hz, 2H ), 7.41 — 7.39 (m, 2H), 7.28 —
7.26 (d,J = 8.0 Hz, 2H), 7.16 — 7.14 (d,= 8.0 Hz, 2H), 3.68 (s, 2H), 2.62 (s, 2H), 2.4824d),
2.20 (s, 3H), 2.16-2.13 (d,= 12.1 Hz, 4H), 1.91 (dd,= 16.6, 6.6 Hz, 2H)*C NMR (101 MHz,
CDCI3) 6 144.7, 132.8, 130.5, 130.3, 129.6, 128.2, 12&25,41 125.4, 125.3, 53.6, 52.0, 46.4,
40.5, 33.9Anal. Calcd. for GiH23ClFsN2- GH204-1.5H0: C, 50.37; H, 5.15; N, 5.11. Found:

C,50.90; H, 5.10; N, 5.11.

N-(4-Bromobenzyl)-1-(4-(3,4-dichlorophenyl)-1-methypiperidin-4-yl)methanamine (71d).
Cl

Cl
N
H/\@\
Br

CHs;
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Compound was obtained from General Procedure Jvdsta solid (247 mg, 70% yield) and
converted into the oxalic salt (General Procedu®) Ao afford a white foamtH NMR (free
base)H NMR (400 MHz, CDCJ) § 7.40 — 7.36 (m, 4H ), 7.15 — 7.12 (s 8.5, 2.3 Hz, 1H),
7.03 — 7.00 (dJ = 8.4 Hz, 2H), 3.57 (s, 2H), 2.60 (s, 2H), 2.4824d), 2.20 (s, 3H), 2.15-2.11 (d,
J = 14.3 Hz, 4H), 1.89 (ddl = 16.4, 6.5 Hz, 2H)*C NMR (101 MHz, CDGJ) § 139.6, 132.8,
131.5, 130.5, 130.3, 129.7, 129.6, 126.9, 120.84,5.0, 46.4, 40.4, 33.%nal. Calcd. for

021H23BI'C|2N2'C2H204' HzoZ C, 48.02; H, 4.95; N, 5.09. Found: C, 48.175H2; N, 4.54.

N-(3,4-Dichlorobenzyl)-1-(4-(3,4-dichlorophenyl)-1-rethylpiperidin-4-yl)methanamine
(71e).
Cl

Cl cl

N/\©i
H
Cl

N

|
CHj

Compound was obtained from General Procedure Jvelsita solid (253mg, 72% yield) and
converted into the oxalic salt (General Procedus®)Ato afford a white foamtH NMR (free
base)H NMR (400 MHz, CDC}) § 7.38 — 7.36 (m, 2H ), 7.29 — 7.26 (m, 1H), 7.2207(d,J =
2.0 Hz, 1H), 7.14-7.11 (dd,= 6.0, 2.4 Hz, 1H), 6.96-6.93 (dd= 6.0, 2.4 Hz, 1H), 3.55 (s, 2H),
2.58 (s, 2H), 2.45 (s, 2H), 2.17 (s, 3H), 2.13-209] = 14.0 Hz, 4H), 1.90-1.84 (m, 2H}C
NMR (101 MHz, CDC4) 6 141.0, 132.8, 132.5, 130.8, 130.5, 130.4, 1298,64, 127.3, 126.9,
52.8, 52.0, 46.4, 40.4, 33.8nal. Calcd. for GoH2.ClsN2- GH,04- H,O: C, 48.91; H, 4.85; N,

5.19. Found: C, 49.05; H, 5.01; N, 4.55.
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N-(4-Methoxylbenzyl)-1-(4-(3,4-dichlorophenyl)-1-métylpiperidin-4-yl)methanamine (71f).
Cl

Cl

N
H/\©\
OCHs

N
I

CHg
Compound was obtained from General Procedure Jvasta solid (243 mg, 70% yield) and
converted into the oxalic salt (General Procedui®) Ao afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDCY) & 7.39 — 7.37 (m, 2H ), 7.14 — 7.12 (dds 6.4, 2.0 Hz, 1H),
7.05-7.03 (d,J = 8.0 Hz, 2H), 6.80-6.78 (d,= 8.0 Hz, 2H), 3.78 (s, 3H), 3.55 (s, 2H), 2.62 (s
2H), 2.49 (s, 3H), 2.21 (s,3H), 2.15-2.11 Jck 14.0 Hz, 4H), 1.93-1.87 (m, 2HJC NMR (101
MHz, CDCk) 6 158.7, 132.7, 132.6, 130.4, 130.2, 129.5, 12®6,9, 113.8, 55.5, 53.5, 52.0,
46.3, 40.4, 33.8Anal. Calcd. for GiH26Cl2N,0O- GH204- H,O: C, 55.09; H, 6.03; N, 5.59. Found:

C, 55.24; H, 5.96; N, 5.56.

N-(4-Nitrobenzyl)-1-(4-(3,4-dichlorophenyl)-1-methypiperidin-4-yl) methanamine (719).
Cl

Cl

2
N

N
L
NO
1

CHs
Compound was obtained from General Procedure Jvasita solid (167 mg, 67% yield) and
converted into the oxalic salt (General Procedus)Ato afford a white foamtH NMR (free

base)*H NMR (400 MHz, CDCJ) & 8.05 — 8.03 (dJ = 4.0 Hz, 2H), 7.36-7.34 (m,2H), 7.29 —
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7.26 (m,2H), 7.14-7.11 (m1H), 3.68 (s, 3H), 2.59 (s, 2H), 2.43 (s, 2H),52(%,3H), 2.09 (m,
4H), 1.88-1.83 (m, 2H}*C NMR (101 MHz, CDG) § 148.5, 147.1, 132.8, 130.5, 130.3, 129.6,
128.6, 126.9, 123.6, 53.3, 52.0, 46.4, 40.5, 38nAl. Calcd. for QoH23C|2N302'C2H204' H,O: C,

51.17; H, 5.27; N, 8.14. Found: C, 51.14; H, 51047.69.

N-(2-Naphthyl)-1-(4-(3,4-dichlorophenyl)-1-methylpigeridin-4-yl) methanamine (71h).

Cl

Compound was obtained from General Procedure Jvaita solid (258mg, 68% yield)and
converted into the oxalic salt (General Procedui®)Ato afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDCY) & 7.81-7.91 (m, 1H), 7.76-7.74 (d= 8.0, 2H), 7.54 (s, 1H),
7.46 — 7.43 (m, 2H), 7.42 — 7.38 (m, 2H), 7.27-7(@6 2H), 7.16-7.14 (dd] = 8.5, 2.2, 1H),
3.80 (s, 2H), 2.68 (s, 2H), 2.49 (s, 2H), 2.193d), 2.16-2.13 (m, 4H), 1.95-1.92 (m, 2HE
NMR (101 MHz, CDC4) 6 138.0, 133.5, 132.8, 132.7, 130.5, 130.3, 1228,2, 127.9, 127.0,
126.4, 126.3, 126.2, 125.7, 54.2, 52.1, 46.4, 4034.0. Anal. Calcd. for

Ca4H26CIoN2- GH204: 1.75H0: C, 58.38; H, 5.94; N, 5.24. Found: C, 58.385H9; N, 4.59.

N-(4-Biphenyl)-1-(4-(3,4-dichlorophenyl)-1-methylpigeridin-4-yl)methanamine (71i).
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Cl

Cl

Compound was obtained from General Procedure Jwaiita solid (263mg, 70% yield) and
converted into the oxalic salt (General Procedui®)Ato afford a white foamtH NMR (free
base)*H NMR (400 MHz, CDC}) § 7.61-7.59 (m, 2H), 7.53-7.51 (d,= 8.0, 2H), 7.46 — 7.40
(m, 4H), 7.36 — 7.32 (m, 1H), 7.23-7.21 (m, 2HW977.17 (m, 1H), 3.69 (s, 2H), 2.69 (s, 2H),
2.51 (s, 2H), 2.22 (s, 3H), 2.19-2.15 (m, 4H), 11994 (m, 2H)*C NMR (101 MHz, CDGCJ) &
141.2, 140.0, 139.7, 132.8, 130.5, 130.2, 129.8,(,2128.7, 128.4, 127.4, 127.3, 127.3, 126.9,
53.8, 52.1, 46.4, 40.5, 34Ahal. Calcd. for GgH2sCloN2: GH204- 2H0: C, 59.47; H, 6.06; N,

4.95. Found: C, 59.35; H, 5.95; N, 4.47.
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APPENDIX

Experimental Procedures

for

Binding Assays for the Dopamine, Serotonin and Nop@nephrine Transporters
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Dr. Sari Izenwasserand coworkers at University of Miami, School of Nigde performed the

in vitro binding assays for the dopamine, serotonin andpmoephrine transporters.

[*H] WIN 35,428 Binding Assay

Male Sprague-Dawley rats (200-250 g,Taconic, GetavamNY) were decapitated and
their brains removed to an ice-cooled dish for etiien of the caudate-putamen.the tissue was
homogenized in 30 volumes of ice-cold modified K¢tEPES buffer (15 mM HEPES, 127Mm
NaCl, 5mM KCI,1.2 mM MgS@2.5 mM CaCJ, 1.3 mM NaHPQO,,10 mM glucose, pH adjusted
to 7.4) using a Teflon/glass homogenizer and degied at 20000g for 10 min aP@ The
resulting pellet was then washed two more timesrd»guspension in ice-cold buffer and
centrifugation at 20000g for 10 min atC4 Fresh homogenates were used in all experiments.
Binding assays were conducted in modified Krebs-B&Pbuffer on ice, essentially as
previously described. The total volume in each twlas 0.5 mL, and the final concentration of
membrane after all additions was approximately 08%y) corresponding to 150-300 g of
protein/sample. Increasing concentrations of thegdoeing tested were added to triplicate
samples of membrane suspension. Five minutes [A#rWIN 35,428 (final concentration 1.5
nM) was added and the incubation was continued.fioon ice. The incubation was terminated
by the addition of 3 mL of ice-cold buffer and raitration through Whatman/GF/B glass fiber
filter paper (presoaked in 0.1 BSA in water to r@nonspecific binding) using a Brandel Cell
Harvester (Gaitherburg, MD). After filtration, tliéers was washed with three additional 3 mL
washes and transferred to scintillation vials. Abto ethanol (0.5 mL) and Beckman Ready

Value Scintillation Cocktail (2.75 mL) were addedthe vials which were counted the next day
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at an efficiency of about 36%. Under these assapditions, an average experiment yielded
approximately 6000 dpm total binding per sample apgroximately 250 dpm nonspecific
binding. Nonspecific binding was defined as bindingthe presence of 100M cocaine. K
values were derived from 14 point competition assaging increasing concentrations of
unlabeled compounds (0.05 nM to 1QM) against 1.5 nM*H] WIN 35 428. Data were

analyzed with Graphpad Prism software (San Diegdifdhia).

[*H]Paroxetine Binding Assay

Brains from male Sprague-Dawley rats weighing 208-2) (Taconic Labs) were
removed, and midbrain was dissected and rapidlgefio Membranes were prepared by
homogenizing tissues in 20 volumes (w/v) of 50 mis Tontaining 120 mM NaCl and 5 mM
KCI (pH 7.4 at 25 °C), using a Brinkman Polytroet{s1g 6 for 20 s) and centrifuged at 50,0009
for 10 min at 4 °C. The resulting pellet was repmrgled in buffer, recentrifuged, and re-
suspended in buffer to a concentration of 15 mg/rhigand binding experiments were
conducted in assay tubes containing 4.0 mL buffer9D min at room temperature. Each tube
contained 0.2 nM *H]paroxetine (New England Nuclear, Boston MA)an& ing midbrain
tissue (original wet weight). Nonspecific bindingasvdetermined using 1 pM citalopram.
Incubations were terminated by rapid filtrationaihgh Whatman GF/B filters, presoaked in 0.05%
polyethylenimine, using a Brandel R48 filtering nfald (Brandel Instruments Gaithersburg,
MD). The filters were washed twice with 5 mL coldffer and transferred to scintillation vials.

Beckman Ready Safe (3.0 mL) was added, and the wale counted the next day using a
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Beckman 6000 liquid scintillation counter (Beckm@aaulter Instruments, Fullerton, CA). Data

were analyzed by using GraphPad Prism software [iago, CA).

[*H]Nisoxetine Binding Assay

Frontal cortex of male Sprague-Dawley rats was read@nd frozen. Membranes were prepared
by homogenizing tissues in 50 mM Tris (120 mM Na®&ImM KCI; pH 7.4 at 25 °C) and
centrifuging (50 000g for 10 min at 4 °C. The réisgl pellet was then washed and centrifuged
two more times. The final pellet was re-suspenadea toncentration of 80 mg/mL (original wet
weight). Assays were conducted in the above TritehuVolume totaled 0.5 mL with tissue
concentration of 8 mg/tube’H]Nisoxetine (specific activity 80 Ci/mmol; finabacentrated 0.5
nM, New England Nuclear, Boston, MA) was added @ir@dincubation continued for 1 h on ice.
Incubations were terminated by rapid filtrationaiagh Whatman GF/B filters, presoaked in 0.05%
polyethylenimine (PEI). Nonspecific binding was idefl using 1 M desipramine. For these
assays, an initial screen was conducted to assgdaament of nisoxetine at a concentration of
from 0.01 nM to 100 uM of the unknown compoundhHre was greater than 50% displacement

of nisoxetine, &; value was determined in subsequent studies.
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