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Improving Potency and Oral Bioavailability of Spinster Homolog 2 §pns2
Inhibitor : A Structure-Activity Relationship Study

Kyle J. Dunnavant
ABSTRACT

The sphingosind-phosphate (S1P) pathway is a therapeutic target for drug
discovery due to its involvement in autoimmune diseasel as multiple sclerosiS)
and ulcerative colif (UC) as well as renal fibrosis (RFB1P is synthesized from
sphingosine that is phosphorylated by sphingosine kinases 1 or 2 (SphK1, SphK2). Once
formed, it can be transported to extracellular space by one of its transporter proteins
spinster homolog ASpns2) or major facilitator superfamily domain containing 2b
(MFSd2b) to interact with its five {rotein coupld receptors S1R5. Once receptor
bound, S1P carelicit a variety of signaling responses involving cellular survival,
migration, and proliferan. Of note, S1PS1P1 interactiondnduce the egressof
lymphocytes from lymphAs a result the S1P pathway has been the focus of several
successful medicinal chemistry campaigns with five S1P receptor modulators receiving
FDA approval for the treatmemf MS and/or UC. However, theseS1P receptor
modulatorssuffer from adverse etarget cardiovascular side effect® circumvent these
side effects, targeting proteingstreamof the receptors has become the fofumsn
medicinal chemistry campaigns.

In this dissertationthe design and development of Spns2 inhibitors is reported. A
completestructureactivity relationship $AR) studies of the head, core, and tatjionof
the Spns2 inhibitorgpharmacophoravas performed, resulting in several inhibitorghwi
improved potency, oral bioavailability, and pharmacokinetic propeffiesn this SAR

we discovered that(i) a urea piperazine head group improves poteany oral



bioavailahlity, (ii) additional substitution on the phenyl core was detrimental tditoni
activity, and (iii) replacement of the lipitke decyl tail with less lipophilic and more
rigid tails were well tolerated, preventing the inhibitor from rapid metabolism while
maintaining potency and oral bioavailabilitfhe optimized Spns2 inhiloit, 4.22v,
contains a ureapiperazinehead group a phenyl core, and a-&clopropylphenal
butylene tail.In vitro studies revealed thdt22v impaired S1P transport on par with the
transport dead mutant Spns2R200S when administered at 300 nM arngd ah28+ 1

nM. Intraperitonealnjection (IP) andoral gavaggPO) administrationof 4.22v to mice
resulted in profound lymphopenia, a hallmarkimfvivo Spns2 inhibition. Preliminary
pharmacokinetic studies determined th&2v has ahalf-life of 6.9 hours in mice and
chronic dosing at 20 mg/kg for 14 days did not show signs of toxicity. With these results,
4.22v is apotentialdrug candidate for the treatment of MS, UCR#f and is currently

undergoing further biological evaluation
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GENERAL AUDIENCE ABSTRACT

In healthy individualsthe autoimmunesystem ist he bodyo6s natur al
against foreign materials dnorganisms The main tools utilizedfor this defense
mechanism are immune cells. However, in patients suffering from autoimmune diseases,
the autoimmune system overactive resulting ifts attack on healthy cellsvhich leads
to reduced or eliminated igtion of the targeted organBo suppress thesaverreactive
immune responses, pharmaceutical intervention is needed.

An integral part of autoimmune response is the lipid sphingdspisphate
(S1P). Interactions of S1P with its respoirsducing recefors prompts the release of
immune cells, lymphocytes in particular, from lymph tissue to migrate and participate in
the invoked immune response. The pharmaceutical industry has produced five FDA
approved drugs that disrupt this St#eeptor interactiorby blocking the receptorto
reduce the autoimmurresponsen patients suffering from autoimmune diseasash as
multiple sclerosis and ulcerative colitislowever, these treatments had adverse side
effects on the cardiovascular system due to the presdrg&Roreceptors in thieeart
Due to this, there iattractionto target a different node of the S1P signaling pathway to
avoid these side effects while still suppressing the immune response.

A node that is a viable target for therapeutic target thatdwesntly become the
focus of medicinal chemistrgampaigns is the transporter protein spinster homolog 2
(Spns2).This protein is responsible for thensportof S1P from intracellular space to

extracellular space to interact with its receptors and indbeeimmune response.



Recently, our group has developed several effective inhibitors of Spns2. In this
dissertation,several improvements of previously reported inhibitors are revealed. The
pinnacle of this work is the development 4f2v that is optimizd to have drudike
properties for testing in miceAdministration of 4.22v to mice resulted inreduced
circulating lymphocytes andithout showingsigns of toxicity following chronic dosing

for 14 daysThese results suggest tHap2vis a potential drugandidate and is currently

®Compound is a trifluoroacetate salt.

undergoing further biological evaluation
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Chapter 1: The Sphingosinel-Phosphate Pathway as a Therapeutic Target
1.1 ABSTRACT

Sphingosinel-phosphate (S1P) is a sphingolipid that induces several cellular
responses including cell survival, migration, proliferation, apoptosis, and arrest. Once
synthesized imacellularly, S1P can be transportedthe extracellular space by either
spinster homolog 2 (Spns2) or major facilitator superfamily domain containing 2b
(MFSd2b) to interact with one of its-@otein coupled receptors (GPCRs) SH?These
substrateeceptor interactions induce a variety of biological responses, inclucktig
proliferation and migration There are five FDA approved drugs that inhibit these
interactions, which validates the S1P pathway as a target for therapeutic intervention.
However, hese S1P receptor modulators suffer from adversearget cardiovascular
side effectssuch as bradycardia, macular edema, and susceptibility to viral infections
Ongoing research efforts target the upstream transporter protein Spns2 to bypass these
side dfects while manipulating the S1P signaling pathway.
1.2 SPHINGOSINE-1-PHOSPHATE BIOSYNTHESIS

Basic biological functions rely on cellular signalih@ellular signaling can be
initiated through intracellular and extracellular interactions to induce the inherent
response needed for basic functions within a living syst8phingolipids are prominent
tools of cellular signaling that induce a variety of respohs®se member of the
sphingolipid family is sphingosirg&-phosphate(S1P), which induces several vital
cellular responses required for regular funcénThe synthetic pathway of S1R
initiated by the enzymatic transforn@t of ceramide(1.1) to sphingosing(1.2) by

ceramidase (Fig. 1.f).Ceramide can be synthesizett novofrom L-serine and



palmitoytCoA via serine palmitoyfCoA transferase or by the catabolism of
sphingomyelin by spingomyelinaé&his is followed byadenosine triphosphatATP)
dependent phosphorylation of sphingosine to 918),(dictated by sphingosine kinase 1
(SphK1) or 2 (SphK2§1° SphK1 is localized near the cell membrane whereas SphK2 is
found in various locations of the cell including the endoplasmic reticulum, mitochondria,
and nucleus*'? Once formed, S1P can induce various cellular responses, either
intracellularly or extracellularly. Intracellular S1P can induce cell arrest and apoptosis as
well as proliferation angurvival>® S1P can induce extracellular responses following
extracellular transporby spinster homolo@® (Spns2) omajor facilitator superfamily
domain containing2b (MFSd2b) before binding to the -@oteincoupled receptors
(GPCR)S1P15 to promote cell survival and migratiéh® S1P13 are widely expressed
while S1P4 is expressed in lymphoid and hematopoietic tissue and S1P5 is confined to
the central nervous systéfhin addition to inducing cellular responses, S1P can be
dephosphorylated by S1P phosphatase to regenerate sphingosine or be irreversibly

degraded to hexadecenl4) and phosphoethanolamirk®) by S1P lyasé®

ANV\AWOH Io 9
-
S N

Ceramide (1.1) (0] Hexadecenal (1.4) Phosphoethanolamine (1.5)
Ceramide ;
Synthase “ Ceramidase ‘ S1P Lyase
OH SphK1, SphK2 OH (IJI
—— P.
\ Y - \ Y O/(I)\o_
Sphingosine (1.2) Ile + S1P NHs*
3
Phosphatase S1P (1.3)
Intracellular Reponses:
Int Il Cell Arrest, Apoptosis,
ntracefluiar Proliferation, and Survival

Space
Extracellular ( Extracellular Reponses: J E Spns2

Space Cell Survival and Migration |~ Binds to S1P1-5 MFSdzb

Figure 1.1 The S1P biosynthetic pathwagd transport of S1P
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1.3 TRANSPORT OF S1P

Due to the amphipathic profile of S1P, assisedretion through cell membranes
is required® This process is facilitated by two main transmembrane transporter proteins,
Spns2 and MFSd252° Spns2 has been reported to be primarily found in-non
hematopoietic cell types and is responsible for maintaining S1P gradients in lymph
fluid.162%22  MFSd2b is exclusively expressed in erythrocytes and platelets
(thrombocyes), functioning as the basis of plasma S1P secr&tf8nWith the
therapeutic relevance of the S1P signaling pathway, these two proteins are both of
interest for the target of medicinal chemistry campaigns. The development of Spns2
inhibitors has been investigated and reported by our ¢rfoap.

Spns2 is a nmaberof the spinster family along with its two siblings, Spnsl and
Spns3, which all have been identified proteins in vertebfa#sis members of this major
facilitator superfamily play roles in disease pathways. Spnsl has been reported to be
involved in NiemangPick disease type C, a lysosomal disordeBpns3has been
reported to be involved in mitigating apoptosis in acute myeloid leukemia®taltse
focal protein of this report, Spns2, remains the most patholbgieévant member of
the spinster family. Studies of Spns2 deficient mice reported that the animals had
attenuated immune responses in models of multiple scléfossal fibrosis® and
ulcerative colitis’! In recent years, several reports haveeaded significant information
about the transporter protein, including the crystal structure and mode of trafgbort.
The transporter protein possesses 12strambrane helices and transports its substrate
through a rockeswitch mechanisr?3® Spns2 transports S1P through an ATP

independent mechanism which relies tie themiosmotic gradient of its substrate to



induce S1P transpott3® Spns2 is expressed in the cellular membranes of endothelial
cells?23" tenocytes® and chondroags®

S1P concentrations vary by environment, as the highest concentrations are in
whole blood and plasma -@ M), where the sphingolipid is mostly protdiound to
either apolipoprotein M or albumit?®4° This helps tochaperone the lipid to facilitate
transport in the circulatory and interstitial fluids as well as S1P receptor activation with
the receiving celt3%%° While Spns2 is not expressed by red blood cells, they are the
primary secretor of S1P into plasma via MFS&28.Significantly lower concentrations
of S1P are found in lymph (26800 nM)1%4! Lymph S1P is secreted by Spns2 that is
robustly expressed in lymphatic endothelial cEifé.Concentrations of S1P in tissues are
difficult to discern, but are estimated to bd@ nM° The dramatic differences of S1P
concentrations between environments establishes S1Rmréut is the basis of the S1P
signaling pathway.

Spns2 is vital for maintaining this S1P gradjdmwever it is not necessary for
organism survival. Spns2 knockout miage viable and fertilg3%42 while lymph S1P
concentrationsare significantly reduced, as Spns2 is predominantly responsible fo
lymph S1P transpotf”3"43 With this knowledge, targeting Spns2 as a therapeutic target
can perturb the S1P gradient without eliminating transport of the sphingolipid entirely.
14 S1P SIGNALING MECHANISMS

Several different signaling seades are initiated by both intracellular and
extracellular S1P. Intracellular S1P signaling has been reported to influence cell arrest,
apoptosis, proliferation, and surviv*+46 Extracellular S1P initiates several responses

once transported and binds to one of its fivprGtein coupled receptors S1Blon the



cell surface with low nMKq values® Each receptor evokes essential responses, including
proliferation, migration, and morphogenesis once bound to'Sliike interaction of S1P
S1P1lhas been known to induce lymphocyte trafficking and survival, making the receptor
of significant pharmaceutical interé$t’48 S1P1 knockout studies have resulted in
significantly depressed-Tand Bcell levels in micé/*® S1P binding to S1P1 activates
Rasrelated C3 botulinum toxin substrateRag)), in turn inducing actin polymerizations
and cell egress from lymph tisstfeThe S1PS1P1 signaling cascade also influences the
survival and migration of lymphocytes by activating phosphatidylinositéin8se
(PI3K) and extracellular signategulated kiase (ERKJ® The circulating lymphocytes
migrate to areas high S1P concentnasi, such as inflammation sites. In these areas of
high concentrations of S1P, S1P1 is dawgulated allowing the lymphocytes to be
temporarily sequesteréd.Through this mechanism of lymphocyte trafficking, S1P1
signaling is targeted for immune response manipulation as a potential for the treatment of
autoimmune diseases.
15ROLE OF S1P IN PATHOLOGICAL PATHWAYS

The S1P induced signaling has a significant role inmmune responses.
Specifically, multiple sclerosigMS),>? renal fibrosis (RF}>** and ulcerative colitis
(UC)*® are directly affected by the S1P pathway. As such, there is potential to utilize the
S1P pathway through therapeutic intervention to suppress the immune esspons
autoimmune diseasé&%%8 There are several ongoing efforts to devedbprmaceuticals
that taget the S1P pathway.

An autoimmune disease that is influenced by the S1P signaling pathwé. is

This disease is caused by the infiltration of lymphocytes into the central nervous system,



which in turn attack and degrade the myelin sheath of nedtéhas the myelin sheath
is progressively degraded, the nerve cells lose their ability to communicate leathieg
symptoms of MS as the nerve impulses are disrupted before reaching theit*irgee
resulting gmptoms include significant loss of motor functions, visual impairment,
fatigue, numbness of extremities, and memory 1%sDuring the inflammation of the
central nervous system, S1P1 and S1P3 aregylated in astrocytes and are responsible
for astrocyte activatioP? Lymph S1RS1P1 interactionare responsibléor lymphocyte
egress, mainly Tand Becells, perpetuating the attack on tmgelin sheati%°%%2 This
ligandreceptor interaction has been the therapeutic target for successful medicinal
chemistry campaigrf§:®® That success solidified the S1P pathway as a viable therapeutic
target, prompting campaigns ti@atother autoimmune diseases by manipulating the S1P
pathway.

RF develops following the excessive buildup of undifferentiated collagen within
the Kdney, resulting in the decrease or loss of organ function in those afftéted/hile
the deposition of collagen is a vital and necessary process for healimayeeactive
immune system can result in the development of fibrosis. Initiation of the immune
responsean be caused kgcute organ injury (renal ischemia) or prolonged exposure to
damaging conditionsopesity, diabetes, hypertensiof)®¢® RF is directly affected by
the S1P signaling pathway. After organ injur$1P binds to S1P1 expressed in
perivascular cedl to upregulate proinflammatory cytokines and chemokf€%This
initiatesthe cascade a@fxcessivémmune cell infiltratiorthat leadgo RF3°

UC, a chronic inflammatory bowel disease, is significantly influenced by the S1P

signaling pathway® The trafficking of B and T lymphocytes promotes the progression of



the disease, which is directly influenced by the S1P signaling patfwsgrmal
intestinal tissue S1P levels are low due to lower expression of SphK1 and higher
expression of S1P lyase’> However, in UC patients, SphK1 is overexpressed in
intestinal mucosa resulting in high concentrations of 81Fhe interactions between
S1P1 and S1P induces the egress of lymphocytes from lymph, which directly impacts the
progression of UC, making this signaling pathway a target for therapeutic intervention for
this diseas€®’®’* Disruption of SIRS1P1 inducedymphocyte egressttenuateshe
inflammatay response that damages the intestinal lining, which can subsequently
alleviate symptoms and reverse the progression of°UC.
1.6 DRUGGING THE S1P PATHWAY

The S1P pathway has been the focus of several successful medicinal chemistry
campaigns. A class of drugs has been developed with five members receiving FDA
approval. The firstn-class S1P receptor modulator that received FDA approval in 2010
for the treatmen of relapsing remitting MS is fingolimod (FTY720), establishing
precedence for targeting the S1P pathway as a viable therapeutic Eigget.).>
Fingolimod is a prodrug, as the inactive form is phosphtegllhy SphK2 into its active
form FTY720P before being transported extracellularly by Spns2 to bind to S1P
receptors S1P1, S1P13, S1P4, and S1P5 on the surface of lymphdcytemitial
binding of FTY720P to S1P1 causes an agonistic effect followed by receptor
internalization and degradation, teby acting as a functional antagonist and preventing
further S1P induced signalifg’® This disruption of S1S1P1 signaling reduces
lymphocyte egress from lymph, attenuating the attack on the central nervous by the

immune systerfi*"!
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Figure 1.2 S1P receptor modulating drugs approved by the FDA. Fingolimod, which is
phosphorylatedin vivo by SphK2 to the active FTY72B; Siponimod; Ozanimod,;
Ponesimod; Etrasimod.

Following thediscovery of fingolimod, four other S1P receptor modulators have
received FDA approval. The FDA approved siponimod, ozanimod, and ponesimod for
the treatment of relapsing remitting MS in 2019, 2020, and 2021, respectively.
Siponimod and ozanimod selectiyddind to S1P1 and S1P5 while ponesimod selectively
binds to S1P$%557678 pAdditionally, ozanimod and etrasimdselective for S1P1, S1P4,
and S1P5)ere approved for the treatment of UC in 2021 and 2023, respectivéfy.

S1P receptor modulators have proven to be a viable therapeutic approach for the
treatment of autoimmune disease; however, they suffaarget cardiovascular side

effects. The functinal antagonism of S1P1 can result in fdese bradycardia,

hypertension, macular edema, and increased susceptibility to viral infe@fid§283



1.7SMALL MOLECULE INHIBITION OF SPNS2

Targetng the S1P pathwayurther upstream of the receptorsuld potentially
bypasgheside effectobserved with current drug®f particular interest is Spns2, which
is one of two known S1P transporters. Spns2 is expressed mainly in endothelial cells and
kidney perivascular cells whereas another S1P transpMtsd2lh is mainly in red
blood cellsand plateletd®303784 Recent studies ha shown that Spns2 is essential for
the maintenance of lymph S1P concentratidasd germlineSpns2knockoutreduces
lymphatic S1P in turn mitigating lymphocyte egress that results in reduced
concentrations of circulating lymphocyt¥3’ Lymphopenia is a phenotypabserved
with Spns2 inhibitionbut notobserved with SphK1 inhibitiof?, or SphK2 inhibitiorf®
However, the effects on plasma S1P remains unce®pns2knockout stdies have a
wide range of reported effects on plasma S1P, from no significant ¢h&ifgéo up to a
40% reduction in plasma S1P lev&$/223" Consequently, inhibition of Spns2 has the
inherent advantage of reducing lymphatic S1P levels without significantly perturbing
plasma S1P level$.Studies ofSpns2null or conditional knockouts indicate efficacy in
the standard experimental encephalomyelitis (EAE) model, coliagerced arthritis,
unilaterd kidney ischemiaeperfusion injury (IRl),and dextran sulfate sodiu®SS-
induced colitis further highlighting the potential of this transporter as a therapeutic
target?®3!

Recently, our lab reported a structardivity relationship (SAR) study of Spns2
inhibitors that resulted in the developmentSafF1081851(ICso = 1.93 + 0.04e M Fig.
1.3).2* When SLF1081851was dosed into micgia intraperitoneal injectior(IP), the

compound induced lymphopenia and decreased plasma S1P catoestafter 16



hours, consistent with the phenotype observe8pns2knockout animalé? Biological
disease models demonstrated BaF1081851was capale of mitigating kidney fibrosis
progressionn a unilateral kidney IRl model in mice while FTY720 had no effect in the
same study’ However, the inhibitordisplayed norspecific toxic side-effects at doses
greater than 30 mg/kg. Consequently, additional alterations are necessary to improve both
the pharmacokinetic and pharmacodynamic properties of the compRapthcing the
1,2,4o0xadiazole fragment with a-@ubstituted imidazole afforded raoderately more
potent inhibitor SLF80721166with an 1Go = 1.4 £ 03 Me* Further investigations
revealed a second generation Spns2 inhib8bB1122168 which has double digit
nanomolar activity(ICso = 94 * 6 nM).2*2%®> The SAR campaign that resulted in
SLB1122168focused on a ring fusion dhe phenyl and oxadiazole rings déng a
benzoxazole scaffoldand a significantly more potent secegeheration Spns2
inhibitor.?® Unfortunately, SLB1122168was not orally bioavailabl&. The toxicity of
SLF1081851 and the poor oral bioavailability o6LB1122168 leave a need for
pharmacokinetic and pharmacodynamic improvements to produce a viable drug

candidate while maintaining a low nanomolagdalue.

NH,+HCI > NH,eHCI
N—oﬂ\/ N 2
NH
o
SLF1081851 SLF80721166 SLB1122168
ICs0=1.93+0.04 uM ICso=1.4%0.3 uM ICso = 94 + 6 NM

Figure 1.3. Structures of first generation Spns2 inhibi®irF108185%* and second
generation Spns2 inhibitoBL F80721166andSLB11221683%

1.8 STRUCTURAL BASIS OF SPNS2 INHIBTION
Until recently, there was no reported crystal structure of Spndate 2023 and

early 2024 there have been several reptit8 of the struture and basis of Spns2
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facilitated transport of S1P. These studies share important insight into the structure and
function of the protein that were previously unavailable during this-disgpvery
campaign. The structure of Spns2 conforms to a claddi€dl 12 transmembrane helices
(TM1-12) and is in an inwarthcing conformation in its apo state (Fig. 13%3° When

bound to S1P, FTY72P, orSLF1081851 the stuctures of Spns2 is nearly identiéaf®

The site of S1P head group binding is discontinuous; however, the reports propose a
ladderlike movement of the lipidthrough the transport channel of SpA$%.
Additionally, the hydrophobic tail of S1P, FTY7H) andSLF1081851acts as an anchor

in a hydrophobic pocket formeay residues from TMA0, and 12236 The residues of
Spns2 that act as ©pol ar steps of this 61 ad
Tyr246, Tyrl16, and Ser24which the polar head group of the ligands interact with to
climb through the transport chanfi&IS1P and FTY72® both possess a negatively
charged phosphates aheir head group, which interacts with the positively charged
residuesof the ladderto induce a conformational change that releases the ligands to
extracellular spac¥ The inhibitorSLF1081851locks the protein in an occludéaward

facing conformation, as Argl19 and His468 sit above the ammonium head group
preventing the inhibitor from climbing through the transport channel by the electrostatic
repulsion of he positive charge¥. Similar to S1P and FTY72B, the lipid tail of
SLF1081851is inserted into the hydrophobic pocket of the transport chdftfelhe
structure elucidation of Spns2 is valuable progress into the understanding of S1P
transport and future development of small molecule Spns2 inhibition through rational

drug design.
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Figure 1.4. Structural investigationof S1P transport via humanp&2. (A) Overall
structures of Bn in apo, S1ound, FTY726P-bound andSLF1081851(16d) bound
states. Left panel, orthogonal views of the eBM density map; right paneh, model of

the complex in the same vieyB) The hydrophobic pocket for the lipophilic tail of S1P
and FTY720P. The yellow surface color indicates a hydrophobic region, and the blue
color indicates a hydrophilic regiofC) The detail of the hydrophobipocket for
substrate binding. Figure is adapted from reference with modificéfions.

1.9CONCLUSIONS

The S1P metabolic pathway has proven to be a viable amdtate target for
therapeutic intervention to mitigate several diseases. Namely, inhibiting the transporter
protein Spns2 has been the focus of our research for several years as a method to induce
lymphopeniain vivo while bypassing the oetarget side décts elicited by the FDA
approved S1P receptor modulater®8283 Potent Spns2 inhibitors that are actimesivo
have been previously synthesiZéd®> however, the need to further improve both the
pharmacodynamic and pharmacokinetic properties are necessary to progress this
campaign towards a viable drug candidate. Previous work has been pivotal in laying the
foundation for this medicinal chemistry cangra to proceed, allowing for further

development of small molecule Spns2 inhibitors as drug candidates.
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Chapter 2: Structure-Activity Relationship Study of Benzamide, Carbamate, and
Urea Linker Groups of Spns2 Inhibitors
2.1CONTRIBUTIONS

Dr. Russell Fritzemeier synthesiz&lLF1081851 Dr. Ariel Burgio synthesized
SLB1122168 and Dr. Daniel Foster synthesiz8F80721166 Dr. Daniel Foster also
synthested compound2.4al, 2.8af, 2.11ak, 2.13ac, 2.15ac, 2.17ac, and2.18ab.
Christopher Shrader synthesized compourfi$ll and 2.11m Kyle Dunnavant
synthesize®.20ag. The biological assays were performed by our collaborators Dr. Tao
Huang, Dr. Yugeds Kharel, and Dr. Kevin Lynch at the University of Virginia
Department of Pharmacology. Molecular docking simulations were performed by our
collaborators Marion LoPresti and Dr. Anne Brown at the Virginia Tech Department of
Biochemistry. Dr. Webster Santpsovided guidance and oversight for this work.
2.2ABSTRACT

We previously characterize8LF1081851as the firstin vivo Spns2 inhibitor
Treatment of mice wittSLF1081851and analogs thereof induced lymphopeaunal, in
some casesincreasedplasma S1P lals Moreover, we observed lymphopenia and
increased plasma S1P levels $pns2knockout mice, suggesting th&LF1081851
targets SpnsHerein, we reporthe design, synthesis, amthibitory activity of a series
of potentSpns2 inhibitors with low nanoma 1Gso valuesin vitro. These compounds
comprise benzamide, phenylea, and phenytarbamate scaffoldthat increased the
potency compared t&LF1081851 Results from this SAR campaign confeththe
necessity of hydrophilic moieties in the linker regifam in vitro and in vivo Spns2

inhibition. Additional methylation and thionation studies demonstrated the further role
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hydrogen bond interactions play in dictating compound activiyalog 2.11i
(SLF808211781Cs0 51 = 3nM) induced profound lymphopenia mice As such2.11i
is the most potent Spns2 inhibitor reported and shows activityvo following both
intraperitoneal injection and oral gavage administration of the inhibitor
2.3INTRODUCTION

Our longstanding interest in the S1P pathway has ptechpnvestigations on
determining Spns2 as a viable therapeutic target. Recent nepdeted a structure
activity relationship (SAR) study that identified prototyf@sF1081851(ICso 1.93 +
0.04 ¢ MY and SLF80721166(ICso 1.4 + 0.3¢ M) @.B.t Fprther investigations
revealed a second generation Spns2 inhibB1122168(ICso 94 £ 6 nM), which
contained a key benzoxazole scafféfdivhen administereth vivo, these inhibitors were
effective in modulating the immune system resulting in a decrease in circulating
lymphocytes:® which is a hallmark of Spns2 inhibition. In a mouse model of kidney
fibrosis (unilateral ischemieeperfusion injury), SLF1081851suppressé inflammatory

signaling in perivascularetis and amelioratekidney fibrosis*

> NH,+HCI

N-O
| . N
N>\\\/NH2 HCI /}\/‘/
N

SLF1081851 SLF80721166
ICs = 1.93 +0.04 uM ICso = 1.4+ 0.3 uM

Wad
O

SLB1122168
ICso = 94 + 6 M

Figure 2.1 Structures of reported Spns2 inhibitées.
Although useful as chemical biology tools to study the effects of Spns2 inhibition,
previous inhibitors were not optimal. For exam@&F1081851was toxic at 30 mg/Kg
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dose whileSLB1122168was not orally bioavailabl€® In this study, we aimed to
develop Spns2 inhibitors with improved toxicity and pharmacokinetic profgesting

with SLB1122168 we envisioned that breaking theGC bond of benzoxazole will
provide functional groups such as ufemrbamaté,and benzamidehat will allow us to
probe both the structwactivity relationship as well as pharmacokinetic profilegy(Fi
2.2). These functional groups can provide hydrogen bond ekeuaptor interactions,
electronic effects, and varying conformations. Our studies revealed that each of the
benzamide, phenyarbamate, and phenytea series yielded examples of potent @pns
inhibitors in vitro. In particular, we discovere®LF80821178as the most potent
compound with an 16 of 51 + 3 nM and demonstrat@dvivo activity in inducing Spns2
mediated lymphopenia in mice after oral administration. In addition, molecular docking
studies identified several residues of the transporter responsible for binding.

& head group
'\0\6 — /7

d@ e —, o
lipid — -0 o}
|

tail \ o

Figure 2.2 Strategy towards new Spns2 inhibitors.
2.4 INHIBITOR DESIGN AND SYNTHESIS

The synthesis obenzamide derivatives shown in 8heme2.1. Cyclic or linear
monoN-Boc protected diamines wefermed bycondenation with 4-iodobenzoic acid
(2.1) in 92-99% vyield using HCTU! The correspnding N-Boc protected benzamides

2.2a-1 were coupled to -tlecene through a oot hydroboration and SuzuMiyaura
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crosscoupling reactiornin 74-98% yield Following alkyl tail attachment, the protected

amines 2.3a-| were treated with hydrochloric acidr drifluoroacetic acid toafford

derivatives2.4a-1 as ammonium satin 6793% yield.

@4@

O cord
C10H214®—/< C10H214©—< *HCl or TFA

2.2a-l 2.3a-l 2.4a-|
R= NBoc §\NBOC R= NH NH
}*N{-I_LNHBOC p ! FNH NH, p !
FNH FNH FNH FNH
2.2a;2.3a 2.2b; 2.3b )-2.2¢; (R)-2.3¢ 24a 2.4b (R)-2.4¢c
</ NBoc ¢ NBoc {  NBoc NH /NH NH
F—NH kNH FNH FNH F—NH F—NH
(S)-2.2d; (5)-2.3d  (R)-2.2¢; (R)-2.3e (S)-2.2f; (S)-2.3f (S)-2.4d (R)-2.4e (S)-2.4f
NBoc NH g
N NBoc FN NBoc FN NH FNNH
s s s
F-NH NH
2.2g; 2.3g 22h;2.3h  (S)-2.2i; (S)-2.3i 2.4g 2.4h (S)-2.4i
N NBoc N ( NBoc N \_ NBoc N NH N [ NH N \_ NH
e Qe Qe | NS
(£)-2.2); (+)-2.3) 2.2k; 2.3k 2.21; 2.31 (+)-2.4f 2.4k 2.41

Scheme2.1. Synthesis of benzamide analddda-I. (a) moneN-Boc protected diamine,
HCTU, DIEA, CH.Cly, rt, 16 h, 9299%:; (b) (i) tdecene, 9BBN, THF, 66 °C, 2 h; (ii)
aryl iodides2.2a-I, Pd(dppf)C#A CBl,, KOH@g, THF, 66 °C, 4 h, 748%; (c) 4M
HCl/dioxane,CHxCly, rt, 2 h, 6793%; (d) TFA,CH2CI>, rt, 2 h, 67%.

To synthesize Ipenyl carbamateand urea derivative,-ébdophenyl isgyanate?.5
was treated witla moneN-Boc protected amino alcohol or diamine in gresence of a
base tageneratehe protectedntermediate.6a-f and2.9a-m in 84-99% yield(Scheme
2.2). Hydroboration of ddecene with BBN was followed by crossoupling with 2.6a-f
and 2.9a-m under SuzukMiyaura conditionsafforded 2.7a-f and 2.10am in 46-93%

yield, which were then deprotectesith hydrochloric acidto remove Boc protecting

groupsand yieldstructure.8a-f and2.11am as hydrochloride salisa 50-57% vyield
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I—QNCO —_—

O

107121
— -
R
O

cord C10H21@
—_—

NH HClor TFA

)R
0
2.5 2.6a-f, 2.9a-m 2.7a-f, 2.10a-m 2.8a-f, 2.11a-m
R= NBoc NBoc R= NH NH
ko/_\»NHBoc ! %O/_\»NHZ o
F o d o
2.6a; 2.7a (R)-2.6b; (R)}-2.7b  (S)-2.6¢; (S)-2.7c 2.8a (R)-2.8b (S)-2.8¢
NH
NBoc NBoc NH NH
o/ o/
o o o o
(R)-2.6d; (R)-2.7d (S) -2.6¢; (S)-2.7¢ 2.6f; 2.7f (R)-2.8d (S)-2.8¢ 8f
NBoc §\N NH §\NH
/ /
kN/H_\»NHBoc FN{-i_\»NH2
%NH N FNH FNH
2.9a; 2.10a 2.9b; 2.10b  (R)-2.9¢; (R)-2.10c 2.11a 2.11b (R)-2.11c
S NBoc { /NBoc {  NBoc S NH /NH { NH
F—NH F—NH FNH FNH FNH F—NH
(S)-2.9d; (S)-2.10d  (R)-2.9¢; (R)-2.10e (S)-2.9f; (S)-2.10f (S)-2.11d (R)-2.11e (S)-2.11f
NBoc NH
C>*NHBOC Q NBoc ENC}NH Q FN NH
F-NH 7
2.9g; 2.10g 2.9h; 2.10h 2.9i; 2.10i 2.11g 2.11h 2.1
N NBoc N NBoc N NBoc N NH N NH N NH
WO Qe e | 0w BOw F
2.9j; 2.10j 2.9k; 2.10k (R)-2.91; (R)-2.101 2.11j 2.1k 2.111
2.9m; 2.10m 2.11m

Scheme2.2 Synthesis ofphenyl carbamate analog8.8a-f and phenyl urea analogs
2.11a-m. (a) N-Boc protected amino alcohol or mehbBoc protected diamineZHxCl,
0 °Ctort, 16 h, 8499%; (b) (i) Xdecene, BBN, THF, 66 °C, 2 h; (ii) aryl iodide8.9a-
m, Pd(dppCIA CBl., KOHag, THF, 66 °C, 4 h, 483%; (c) 4M HCl/dioxane,
CH2Cl, rt, 2 h, 5787%; (d) TFA,CHCl3, rt, 2 h, 50%.

Selectedbenzamideand ureaanalogs were functionalizefdirther through NH
methylation and thionation of selected benzamide derivatives to thioamides (Scheme
2.3). The N-Boc protected compounds3a, (R)-2.3c, (R)-2.3e, 2.10i, 2.10j, and2.10k

were treated with sodium hydridand alkylated with methyl iodideto afford
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intermediates2.12a-c and 2.16ac in 51-85% vyield which were then treated with
hydrochloric acid to liberate the desired ammonium gali%a-c and2.17ac in 46-94%
yield. Thioamides2.15ac were achieved byreactingthe N-Boc protected compounds
2.33, (R)-2.3c, and(R)-23ewith L a we s s 0 n Gcsaffard®.84g@imG8-80% yield

and subsequent deprotectisith hydrochloric acido generate the inhibitoia15ac in

46-94% yield

O o}
a C
— C10H214©—< —_ = C10H214©—4 *HCI
/N*R N-R

o /
C10"'21‘©4 ] 2.12a-c 2.13a-c
HN-R
. s . s
2.3a, (R)-2.3¢, or (R)-2.3e C1on1©—4 C1OH21©—( Hel
HN-R HN-R

2.14a-c 2.15a-c

R = R=
NBoc NBoc NH NH
NHBoc NH,

2.12a;2.14a  (R)-2.12b; (R)-2.14b  (R)-2.12c; (R)-2.14c 2.13a;2.15a  (R)-2.13b; (R)-2.15b (R)-2.13c; (R)-2.15¢

/ /.
C10H214@NH% a C10H214@N% N C10H214@N% HCI
R R R
O ¢} O

2.10i, 2.10j, or 2.10k 2.16a-c 2.17a-c
R= R=
N NBoc N NBoc N NBoc N NH N NH N NH
- - - - - -
2.16a 2.16b 2.16¢c 2.17a 2.17b 217c

Scheme2.3. Synthesis of analogdl13a-c, 2.15a-c, and 2.17ac. (a) (i) NaH, THF, C°C,
0.5 h; (i) Mel, THF, 0°C tort, 16 h,51-85%; (b) Lawesson's reagent, THF, rt, 16 h, 68
80%; (c) 4M HCl/dioxane,CH.Cly, rt, 2 h, 4694%.

Mono-methylationand hypermethylatioof the terminal piperazine nitrogen were
achieved from the secondary ammonium chlo8dd.i (Scheme2.4). The tertiary amine

derivative2.18awas prepared using Eschweil@larke reaction conditioria 50% yield®

The resulting intermediate was neutralized and treated with hydrochloric acid to afford
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2.18aas a hydrochloride salt. Exposure2afli to excess methyl iodide and base yielded

the quaternary ammonium iodi@e.8bin 83% vyield

a <HCI
—— > CyoHpq NH  —\
N N—
O)F _/
*HCI
2.18a
CioHa1 NH%/—\ _
N NH
o [
b
2.11i L C10H214®7N}H7N/ \N/

2.18b
Scheme2 4. Derivatization of2.11i throughN-methylation of the piperazine nitrogen. (a)
(i) paraformaldehyde, formic acid, MeOH, 66, 6 h; (ii) 4M HCl/dioxane,CH.Cly, rt,
2 h, 50%; (b) Mel, KCOs, MeCN, 1t, 4 h, 83%.

Subsequent frus on the effect of alkyl tail length to activity led to the preparation
of severalphenylureastructures with varying alkyl tail lengths bearing the piperazine
head grou2.20a-h (Scheme2.5). Alkyl tail attachment was achieved througtwa-step,
onepot hydroboration and Suzukliyaura crosscoupling reaction betweerequisite
terminal alkeneand 2.9i in 46:93% yields Removal of the Boc protecting group$
intermediates 2.19a-h with hydrochloric acid provided analogs2.20ah as a
hydrochloride saltn 57-87% yield

*HCI
NH /—\
@NCO - @ NBoc - Q NBoc—> @

.9| 2. 19a -g 2. 20a -g

R=

C6H134% C7H154% Cs"'w% CgHwe‘i C11H23‘% C12H25A§ C13H27‘{

2.19a; 2.20a 2.19b; 2.20b 2.19¢; 2.20c 2.19d; 2.20d 2.19¢; 2.20e 2.19f; 2.20f 2.19¢g; 2.20g
Scheme 25. Synthesis oftaill homologation serie.20a-g. (a) N-Boc-piperazine
CHxCIy, 0 °Ctort, 16 h,96%; (b) (i) I-decene, BBN, THF, 66 °C, 2 h; (ii) aryl iodides
29i, Pd(dppf)CHA CBl,, KOHg, THF, 66 °C, 4 h, 4®3%; (c) 4M HCl/dioxane,
CHCly, rt, 2 h, 5787%.
2.5 EVALUATION OF IN VITRO BIOLOGICAL DATA

With a library of analogs ofSLB1122168 containing phenylurea, phenyl

carbamate, and benzamide as bioisostere of the benzoxazole, wegatedstheir
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potential in inhibiting S1P transport using a HelLa cell as$&Briefly, in this assg,
Spns2 is oveexpressed whereas the Sd€yrading enzymes (lyase or phosphatases)
were blocked with inhibitors. Inhibition of S1P transport is determined by measuring the
amount of S1P in the buffer using H4S. As shown in Table 1, one micromolar
benzanide inhibitors were added in the assay performed in triplicate SUi1122168
andSLF1081851as controls.

The direct propyl amine analo@4a had similar inhibitory activity as
SLF1081851 The azetidine bearing derivati&@4b showed a significant inease in
inhibition (77%) whereas the-the mb er ed r i-pymolidae(R)-R.4cared (96
24d had similar potency at 686% inhibition. Expanding the ring further to a 6
membered piperiding(R)-2.4e (73%) showed an improvement in potency and,
interestimgly, was significantly more potent that its enantior(®r2.4f (20%). Moving

the nitrogen by one carbon to form the symmetric piperi@dg exhibited a drastic

reduction in activity at 24% inhibition.

2 4grestored inhibition to 68%, attempts to induce conformational restriction by addition
of methyl groups irR.41-2.4j or bicyclic structure.4k-2.4l did not lead to improved
inhibitory activity. To investigate the effect of the amiti#l, we methylated &y

compoundg2.13a-c and found that methylation has a negative impact in the activity of

the compound potentially because of the loss of a hydrogen bond donor or steric

encumbrance. Likewise, thioamid245a-c did not show improved activity.
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Table 2.1. Spns2 inhibition of benzamide, thiobenzamide, &hdhethyl benzamide

containing compounds.
:// R

Entry Cmpd R %lInhib. | Entry Cmpd R % Inhib.

B =4
N . N
1 SLF1081851 44+ 5 11 241 /0 N\ 44 + 1
i (9241 ()
@]
N/H—_G\JH <

N\
SLB1122168 |

2 85+2 | 12 (¥)-24] - 61 + 2
iNH
O Ho
3 24a i_fN—/jNHz 30+9 | 13 2.4k @ 0+1
NH
0] O

4 2 4kP E_I-{N{:NH 77+1 | 14 24l @ 25 + 2
NH

(0] O

5 (R)-2.4c i_ﬁN—O“H 66+1 | 15  213a §_/fm—/ﬁNHz 39+4
(0] Ho

6 (9-24d X g L5 | 16 (R2130 T\ _¢w  21x1

~

(0]

R-24e X, W 7s1 | 17 R-213c H {N)H 5142
/
S

8 (9-2.4f E_fN_\:N)H 20+3 | 18  215a g_foNHz 23+1
S

9 2.4 1—4@ 24:2 | 19 (R-215b ¥, Ly 3343

S
10 2.4h HN—> 68+5 | 20 (R)-2.15c E_SN{’\;' 47+0

aSpns2 inhibition is reported as the percent decrease in S1P gecsdtitive to the
control. Compounds were assayed withe IMinhibitor. Cell media was extracted and
S1P concentrations were measured byM&/MS. Assayswere performed in duplicate.
bCompound is a trifluoroacetate salt.
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The results of the phenylarbamge derivatives are shown in TabB2. The
primary amine2.8a had moderate inhibition at 44% whereas tRe[iperidine analog
2.8b showed increased potency (68%) relative2i®a as well as enantiomef)2.8c.
Further increase in ring size investigatsigreochemistry and position of the nitrogen did
not improve potency.g. 2.8d-f).

Table 2.2. Spns2 inhibition of phengarbamate containing compoutrids

NH R
o
O

Entry Cmpd R %lInhib. | Entry  Cmpd R %lInhib.

1 2.8a { n, 447 | 4 (R-28d 9”“ 45+ 3

INH NH

2 (R)-2.8b ! 681 5 (9-2.8e 48 + 2
NH NH

3 (9-28c 460 6 2.8f 51+0

aSpns2 inhibition is reported as the percent decrease in S1P secretion relative to the
control (no inhibitor) Compounds were assayed withe IMinhibitor. Cell media was
extracted and S1P concentrations were measured M 3M1S. Assayswere performed
in duplicate.

The results of the S1P transport inhibition of the phemgh linker is shown in
Table 3. The propyl amin2.11a showed a modeta 53% Spns2 inhibition. While the
cyclic azetidine head group exhibited a slightly increased inhibition at 59%, both
enant i ome-dpyrolidine headhgeoupR)-2.11c and (9-2.11d, 44% also had
modest Spns2 inhibition. Increasing the ring size &unth wi t-diperidirte enalbgs
(R-2.11e and (§-2.11f profoundly improved Spns2 inhibition at 86% and 78%,

respectively. Further investigating the effect of piperidiearing head groups,- 4

aminopiperidine analog.11g (59%) and the symmetric piperidiranalog2.11h (34%)
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were synthesized and tested, but a decrease in inhibition was observed. Interestingly, the
introduction of the piperazine head 2ZrL1i resulted in a significant decrease (91%) in
S1P transport. Further, SAR on this key functional promhere conformational
restriction via bridged ring system2.11j-k), alkylation (R)-2.11), or ring expansion
(2.11m) were largely unfruitfulTo investigate the effect of uré&H hydrogen bonding,
we methylated?.11i-k and discovered that this grouidly plays a role in binding as
2.17ac had a corresponding decrease in potency.

Similarly, the importance of the hydrogeond donor of the piperazine nitrogen
was also probed with tertiarg.(8a and quaternary2(18b) amine analogs d?.11i by
the mehylation of the amine moiety. Both analogs showed a drastic loss in activity
suggesting that a hydrogen bond donor is important and that steric interaction within the
protein binding site is occurringifle supra. In summary2.11i was revealed to be the

most potent analog among the benzamide, phearpamate, and phenyl urea series.
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Table 2.3. Spns2 inhibition of phenylrea andN-methyl phenylurea containing

compounds.
*HCI
: R
Entry Cmpd R %lInhib. | Entry  Cmpd R %lInh ib.
NH
1 211a E_N};_N.T\_NHZ 53+0 | 10 211 - )_N@NH 3540
(@) (@)
NH
b NH -y
2 21b i—o)/_NZ) 59+1 | 11 21k O}.—N@NH 770
NH
3  (R-211c M y’ 490 | 12 (R-2.11 E_N;_Nﬁ(NH 80 + 2
O)/-—NH g
4  (9-211d b QNH a2 | 13 21mm DLW 7241
. O)_NH B . o)_Nk/ B
- CNH e
5 (R-21le NH ) 86+0 | 14 2.17a 13 + 4
(R) O}/_NH O}/—N\_/NH
s $" !
- NH
6  (9-2.11f e 78+4 | 15 2.17b O}._N@NH 24 +9
(e}
7 211g }_N};—NC}NH so:2 | 16 217 I 18+1
. 3 2 T . O}—N@NH *
NH
8  21th E—N;_Né:) 34+9 | 17  218a ‘_N)/.H_NCN_ 43+ 4
O
O
- N N
9 211 )N NH 91+1 18 2.18b° )N N— 5+3
g d e

4nhibitory data for diversifie@henyl ureaanalogs. Spns2 inhibition is reported as the
percentdecrease in S1P secretion relative to the control. All compounds were assayed
with 1 ¢ Minhibitor. Cell media was extracted and S1P concentrations were measured by
LC-MS/MS. Assayswere performed in duplicatéCompound is a trifluoroacetate salt.
‘Compound is an iodide salt.
2.6 MOLECULAR DYNAMICS SIMULATIONS

To understand the internedular interactions o2.11i and related analogs, we

performed in silico docking with cry&@M structures of SpnsRecently, three groups

37



independently reported the crM structure of Spns2 for a total of four apo (PDB IDs:
7YUF, 8EX5, 8EX7 and 8EX8) anthree S1P bound states (PDB IDs: 7YUB, 8JHQ,
8EX4)1%12 Three inhibitors((R)-2.11¢, 2.11i, and (R)-2.11l) bearing the phenylrea
linker were docked into theadninant morphology from a molecular dynamics (MD)
simulation that involved an AlphaFol#2* homology malel simulated in the presence of
an asymmetric membrane and StFhe majority of apo crystal structures are resolved
in the outward state, with only one structure in the inwaoihg state (PDB 7YUFEOur
structure samples an occluded inwéading state, which is definetly the partial
occlusion of the intracellular side caused by TM11 and TM5 moving towards each
other®

When docking Spns2 inhibitor® crystal structure PDB 8EX4 (inwaifdcing
S1P bound state), these inhibitors bind to only one area of the transport channel and
predictedfree energy of binding MM/GBSA calculations rank inhibitors inaccurately
compared to experimental values. However, performimgiecular docking to the
occluded inwardacing state matches experimental data and indicates that inh{{itjers
2.11¢ 2.11i, and (R)-2.11l target two separate binding sites within the transport channel
of Spns2 Fig. 2.3A). The two observed binding sites include one site proximal to the
intracellular space (BS and another connected but adjacent site that is further
sequesteredvithin the transport channel of Spns2 @SBX2 is identified as the same
binding site targeted by S1P, fingolimod, and previously reported inhibitors as reported
with crystal structures and cnM studies of Spns®!? Interestingly, predicted free
energy of binding calculations from these docking reswits our inhibitors binding at

BS2 are less favorable (mean MM/GBSA-80.01 kcal/mol) compared to bindiag BSL
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(mean MM/GBSA is-67.76 kcal/mol). Further investigation into inhibH§pns2 binding

at the B3 site reveal that key interactions of the secondary arhge groupare
observed with the hydrogen bonding between the inhibitor and two residuesl9Argl
Ser211). These interactions with Argll9 aBédf11 are consistent for the most
energetically favorable poses for all three inhibitors docked into tiesB& Additional
hydrogen bonding is observed between the Asn112 side chain and the urea ninboéty, w
appears to play a vital role in the orientation of tiead grouptowards the two
aforementioned residues (Argl19 and Ser211). Additionally, hydrophobic interactions
are observed with Phe234 and the phenyl ring of the inhibitors that is consistent wit
these three inhibitors, while weaker hydrophobic interactions can be observed between
the inhibitors and Ala214, Pro215, and Phe465.

In agreement with ouexperimental resulisthese docking results parallel the
Spns2 inhibition potency observed in Hetells. Thein silico analysis of these inhibitors
produced mean all poses MM/GBSA values4#.8 kcal/mol-64.8 kcal/mol, and61.5
kcal/mol for (R)-2.11¢ 2.11i, and (R)-2.11l, respectively.This matches the trend
observedor thereduction of S1P traport in HelLa cells for these inhibitof@R)-2.11¢
49% (R)-2.11l, 80% 2.11i, 91%) Upon further investigation, delineation in improved
inhibitor fitness into B% demonstrates that the urea moietyR)§-2.11c which contains
a pyrrolidine,engages in ydrogen bonding with Asn112 from the sideain oxygen
participating as the acceptor to the hydregend donating ure&lH, resulting in an
orientation of the pyrrolidindhead groupthat causes weaker interactions and modified
orientation with Arg119 ande8211 Fig. 2.3D). We predict that this orientation of the

amine headjroupresults in moderate inhibition &pns2 In contrast, bot2.11i and(R)-
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2.111 share a similar interaction with Asn11Riq. 2.3B-C). In these hydrogehonding

pairs, the sidehan arginineNH acts as the donor while the ureaygenacts as the
acceptor. Indeed, boifiR)-2.11land2.1liex hi bi t ed O80% r edimcti on o
vitro. However, the modest difference of affinity betwe@®)-2.11l and 2.11i is
hypothesized to be due to steric encumberment of the pipefagate groupThe less

potent of these inhibitor§R)-2.11l, bearng a methyl group adjacent to the secondary
ammonium of the piperazine, shows a weaker interaction due to the steric encumberment
restricting its ability to freely participate in hydrogen bonding with Argl119. The
relatively unencumbered anal@dl1i, the nost potent Spns2 inhibitor reported to date,
exhibits favorable hydrogen bonding with Arg149 suggested by the shortetbbind
donor/acceptor bond distanc@Z A vs 3.5 A). Docking to the occluded inwafdcing

state of nX resulted in remarkable atiment between predicted inhibitor freaergy
MM/GBSA calculations and experimentadhibitory values, leading to theuggestion

that these inhibitors are targeting this specific occluded infemidg state with two

bindingsites
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(A)

’.’.

(Extracellular)

(Intracellular)

Figure 2.3 (A) Docked poses of inhibitors binding within the transport channel of Spns2.
Comparison of the docked poses of @B)1i, (C) (R-2.11 and (D) (R)-2.11cin a
homology model of Spns? Key residues in the transporter channel are represented by
teal sticksand labelled. Inhibitors are shown as sticks and colored by element, with the
carbon atom indicating an inhibito2.{1i, orange;(R)-2.11l, pink; (R)-2.11c yellow).

BS1: binding site 1, BS2: binding site 2.

2.70PTIMIZATION OF 2.11i
With 2.11i in hand we performed a tail homologation study to determine the
optimal alkyl length. As shown in Fi@.4, compounds were tested at @1@ to improve

the resolution of the assay. Our SAR study suggests that as the alkyl tail increases from a

hexyl to tridecyl oncomitant potencies resembling a bell curve is observed with a

41



maximum at ten to eleven carbon length. While the undecyl t2iPide has comparable
activity to decyl chain irR.11i, the additional methylene increases both the number of
rotatable bonds ral overall lipophilicity of the compound, likely leading to an

unfavorable profile for expected oral bioavailability desired for pharmaceuttdals.

Therefore2.11i was selected for further investigation.

R—< >—NH Hel
/>—N/_\NH
g
100

90 C10H21—% C11H23_§
80
CgH19_§ ® }

70 C12H25_2

60 CeHir— 3
50 }

40 CrHis— Cutr]
3 C6H13_§ {

20 b

10

% Inhibition

=

2.20a  2.20b  2.20c  2.20d  2.11i  2.20e  2.20f  2.20g
Compound

Figure 2.4. Tail homologation study df.11i. Spns2 inhibition is reported as the percent
decrease in S1Reeretion relative to the contrdhll compounds were assayed with 0.3
€M inhibitor and performed in duplicat€ell media was extracted and S1P
concentrations were measured by-MS/MS.

To determine the potency &f.11i, the compound was subjected to a dose
response assay in Hela cells (R2). As the concentration &11i increased from 1
nM to 10 mM, a dosedependent decrease in S1P extruded into medmm observed
suggesting inhibition of SpnsZrom this assay, it was determined that theli

possessed an devalue of 51 + 3 nM, a profound improvement in potenosnpared to
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SLF1081851(ICs0 1.93 + 0.04¢ Mt andSLB1122168(94 + 6 nM).2 In fact, 2.11i is the

mostpotent small molecule inhibitor of Spneghortedto date.
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Figure 2.5 Doseresponse assessmentitli in HelLa cells.The assay was performed
in triplicate.

2.8 EVALUATION OF IN VIVO BIOLOGICAL DATA

We next investigated theotential oral bioavailability oR.11a (SLF80821178,
which will be a significant advantage ov8LB1122168 Previous work indicated that
SLB1122168is not orally bioavailablé Thus,mice were administered a single 10 mg/kg
oral dose oR.11i and compound levels in plasma were quantifegsishown in Fig. 2.6,
circulating levels 0f2.11i reached a maximum four hours after treatment and remained
elevated above.B e Mfor more than 8 hoursThese results suggest ttal li is orally

bioavailable and has a hdilfie of 2.4 hours
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Figure 2.6. Compound concentrations in plasma of mice treated fthi. Three age
and gender matched mice were treated with a singifedlkg dose oR.11i administered
PO. Blood samples were collected and plasinbli levels were quantified via LC
MS/MS.

To determine the effect d&.11i in vivo, mice were treated with 3, 10, and 30
mg/Kg intraperitoneally and amownbf circulating lynphocytes were quantified. A
hallmark of Spns2 inhibition is the decrease in lymphocytes counts, which is a
pharmacodynamic marker of target engagenfeitAs shown in Fig. 2.7A, a profound
decrease in lymphocyte count was observed that reached to a maximum level of 50%,
which is also was observed in Sprsdl mice2%?! Encouraged by this result, we tested
whether2.11i is efficacious when given orally. Indeed, administratiorR 4fLi via oral
gavage resulteth a dosedependent lymphocytopenia with 100 mg/kg dose achieving
maximum effect (Fig.2.7C). To determine whether blood S1P levels were affected,
plasma S1P concentrationgere measured via L-®1S. As shown in Fig. 2.7B and 2.7D,

no change in plasma S1Bvels was observed whénlli was administered IP or PO.

Our studies suggest that small molecule inhibition of Spns2 has minimal effect in plasma
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S1P levels, which is corroborated with our prior wéik summary, our SAR study
identified 2.11i as a potent inhibitor of Spns2 that is orally bioavailable and elicits

lymphocytopenia upon target engagement.
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Figure 2.7. Biological evaluation o2.11i in five age and gendered matched C57BL/6j
strain mice (A) IP administration of inhibitoresultedin a decreasein circulating
lymphocytesat 3 mg/kg, 10 mg#x and 30 mg/kg compared to the vehi@&éod was
drawn 4 h postlose (B) Plasma S1P concentrations in mice treated ®@itli are shown
relative to vehicle 6 hourillowing IP administration at 3 mg/kg, 10 mg/kg, and 30
mg/kg (C) PO administration ohhibitor resulted in decrease in circulating lymphocytes
at 10 mg/kg, 30 mg/kg, and 100 mg/kg. Blood was drawn 4 hdusst. D) Plasma S1P
concentrations in mice treated wizlilli are shown relative to vehickehours posbral
administrationat 10 mgkg, 30 mg/kg, and 100 mg/k@neway ANOVA followed by
Sidakos mul ti p( ©0.058 Mmp &r-0 .01 & ©0.6001;ns=
not statistically significantyvereused.

2.9CONCLUSIONS
In this reportwe performed &AR studyof Spns2 ihibitors usingSLB1122168

as a starting point. We envisionéénzamide, phenylirea, and phenytarbamateas
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bioisostere of the benzoxazole scaffold. For each of these scaffolds, the nature of the head
group that bears an amine was investigated includitig lmear and cyclic analogs. The
phenyl carbamate series afforded more potent compounds. Overall, cyclic secondary
amines were favored with the piperazine moiety being optimal for the phenyl urea and
phenyl carbamate isosteres. Increasing the ring gine $ix to seven or reducing the ring
size to five or four reduced the potency of the compou@ds studies identifie@.11a
(SLF80821178 as the most potent ((¢51 + 3 nM) Spns2 reported to da@lli
contains a 4lecylphenyl urea linked to a piperagi moiety. Analysis of.11i analogs
suggest that (i) a positively charged cyclic secondary amine with hydrogen bond donor
character is important for inhibiting S1P transport within the channel as methylation
completely abrogated activignd (ii) the bindng site for these inhibitors isensitive to
ring size, as deviation from therBembered piperazine ring was detrimental to potency
Inhibitor 2.11i was administered to mice wher elicited a profound decrease in
circulating lymphocyte counts. While mhanges were observedthe plasma S1P level,
the role Spns2 exerts in modulating these concentrations remains uncertain.
Consequently, a lack of observed changes in plasma S1P levels following administration
does not invalidate the target of these conmpisuPrevious small molecule inhibitors of
Spns2 have showcased both decreastd=108185) and maintainedSLB1122169
concentrations of plasma S1P levelsturthermore, the resulting lymphopenia and
vitro activities suggest they function as Spns2 inhibitors.
2.10 FUTURE DIRECTIONS

Although2.11liwas proven to be a potent and orally bioavailables3pnhibitor,

increasing the halife (2.4 hoursin mice) is necessary to afford a more viable drug
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candidate. Through this SAR study, the pdlaad groughas been optimized to yield an
inhibitor with a low nanomolar 1§ value. Optimization of the noofar tail region has
been relatively underexplored. Replacement of the lipid tail is of particular interest to
improve the pharmacokinetic and pharmacodynamic profile of our inhibitors due to its
highly hydrophobic profile. Recent advancements of moleadjeramics simulations
also provided insight into the configuration of these inhibitors within the transport
channel of Spns2. Synthetic modifications of the hydrophobic tail can be utilized to
further improve our Spns2 inhibitors.
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Chapter 3: Structure-Activity Relationship Study of the Aryl Ring of Spns2
Inhibitors
3.1CONTRIBUTIONS

Compounds disclosed in this chapter were prepared and synthesized by Kyle
Dunnavant wth the exception d8LF80721169which was prepared by Dr. Daniel
Fosterand3.19ad, which were prepared by Sarah Seay. The biological assays were
performed by Dr. Tao Huang, Dr. Yugesh Kharel, and Dr. Kevin Lynch at the University
of Virginia Departmenbf Pharmacology. Dr. Webster Santos provided guidance and
oversight for this work.
3.2ABSTRACT

The secondjeneration Spns2 inhibit@LF8072116968% Spns2 inhibition at 1
€M) was the first profound improvement in potency in comparison to thegérsration
Spns2 inhibitor SLF1081851 (44% Spns2 inhibition at 1eM). This prompted
investigation into modifications of the aromaticg regionof these inhibitors. Additional
substitution patterns and replacement of eezylic carborwith pheryl ether, oxme,
and 1,2,4oxadiazole motifs werivestigated Through this campaign, it was determined
that additional steric encumberment of the aromatic ring is detrimental to inhibitor
potency regardless of electron donating or electron withdrawing propertieseveiQ
replacement of the alkyl tail with heteroatom functionalities had a wide range of
potenciedn vitro. Namely, nonypheryl ether analo@.9a (ICso = 62 £4 nM) exhibited
profound improvemenn potency. However3.9a failed to elicit the desired rpense of

in vivo Spns2 inhibition when administered to mice.

51



3.3INTRODUCTION

The first published work that reported a structacévity relationship (SAR)
study of Spns2 inhibitors led to the discovery of the moderately poteni amna active
compoumn SLF1081851(ICso = 1. 9 3 N 6 Fdiewingetiib) report, several
campaigns under this effort yielded the inhibit&sB1122168(ICso = 94 + 6 nM),?
SLF80721166 (ICso = 14 + 03 € M and SLF80821178(ICso = 51 + 3 nM).
Chronologically,the first significant increase of potency compare&té1081851was
SLF80721169with an estimatedCso of 300 nM (Fig. 3.1). This inhibitor installed a
benzamide piperazine headgroup in place of the -b@adiazolepropylamine of
SLF1081851 With this dramatic improvement in potency, further investigation of this
inhibitor was pursued immediately through modification of the lipophilic tail. Originally,
sewral polar headgroups were investigated in the SAR campaign that resulted in
SLF108185] which inhibits Spnsih vivoand has mitigated fibrotic responses following
unilateral kidney ischemieeperfusion injury (IRI) compared to sharh.The recent
bioisosteric replacements of the 1;pxadiazole linker left modifications to the
lipophilic portion of theinhibitors relatively untouchetf While this originally resulted
in more potent Spns2 inhibitors, thecs of small molecule inhibitors of Spns2 shifted
to improving the pharmacokinetic profile while maintaining the low nanomolar potency
observed withSLB1122168and SLF80821178 In this report, the investigation of
manipulating the steric encumberment and lipophilicity of the aromatic core of Spns2

inhibitors is disclosed.
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\

! '\OH-HCI o}
g N
0 (__NH-Hcl
SLF80821178 SLF80721169
ICgo=51+3nM ICs =~ 300 NM

Figure 3.1 Structures of secongeneration Spns2 inhibit® SLF1081851
SLB1122168 SLF80721166 SLF80821178 and SLF80721169based off of the first
generation inhibitoSLF1081851

The aim of this campaign was to improve the pharmacokinetic profile of our
inhibitors following the profound increase in potencgsaobserved. This was done by
modi fying our inhibitors to better *fit with
According to the Ro5SLF80721169s lipophilic (cLogP= 6.0) and is at the maximum
threshold for the number of rotatable bonds (NRB) for predicted oral bioavailadility
10.58 The molecular weigt, hydrogen bond donors, and hydrogen bond acceptors all fall
within the parameters that predict oral bioavailabfityLipophilicity, experimentally
guantfied as LogP and LogD, can be manipulated by introducing, deleting, or
substituting different functional groups to the scaff!$iThe most common method of
predicting the LogP value is using software to determine the calculated tbg§P,
which factors functional groups, bond topology, and bond order among other variables of
a compound?! The modification of lipidike motifs to improve drugike properties is a
common practice in medicinal chemistdyThis practice can be observed with the

installation of more rigid, hydrophilic tails to SRMs since the FDA approval of
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fingolimod*1 Lipophilicity is a key factor for bioavailabilitywhich is difficult to
discernin vitro.'31® Modifying the lipophilicity of a drug candidate is a regular practice
for medicinal chemistry campaigh®’® Reducing the NRB can be performed by
introdwing unsaturation to lipiike motifs to improve the oral bioavailability of these
inhibitors.”

SLF80721169
cLogP: 6.0
NRB: 10
MW: 330
HBD: 1
HBA: 3

i

| I o | % oo {@’O O{Ny©o

o-N
Substituted phenyl Substituted phenol ether Ketoxime 1,2,4-oxadiazole
3.4a-k 3.9a-1 3.14a-b 3.19a-d
cLogP: varies cLogP: { cLogP: cLogP:
NRB: varies NRB: varies NRB: | NRB: |

Figure 3.2 Core modification®f Spns2 inhibitors along with the effects drogP and
NRB for each scaffold in comparison 8.F80721169 cLogP values calculated with
ChemDraw 18.0. NRB: number of rotatable bonds.

Initial approaches to this study were the addition of various fumadtigroups to
the aromatic ring3.4a-h) and replacement of the phenyl ring with naphthal@ag)(and
pyridine @4j, 3.4k). Several other replacements were generated to block benzylic
oxidation, a known metabolic liablilit§%* This series includes heteroatauntaining
moieties such as phgnethers 8.9a-1), oximes (3.14a-b) and phenyl 1,2-#xadiazoles
(3.19a-d), all of which are relevant in medicinal chistny and pharmaceuticat$?®
These motifs are also present in S1P receptor modut&fo'sand potent inhibitors of
SphK22” The oxime derivatives were directly inspired from the structure of siponithod
while the phenyl 1,2:xadiazole series was inspired by ozanitiaahd previously

synthesized inhibitors of SphK1, SphK2, and Sptt$2® The pheml ether series is
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derived from previous work from our group in developing SphK1l and SphK2
inhibitors2"2°
3.4CHEMICAL SYNTHESIS

Initial investigations into various substitutions on the aromatic ring of
SLF807211692.4h) were synthsized from a variety of substitutedndlobenzoic acids
3.1am (Scheme 3.1). These commercially available reagents were condensdd- with
Boc-piperazine using HCTU to yiel@.2a-m in 36-95% yield! The decyl tail was then
installed with a twestep, ongyot hydroboration of -Hecene followed by Suzuki
Miyaura crosscoupling with the aryl halides to afford the &protected amine8.3a-m

in 63-96%yYield.! The Boc group was cleaved under acidic conditions to affd@m in

82-96% yield as ammonium salts.

=Br,I O

\ \ N
NBoc

31ak

mw mw

333k 34ak

Bﬁﬁ
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3.1d, 3.2d
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3.1g, 3.2g

‘\
| N

3.1j, 3.2

Dﬁlﬁf

3.1b, 3.2b 3.1¢c, 3.2¢

So gy

3.1f, 3.2f

oo

3.1i, 3.2i

3.1e, 3.2¢

3.1h, 3.2h

/@)\
|

=

|

3.1k, 3.2k

CL 0 Loy oL

3.3a, 3.4a 3.3b, 3.4b 3.3c, 3.4c

3.3d, 3.4d 3.3e, 3.4e 3.3f, 3.4f
F O
3.3g, 3.4g 3.3h, 3.4h 3.3i, 3.4i

[ NS
N L

3.3j, 3.4 3.3k, 3.4k

Scheme3.1. Synthesis oB.4ak. (a) N-Boc-piperazing HCTU, DIEA, DCM, rt, 16 h,
36-95%: (b) (i) 1-decene9-BBN, THF, 66 °C, 1 h:i() aryl halide Pd(dppf)CiA CBl>,
3 M KOH (aq), THF, 66 °C5 h, 6396%; (c)4 M HCl/dioxane, DCM, rt3 h, 8296%
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The replacement of the alkiail was initially investigated with the installation of

pheryl ethers to the core of the Spns2 inhibitors (Scheme 3.2). Various methyl 4

hydroxybenzoates were subjected {2 $onditions with the appropriate alkyl bromide to
afford the pheyl ethers3.6a-1 in 25-95% yield. The appropriate methyl benzoate was
saponified using sodium hydroxide to the corresponding benzoic &cia$ in 45-94%
yield. These benzoic aciderivativesunderwent condensation witN-Boc-piperazine
using HCTU or CDI to afford # Bocprotected benzamideg&8a-m in 57-92% yield.
Removal of the Boc group under acidic conditions affor88d-m in 77-92% yield as

ammonium salts.

0] (0] O
a b
| X o7 ——— | X o7 — | X" “OH
N R N R. N
HO PR 0 % o %

3.5a-1 3.6a-1 3.7a-l
cord O
Nﬁ B N
NBoc R. P K/NH-HCI
Y R
38a| 3.9a-l
o] o) o) o F
3.6a, 3.7a, 3.8a, 3.9a 3.6b, 3.7b, 3.8b, 3.9b 3.6¢, 3.7¢, 3.8¢, 3.9¢ 3.6d, 3.7d, 3.8d, 3.9d
R
L Lo o L0
| W
0 O Z 0 (0]
3.6e, 3.7e, 3.8¢, 3.9¢ 3.6f, 3.7f, 3.8f, 3.9f 3.6g, 3.7g, 3.8g, 3.99 3.6h, 3.7h, 3.8h, 3.9h
o Ci\ﬂo/@ o} o
3.6i, 3.7i, 3.8i, 3.9i 3.6j, 3.7j, 3.8j, 3.9j 3.6k, 3.7k, 3.8k, 3.9k 3.61, 3.71, 3.81, 3.91

Scheme3.2. Synthesis 08.9al. (a) terminal alkyl bromide, ¥CGO;, Me CN, 82
2595 %; (b) NaOH, -949a (c)dBocpidetatine HOTY, DIEA, DCM,
rt, 16 h, 57-92%; (d) N-Boc-piperazine, CDI, DCM, rt, 16 ,h57-59%; (e)4 M
HCl/dioxane, DCM, rt3 h, 77-92%

The synthesis of oximanalogss shown in Scheme 3.3. Commercially available
4-acetylbenzoic aci@3.10) was condensed witN-Boc-piperazine using HCTU to afford

the intermediate3.11 in 88% yield This acetophenone underwecbndensation with

56



hydroxylamine to yieldoxime 3.12 in 53% vyield. Alkylation was performed undex2S
conditions to install the lipid tails to yieRl13ab in 76-79%yield. The Boc groups were

cleaved under acidic conditions tdatl 3.14ab in 87-91% yieldashydrochloridesalts

Y@*w o O O™ O

3.12

T/©)LK/NBOC T Ry WQ)‘\ NH:HCI

3.13a-b 3.14a-b
R R
3.13a, 3.14a 3.13b, 3.14b
Scheme3.3. Synthesis oB8.14ab. (a) N-Boc-piperazing HCTU, DIEA, DCM, rt, 16 h,
88%; (b) NHLOHA C | , Na OAc, met hanol , 65 C, 16

THF, 02 3 C, -7996 (d)4 M HQGl/@ioxane, DCM, rt3 h, 87-91%

1,2,40xadiazole derivatives were synthesized from the commercially available 4
cyanobenzoic acid3(15), which is subjected to HCTU coupling with-Boc-piperazine
to afford the benzamid8.16 in 90% vyield (Scheme 3.4)This was then treated with
hydroxylamine hydrochloride and triethylamine before refluxing in ethanol to yield the
phenyl amidoxime3.17 in quantitative yield The 1,2,4oxadiazole was formed following
CDI coupling with the apppriate carboxylic acid and subsequent ring closure at
elevated temperatures, yielding the Boc protected inhib8d8ad in 40-74% vyield
The ammonium salts were afforded following the treatmeBtidad with hydrochloric

acid to yield the desired @aducts3.19a-d in 66-69%yield.
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o-N 3.18a-d -N
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, , N N
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Scheme3.4. Synthesis 08.19ad. (a) N-Boc-piperazing HCTU, DIEA, DCM, rt, 16 h,
90%; (b) NHLOHACI, TEA, ethanol, rt, 16 h, 99%; (c) carboxylic acid, CDI, DMF, 110
C, 1-84%h(d)4 M BCl/dioxane, DCM, rt3 h, 66-69%

3.5EVALUATION OF IN VITRO BIOLOGICAL DATA

The evaluation of the aforementioned Spns2 inhibitors gave significant insight
into the dependenayf activity on the structure of the aromatic core of the compotinds.
330 |n comparison to the parent compouBldF80721169 which reduced the transport of
S1P by 68% at £ Min HelLa cells, more potent Spn2 inhibitors watentified through
this campaign (Table 3.1). Electron donating methyl substitution at both- thed23
positions ameliorated potenc8.4a, 19%;3.4b, 55%). Introduction of a second methyl
substitution jelded a similar result observed from the-8iethyl @.4c, 15%) and the
2,3dimethyl 8.4d, 21%) analogs. Replacement of the metpygup with the electron
withdrawing trifluoromethyl at the -position nearly eliminated potency entirely4e
11%). Mehoxy substitutions at the-f@osition @3.4f) of the aromatic ring resulted in 33%
inhibition of Spns2. Introduction of fluorine as a bioisostere of hydrdgédiminished
inhibitor activity. Fluorine substitution at thegdsition 3.49) retarded Spns2 activity by
53%. 2,6difluoro substitution 8.4h, 6%) had a lackluster effect on the extracellular

transport of S1P. The significantly more sterically encumbered ar&dogreplacing the
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phenyl core with a 1;disubstituted naphthalene, diminished potency resulting in a 13%
reduction of extracellular S1P. Replacement of the phenyl ring with a pyrididaqao

the first improvement of potency for an inhibitor with decreased lipophilicity. A 2,5
disubstituted pyridine3.4j reduced S1P transport by 78% while the-@gubstuted
pyridine analodg.4k inhibited Spns2 by 54%All modifications of the phenyl coreere
poorly tolerated, resulting in decreased potency3fdrk, with the exception 08B.4]
which only a moderately increased in potency.

Table 3.1.Spns2 inhibition oflecyl tailedcompounds.

O

L
" O\IH-HCI
Entry Cmpd R %lInhib. | Entry Cmpd R %Inhib.
1 SLF80721169 (19/\ 68 + 3 7 3.4f (ZOL\AO% 33+ 2
2 3.4a CS’S 19+ 2 8 3.4g C\% 53+ 3
F
3 3.4b (Z\%A 55 + 3 9 3.4h (Zfif\ 6+ &
4 3.4c (/v\\%i 15+ 7 10 3.4i 13+ P
5 3.4d (iiEA 21+P | 11 3.4 A 784D
6 3.4e (:\/O/i\)(;s 11+2 | 12 3.4k 1 saxs

4nhibitory data for the assessmentimtibitor activity in HeLa cells. Spns2 inhibition is
reported as the percent decrease in S1P secretianedtathe controlCompounds were
administered at a concentration of 3M. Cell media was extracted and S1P
concentrations were measured by-MS/MS. Assays were performed in duplicate
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The replacement of tHeenzylic carborwith oxygenwas investigated as a method
to block facile metabolism by cytochrome P4B60ivo (Table3.2)?Y23 This series of 4
alkoxybenzamides3.9af were synthesized The first inhibitor 3.9a exhibited a 91%
reduction of transported S1P in HelLa cedlgprobund increase in potency compared to
SLF80721169 (68%). Following a similar trend ashe fi a | | adil lkamalog 0
additional substitutioln the aryl ring wasdetrimental to inhibitor activity in comparison
to 3.9a regardless ofelectron donating or wittrawing properties. Howeverall
derivatives of the phem ether reduced S1P transport at a similar or greater level than
SLF80721169 In fact, all phenyl ether tail analogs out performed their alkyl tailed
counterparts. The least potent inhibitor of tesies3.9d with fluorine substitution at the
2-position, matched the reduction of S1P transporSbF80721169at 68%. Methyl
substitution at the -Bosition of aromatic ring3(9b) and a pyridine replacement of the
phenyl ring 8.9f) blockedSpns2 activy by 82%. With similar potency, therBethoxy
(3.9¢, 78%) and Fluoro (3.9¢ 79%) analogs significantly ameliorated S1P transport.

Following the success of replacing the metabolic liability aryl methylene of
SLF80721169 with a heteroatom containingmotif, oxime @.14ab) and 1,2,4
oxadiazoles 3.19ad) series were investigatedxime derivatives3.14a and 3.14b,
bearing n-heptyl andn-octyl tails, inhibited the transport of S1P by 72% and 53%,
respectively. Similarly, 1,2;éxadiazole derivatives exhikd moderate potency as Spns2
inhibitors. For example3.19a(41%), 3.19b(46%), 3.19¢(40%), and3.19d (45% failed
to inhibit the transport of S1P by more than 50Phe phenyl ether analogs prevailed as
more potent inhibitors as their alkane tail derivesi while oxime and 1,2dxadizole

analogs ameliorated potency of our Spns2 inhibitors.
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Table 32. Spns2 inhibition oheteroatontontainingtail compounds.

(e}

U
) ’\L/)\IH-HCI
Entry Cmpd R %Inhib. | Entry Cmpd R %Inhib.
1 3.9a C,\%/\ 91+1 | 7  3l4a OK“J/?A 72+2
2 3.9b C,\j%)\ 82+1 8 3.14b oif/?/\ 53 + 2
HacOD)\ Y©)\
3 3.9¢c C)\N 78 +1 9 3.19a o@J 41 + 7
4 3.9d C)Ejvi 68+3 | 10 319 Cf;/\ 46 £ 2
F.
5 3.9e Co\]%)\ 79+ 3 11 3.19c oﬁ 40 + 8
N
6 3.9f % 82+1 12  3.19d OC{Z\' 45+5

Anhibitory data for the assessmentimfibitor activity in HeLa cells. Spns2 inhibition is
reported as the percent decrease in S1P secretion relative to the Comtymbunds were
administeed at a concentration of M. Cell media was extracted and S1P
concentrations were measured by-MS/MS. Assays were performed in duplicate

Due to the profound increase of potency frBidF8072116%0 3.9, the phenyl
ether analog was investigated furthér.tail homologation stdy was performed to
determine the optimal length of the lipophilic tail (Fig. 3.3). Taddificationsfrom n-
hexyl ton-dodecyl tails were installed areValuated inthe HelLa cell assay at a lower
concentration of 0.8M. Following the expected betlurveof lengthdependent activity,

3.9aremained the most potent inhibitor while shorter tail lengdtg( 27%;3.9h, 59%;
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3.9i, 68%) and longer tail length8.9j, 67%; 3.9k, 60%; 3.9, 42%) bothdecreased

potency as the lengths deviated further from tbeafnonyl phewl ether tail of3.9a.
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Compound

Figure 3.3. Tail homologation series &.9a Spns2 inhibition is reported as the percent
decrease in S1P secretion relative to the coirirbleLa cells Compounds werassagd
at a concentration of 06Vl. Assays were performed in duplicate

The most potent inhibitor of this SAR studd/9a, was subjected to an vitro

doseresponse study to determine the poteridyis experiment determined thesif

39ato be 62 +4 nM, a profound improvement frorSLF80721169% $Cso value of

approximately 300 nM (Fig. 3.4). The dramatic improvement of potencguragedhe

investigation of this Spns2 inhibitorin vivo to determine the pharmacokinetic and

pharmacodynamiproperties
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Figure 3.4. Doseresponse assessment3®a in HelLa cellsresulted inan 1Go value of
62 £4 nM.

3.6 EVALUATION OF IN VIVO BIOLOGICAL DATA

Following the discovery of the profound potency3da as a Spns2 inhibitor, the
compaind was subsequently administered to mice to determine its ability to inhibit Spns2
in viva. The hallmark ofn vivo Spns2 inhibition is lymphopenia, m@sdemonstrated by
inhibitors SLF1081851 SLB1122168& andSLF8082117&hat all significantly reduced
circulating lymphocytes. These inhibitors have shawriouseffects onplasma S1P?
Previous Spns2 knockout studies have shown both redutt®rand no significant
changé”*° of plasma S1P in mic&Infortunately, ymphocye counts were unaffected 16
hours following intraperitoneal (IP) injection (Fig. 3.5A) as well as 4 hours post oral
administration of39a at 10 mg/kg (Fig. 3.5C). Plasma S1P concentrations were
unaffected in both studies as well (Fig. 3.5B and 3.9Ds, 3.9a failed to elicit any

significant response in mice which may have been cawgsegpid metabolism
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Figure 3.5 Biological evaluation b 3.9a in female C57BL/6j strain mice. IP
administration of3.9a results in no reduction of (A) circulating lymphocytes or (B)
plasma S1P concentration 16 h pdsse (10 mg/kg). PO administration3®aresults in
no reduction of (C) circulating lymphotss or (D) plasma S1P concentration pdst
dose (10 mg/kg) following IP injections = not statistically significant

3.7CONCLUSIONS

In this report, several derivatives of benzampgdgerazine Spns2 inhibitor
SLF80721169were investigated. Replacentesf the phenyl ring with a pyridine ring
(3.4)) improved potency compared 8. F80721169within the decyl tailed analogand
any substitution of the phenyl ring decreased activity. Howeerphegl ether scaffold
yielded several potent Spns2 inhibitoPheryl ether3.9a (ICso = 62 + 4 nM) which has
a nonyl groupreduced S1P transport in HeLa cells on par with the transport dead mutant
R200S of Spns2 when administered aiM. Additional substitutioron thearomatic ring
exhibited a similar reduction of potency as thdetylphenyl derivativesReplacement

with oxime and 1,2 %xadiazole motifs resulted in moderate Spns2 inhibiiomitro.
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The bestinhibitor of this serie88.9a was administered to mice, which failed to elicit the
desired response of lymphopenia following both IP and PO administratiese results
suggest thaB.9amay have poor oral bioavailability or hdife in mice. Further studies
are warranted to edirm this hypothesis.
3.8FUTURE DIRECTIONS

This SAR study yielded a potent Spns2 inhibitor that failed to elicit the desired
responsef vivo. These results are promising despite the poor pharmacokinetic profile of
this inhibitor. 3.9a is the first reprt of a Spns2 inhibitor without the-decylphenyl tail
and core that resulted in a more potent inhibitor. In fact, the lipid tail of our inhibitors is
relatively underexplored as the focus of previous SAR studies have been on the linker
and head groups @pns2 inhibitors. With the exception of fingolimod, FDA approved
S1P receptor modulators have sterically encumbered, unsaturatedheterdatom
containing moieties in the lipophilic tails of the S1P receptor modulafbys.
Introduction of more rigid, sterically encumbered, and heteroatmrtainingmoieties to
the lipophilic tail could greatly improve the pharmacokinetic profile of previously
synthesized inhibors by reducing overall lipophilicity the number of rotatable bonds
compared to the saturated decyl tail.
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Chapter 4: Improving Spns2 Inhibitors through Lipophilic Tail Modifications
4.1 CONTRIBUTIONS

Compounds4.22ab, 4.22a¢ 4.22ay, 4.22az 4.22bc 4.22bh-bj, and4.29 were
synthesized bypr. Andrew Bage Compound4.22as was synthesized by Sarah Seay.
Compound4.22av was synthesized by Justin RodgeAdl. remaining compounds were
designed and synthesized Byle Dunnavantwith oversightand guidancdrom Dr.
Webster Santodn vitro andin vivo studies were performed at thimiversity of Virginia
Department of Pharmacolodpy collaboratordr. Kevin Lynch Dr. Yugesh Kharebnd
Dr. Tao Huang
4.2 ABSTRACT

Sphingosinel-phosphate (S1P) is an endogenous signaling sphingolipid that
interacts with five Gprotein coupled receptorS1PL-5) to initiate cellular signaling
pathways. Spinster homolog 2 (Spns2) is a protein responsible for transporting S1P
extracellularly in lymph tact as a ligando S1P15 subsequently initiating an immune
response. The inhibition of Spnga smallmolecule intervention has shown evidence to
be a viable therapeutic pathway for autoimmune diseases by inducing lymphopenia.
Herein, we report thamprovedpotency and pharmacokinetic profile of a previous Spns2
inhibitor SLF80821178(2.11i, t, = 2.4 h ICso 51 + 3 nM) through modifying the
lipophilic tail region, a previous untappestrategy for Spns2 inhibitor design.
SLD1072200(4.22v), bearing a more rigid and hydrophilic substituted pherther
within the tail region, improad the haltlife (t.= 6.9 h) and potency (1€ 23 £ 1 nM)
while maintaining oral bioavailability4.22v also showed no signs of toxicity following

daily dosing at 20 mg/kg for 14 days in mice.
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4.3 INTRODUCTION

The transporter protein spinster hongp®b(Spns2) has recently gaingidnificant
interest as a target for therapeutic intervention. This focusaal@eveddue to the role of
Spns2 in the SHB1P1 interaction that induces the secretion of lymphocytes from
lymph 333436 There are five FDA approved S1P receptor modulators for treatment of
multiple sclerosis (MS) and/aicerative colitis (UC) that disrupt this interactibit/4%43
However, thes&1P receptor modulators suffer from adverseamget side effects due to
the role of S1IFS1P1 interaction in regular signaling functidf$€ The S1P transporter
Spns2 has been identified as a potential upstream target that can modulate lymphocyte
trafficking and bypass the etarget side effects 081P receptor modulatof$343637
Studies of Sps2 deficient mice have shown significant protection from experimental
autoimmune encephalomyelitis (EAE),collageninducel arthritis*® (dextran sulfate
sodium) DSSinduced colitis®® and unilateral kidney ischemreperfusion injury (IRIY,
validating this transporter as a therapeutic target.

Recently, our lab has synthesized a library of Spns2 inhiBifofEhe first
generation Spns2 inhibit@@LF1081851induced lymphopenia and reduced plasma S1P
concentrations when administered to nficAdditionally, SLF1081851 ameliorated
inflammatory signaling in perivascular cells following unilateral kidney IRI, a similar
response observed in Spns2 knockout rhicefortunately, this inhibitor was toxic to
mice at a 30 mg/kg doseThis work was followed by the design and synthesis of the
second generation inhibi®SLB112216& SLF80721166 andSLF80821178 Of these
inhibitors, SLB1122168and SLF80821178both have 1G values in the low nanomolar

range, a stark improvement for the micromolagl@alue of SLF10818512 Of these

73



two potent inhibitors, only one washownto be orally bioavailableSLF80821178
However, SLF80821178suffers from a short halife (2.4 B in mice, presenting the
necessity for further improvementthe pharmacokinetic profile of this inhibitor.

Recently, the structure of Spns2 in the a@iRbound FTY720P-bound,
SLF1081851bound andSLB1122168bound states have been reportéd® While the
electron density ofour inhibitors in the cryeEM structure bound to Spns2 was
discontinuous, thseinhibitors arepredicted to bind the inwardpen conformation of the
transportef>>?> Recent molecular dockingstudies have shownthat Spns2 inhibitor
SLF80821178targets two different binding sites within the Spns2 transport channel.
Previous reports have observed that tpiel tail of S1P, FTY726P, and Spnsihhibitors
aresequesterd in a hydrophobic pocket within the transport channel asieophilic
head groupsclimb a ladder of residueso initiate a conformational change for
extracellular release for S1P and FTY7Ror locks the transporter to its occluded
inward facing conformatioby inhibitors*®%? Molecular docking studies have shown that
the lipid tails of our inhiki or s conform to a Afi shhooko
anchor as the hydrophilic head climbs the ladder of residues to block the conformational
changes of Spns®>? This hook conformation seems to play an important role for S1P
transport and thus, the inhibition of Spns2. The saturated-likadtails are able to
conform to this fishhook shapé&owever the entropic penalty upon binding can be
reduced by ntroducing rigidity to install this confirmation before binding to the

protein>4®°
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Figure 4.1.Structure of FDA approved S1P receptor modulators @hB80821178

The structures of published Spns2 inhibitors can be divided into two distinct
regions: a polar head group and a nonpolar tail. While head group optimization is a
ongoing effort, the nonpolar tail has been relatively underexplored. In previous reports, a
saturated decyl tail substituted at thepabition of the inhibitod @romatic ring is a
pharmacophore for Spns2 inhibitibA.The inspiration for this lipidike tail sprouted
from the saturated aliphatic tails of S1P and fingolimod, the first FDA approved drug to
target the S1P pathway in 20@ig. 4.1).#*% While these tails have proven to be useful,
the decyl tail significantly increases the number of rotatdlinds and lipophilicity of
these inhibitors, both of whichredetrimental to their expected oral bioavailabifi:°
However, more recent FDA approved drugs that target the faiiRvay have more
functionalized, unsaturated, and sterically encumbered'tail$2*® This suggests that a
saturated lipid tail mimic of S1P can be replaced for rationally designing a drug that
targets the S1P pathwaihis report discloses a thorough structactivity relationfip

(SAR) campaign that afforded several potent Spns2 inhikljags 4.2) Of these potent
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inhibitors,4.22vexhibited an IG of 23 + 1 nM and proved to be orally bioavailable with

no signsof toxicity following a 14day chronic dosing study in mice.
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Figure 4.2. Design of lipophilic tails for Spns2 inhibitors.
4.4 INHIBITOR DESIGN AND SYNTHESIS

To perform & SAR study, various lipophilic tailevereinstalledin place of the
lipid tail.1® The aim of this campaign is to decrease dhegP value and/or number of
rotatable bonds (NRB) through tail modificationsitqprove the oral bioavailability of
the parent inhibito??2 While SLF80821178inhibited Spns2in vivo following oral
administration (PO), the inhibitor displed a haHife (t) of 2.4 hoursin mice,
suggesting rapid elimination. Synthetic modifications can be employed to prolong the
half-life of this Spns2 inhibitom vivo.>” However, with the polar head group optimized
through a SAR study, synthetic intervention is focused on the underexplored nonpolar tail
of SLF80821178for further improvement. Initial investigation to tawhodifications
began with the installation of commercially available tdiswever the need for more
complex tails quickly arose. These more complex tails needed to be synthedipeden
before installation (Scheme 4.1). A library of pileathers 4.2a-ap) were synthesized
by subjecting several phenols te2Sconditions with the appropriate alkenyl bromide in

25-97% vyield.
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Scheme4.1 Synthesis oft.2aap. (a) terminal alkyl bromide, ¥CQs;, Me CN, 8 2
h, 2597%.
In addition to pheyl ethers, a variety of alkyl ethers were synthesiZthéme

4.2). Methyl ethers were synthesized by adding alkyl brom#@a-b to a solution of
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sodium methoxide (25% wt. in methanol) to yidlda-b in 44-91% yield. Cycloalkyl
(4.6ac), benzyl @.6d), and propylene phenyldEe) ethers were synthesized by
subjecting the appropriate alcohols t@2Sconditions with sodium hydride and the

appropriate alkenyl bromide to afford the desired products-nl%6 yield.

a

B - > pe}
r\Mn/\ HsC M:\
43a:n=5 44a:n=5
43b:n=6 4.4b:n=6

b
OH 5 .0
R RO

4.5a-e 4.6a-e

O,(v)/\ G/OM/\ O/OM/\

4.6a

rkenion
s D | D Do

4.5¢

Scheme4.2 Synthe5|s ofd.4ab and4.6ae. (a;G;odium metaec:xide, methanol, rt, 16 h,
44-91%. (b)alkyl bromide NaH, THF, 0-2 3 , 16G,16-71%.

A brief study of changing the heteroatom from an oxygen to nitrogen in regards to
the pheml etherswas investigatedScheme 4.3). Aniline4(7) was subjected to amide
coupling conditions with DCC, DMAP, and-Hexenoic acid to prode 4.8 in near

guantitative yield. Aniline 4.7) was also subjected tay& conditions with TEA and -6

broma1-hexene to afford.9in 64% yield.

H NH2 H

Scheme4.3 Synthesis off.8and4.9. (a) DCC, DMAP, hexs-enoic acid, DCM, & 3 C,
16 h, 97%; (b) @romol-h e x e n e, DI EA, MeCN, 82 C, 16

An effective method of reducing the NRB of these inhibitors is to introduce
internal aliphatic rings to our inhibitors (Scheme 4.4). The commercially available

primary alcohol 4.10) was condensed with-#luenesulfonyl chloriddgo yield 4.11in
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53% vyield. This electrophile was subjected 2 $onditions in the presence of phenol to
afford 4.12in moderate yield (47%). The ketone was then subjected to Wittig olefination

to form the teminal alkenet.13in 27% vyield®®

HO/\QOL»\©;U 7 :@—» @ :@—» @ n

Scheme4.2.108ynthesis o#.13 (a) TEA, DMAP, TsCl, DCM, 62 3 C, 16) h, 53 %
phenol, KCQ;, Me CN, $,247%; €), metlylBriphenylphosphonium bromide,
tBuOK, THF, G2 3 C, 16 h, 27 %
The synthesis of additional tails with internal aliphatic rings is shown in Scheme
4.5. 1,3disubstituted cyclohexyl and cyclopentyl tails were synthesized by subjecting
methy 3-oxocyclopentand-carboxylate (4.148 and methyl 3oxocycldexanel-
carboxylate(4.14b) to Wittig olefination conditions to form.15a-b in 27-65% vyield>®
The corresponding meyl esters were subsequently reduced to the primary alcohols
4.16a-b in 88-99% yield. The primary alcoholsvere condensed with-#bluenesulfonyl

chloride affording 4.17a-b in 53-97% vyield. The desired product was then formed by

subjectingd.17ab to Sv2 conditions with phenol to afford.18ab in 31-47%yield.

o 0 a o
., N HO
0 0 n
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Scheme4.5. Synthesis 0f4.18ab. (a) methyltriphenylphosphonium bromidé&3uOK,
THF, 02 3 C, -689%6 ()MiAlH 2THF, 62 3 C 88-99% (c) TEA, DMAP,
TsCl, DCM, 62 3 C, -97298 @) phenobKC0O;, Me CN, 82-47%C, 16 h, 2
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Various analogs of inhibitors bearing the urea containing head group were
synthesizedn accordance wittfscheme4.6. 4iodophenylisocyanate4(19) was treated
with monaN-Boc protected piperazine to afford the corresponding Boc protected 4
iodophenylurea4.20 in near quantitative yield. Tail installment was subsequently
achieved through aahdem ongot hydroboration and SuzuMiyaura crosscoupling
reaction between theiddophenylurea intermediate and the appropriate alkene to install
the tail of the inhibitors in 2B1% vyieldst Removal of the Boc protecting groups in
intermediates 4.21a-bj with hydrochloric acid provided analog#l.22a-bj as
hydrochloridesalts in high yield (798%).

To further probe increased rigidity implemented inte thil of Spns2 inhibitors,
the modification of a 1/lisubstituted phenyl ring to the tail by a converging synthetic
pathway shown irscheme4.7. The tail was synthesized with a substitution reaction of
phenol ¢.1a) and methyl 4(bromomethyl)benzoatéo afford 4.23 in 93% yield. The
methyl benzoate was then reduced to the benzyl alebBdin 93% vyield. The alcohol
was transformed to an alkyl bromide under Appel reaction conditions to 4/@5dn
62% yield®® The common intermediateiddophenylurea.20 was subjected tMiyaura
borylation conditions to yield the phenyl boronic egt@6 in 71% yield®® The bopnic
ester was then converted to the boronic 4 in moderate yield (4696 The benzyl
bromide4.25 and boronic acidt.27 were subjected to Suzuki cressuping conditions
to yield the Boeprotected analog.28 in 10% yield.®> The Boc group was cleaved by

subjectingd.21to hydrochloric acid yielding.29 in 97% yieldas an hydrochloride salt.
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Scheme4.6. Synthesis o#t.22abj. (a) N-Boc-piperazine, DCM, @ 3 C, 1y h, 98 %
(i) terminal alkene9-BBN, THF, 66 °C, 1 h;i{) 4.20, Pd(dppHCiA C8l2, 3 M KOH
(ag), THF, 66 °C, 4 h22-91% (c) 4 M HCl/dioxane, DCM, rt3 h, 79-98%
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4.29 4.28
Scheme4.7. Synthesis 0f4.29 (a) methyl 4(bromomethyl)benzoat&-COs, MeCN, 82
C, 16 hLAIH9,IH¥E, 023b ) C,93%] (6) CBu, PPh, DCM, 0-2 3 C, 16
h, 62%; (d)Bzpinz, KOAc, Pd(dppf)ChACH,Cl,, DMSO, 80 °C, 16 h71%; (e)i) NalOs,
THF, HO, 25 °C, 30min, (i) 1 M Hd (aqg), 25 °C, 24 h46%,; (f) benzyl bromide,
Pd(PPh)s, 1 M NaOH, Toluene, EtOH, 110 °C, 1610% (g) 4 M HCl/dioxane, DCM,
rt, 3h, 97%

To study the effect of replacing the aryl methyleneSaF80821178with an
oxygen to remove the atabolic liability for facile oxidation at that site, a plgkrther
motif was installed (Scheme 4.8). The likely metabolite of this inhibitaméophenol,
is a known hepatotoxif? However, due to the profound increase in potency from the
decyl tail .4h, SLF80721169 to the nonyl pheyl ether tail 8.9) benzamide inhibitors,
the urea analog was investigated nonethelesdtréphenol(4.30) was alkylated unde
Sn2 conditions to form intermediaté.31 in high yield (97%) The nitro group was
reduced using stannous chloride to form the andiB2 in 63% yield. This aniline was
coupled withN-Boc-piperazine with triphosgene to afford the Bowotected phenylirea
433 in 47% yield. The amine was deprotected with hydrochloric acid to afford the

desired product.34in 89% vyield.
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Scheme4.8. Synthesis o#t.34 (a) :-bromononane, LCO;, Me CN, 82 C, 16 h,
SnCh, 12 M HCl(aq) , et hanol , 78 C, 16 h, 6 3 %; (c) |
(i) TEA, DCM, rt, 30 min; (iii) N-Boc-piperazine, DCM, rt, 30 min, 47%; (d) M
HCl/dioxane, DCM, rt3 h, 89%
4.5 EVALUATION OF IN VITRO BIOLOGICAL DATA
To determine the respectiagtivities of these Spns2 inhibitors, they wested
in a HeLa cell assay>*° In previous workjt was observed tha&8LF80821178reduced
extracellular S1P transport by 75% in a HelLa cell assay when administered at 300 nM.
Initial attempts to reduce the NRB of these inhibitors yielded poor results. Cycloalkyl
tails failed to match the potency of thecyl tailed analog4(22a, 53%; 4.22b, 37%;
4.22¢ 33%). The phenyl tails exhibited similar activity. Unsubstituted phenyl derivatives
(4.22d 25%;4.22e, 32%) were both less potent than the lead inhili$ioiF80821178
Substituted phenyl tails followedsamilar trend with the 4nethoxyphenyl 4.22f 20%),
4-methylphenyl 4.22g 42%), andperfluorophenyl(4.22h 45%) analogs all restricting
S1P transport by less than 50%.
In an attempt to reduce both lipophilicity and rotatable bonds,ybletimers were
installed to the lipophilic tail. Of the three analogs of unsubstitutedyplegémers,4.22
(58%) proved to be the most potent in comparison to two other examd@s 60%;
422k, 40%). Further investigation into phdnether tails was initiated with la}l

substitutions at the-23-, and 4positions of the phenol ring. Methyl substitutiod2¢!,

18%;4.22m, 31%;4.22n, 17%;4.220, 41%;4.22p, 19%) all exhibited decreased potency
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compared to the unsubstituted pileather4.22j. Ethyl substitution oftte phenol ring
produced a comparable Spns2 inhibitd22r, 68%) to the decyl tailed analog with 3
ethyl substitution while the-éthyl @.22q, 30%) and Zthyl @.22s, 6%) phenl ethers
both are significantly less potent. Following the success of méistisuion observed
with 4.22r, 3-propyl phemyl ether tail was synthesized and exhibited profound inhibition
of Spns2 (77%).

With examples of <lkyl pheryl ethers showing similar activity to
SLF80821178 branched and cycloalkyl moieties were installedtts 3position.
Inhibitors bearing isopropyl2u, 71%), cyclopropyl 4.22v, 92%),tert-butyl (4.22w,
82%), and cyclobutyl4.22x, 65%) at the $osition of the pheyl ether showed profound
inhibition of the transporting protein. ThepBenylphewl ethe 4.22y (41%) failed to
reach the inhibition levels of theakyl pheryl ethers. The 2xaphthol ether4.22z, 41%)
exhibited moderate activity while therphthol ether tail422aa, 70%) regained the
activity observed of &lkyl pheryl ethers. In comp#son to4.22aa, 5,6,7,8tetrahydrel-
naphthol ether tail4.22ab, 44%) showed a decrease in activity wil&dihydro-1H-
inden4-ol ether tail 4.22ac, 64%) maintained a similar reduction of S1P transport.

Investigation into heteroatom substitution o€ thheryl ether produced several
potent Spns2 inhibitors. Trifluoromethyl containing analogs failed to reduce S1P
transport by more than 40% in any cade2Zad, 11%; 4.22ae, 29%; 4.22af, 22%).
Analogs decorated with a -rBethoxyphewl ether taill @22ag) ad a 3
trifluoromethoxyphewl ether tail @.22ah) both exhibited moderate activity as Spns2
inhibitors (49%, 46%, respectively). ThenBthoxy5-methylphenyl ether @.22ai, 28%)

shows mitigated activity compared to them&thoxyphewyl ether analog. More
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hydrophilic tails bearing a-8yanophegl ether @.22aj, 32%) and ghexyloxy)pyridine
tail (4.22al, 12%) both exhibited significant loss of potency as Spns2 inhibitors.

Halogen substitution to the phdrether yielded several potent inhibitods22ak,
beaing a 3chlorophenl ether tail, reduced extracellular S1P by 63%. Mdoorine
pheryl ethers4.22am (59%), 4.22an (67%), and4.22ao0 (71%) exhibited over 50%
reduction of S1P transport. Difluorophgrether analogs4(22ap 63%; 4.22aq, 70%;
4.22ar, 77%) performed with similar inhibition of Spns2 while a 2.4rBluoropheryl
ether analog 4.22as, 71%) also maintained inhibitory activity compared to the
unsubstituted phethether derivativet.22j. Expanding upon the ether SAR, several alkyl
ether derivative were synthesized. Methyl ethed22ay (63%) and4.22az (65%)
exhibited similar reductions of S1P transport. The introduction of cycloalkyl ether
analogs 4.22ba, 54%;4.22bb, 74%;4.22bc, 62%) maintained over 50% inhibition. Two
constitutional isomers fo4.22) were synthesized with a benzyl ether and phenyl
propylene ethers in place of the piieether. Benzyl ether derivativé.22bd showed
diminished potency with a 29% reduction in extracellular S1P, while the phenyl
propylene ether analog22beexhibited a similar level of Spns2 inhibition (62%) to the
pheryl ether analog.22.

The investigation of replacing the oxygen of the pthether derivatives with a
nitrogen with 4.22bf and 4.22bg. The N-benzamide tail4.22bf (7%) completely
diminished potengc observed with phet ether analogs, whilet.22bg showed only
moderate inhibition of Spns2 (45%).

Further investigation into further reducing the NRB was performed by introducing

internal cycloalkyl rings to the tail. A 1-disubstituted cyclohexyl ringearing a terminal
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pheryl ether @.22bh) reduced extracellular S1P levels by 56%, thedlsBbstituted
cyclohexyl analog4.22bi) reduced S1P levels by 53%. The-#lj8ubstituted cyclopentyl
ring bearing a terminal phghether mitigated Spns2 inhibitiof#.22bj, 27%). A 1,4
disubstituted phenyl ring installed with the terminal phesther @.29, 63%) exhibited
similar activity to the less rigidt.22] analog. Lastly, the phgh ether moiety was
installed more internally with a saturated alkyl ta#.3@, 37%), which showed
diminished Spns2 inhibition compared to the decyl tailed arBlld¢30821178

Table 4.1. Spns2 inhibition of compounds.

HTQH.HG

R/[j 0]

Entry Cmpd R %lInhib. | Entry  Cmpd R %lInhib.

CFs

1 sLFe0s21178 (7, 75:2 | 31 422ad ) 11+6

A
CFs3

2 422a (1, 53%7| 32 422ae % 20+ 11
FSC]@

3 4.22b QO 376 | 33 422af ¢ , 22%3

4 4.22¢c OM 33+3 34  4.22ag on 49+5
A

5 4.22d Cl__\ 250 | 35 422ah A, 46217
A

6 4.22¢ %A 32+9 | 36 422 O@OCHQ 28+8
NN

_0O

7 4.22f T\ 20:10| 37 4228 ola 3213

N
Cl
8 4229 T, 42%1| 38 422k Q;W\ 63+ 4
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10

11

12

13

14

15

16

17

18

19

20

21

22

4.22h

4.22i

4.22j

422k

422

4.22m

4.22n

4220

4.22p

4.22q

4.22r

4.22s

422t

4.22u

45+ 0

50+0

58+1

40+ 4

18+9
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39

40

41

42

43

44

45

46

47

48

49

50

51

52

4.22al

4.22am

422an

4.22a0

4.22ap

4.22aq

4.22ar

4.22as

4.22ay

422

4.22ba

4.22bb

4.22bc

4.22bd

m
”
;:

o}

12+ 9

59+ 2

67 +3

71+0

63+4

704

774

71+4

63+3

65+ 3

94 +4

74+1



23 4.22v & 92+3 | 53 422be [, 5 621

24 422w S s2s1| 54 a20nf A\ 7+8
NSNS

25 4.22x Q/D 65+3 | 55 422bg ", 45:8
O\/\/\\

26 422y 41+4 | 56  422bh @ 56 + 4
0\/\)\

27 4227 JIT giia| s7 a2om QVQ/\ 53 + 13
NS

28 422aa 70£2 | 58  4.22bj 90\)\ 27+3
NEN

29 4.22ab 52) 44+8 | 59 429 @ 63+1
NN

30 4.22ac o% 64+7 | 60 434 (vmo)\ 37+11
L~

Anhibitory data for the assessmentimfibitor activity in HeLa cells. Spns2 inhibition is
reported as the percent decrease in S1P secretion relative to the Gumnpbunds were
testedat 300 nM.Cell media was extracted and S1P concentrations were measured by
LC-MS/MS. Assayswere performed idluplicate.

To further investigate the activity of the lead inhibihR2v, several structural
modifications were explored to determine if the inhibitor could be further improved
(Table 4.2). The inhibition of the transporter protein was tested ablex toncentration
to better discern between inhibitor activity, as at a concentration of 3004122
inhibited Spns2 activity on par with the 95% decrease seen in the transport dead mutant
Spns2Arg200Set Due to the unprecedented potency of this inhibitor, several analogs

were synthesized and administered to the S1P release &sdagtter discern inhibitor

activity from thelead compoundanalogs of4.22v were administered at a decrease
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concentration of 100 nM4.22v decreased S1P transport by 72%. Moving the
cyclopropyl group from the-position to the 4osition @.22at, 12%) while maintaining
the overall length mitigated inhibition. A homologation stady}.22v with a methylene
unit removed 4.22au, 22%) and installed4.22ay 24%). Deviation from the butylene
linker reduced potency. Lastly, the installation of a fluorine with theycopropyl
moiety at the Zosition @.22aw, 32%) and osition @.22ax, 25%) of the pheyi ether
were detrimental to Spns2 inhibitor activity.

Table 4.2 Spns2 inhibition of analogs of lead compour2Ry.2

NH-HCI
1A

A

Entry Cmpd R %lInhib. | Entry  Cmpd R %lInhib.

O
1 4.22v % 72+6 4 4.22av if/ 24 +12
N

O\/\)'x
2 4.22at ﬁ@ 12+7 5 4.22aw %[F 32+4
NN

A@/O\/\)‘\ /g)\
3  422au 22£3 | 6  422ax [l . 25%5

4nhibitory data for the assessmentimtibitor activity in HeLa cells. Spns2 inhibition is
reported as the percent decrease in S1P secretion relative to the édhtamminpounds
weretestedat 100 nM.Cell media was extracted and S1P conceptratwere measured
by LC-MS/MS. Assayswere performed in duplicate.

To determine the potency @f22v, the compound was subjected to a dose
response assay in Hela cellBig. 4.3). From this assay, it was determined that the
compound possessed and@aue of 23 £ 1 M, a notable increase in potency compared
to SLF8082117§1Cso value of 51+ 3 nM). This is the first observed increase in potency

of Spns2 inhibitors with increased rigidity of the nonpolar tail.
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Figure 4.3. Dose-response assessment 422v in HelLa cells demonstrated that the
compound possessed arsd€@alue 0f23 + 1nM.

4.6 EVALUATION OF IN VIVO BIOLOGICAL DATA

Following thein vitro activity of these inhibitors, the most potent Spns2 inhibitor
4.22v was adnmmisteredin vivoto investigate the pharmacokinetic and pharmacodynamic
profile. For these studies, the hallmarkvivo inhibition of Spns2 is lymphopenia, the
sequesterin@f lymphocytes within lymph nodes. This effect can be observed in Spns2
deficient mice andin previous studiesvith small molecule Spns2 inhibitd?3*2° The
effect of Spns2 inhibition on plasma S1P concentratien&ins controversiaDur first
generation Spns2 inhibit@LF1081851consistently reduced plasma S1P concentrations
by 25% compared to vehicle 4 h postdbJiere have been reports of Spns2 deficient
mice that observe plasma S1P reductions bg528*>6 while there are other reports that
observe no significant change in Spns2 deficient ffigeSecond generation Spns2
inhibitors that are significantly more potent drove lymphopenia while plasma S1P
concentrations were unaffectédVe do not understand the relationship between Spns?2
inhibition and plasma S1P concentratiobst these will be resolved in the fututeitial

investigations began with determining lymphocytes counts 4 hoursdpsstof4.22v
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following a 10 mg/kg intraperitoneal (IP) injection (Fig4A) or oral gavage (PO, §i
4.4B). Profound lymphopenia is observed in both studies, establishing.22atis orally
bioavailableand inhibits Spnsh viva. Chronic daily dosing o#.22v at 20 mg/kg IP for
14 daysshowed the expectdgmphopenia (Fig. 4C) while no significanthange was
observed in the plasma S1P concentrations (F4p)4 Chronic dosing for 14 days did
not affect the weight of mice in comparison to vehicle, suggestingt2@t is not toxic
at a moderate daily dose (20 mg/kg) over 14 days (H&)4.

Additionally, preliminary pharmacokinetic studies were conducted to compare the
half-life of 4.22v and SLF80821178following oral gavage at 10 mg/kg vivo. This
study revealed that.22vis longer lived €, = 6.9 h) thanSLF80821178(t:. = 2.4 h) in
mice. The lead inhibitor4.22vis currently undergoing further biological evaluation and
molecular dynamics simulations to determine the significance of the conformation of the

3-cyclopropylphenol tail within the Spns2 transport channel.

91



150 150 * %
* % .
125 . 125 *
< <
g 100] —F— % 100 ——
28 'y s —_
3 * 2
o 75 o 75 °
e —— = [ J ('Y
(o8 — — o
£ 50 —— E 50 —;E
- -
25 i 25
0 0
V ehicle 4.22v V ehicle 4.22v
C 1501 D 1.59
* k % ns
1251
§ ) - °
> 100 % E 1.0 d ==
= a ¥
= 75 (7) *
o
°
S «©
> ° IS
;' 50 @ 054
> g
°
251 ¢
0 T T 0.0 T T
V ehicle 4.22v Vehicle 4.22v
24
E @ Vehicle
&, 4.22v
221
C
S 201
©
=
1814
16 v
0 5 10 15

D ay

Figure 44. Biological evaluation o#.22v in female mice.Dosing of4.22v results in
reduction of circulating lymphocytes afte&)(IP injection or (B) oral gavage. Blood was

drawn 4 h postdose (10 mg/kd)ge-matched female mice (C57Bl/étrain) weredosed

with 4.22v or the vehicle (C) Chronic daily dosing (IP, 20 mg/kg) 422v resulted in

profound lymphopenia after 14 days.)(Plasma S1P concentrations following chronic

daily dosing. (E) Weight of mice dosed daily of either 20 mg/kg.22v or vehicle, IP
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4.7 CONCLUSIONS

Targeting the $P transporter protein Spns2 has shown potential to be a viable
therapeutic target and an alternative to several FDA approved S1P receptor modulators
that suffer from ortarget cardiovascular side effects. Recently, we have published
several potent small ehecule Spns2 inhibitors, including the phenyka piperazine
containingSLF80821178 previously the most potent inhibitor of the transporter protein
reported. In this report, we disclose a comprehensive SAR study of diversified lipophilic
tails while maitaining the phenylurea piperazine head group of the previous lead
inhibitor. Within this study4.22v, with a 3cyclopropylphenol installed into the lipid tail,
was determined to have anstG 23 £ 1 nM in HelLa cells. When administered to mice,
4.22v exhibited an improved pharmakioetic profile compared to the decyl tail analog
while inducing lymphopenia, the hallmark of Spns2 inhibitigh22v is orally
bioavailable, is not toxic following chronic dosing for 14 days at 20 mg/kg, and is longer
lived than SLF80821178n mice
4.8FUTURE DIRECTIONS

The success @f.22vin vivohas prompted further studies of the Spns2 inhibitor in
animal models omultiple sclerosis, ulcerative colitis, and renal fibro3isis SAR study
resulted in improved potency amharmacokinetic profile of a lead inhibitor. Further
investigation of tail modifications could be performed by installing these tails to other
Spns2 inhibitor scaffolds to improve the pharmacokinetic and pharmacodynamic profile
of other lead inhibitors agn attempt to recreate the success of this campaign to afford

more drug candidates. The ongoing molecular dynamics simulatiods22¥ could
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reveal significant insight into the interactions of these phether tails with hydrophobic
pockets of the Spngansport channel.
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Chapter 5: Experimental and Supporting Information
5.1 HeLa CELL ASSAY

To determine the activity of these inhibitors, our collaborators at the Uityvefs
Virginia Department of Pharmacology assayed compounds in this rapgtto and, if
deemed a potent inhibitdn vivo. Initial screening of synthesized compounds began with
administration to a HelLa cell assay at various test concentration, fyirharM, 300
nM, and 100 nM unless noted otherwisdeLa cells were transfected with pcDNA3.1
plasmids encoding mouse Spns2 and incubated in the presencespifingosine
containing media. All S1P catabolic pathways are retarded by the addition of 4
deoxypyridoxine (1 1), NaF (2 nM), and NgVOs (0.2 mM). Inhibitors were
introduced to the media and the cells were &
media was extracted and S1P concentrations were quantified WIS/@®IS. Lower
levels of S1P release into the media indicated greater degrees of Spns2 inhibition.
Inhibition is reported as the percent decrease in S1P release relative to the control where
no inhibitor was introduced. It is important to note that the transport dead mutant
Spns2Arg200Ser shows 95% reduction of S1P transport compared to wildtype.
5.2 MOLECULAR DOCKING SIMULATIONS

Schrédinger Maestro version 12.4 workspace was used to run docking studies
with inhibitors. These inhibitors were docked to the most prominent cluster from
simulations involving an AlphaFold2 generated SPNS2 homology modelvwha
simulated in the presence of a membrane for 1 us using MD simul3fidire cluster
structure from MD simulation (available on our Open Science Framework

https://osf.io/82n73/was preprocessed using the protein preparation wizard to assign
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bond orders, add any missing hydrogens, and create disulfide bonds between sulfur atoms
in proximity. Energy minimization was not perfordi® maintain the structure from MD.
Inhibitors were processed using Ligprep from Epik to generate possible ionization states
a pH 7 and the OPLS3e forcefield was usedhe receptor grid generation tool from
Glide was used to create the glide grid file containing box informétitime box was
centered around the protein at 2;9and the box sized large enough to encompass much
of the transport channel, only cutting off the intracellular and extracellular loops (40 A x
40 A x 40 A). The box size is determinediwiwo parameteris the size of the center box
and the length of ligand allowed to dock outside of that box. The allowed length of the
ligand outside the central box was set to 20 A and the center box size was set to 20 A x
20 A x 20 A. This ensured that keast part of the inhibitor is within the center box, but
parts of the ligand can dock 20 A outside of that center box. Ligand docking with
standard precision was performed in Glide to obtain up to 9 poses for each ifhibitor.
Interaction Fingerprints were obtained from Discovery Informatics and SRine
was used to calculate predicted free energy of binding using Molecular Mechanics with
Generalizd Born and Surface Area solvation (MM/GBSA). In Prime, the docked
complexes were minimized utilizing a local optimization feature. The solvation model
applied was the Variable dielectric Surface General Born (VSGB) and the force field
employed OPLS3é°
5.3IN VIVO MOUSE ASSAY

Compounds that performed well in the HelLa cell assay were subsequently
administered tanice (C57BL/6j strain) as a more rigorous assay to test our inhibitors.

Inhibitor (330 mg/kg) or an equivalent dose of vehicle (36.1% PEG400/9.1%
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ethanol/4.6% solutol/50% 4@) was administered to animaiga an intraperitoneal
injection or oral gavage. Adr 6 to 16 h, blood samples were collected. Lymphocyte
counts were obtained from 20 eL of mouse bl
analyzer. Plasma S1P concentrations were determined usiMSIKIS. These values
were compared to a vehicle dose of 36 RE&400/9.1% ethanol/4.6% solutol/50%H
to identify any changes that occurred relative to baseline levels.
5.4 MATERIALS AND EQUIPMENT

Reactions were performed using the Schlenk technique under an argon or nitrogen
atmosphere, unless otherwise spedifigll glassware used was flame dried or odeied
overnight. All materials utilized for the completion of this work were purchased from
commercial vendors without further purification unless indicated otherwise. Anhydrous
solvents were obtained from anett PureSolv MD5 system. Purification via column
chromatography was performed on a Teledyne Isco CombiFlash Rf 200 machine with a
SiliaFlash P60 48 3 e m (60 ) Fhindalyer chromatograppyh(BLE)e .
analyses were performed using Silicycle alwm-backed silica gel 254 platesNMR
analysis was conducted in a Bruker Advance 1ll 600 MHz, Bruker Advance Il 500 MHz,
or Agilent 400MR 400 MHz spectrometeCh emi cal shifts arttd report e
1%, and®*C NMR are referenced using residgabtonated solvent (Chloroform, methanol,
or DMSO) or an internal standard (TM$hemical shifts follow standard nomenclature.
Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, g = quartet, dd = doublet aloublets, dt = doublet of tripletsd = triplet of
doublets,dq = doublet of quartetsm = multiplet), coupling constants (Hz), and

integration. Minor rotamer peaks are denoted by an asterisks (*). Determination of
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molecular mass was conducted using B6lan Agilent 6220 TORC-MS or Waters

SynaptG2S QTOF LCMS. Purity assessment of compound were performed by Waters

UPLC analysis. UPLC conditions: Conditions for LC: Purity assessments were
performed by Waters UPLC analysis. UPLC conditions: Solvent Atev{0.1% TFA);
solventB:acetoi trile (0.1% TFA); col umn: Acquity
method: isocratic 95% A, 5% B from340 min then linear gradient from3%% B by

5.10 minutes, return to 5% B by 5.95 minutes, then hold for 2 minutes at 95% A, 5% B;

UV wavelength = 254 nnflow rate: 0.613 mL/min. All final materials synthesized had a
purity O 95% as measured by UPLC unless othe

5.5 PROCEDURES AND CHARACTERIZATIONS FOR CHAPTER 2

General Procedure 2.1: HCTU Amide Coupling. To a roundbottom flask
containing a stibar was added-#dobenzoic acid (1.0 equiv), DIEA (3.0 equiv), and
DCM (0.2 M). The mixture was allowed to stir gtfor 15 min and HCTU (1.2 equiv)
and a moneN-Boc-protected diamine (1.0 equiv) were added. The solution was stirred
for 16 h atrt at which point complete consumption of the starting material was observed.
Upon completion, the reaction mixture was concentrated under reduced pressure to afford
a viscous oil, which could be subjectedsilica gel chromatography with an appropriate

ethyl aetate in hexanes solvent system to afford the pure product.

General Procedure 2.2: One-Pot Hydroboration-Suzuki Miyaura Cross-
Coupling. To an overdried twoeneck rounebottom flask containing -tlecene (1.1
equiv) in THF(0.2 M) was added 8BBN (1.5 equiv,0.5M in THF). A condenser was
attached and the reaction mixture was heated to reflux for 2 h. Following hydroboration,

the mixture was cooled tat and the appropriate aryl iodide (1.0 equiv) and
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Pd(dppf)CtA CHl, (5 mol%y were added. A solution of B KOHag (3.0 equiv) was

then slowly syringed into the reaction flask. The resulting mixture was again heated to
reflux until complete consumption of the aryl iodide was observed as monitored by TLC
(approximately 4 h). Once completion, the mixture was cbtdet, filtered over celite,

and concentrated under reduced pressure to afford a crude oil. This oil was subjected to
silica gel chromatography with an appropriate ethyl acetate in hexanes solvent system to

yield the desired purified material.

General Procedure 2.3: HCl-Assisted Boc Deprotection.To a 6dram vial
containing arN-Boc-protected amine (1.0 equiv) dissolved in D@82 M) was added
HCI (10.0 equiv, 4M in dioxane). The resulting mixture was allowed to stir until the
complete consumption oftasting material was observed as monitored by TLC
(approximately 2 h). The solvent was removed under reduced pressure and the residue
was rinsed with diethyl ether until a thick white precipitate formed. This precipitate was
subjected to trituration withneappropriate solvent system to afford the pure product as a

hydrochloride salt.

General Procedure2.4: Carbamate Formation. To a dried roundbottom flask
charged with a stir bar was addedodophenyl isocyanate (1.0 equiv) dissolved in
anhydrous DCMO0.2 M). The flask was purged withoNind placed in an ice bath for 20
min. Anhydrous DIEA (2.0 equiv) and a OM solution of anN-Boc-protected amino
alcohol (1.0 equiv) dissolved in DCM were syringed into the sealed flask. The mixture
was allowed to stirdr 16 h while slowly warming ta. Following reaction completion as

monitored by TLC, the solvent was removed under reduced pressure and the resulting
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residue was subjected to silica gel chromatography with an appropriate ethyl acetate in

hexanes eluenbtafford the desireghenyl arbamate product

General Procedure2.5: Urea Formation. To an overdried roundbottom flask
was added 4odophenyl isocyanate (1.0 equiv) and anhydrous DOM M). The flask
was purged with pland placed in an ice bath fod 2nin. A 0.2M solution of a monéN-
Boc-protected diamine (1.€quiv) in anhydrous DCM was syringed into the flask and the
reaction was stirred for 16 h while slowly warmingrtoFollowing reaction completion
as monitored by TLC, thmixture was concerdtedunder reduced pressure to afford an
off-white solid. The material was loaded onto celite and subjected to silica gel
chromatography with an appropriate ethyl acetate in hexanes eluent to afford the desired

product.

General Procedure2.6: Methylations of Amide and Urea Nitrogens A round
bottom flask containing a stir bar was flame dried and placed in a desiccator to cool. NaH
(1.1 equiv, 60% dispersion in mineral oil) was added and the flask was purged>with N
Anhydrous THF was syringed into the #aand the solution was placed in an ice bath. A
0.2M solution of either phenyirea (1.0 equiv) or benzamide (1.0 equiv) in TR M)
was prepared and added dropwise to the reaction flask. The reaction stirred for 30 min
before Mel (1.2 equiv) was addedhe mixture was allowed to slowly warm to
overnight. The solvent was then removed under reduced pressure to afford a crude oil,
which could be subjected to silica gel chromatography with an appropriate ethyl acetate

in hexanes eluent to afford the oled methylated material.

General Procedure 2.7: Thionation of Benzamides To a rounebottom flask

containing a solution of benzamide (1.0 equiv) in TR M)was added Lawesso
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reagent (1.05 equiv). The mixture was allowed to stit far 16 h or util TLC indicated
reaction completion. The resulting dispersion was concentrated under reduced pressure
and subjected to column chromatography in an appropriate ethyl acetate/hexanes solvent
system to afford the desired purified product.
tert-butyl (3-(4-iodobenzamido)propyl)carbamate(2.2a)
o Synthesized according to General Proce@utePurified via
| HN_/_H\N_{X column chromatography (55% ethyl acetate/hexanes). Off
white solid (97%, 394 mgfH NMR (400 MHz, CDCf) & 7J1=8B8 Hz, 2H), 7.58
(d, J= 8.2 Hz, 2H), 7.45 (brs, 1H), 4.91 Jt= 7.1 Hz, 1H), 3.48 (] = 6.2 Hz, 2H), 3.23
(9, J= 6.4 Hz, 2H), 1.69 (p] = 6.0 Hz, 2H), 1.44 (s, 9H}C NMR (101 MHz, CDG)
166.7, 157.3, 137.8, 134.1, 128.8, 98/.8, 37.1, 36.1, 30.3, 28.5. HRMS: (ESI)
[M+H] ™" calcd for GsH22IN20s, 405.0670, observed, 405.0673.
tert-butyl 3-(4-iodobenzamido)azetidinel-carboxylate (2.2b)

. —é Synthesized according to General Proced2ide Purified via
'AQ_KN_CN_\{) column chromatography (300% ethyl acetate/hexanes). White
solid (96%, 624 m;)l.H NMR (400 MHz, CDCY) & 7J=9.4 Hz( 1H), 7.66 (d] =

8.0 Hz, 2H), 7.50 (d] = 8.1 Hz, 2H), 4.69 (h] = 6.7 Hz, 1H), 4.19 () = 8.5 Hz, 2H),

3.877 3.79 (m, 2H), 1.36 (s, 9H}3C NMR (101 MHz, CDG)) U 166. 9, 156.

133.1, 128.9, 98.8, 79.9, 56.2, 39.8,2 HRMS: (ESI) [M+H] calcd for GsH20lN2Os,
403.0513, observed, 403.0516.

tert-butyl (R)-3-(4-iodobenzamido)pyrrolidine-1-carboxylate 2.2¢)

Synthesized according to General Procedute Purified via

)

O
_<:>_/< P
! HN@ )O< column chromatography (50% ethyl acetate/heXan€kar
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oil (95%, 480 mg)!H NMR (400 MHz, CDC{) U 7J=635 HZ, 2H), 7.46 (dJ =

8.0 Hz, 2H), 7.04 (dJ = 57.1 Hz, 1H), 4.54 (h] = 6.3 Hz, 1H), 3.69 3.53 (m, 1H),
3.497 3.17 (m, 3H), 2.2G 2.08 (m, 1H), 2.00 1.83 (m, 1H), 1.40 (s, 9H}3C NMR

(101 MHz, CDCY}) ua 166. 9, 336G 4288,,98.61 ®.7,.56.7, 5018*, 50.1,
49.5*% 44.3*, 43.9, 32.0, 30.9*, 28.5. Material isolated as an approximately 1:1 ratio of
rotamers. HRMS: (ESI) [M+N3a] calcd for GeH21IN2NaQs, 439.0489, observed,
439.0498.

tert-butyl (S)-3-(4-iodobenzamido)pyrolidine -1-carboxylate 2.2d)

N 0
N_"\)N < column chromatography (50% ethyl acetate/hexanes). White

o) Synthesized according to General Procedute Purified via

solid (99%, 838 mg)H NMR (400 MHz, CDCY) U 7J=@.2 Hz( aH), 7.43 (d] =
8.0 Hz, 2H), 7.27 (dJ = 44.6 Hz, 1H), 4.49 (h] = 6.1 Hz, 1H), 3.65 3.48 (m, 1H),
3.457 3.14 (m, 3H), 2.17 2.04 (m, 1H), 1.95 1.81 (m, 1H), 1.36 (s, 9H). HRMS:
(ESI) [M+Na]+ calcd for GeH21IN2NaGs, 4390489, observed, 439.0499.

tert-butyl (R)-3-(4-iodobenzamido)piperidine 1-carboxylate 2.2e)

5 O>\-—O Synthesized according to General Procedlte Purified via
IO_:{NO )L column chromatography (40% ethyl acetate/hexanes). White
solid (94%, 408 mg)tH NMR (400 MHz, CDCY) ti 7 . 348.5(Hd, 2H), 7.44 (d] =
8.6 Hz, 2H), 6.55 (dJ = 60.8 Hz, 1H), 4.12 4.01 (m, 1H), 3.63 3.22 (m, 4H), 1.88
1.52 (m, 4H), 1.42 (s, 9H}3C NMR (101 MHz, CDG)) & 166.2, 155. 4, 13
128.6, 98.5, 80.2, 48.5, 46.2, 43.9, 228,5, 22.4. HRMS: (ESI) [M+H] calcd for

C17H23IN2NaGs, 453.0646, observed, 453.0647.
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tert-butyl (S)-3-(4-iodobenzamido)piperidine 1-carboxylate (2.2f)

o O>\—o Synthesized according to General Procedlte Purified via
'4@_,:(,“{'\‘) )L column chromatography (40% ethyl acethexanes). White
solid (95%, 512 mg)H NMR (400 MHz, CDCY) U 7J=@.8 Hz( aH), 7.39 (d] =
8.5 Hz, 2H), 6.69 (brs, 1H), 4.053.93 (m, 1H), 3.43 (dJ = 88.9 Hz, 4H), 1.88 1.54
(m, 4H), 1.37 (s, 9HY*C NMR (101 MHz,CDG) & 166. 2, 155.4, 137.
98.4, 80.0, 48.3, 46.2, 44.4, 29.4, £822.5. HRMS: (ESI) [M+Nd] calcd for
C17H23IN2NaQGs, 453.0646, observed, 453.0649.
tert-butyl 4-(4-iodobenzamido)piperidine 1-carboxylate 2.29)

0 Synthesized according to General Procedlte Purified via
-Od g |

ol< column chromatography (40% ethyl acetate/hegan®/hite
solid (92%, 799 mg):H NMR (400 MHz, CBOD) & 7= 862Hz,(2H), 7.56 (d]
= 8.6 Hz, 2H), 4.16 3.95 (m, 3H), 2.98 2.83 (m, 2H), 2.01 1.84 (m, 2H), 1.56 1.41
(m, 11H).2*C NMR (101 MHz, CROD) u 168. 8, 156. 4, 138. 8,
48.8, 44.0, 32.5, 28.7. HRMS: (ESI) [Ma]" calcd for G7H23IN2NaGs, 453.0646,
observed, 453.0645.
tert-butyl 4-(4-iodobenzoyl)piperazinel-carboxylate 2.2h)
| C EO Synthesized according to General Proced@re Purified via

N

Q__,} % column chromatography (480% ethyl acetate/hexanes). White

o>/—O solid (93%, BO mg).'H NMR (400 MHz, CROD) U 2=84 (d,
8.4 Hz, 2H), 7.21 (dJ = 8.4 Hz, 2H), 3.79 3.35 (m, 8H), 1.47 (s, 9H}3C NMR (101
MHz, CD:O D) a 171. 7, 156. 2, 139. 0, 136. 0, 130.

(ESI) [M+H]" calcd for GeH22IN203, 417.0670, observed, 417.0672.
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tert-butyl (S)-4-(4-iodobenzoyl}2-methylpiperazine-1-carboxylate (2.2i)

~

0 Synthesized according to General Proceddre. Purified via
§N:> % column chromatography (40% ethyl acetate/hexanes). White solid
N}_o

(0)

(95%, 412 mg)'H NMR (400 MHz, CDCY) U 7J=782 HZ d ,

2H), 7.10 (d,J = 8.3 Hz, 2H), 4.59 4.06 (m, 2H), 3.95 2.79 (m, 5H), 1.42 (s, 9H), 1.22

i 0.99 (m, 3H)°C NMR (101 MHz,CDG&) G 170. 3, 154. 4, 137.

80.2, 51.5, 46.9, 42.1, 38.1, 28.4, 15.1. HRMS: (ESI) [M+t#Hicd for G7H24IN203,
431.0826, observed, 431.0840.

tert-butyl 4-(4-iodobenzoyl}3-methylpiperazine-1-carboxylate (2.2))

Synthesized according to General Proced2re Purified via

column chromatography (40% ethyl acetate/hexanes). White solid

¥ ,

N
y-Jd  (99%, 431 mg)*H NMR (400 MHz, CDCY) & 7JF&®3 (d,
(0]

Hz, 2H), 7.08 (dJ = 8.3 Hz, 2H), 4.91 3.63 (m, 4H), 3.28 2.69 (m, 3H), 1.43 (s, 9H),
1.21 (d,J = 6.8 Hz, 3H).23C NMR (126 MHz, CDG)) & 169. 7, 155.
128.4, 95.9, 80.3, 50.5, 48.6, 47.3*, 44.2*, 43.2, 36.9, 28 4. Material isolated as an
approximately 5:4 ratio of rotamers. HRMS: (ESI) [M¥Hjalcd for G7H24IN2QOs,
431.0826, observed, 431.3267.

tert-butyl 3-(4-iodobenzoyl}3,8-diazabicyclo[3.2.1]octane3-carboxylate (2.2k)

| C 0 Synthesized according to Generalo&dure2.1. Purified via

@ % column chromatography (35% ethyl acetate/hexanes). White solid
N

J°  (90%, 482 mg)!H NMR (400 MHz, CDCY) & 784 (d,

Hz, 2H), 7.21 (dJ = 8.4 Hz, 2H), 4.90 4.67 (m, 1H), 4.14 3.68 (m, 3H), 3.30 2.85

(m, 2H), 2.02 1.71 (m, 4H), 1.45 (s, 9H}3C NMR (101 MHz,CDC)) & 167 . 6,
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137.8, 135.2, 129.1, 96.8, 80.4, 56.6, 51.4*, 50.0, 48.9%5,28/7.7, 26.2*. Material
isolated as an approximately 1:1 ratio of rotamers. HRMS: (ESI) [M+dd]cd for
C18H24IN203, 443.0826, observed, 443.0832.

tert-butyl (3-(4-decylbenzamido)propyl)carbamate 2.3a)

0 Synthesized according to General Procedarg.

o)
HN—/_I-}N—<
o)

acetate/hexanes). Offhite solid (87%, 354 mgfH NMR (400 MHz, CDC}) 4 7 .

J=8.2 Hz, 2H), 7.28 7.18 (m, 3H), 5.07 (t) = 6.9 Hz, 1H), 3.48 (q] = 6.2 Hz, 2H),
3.21 (9,d = 6.5 Hz, 2H), 2.62 (t) = 7.7 Hz, 2H), 1.68 (pJ = 6.0 Hz, 2H), 1.60 (pJ =
7.6 Hz, 2H), 1.44 (s, 9H), 1.371.15 (m, 14H), 0.87 () = 7.0 Hz, 3H).23C NMR (101
MHz, CDCBh) ua 167. 7, 157. 0, 146. 8, 132. 0,
31.3, 30.4, 294, 29.71, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+Nagdlcd
for CasHa2N2NaQs, 441.3088, observed, 441.3080.
tert-butyl 3-(4-decylbenzamido)azetidinel-carboxylate 2.3b)
Synthesized according to General Procedfe Purified
H: {>N _{ via  column chromatography (3% ethyl
acetate/hexanes). White solid (91%, 589 nig).NMR
(400 MHz, CDC#) U 7J=m@B3 HZ, #H), 7.57d,J = 7.1 Hz, 1H), 7.15 (d] = 8.3
Hz, 2H), 4.81i 4.69 (m, 1H), 4.23 (t) = 8.5 Hz, 2H), 3.86 (dd] = 9.3, 5.1 Hz, 2H),

2.59 (t,J = 7.7 Hz, 2H), 1.57 (p] = 6.5 Hz, 2H), 1.39 (s, 9H), 1.321.16 (m, 14H), 0.85

(t, J = 6.5 Hz, 3H).2%C NMR (101 MHz,CDCl) & 167.6, 156. 2,

127.3, 79.7, 56.6, 39.8, 35.9, 31.9, 31.2, 39.@, 29.5, 29.3, 29.3, 28.4, 22.7, 14.1.

HRMS: (ESI) [M+H]" calcd for GsHaiN20s, 417.3112, observed, 417.3122.
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tert-butyl (R)-3-(4-decylbenzamido)pyrrolidine-1-carboxylate 2.3c)
o o) Synthesized according to General Proced@2.
N/\LO

< : HN‘O X Purified via column chromatography (50% ethyl
acetate/hexanes). White solid (98%, 490 rig)NMR (400 MHz, CDCY) G 7J=65 ( d,
8.2 Hz, 2H), 7.16 (dJ = 8.1 Hz, 2H), 6.67 (d] = 7.1 Hz, H), 4.58 (h,J = 5.3 Hz, 1H),
3.71i 3.59 (m, 1H), 3.51 3.18 (m, 3H), 2.59 () = 7.7 Hz, 2H), 2.22 2.09 (m, 1H),

1.967 1.86 (m, 1H), 1.56 (p] = 7.1 Hz, 2H), 1.42 (s, 9H), 1.331.15 (m, 14H), 0.84 (t,
J=6.7 Hz, 3H)°C NMR (101 MHz, CDG)  @7.6,1154.6, 147.0, 131.5, 128.5, 127.1,
79.6, 51.8, 50.9%, 49.9, 49.3*, 44.2*, 43.9, 35.8, 32.0, 31.9, 31.3, 30.9%,22064L,
29.5, 29.3, 29.3, 28.5, 22.7, 14.1. NMR shows slight residual ethyl acetate impurity peak.
Material isolated as an approxirebt 1:1 ratio of rotamers. HRMS: (ESI) [M+Hgalcd
for CzeHa3N203, 431.3268, observed, 431.3267.
tert-butyl (S)-3-(4-decylbenzamido)pyrrolidine-1-carboxylate 2.3d)

o j\ Synthesized according to General Proced@r2.

( :’ : HN—ij )O< Purified via column chromatography (40%thyl
acetate/hexanes). White solid (80%, 691 mig)NMR (400 MHz,CDC4) & 7J=65 ( d,
8.1 Hz, 2H), 7.15 (dJ = 8.0 Hz, 2H), 6.73 (d] = 7.1 Hz, 1H), 4.57 (h) = 6.1 Hz, 1H),
3.72i 3.58 (m, 1H), 3.50 3.17 (m, 3H), 2.58 () = 7.7 Hz, 2H), 2.21 2.08 (m, 1H),

1.967 1.84 (m, 1H), 1.56 (p] = 7.2 Hz, 2H), 1.41 (s, 9H), 1.301.14 (m, 14H), 0.84 (t,
J=6.7 Hz, 3H)*C NMR (101 MHz, CDGJ) ua 167. 6, 154. 5, 147 . 0,
79.5, 51.7, 50.9%, 49.9, 49.3*, 44.3*, 43.9, 35.8, 32.0*, 3312, 30.9, 293 2959,

29.5, 29.3, 29.2, 28.5, 22.7, 14.1. Material isolated as an approximately 1:1 ratio of
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rotamers. NMR shows slight residual ethyl acetate impurity peak. HRMS: (ESI) [M+H]
calcd for GeH43N203, 431.3268, observed, 431.3269.
tert-butyl (R)-3-(4-decylbenzamido)piperidine1l-carboxylate 2.3e)

o o\>_O Synthesized according to General Proce@.ePurified
C/C/_Q_KN—CN) )L via  column  chromatography (3M%  ethyl
acetate/hexanes). Offhite solid (90%, 379 mgfH NMR (400 MHz, CDC§) U 7. 65
J=8.2 Hz, 2H), 7.18 (d] = 8.2 Hz, 2H), 6.40 (brs, 1H), 4.164.05 (m, 1H), 3.62 3.21
(m, 4H), 2.60 (t) = 7.7 Hz, 2H), 1.85 1.51 (m, 6H), 1.43 (s, 9H), 1.321.17 (m, 14H),

0.85 (t,J = 6.9 Hz, 3H).2*C NMR (101 MHz, CDGJ) i 1%, 106,9, 132.0,

128.6, 127.0, 80.0, 48.6, 45.8, 43.8, 35.9, 31.9, 31.3, 29.7, 29.6, 29.5, 29.4, 29.3, 28.4,

22.7, 22.4, 14.2. HRMS: (ESI) [M+H]calcd for G7HasN2Os, 445.3425, observed,
445.3427.
tert-butyl (S)-3-(4-decylbenzamido)piperidine1l-carboxylate (2.3f)

O Synthesized according to General Proced®2.

)

=)

)L Purified via column chromatography (30% ethyl

acetate/hexanes). Offhite solid (83%, 439 mg)H
NMR (500 MHz, CDCY) U 7J=6B.2 Hz( 2H), 7.16 (d] = 8.2 Hz, 2H), 6.54 (d] =
91.1 Hz, 1H), 4.13 4.04 (m, 1H), 3.66 3.22 (m, 4H), 2.59 (t) = 7.7 Hz, 2H), 1.86

1.48 (m, 6H), 1.41 (s, 9H), 1.291.18 (m, 14H), 0.84 (1 = 6.9 Hz, 3H)1C NMR (126

(d,

MHz, CDCBh) u 167. 0, 155. 1, 146. 8, 131. 9, 128. 5,

31.9, 31.2, 294 29.4l, 29.2, 29.9, 29.3, 29.2, 28.4, 22.7, 22.4, 14.1. HRMS: (ESI)

[M+Na]" calcd for G7/Ha4N2NaQs, 467.3244, observed, 467.3247.
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tert-butyl 4-(4-decylbenzamdo)piperidine-1-carboxylate 2.39)

: C iO o Synthesized according to General Proced@r2.

HNACN_(O$< Purified via column chromatography (30% ethyl

acetate/hexanes). Light brown solid (87%, 721 rig)NMR (400 MHz, CDCY) U 7. 65
(d, J = 8.2 Hz, 2H), 7.13 (d) = 8.2 Hz, M), 6.59 (d,J = 7.9 Hz, 1H), 4.11 3.97 (m,
3H), 2.79 (tJ = 12.8 Hz, 2H), 2.57 (] = 7.7 Hz, 2H), 1.94 1.86 (m, 2H), 1.54 (p] =
7.0 Hz, 2H), 1.4% 1.37 (m, 11H), 1.29 1.13 (m, 14H), 0.83 (t) = 6.9 Hz, 3H).23C
NMR (101 MHz, CDCj) u  191.6,.196,7, 131.9, 128.4, 127.1, 79.5, 47.1, 42.8,
35.8, 32.0, 31.9, 31.2, 29.6, 29.5, 29.4, 29.3, 29.2, 28.4, 22.6, 14.1. HRMS: (ESI)'[M+H]
calcd for G7H4sN203, 445.3425, observed, 445.3425.

tert-butyl 4-(4-decylbenzoyl)piperazinel-carboxylate 2.3h)

Synthesized according to General Procedlge Purified

O
d {'_ % via column chromatography (40% ethyl acetate/hexanes).
N

O%O Off-white solid (92%, 740 mg)!H NMR (400 MHz,
CDCL) U 7J=3%@Hz 2H), 7.20 (d] = 7.8 Hz, 2H), 3.81 3.29 (m, 8H), 2.61 (t,
J=7.7 Hz, 2H), 1.60 (p] = 7.1 Hz, 2H), 1.46 (s, 9H), 1.351.20 (m, 14H), 0.87 ( =
6.7 Hz, 3H).*C NMR (101 MHz, CDGJ) a 171. 0, 154. 7, 3145. 3,
80.4, 47.6*,43.7,42.3, 35.9, 32.0, 31.4, 292068, 29.6, 29.4, 29.4), 28.5, 22.8, 14.2.
Material isolated as an approximately 2:1 ratio of rotamers. HRMS: (ESI) [Mediidd
for CaeH43N203, 431.3268, observed, 431.3267.
tert-butyl (S)-4-(4-decylbenzoyl)}2-methylpiperazine-1-carboxylate 2.3i)
//: C 20 Synthesized according to General Procedl2e Purified
N_> via column chromatography (3M% ethyl
} N)_(}L

(o)
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acetate/hexanes). Brown oil (80%, 339 nig).NMR (400 MHz, CDCY) 4 7Jd=26 ( d,
8.0 Hz, 2H), 7.15 (dJ = 8.1 Hz, 2H), 4.58 3.76 (m, 4H), 3.31 2.82 (m, 3H), 2.57 ()
= 7.7 Hz, 2H), 1.58 (p) = 7.2 Hz, 2H), 1.41 (s, 9H), 1.301.17 (m, 14H), 0.83 () =
6.8 Hz, 3H).*C NMR (101 MHz, CDGJ) a 171. 6.0,132.8,4285,,1272,4 5
80.1, 51.6, 47.1, 41.9, 38.3, 35.8, 31.9, 31.3,£26.8, 29.5, 29.3, 29.3), 28.4, 22.7,
15.2, 14.1. HRMS: (ESI) [M+H]calcd for G7H4sN20s, 445.3425, observed, 445.3428.
tert-butyl 4-(4-decylbenzoyl}3-methylpiperazine-1-carboxylate 2.3))
: C 0 Synthesized according to General Proced.Pe Purified
{i§ % via column chromatography (3% ethyl
o}_ © acetate/hexanes). Offhite solid (78%, 348 mg{H NMR
(400 MHz, CDC#) U 7J=28& HZ, 2H), 7.21 (d) = 8.1 Hz, 2H), 4.93 3.62 (m,
4H), 3.291 2.73 (m, 3H), 2.62 (t) = 7.7 Hz, 2H), 1.61 (p] = 7.5 Hz, 2H), 1.47 (s, 9H),
1.367 1.20 (m, 17H), 0.88 (t) = 6.9 Hz, 3H).23C NMR (126 MHz, CDG)) & 170. 9,
155.1, 149, 133.3, 128.7, 126.8, 80.2, 50.0, 48.7, 47.4*, 44.8, 44.4*, 43.3, 35.9, 32.0,
31.4, 29.7, 29.6, 29.5, 29.4, 29.3, 28.4, 22.7, 15.5, 14.2. Material isolated as an
approximately 1:1 ratio of rotamers. HRMS: (ESI) [M¥Hjalcd for G7/HaaN2NaG;,
467.3244, bserved, 467.3250.
tert-butyl 3-(4-decylbenzoyl}3,8-diazabicyclo[3.2.1]octane8-carboxylate 2.3k)
Synthesized according to General Procedug Purified
<§/—®—(: via column chromatography (3M% ethyl
@%(}L acetate/hexanes). Clear oil (74%, 367 nig).NMR (400
0 MHz, CDCk) U 7 J=3831 Hg, @H), 7.19 (dJ = 8.0

Hz, 2H), 4.91i 4.65 (m, 1H), 4.20 3.66 (m, 3H), 3.29 2.93 (m, 2H), 2.60 () = 7.7

118



Hz, 2H), 1.991 1.68 (m, 4H), 1.59 (pJ = 7.3 Hz, 2H), 1.44 (s, 9H), 1.341.18 (m,

14H), 0.86 (tJ = 6.8 Hz,3H).*C NMR (101 MHz,CD&) U 168. 7, 155. 9, 14
128.6, 127.5, 80.2, 56.5, 51.2*, 50.1, 49.0*, 35.9, 32.0, 31.3, 29.7, 29.6, 29.5, 29.4, 29.3,

28.4, 27.7, 26.1*, 22.7, 14.2. Material isolated as an approximately 1:1 ratio of rotamers.

HRMS: (ES) [2M+H]* calcd for GeHsoN4Os, 913.6777, observed, 913.6774.
N-(3-aminopropyl)-4-decylbenzamide hydrochloride 2.4a)

o Hel Synthesized according to General Proced#tsS.

Purified via trituration with ethyl acetate and diethyl

ether. White solid (78%, 66 mgdH NMR (400 MHz, CROD) U W=8ZHz( d,

2H), 7.29 (dJ = 8.3 Hz, 2H), 3.50 () = 6.6 Hz, 2H), 3.00 () = 7.3 Hz, 2H), 2.67 ()

= 7.6 Hz, 2H), 1.97 (pJ = 6.9 Hz, 2H), 1.63 (pJ = 7.6 Hz, 2H), 1.38 1.23 (m, 14H),

0.89 (t,J = 6.9 Hz, 3H).1*C NMR (101 MHz, CROD) a 170. 9, 148. 6, 1
128.4, 38.3, 37.3, 36.7, 33.1, 32.4, 80).B068, 30.5, 30.4, 30.3, 28.9, 23.7, 14.4.

HRMS: (ESI) [M+H] calcd for GoHssN20, 319.2744, observed, 319.2752.
N-(azetidin-3-yl)-4-decylbenzamide 2,2 Zrifluoroacetate (2.4b)

o tert-butyl 3-(4-decylbenzamido)azetidirik

O HO
HN—<:NH

acid (20.0 equiv) was added to the flask and the mixture was allowed torsfiora2 h.

CFs  carboxylate 2.3b) was dissolved in DCM and added

to a 6dram vial containing a stir bar. Trifluoroacetic

Following canpletion as monitored by TLC, the material was loaded onto celite and
subjected to silica gel chromatography. Purified via column chromatograpkis%.0
MeOH/DCM). White solid (67%, 69 mg{H NMR (400 MHz, CROD) U ©T=80 ( d,

8.3 Hz, 2H), 7.46 (dJ = 8.4 Hz, 2H), 4.48 (tt) = 7.6, 3.8 Hz, 1H), 4.14 (§ = 11.5 Hz,
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1H), 3.93 (ddJ = 11.4, 7.2 Hz, 1H), 3.80 (dd,= 11.8, 3.7 Hz, 1H), 3.69 (dd,= 11.8,
4.4 Hz, 1H), 2.74 (t) = 7.7 Hz, 2H), 1.66 (p] = 7.2 Hz, 2H), 1.3§ 1.20 (m, 14H), 0.89
(t, J= 6.9 Hz, 3H).2*C NMR (101 MHz, CROD) a 167. 3, 152. 3, 130.
63.5, 60.5, 47.9, 36.9, 33.1, 32.2,&80.3066, 30.5, 30.4, 30.2, 23.7, 14.4. HRMS: (ESI)
[M+H] " calcd for GoHsaN20, 317.2587, obseed, 317.2592.
(R)-4-decyFN-(pyrrolidin -3-yl)benzamide hydrochloride @.4c)
o Hcl  Synthesized according to General Procedl®e Purified
< : HNOH via trituration with ethyl acetate and diethyl ether. White
solid (79%, 101 mg):H NMR (400 MHz, CBOD) & 7= 830Hz, 2H), 7.28 (dJ
= 8.2 Hz, 2H), 4.63 (tt) = 7.1, 5.0 Hz, 1H), 3.66 3.52 (M, 2H), 3.46 3.34 (m, 2H),
2.66 (t,J= 7.7 Hz, 2H), 2.47 2.34 (m, 1H), 2.27 2.15 (m, 1H), 1.63 (p] = 7.5 Hz,
2H), 1.361 1.20 (m, 14H), 0.89 (tJ = 6.8 Hz, 3H).3C NMR (101 MHz, CBOD) U
170.4, 148.7, 132.3, 129.6, 128.6, 51.1, 50.8, 45.8, 36.7, 33.1, 32.4, 368),3BH%7,
30.5, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Halcd for GiH3sN20, 331.2744,
observed, 331.2731.
(S)-4-decyFN-(pyrrolidin -3-yl)benzamide hydrochloride @.4d)
o Hcl  Synthesized according to General Proce@8e Purified
< : HN_UH via trituration with ethyl acetate and diethyl ether. White
solid (77%, 99 mg)*H NMR (400 MHz, CROD) U 3= &83MHz, @Hl),,7.28 (d] =
8.2 Hz, 2H), 4.63 (tt) = 7.1, 5.0 Hz, 1H), 3.66 3.52 (m, 2H), 3.45 3.34 (m, 2H), 2.66
(t, J = 7.7 Hz, 2H), 2.48 2.34 (m, 1H), 2.29 2.14 (m, 1H), 1.63 (pJ = 7.5 Hz, 2H),
1.371 1.20 (m, 14H), 0.89 (J = 6.8 Hz, 3H).3C NMR (101 MHz, CROD) & 170. 5,

148.7, 132.3, 129.6, 128.6, 51.2, 50.8,8456.7, 33.0, 32.4, 30.9, 80, 3068, 30.5,
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30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Hg¢alcd for GiH3sN20, 331.2744, observed,
331.2731.
(R)-4-decyFN-(piperidin -3-yl)benzamide hydrochloride @.4€e)

o Ho Synthesized according to General Proced®8.
é/_@_SNU Puiified via trituration with ethyl acetate and diethyl
ether. White solid (67%, 69 mg)Hd NMR (400 MHz, CRO D) u W=8I3Hz( d,
2H), 7.28 (dJ = 8.3 Hz, 2H), 4.29 (tt) = 10.5, 4.0 Hz, 1H), 3.50 (dd,= 12.2, 4.3 Hz,
1H), 3.35 (dtJ = 12.9, 4.0 Hz, 1H), 3.07 2.95 (m, 2H), 2.66 (t) = 7.7 Hz, 2H), 2.13

2.02 (m, 2H), 1.95 1.70 (m, 2H), 1.62 (p] = 7.2 Hz, 2H), 1.38 1.21 (m, 14H), 0.88 (t,

J=6.8 Hz, 3H)1*C NMR (101 MHz,COD) & 169. 9, 148. 6, 132.

455, 44.9, 36.7, 33.0, 32.4, 88, 3067, 30.5, 30.4, 30.3, 29.1, 23.7, 22.3, 14.5. HRMS:
(ESI) [M+H]" calcd for G2H37N20, 345.2900, observed, 345.2894.
(S)-4-decyFN-(piperidin -3-yl)benzamide hydrochloride @.4f)
o HC Synthesized according to General Procedi8e Purified

HN—i\__N)H via trituration with ethyl acetate and diethyl ether. White
solid (67%, 69 mg)*H NMR (400 MHz, CQOD) Ui 7 . 398.3(Hd, 2H), 7.27 (d] =
8.3 Hz, 2H), 4.30 (ttJ = 10.4, 4.0 Hz, 1H), 3.50 (dd,= 12.3, 4.4 Hz, 1H), 3.35 (di,=
12.9, 4.1 Hz, 1H), 3.07 2.96 (m, 2H), 2.65 () = 7.6 Hz, 2H), 2.13 2.02 (m, 2H), 1.96

i 1.72 (m, 2H), 1.62 (p] = 7.1 Hz, 2H), 1.3 1.21 (m, 14H), 0.89 (tJ = 6.9 Hz, 3H).

13C NMR (101 MHz,CROD) U 169. 9, 148. 6, 132. 4, 129.

33.0, 32.4, 3®8, 3067, 30.5, 30.4, 30.3, 29.1, 23.7, 22.3, 14.5. HRMS: (ESI) [M+H]

calcd for GoH37N20, 34.2900, observed, 345.2900.
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4-decykN-(piperidin -4-yl)benzamide hydrochloride .49)
0 Hcl  Synthesized according to General Proce@8ePurified
< j HN@NH via trituration with ethyl acetate and diethyl ether. White
solid (84%, 72 mg)*H NMR (400 MHz, CROD) Ui (d,8 = #4Hz, 1H), 7.77 (d] =
8.1 Hz, 2H), 7.27 (dJ = 8.4 Hz, 2H), 4.24 4.11 (m, 1H), 3.48 (dt) = 14.1, 4.2 Hz,
2H), 3.15 (tdJ = 12.8, 3.1 Hz, 2H), 2.65 (§,= 7.7 Hz, 2H), 2.23 2.12 (m, 2H), 2.00
1.85 (m, 2H), 1.61 (p] = 7.4 Hz, 2H), 1371 1.20 (m, 14H), 0.89 (f] = 6.8 Hz, 3H)C
NMR (101 MHz, CROD) a 169. 9*, 169. 8, 148. 4, 132. 8*
46.2, 44.4, 36.7, 33.0, 32.4, 88, 3067, 30.5, 30.4, 30.3, 29.5*%, 29.5, 23.7, 14.5.
HRMS: (ESI) [M+H]" calcd for GoHs7N20, 345.2900, observed, 345.2904.
(4-decylphenyl)(piperazin-1-yl)methanone hydrochloride 2.4h)
: C EO ol Synthesized according to General Proce@Be Purified via
C_NH trituration with ethyl acetate and diethyl ether. White solid
(74%, 95 mg)*H NMR (400 MHz, CBOD) U 0= &13Hz,(2H), 7.33 (d) = 8.0
Hz, 2H), 3.88 (brs4H), 3.32 (brs, 4H), 2.68 (§,= 7.7 Hz, 2H), 1.65 (p] = 7.5 Hz, 2H),
1.407 1.23 (m, 14H), 0.91 (J = 6.8 Hz, 3H)13C NMR (101 MHz, CROD) U 172. 9,
147.3, 132.7, 129.9, 128.5, 44.4, 36.7, 33.1, 32.5,23807.70, 30.6, 30.5, 30.3, 23.7,
14.4. One fperazine carbon signal overlaps with €D solvent peak. HRMS: (ESI)
[M+H] ™" calcd for GiHssN20, 331.2744, observed, 331.2731.
(S)-(4-decylphenyl)(3methylpiperazin-1-yl)methanone hydrochloride @.4i)
: C 0 ol Synthesized according to General Proced2ife Purfied
§N:§ via trituration with ethyl acetate and diethyl ether. White
" solid (91%, 78 mg)!H NMR (500 MHz, CROD) 4 7. 41 (d,
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J=8.2 Hz, 2H), 7.31 (d] = 8.2 Hz, 2H), 4.57 (brs, 1H), 3.98 (brs, 1H), 3i53.36 (m,
3H), 3.25i 3.15 (m, 2H), 2.67 (t) = 7.7 Hz, 2H), 1.63 (p] = 7.3 Hz, 2H), 1.43 1.22
(m, 17H), 0.90 (tJ = 7.0 Hz, 3H)13C NMR (126 MHz, CROD)4 172.8, 147 . 3,
129.9, 128.5, 52.4, 44.1, 36.8, 33.1, 32.5, 303D.71, 30.6, 30.5, 30.3, 23.7, 16.0, 14.5.
HRMS: (ESI) [M+H] calcd for GoHs7N20, 345.2900, observed, 345.2907.
(4-decylphenyl)(2methylpiperazin-1-yl)methanone hydrochloride @.4j)

0 Synthesized according to General Proced8e Purified

< : {':g HCl via trituration with ethyl acetate and diethyl ether. White

solid (90%, 77 mg)l.HNHNMR (400 MHz, CBOD) U 3= &121Hz, @H),,7.33 (d] =
8.2 Hz, 2H), 4.79 4.65 (m, 1H), 4.22 (d] = 122 Hz, 1H), 3.56 3.43 (m, 1H), 3.42
3.36 (m, 3H), 3.18 (td] = 12.9, 3.9 Hz, 1H), 2.69 (1,= 7.7 Hz, 2H), 1.65 (p] = 7.2 Hz,
2H), 1.45 (dJ = 7.2 Hz, 3H), 1.40 1.26 (m, 14H), 0.92 (8 = 6.9 Hz, 3H).23C NMR
(126 MHz, CRO D) a 173. 12,129194128.11 47.9,148.68 44.3, 37.9, 36.7,
33.1, 32.5, 307, 30.71, 30.6, 30.5, 30.3, 23.7, 15.4, 14.4. HRMS: (ESI) [M%ERlcd
for C22H37N20, 345.2900, observed, 345.2900.
(3,8-diazabicyclo[3.2.1]octan3-yl)(4-decylphenyl)methanone hydrochloride 2.4k)

o Synthesized according to General Proced2i Purified
< : {B via trituration with ethyl acetate and diethyl ether. White

. solid (93%, 80 mg)'H NMR (400 MHz, CROD) & 7.50 ( d,

J=8.1Hz, 2H), 7.33 (d] = 8.1 Hz, 2H), 4.80 4.19 (m, 2H), 3.43 3.26 (M, 4H), 2.67
(t, J = 7.7 Hz, 2H), 2.27 2.18 (m, 2H), 2.11 1.99 (m, 2H), 1.64 (pJ = 7.3 Hz, 2H),
1.427 1.22 (m, 14H), 0.90 (¥ = 6.9 Hz, 3H)X3C NMR (126 MHz, CD:OD) U 171. 0,

147.9, 132.9, 129.9, 128.7, 56.5, 51.4*, 49.9, 36.8, 33.1, 32.51, 3DBY, 30.6, 30.5,
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30.3, 27.6, 26.3*%, 23.7, 14.4. Material isolated as an approximately 1:1 ratio of rotamers.
HRMS: (ESI) [M+H]' calcd for GsHs7N20, 357.2900, olesved, 357.2911.
(2,5-diazabicyclo[2.2.1]heptan2-yl)(4-decylphenyl)methanone hydrochloride 2.41)

O e Synthesized according to General Proce@.8e Purified via
d N@ trituration with ethyl acetate and diethyl ether. White solid
(65%, 56 mg)*H NMTQH (400 MHz,CD:OD) Ui 7742 (n72H), 7.36 7.23 (m, 2H),
5.011 4.42 (m, 2H), 3.86 3.79 (m, 1H), 3.74 3.52 (m, 2H), 3.46 3.38 (m, 1H), 2.67
(t, J= 7.8 Hz, 2H), 2.25 (dd] = 45.0, 11.8 Hz, 1H), 2.05 (dd,= 34.3, 11.4 Hz, 1H)*,
1.63 (p,J = 6.7 Hz, 2H), 1.87 1.21 (m, 14H), 0.90 (t] = 6.9 Hz, 3H)3C NMR (101
MHz, CD:OD) a 172. 6, 171. 3~*, 147. 9~*, 147 . 6, 13
128.5, 59.9, 59.7*, 58.9, 56.3*, 54.1, 53.8*%, 52.9, 50.4*, 37.4, 36.8, 35.8*, 33.0, 32.5,
30.71, 30.7M0, 30.6, 30.430.3, 23.7, 14.5. Material isolated as an approximately 1:1 ratio

of rotamers. HRMS: (ESI) [M+H]calcd for G2H3sN20, 343.2744, observed, 343.2738.

2-((tert-butoxycarbonyl)amino)ethyl (4-iodophenyl)carbamate @.6a)

Y,

NH o)
/>—o/_H\N
o)

Synthesized according to General Pohge 2.4. Purified via

column chromatography (280% ethyl acetate/hexanes).

White solid (67%, 223 mg}H NMR (400 MHz, CROD)

7.60 (d,J = 8.8 Hz, 2H), 7.27 (d] = 8.3 Hz, 2H), 4.17 (t} = 5.6 Hz, 2H), 3.36 (J = 5.6

Hz, 2H), 1.45 (s, 9H}3C NMR (101 MHz, CROD) U 158. 4, 155. 4, 140.
86.1, 80.2, 64.8, 40.7, 28.7. HRMS: (ESI) [M+Nalcd for GaH1dIN2NaQs, 429.0282,

observed, 429.0293.
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tert-butyl (R)-3-(((4-iodophenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate 2.6b)
Synthesized according to General Procedie Purified via
NH f K column chromatography (480% ethyl acetate/hexanes).
White solid (40%, 210mg). *H NMR (400 MHz, CDCJ) a
7.9171 7.49 (m, 3H), 7.24 (d] = 8.3 Hz, 2H), 5.33 5.26 (m, 1H), 3.61 3.31 (m, 4H),
2.137 2.00 (m, 2H), 1.46 (d) = 5.9 Hz, 9H).33C NMR (101 MHz, CDG)) G 154 . 7* ,
154.6, 152.9, 138.2*, 138.0, 137.9*, 137.9, 120.6, 86.3*%, 86.2, 79.9, 74.9, B2.8}
51.5*%, 44.1*, 43.8, 32.0%, 31.0, 28.6. Material isolated as an approximately 1:1 ratio of
rotamers. HRMS: (ESI) [M+H]calcd for GeH22IN204, 433.0619, observed, 433.0617.
tert-butyl (S)-3-(((4-iodophenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate 2.6¢)
0 Synthesized according to General Proced@#e Purified via

A
N™ o
column chromatograph 480% ethyl acetate/hexanes).
— ) oﬁ P graphy y )
o;

White solid (47%, 247 mg)H NMR (400 MHz, CDC})

enl¢

8.19 (d,J = 130.7 Hz, 1H), 7.56 (d} = 8.4 Hz, 2H), 7.29 (d] = 8.2 Hz, 1H), 5.36 5.29
(m, 1H), 3.63i 3.45 (m, 3H), 3.44 3.30 (m, 1H), 2.12 2.02 (m, 2H), 1.48 (d] = 7.9
Hz, 9H). *C NMR (101 MHz, CDQ) a 154.7*, 154. 51382152 . 9* ,
137.8*, 137.7, 120.6, 86.1*, 86.0, 79.8, 74.6*, 73.6, 52.1*, 51.4, 44.0, 43.7*, 31.9, 30.9%,
28.5, 28.5*. Material isolated as an approximately 1:1 ratio of rotamers. HRMS: (ESI)
[M+H] ™" calcd for GeH22IN204, 433.0619, observed, 433.0619.
tert-butyl (R)-3-(((4-iodophenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.6d)
O Synthesized according to General Procedie Purified via
NH gj\ column chromatography (200% ethyl acetate/hexanes). White

solid (21%, 151 mg)l.H NMR (500 MHz, CBOD) U 2= &%0Hz,(2H), 7.28 (brs,
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2H), 4.791 4.65 (m, 1H), 4.14 2.91 (m, 4H), 1.98 1.77 (m, 3H), 1.61 1.26 (m, 10H).
13C NMR (126 MHz, CRO D) u 156. 8, 154. 9, 140. 3, 138. 8,
45.4* 44.6, 30.1*, 29.9, 28.6, 22.922.1. One piperidine carbon signal overlaps with
CDsOD solvent signal. Material isolated as an approximately 7:1 ratio of rotamers.
HRMS: (ESI) [M+H]" calcd for G7H23IN2NaQu, 469.0595, observed, 469.0600.
tert-butyl (S)-3-(((4-iodophenyl)carbamoyl)oxy)pperidine-1-carboxylate 2.6e)
o Synthesized according to General Proced2ire Purified via
NH Q column chromatography (140% ethyl acetate/hexanes). White
solid (9%, 60 mg).lH NMR (400 MHz, CBOD) U 7= &®BHz (2Hd),7.27 (d) =
6.8 Hz, 2H), 4.77 4.68 (m, 1H), 4.08 3.00 (M, 4H), 1.94 1.76 (m, 3H), 1.57 1.28
(m, 10H).2*C NMR (126 MHz, CROD) u 156. 8, 154. 9, 140. 4, 1:
70.0, 47.9, 45.4*, 44.6, 30.1*, 29.98.B, 22.9*, 22.1. One piperidine carbon signal
overlaps with CBOD solvent signal. Material isolated as an approximately 7:1 ratio of
rotamers. HRMS: (ESI) [M+N3] calcd for G7H2sN2NaQs, 469.0595, observed,
469.0602.
tert-butyl 4-(((4-iodophenyl)carbamoy)oxy)piperidine-1-carboxylate (2.6f)
Synthesized according to General Procedile Purified via

o)
>\._
)L column chromatography (200% ethyl acetate/hexanes).
Oy

[enlq

White solid (30%, 162 mg)H NMR (400 MHz, CDCJ)
7.57 (d,J = 8.8 Hz, 2H), 7.19 (d) = 8.7 Hz, 2H), 7.09 (brs, 1H), 4.964.85 (m, 1H),
3.777 3.66 (m, 2H), 3.22 (ddd] = 13.4, 8.8, 3.7 Hz, 2H), 1.951.84 (m, 2H), 1.68

1.53 (m, 2H), 1.45 (s, 9H)°C NMR (101 MHz, CDG)) & 154 . 902 13882 . 7, 138
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120.6, 86.3, 80.0, 70.9, 41.0, 30.9, 28.5. HRMS: (ESI) [M+Nadlcd for
Ci17H23IN2NaQy, 469.0595, observed, 469.0596.
2-((tert-butoxycarbonyl)amino)ethyl (4-decylphenyl)carbamate R.7a)
A( Synthesized according to General Proced®2.

<§/_©7 N);'_O/_,}N _{) Purified via column chromatography (D% ethyl

° ’ acetate/hexanes). Yellow solid (97%, 225 mépt
NMR (400 MHz, CDCY) U 7Jd=278 H4, 2H), 7.09 (d] = 8.2 Hz, 2H), 7.04 (brs,
1H), 5.047 4.93 (m, 1H), 4.20 (t) = 5.3 Hz, 2H), 3.41 (¢) = 5.6 Hz, 2H), 2.56 2.51
(m, 2H), 1.55 (pJ = 7.1 Hz, 2H), 1.44 (s, 9H), 1.321.21 (m, 14H), 0.87 (t] = 6.8 Hz,
3H).13C NMR (101 MHz, CDGJ) ua 156. 1, 153. 7, 138. 3, 135.
40.2, 35.4, 32.0, 31.6, 22,729.71, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI)
[M+Na]* calcd for GsHaoN2NaQs, 443.2880, observed, 443.2868.
tert-butyl (R)-3-(((4-decylphenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate 2.7b)
0 Synthesized according to General Proced@r2.
<§/—©*N;_O f /Ok Purified via column chromatography (30% ethyl

0 acetate/hexanes). Offhite solid (92%, 200 mg)tH
NMR (400 MHz, CDCY) U 7J=2.9 Hz 2H), 7.0 (d,J = 8.1 Hz, 2H), 7.06 6.85
(m, 1H), 5.35/ 5.26 (m, 1H), 3.60 3.35 (M, 4H), 2.54 (t) = 7.7 Hz, 2H), 2.12 2.06
(m, 2H) , 1.55 (pJ = 7.3 Hz, 2H), 1.46 (s, 9H), 1.341.22 (m, 14H), 0.87 (] = 6.8 Hz,
3H). °C NMR (101 MHz, CDQ) u  193.4,138.4, 135.5, 129.0, 118.8, 79.7, 74.7,
73.8%, 52.2, 51.7*, 44.1*, 43.8, 35.4, 32.1, 32.0*%, 31.7, 31.1,299.71, 29.6, 29.4,

29.3, 28.6, 22.8, 14.2. NMR shows residual dichloromethane and ethyl acetate solvent
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peaks. Material isolated as an eppmately 1.1 ratio of rotamers. HRMS: (ESI)
[M+Na]* calcd for GeHa2N2NaQs, 469.3037, observed, 469.3036.
tert-butyl (S)-3-(((4-decylphenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate 2.7¢)
o Synthesized according to General Proced®2.
C/C/—ONH Q /k Purified via coluinn chromatography (280% ethyl
acetate/hexanes). Qffhite solid (79%, 201 mg)H
NMR (400 MHz, CDC}) U 7 J=37® H¢, 8H), 7.17 6.95 (m, 3H), 5.29 (s, 1H),
3.617 3.35 (M, 4H), 2.54 (t) = 7.7 Hz, 2H), 2.1 2.06 (m, 2H), 1.55 (p] = 7.3 Hz,
2H), 1.46 (s, 9H), 1.38 1.20 (m, 14H), 0.87 () = 6.7 Hz, 3H).33C NMR (101 MHz,
CDCl) ua 154. 6, 153. 1, 138. 4, 135. 4, 129. 0,
43.8, 35.4, 32.0, 31.9%, 31.6, 31.0, 28.29.722, 29.6, 29.4, 29.3, 28.6, 22.84.2. NMR
shows residual ethyl acetate impurity. Material isolated as an approximately 1:1 ratio of
rotamers. HRMS: (ESI) [M+N3a] calcd for GeHsa2NoNaQu, 469.3037, observed,
469.3040.
tert-butyl (R)-3-(((4-decylphenyl)carbamoyl)oxy)piperidine 1-carboxylate 2.7d)
o Synthesized according to General Proced@a2.
d:/_ONH G;« Purified via column chromatography (B0% ethyl
acetate/hexanes). Amber solid (76%, 118 miy).
NMR (500 MHz, CDC{) & 7 J =268 H¢, @H), 7.10 (d) = 8.4 Hz, 2H), 6.70 (s,
1H), 4.78 (s, 1H), 3.81 3.18 (M, 4H), 2.54 () = 7.7 Hz, 2H), 1.97 1.70 (m, 3H), 1.61
i 1.48 (m, 3H), 1.42 (s, 9H), 1.341.18 (m, 14H), 0.87 (¥ = 6.9 Hz, 3H).*C NMR
(126 MHz, CDQ@s) a 155. 1, 152. 9, 138. 2, 135. 5,

44.3%, 43.5, 35.4, 32.0, 31.6, 29,29.70, 29.6, 29.5, 29.4, 29.3, 28.5, 22.8, 22.0*, 21.7,
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14.2. Material isolated as an approximately 5:1 ratio of rotamers. HRMS: (ESI) [M+H]
calcd for G7H4sN204, 461.3374, observed, 461.3366.
tert-butyl (S)-3-(((4-decylphenyl)carbamoyl)oxy)piperidine-1-carboxylate 2.7€)
O Synthesized according to General Proced@@.
<§/—®* A{D Purified via column chromatography (B0% ethyl
acetate/hexanes). White sbl{87%, 54 mg)H NMR
(500 MHz, CDC}) T 7J=27& H{, 8H), 7.10 (d) = 8.4 Hz, 2H), 6.64 (brs, 1H),
4.847 4.72 (m, 1H), 3.78 3.18 (m, 4H), 2.54 () = 7.8 Hz, 2H), 1.99 1.72 (m, 3H),
1.627 1.48 (m, 3H), 1.42 (s, 9H), 1.341.18 (m, 14H), 0.87 (t) = 7.0 Hz, 3H).2%C
NMR (126 MHz, CDClh) u 155. 1, 152. 9, 138. 2, 135. 5,
47.3%, 44.3*, 43.5, 35.4, 32.0, 31.6, 28, 729.71, 29.6, 29.5, 294 29.2, 28.5, 22.8,
22.1*, 21.7, 14.2. Material isolated as an approximately 5:1 ratio of rotamers. HRMS:
(ESI)[M+H] " calcd for G7HasN204, 461.3374, observed, 461.3364.
tert-butyl 4-(((4-decylphenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.7f)
o Synthesized according to General Proced@r2
N>_O)L Purified via column chromatography (30% ethyl
d/_O N;_og:) acetate/hexanes). Yellowil (87%, 145 mg).H
° NMR (500 MHz, CDCY) 0 7J1=269 HZ, 2H),
7.10 (d,J = 8.5 Hz, 2H), 6.89 (brs, 1H), 4.954.87 (m, 1H), 3.76 3.69 (m, 2H), 3.22
(ddd,J = 13.7, 9.1, 4.4 Hz, 2H), 2.54 (= 7.7 Hz, 2H), 1.94 1.85 (m, 2H), 1.70 1.53

(m, 4H), 1.46 (s, 9H), 1.38 1.21 (m, 14H),0.87 (t,J = 7.0 Hz, 3H).23%C NMR (126

MHz, CDCBh) u 154. 9, 153. 1, 138. 2, 135. 6, 129.
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31.6, 31.0, 2927, 29.71, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+Nagdlcd
for Co7HasaN2NaQy, 483.3193, observed, 48395.
2-aminoethyl (4-decylphenyl)carbamate hydrochloride 2.8a)
nc  Synthesized according to General Proced@s8.
NH /\
C o/>_ © N Purified via trituration with ethyl acetate and diethyl
ether. White solid (78%, 33 mg)d NMR (400 MHz, CRO D) u W=85Hz( d,

2H), 7.10 (d,J = 8.6 Hz, 2H), 4.37 (t) = 5.1 Hz, 2H), 3.27 (1 = 5.1 Hz, 2H), 2.56 (t]

= 7.6 Hz, 2H), 1.58 (pJ = 6.7 Hz, 2H), 1.38 1.26 (m, 14H), 0.89 () = 6.7 Hz, 3H).

13C NMR (101 MHz,CRBOD) U 155. 2, 139. 2, 137,331, 129.

32.8, 30.2, 30.M, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Hialcd for
C1oH33N202, 321.2537, observed, 321.2537.
(R)-pyrrolidin -3-yl (4-decylphenyl)carbamate hydrochloride 2.8b)

fNH Synthesized according to General Procedli8 Purified
{ :/ C Z;—o II.:/cl via trituration with ethyl acetate and diethyl ether. White
solid (82%, 53 mg)*H NMR (400 MHz, CROD) U 3= 803z, @Hl),,7.10 (d] =
8.5 Hz, 2H), 5.43 5.35 (m, 1H), 3.57 3.40 (m, 4H), 2.55 (t) = 7.7 Hz, 2H), 2.33
2.26 (m, 2H), 1.58 (p] = 6.7 Hz, 2H), 1.36 1.23 (m, 14H), 0.89 (f] = 6.8 Hz, 3H)C
NMR (101 MHz, CROD) U B%241386.3, 129.8, 120.0, 74.5, 52.2, 45.4, 36.2,
33.1, 32.8, 31.9, 3027 30.M, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Hhlcd
for C21H3sN202, 347.2693, observed, 347.2693.
(S)-pyrrolidin -3-yl (4-decylphenyl)carbamate hydrochloride 2.8c)

nH - Syrthesized according to General Proced2 Purified

NH ﬁ/
< ; : O)‘ © no  via trituration with ethyl acetate and diethyl ether. White
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solid (81%, 52 mg)*H NMR (400 MHz, CROD) U 3= B73Hz, QHl),,7.09 (d] =
8.5 Hz, 2H), 5.43 5.35 (m, 1H), 3.58 3.40 (m, 4H), 2.55 (t) = 7.6 Hz, 2H), 2.35
2.25 (m, 2H), 1.58 (p] = 7.5 Hz, 2H), 1.39 1.20 (m, 14H), 0.89 (f] = 6.6 Hz, 3H)3C
NMR (101 MHz, CROD) u B%241386.3, 129.8, 120.0, 74.5, 52.1, 45.4, 36.2,
33.1, 32.8, 31.9, 3027 30.M, 30.6, 30.4, 30.3, 23.7, 14.5. HRMS: (ESI) [M+HHhlcd
for C21H3sN202, 347.2693, observed, 347.2699.
(S)-piperidin -3-yl (4-decylphenyl)carbamate hydrochloride @.8e)

" Synhesized according to General Procedure 3. Purified
C;:/_O NH Q via trituration with ethyl acetate and diethyl ether. White

solid (82%, 38 mg)'H NMR (400 MHz, CROD) U 7. 36

(d, J = 8.3 Hz, 2H), 7.12 (d) = 8.5 Hz, 2H), 5.06 (pJ = 4.3 Hz, 1H), 3.37 3.12 (m,
4H), 2.57 (tJ = 7.6 Hz, 2H), 2.19 1.80 (m, 4H), 1.60 (p] = 7.1 Hz, 2H), 1.39 1.21
(m, 14H), 0.91 (tJ = 6.9 Hz, 3H)23C NMR (101 MHz, CROD) 13, 1B%2 137.3,
129.8, 120.1, 67.1, 47.6, 44.9, 36.2, 33.1, 32.8,2380.0, 30.6, 30.4, 30.3, 27.9, 23.7,
19.6, 14.4. HRMS: (ESI) [M+H]calcd for G2H37N202, 361.2850, observed, 361.2851.
(R)-piperidin -3-yl (4-decylphenyl)carbamate hydrochloride 2.8d)

s Synthesized according to General Procedure 3. Purified
C/C/_@ Ny via trituration with ethyl acetate and diethyl ether. White
solid (87%, 88 mg)*H NMR (400 MHz, CBOD) U 3= &56Hz, @H),,7.10 (d] =
8.5 Hz, 2H), 5.05 (pJ = 4.2 Hz, 1H), 3.39 3.34 (m, 2H), 3.29 3.23 (m, 1H), 3.19
3.08 (m, 1H), 2.55 () = 7.6 Hz, 2H), 2.16 2.03 (m, 1H), 2.02 1.89 (m, 2H), 1.82 (dp,

J=13.6, 4.8 Hz, 1H), 1.57 (§,= 7.0 Hz, 2H), 1.37 1.20 (m, 14H), 0.88 (] = 7.0 Hz,

3H).®C NMR (101 MHz,CBOD) & 154.3, 139.1, 137. 3, 129.
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36.2, 33.1, 32.8, 3017 30.0, 30.6, 30.4, 30.3, 27.8, 23.7, 19.5, 14.5. HRMS: (ESI)
[M+H] ™" calcd for G2H37N20>, 361.2850, observed, 361.2851.
piperidin -4-yl (4-decylphenyl)carbamate hydrochloride 2.8f)
G Synthesized according to General Proce@.B8ePurified via
C : C Z)';—o ue  trituration with ethyl acetate and diethyl ether. White solid
(80%, 100 mg)!H NMR (400 MHz, CROD) U 3= 843z, H),7.09 (d] = 8.6
Hz, 2H), 5.04i 4.95 (m, 1H), 3.42 3.31 (m, 2H), 3.28 3.18 (m, 2H), 2.55 (tJ = 7.6
Hz, 2H), 2.221 2.10 (m, 2H), 2.06 1.93 (m, 2H), 1.58 (pJ = 7.1 Hz, 2H), 1.37 1.20
(m, 14H), 0.89 (tJ = 7.1 Hz 3H).3C NMR (101 MHz, CROD) U 154.7, 139. 0,
129.7, 120.0, 67.4, 42.1, 36.2, 33.1, 32.8, 303D. 0, 30.6, 30.4, 30.3, 28.7, 23.7, 14.4.
HRMS: (ESI) [M+H]" calcd for Gz2H37N202, 361.2850, observed, 361.2851.
tert-butyl (3-(3-(4-iodophenyl)ureido)propyl)carbamate 2.9a)
| _Q_N;_Nf\_zz_o %ynthesized according to General ProceduBe Purified
0 via column chromatography (4BD% ethyl
acetate/hexanes). White solid (92%, 316 mig)NMR (400 MHz, CROD) U 3.53 ( d,
= 8.8 Hz, 2H), 7.18 (dJ = 8.9 Hz, 2H), 3.21 (tJ = 6.7 Hz, 2H), 3.14 3.06 (m, 2H),
1.65 (p,d = 6.7 Hz, 2H), 1.43 (s, 9H}3C NMR (101 MHz, CROD) & 158. 6, 157
141.0, 138.7, 121.9, 85.4, 79.9, 38.6, 38.0, 31.5, 28.8. HRMS: (ESI) [Vegt]d for
C1sH23IN303, 420.0779, observed, 420.0776.
tert-butyl 3-(3-(4-iodophenyl)ureido)azetidine 1-carboxylate (2.9b)
Synthesized according to General Procedl$e Purified via
N O)L column chromatography (70% ethyl acetate/hexanes). White

| NH
D J—NH solid (96%, 326 mg)H NMR (400 MHz, CDCf) & 7.67 (br s
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1H), 7.51 (d,J = 8.8 Hz, 2H), 7.06 (dJ = 8.9 Hz, 2H), 6.19 (d) = 7.1 Hz, 1H), 4.53

4.44 (m, 1H), 4.22 (t) = 8.4 Hz, 2H), 3.65 (dd] = 9.4, 5.0 Hz, 2H), 1.44 (s, 9HFC

NMR (101 MHz,CDCY) u 156. 8, 155. 1, 138. 6, 138. 0, 12
HRMS: (ESI) [M+Na]" calcd for GsH20lN3NaQs, 440.0442, observed, 440.0434.

tert-butyl (R)-3-(3-(4-iodophenyl)ureido)pyrrolidine -1-carboxylate 2.9c)

Synthesized according to General Procedlbe Purified via
(6]

f N’lko column chromatography (600% ethyl acetate/heras).
IONH N
}_

(0]

NH

[eni¢

White solid (84%, 445 mg)H NMR (400 MHz, CDCJ)
7.87 (d,J=35.2 Hz, 1H), 7.48 (d] = 8.8 Hz, 2H), 7.09 (d] = 8.8 Hz, 2H), 6.07 (dd] =
37.2, 7.1 Hz, 1H), 4.38 4.27 (m, 1H), 3.54 3.27 (m, 3H), 3.20 3.13 (m, 1H), 2.10
1.76 (m, 2H), 1.47 (s, 4.5H), 1.44 (s, 4.5H¥C NMR (101 MHz, CDG)) U 155. 3,
155.3, 139.2, 137.8, 120.8, 85.0, 80.5*, 80.4, 52.5*, 51.8, 49.9*%, 49.2, 44.1, 43.9*, 32.4,
31.3*, 28.6. Material isolated as an approximately 1:1 mixture of rotamers. HRMS: (ESI)
[M+H] ™" calcd for GeH23IN30s, 432.0779, observed, 432.0783.

tert-butyl (S)-3-(3-(4-iodophenyl)ureido)pyrrolidine -1-carboxylate 2.9d)

0 Synthesized according to General Procedise Purified via
N

|4®7N/,>4_ /O< column chromatography (500% ethyl acetate/hexanes).
NH
© White solid (95%, 670 mg):H NMR (400 MHz, CDCJ) U

7.88 (d,J = 35.1Hz, 1H), 7.47 (d,J = 8.9 Hz, 2H), 7.08 (d] = 8.7 Hz, 2H), 6.07 (dd] =
38.0, 7.0 Hz, 1H), 4.38 4.27 (m, 1H), 3.50 (dd] = 11.5, 5.6 Hz, 1H), 3.46 3.26 (m,
2H), 3.15 (dd,J = 11.5, 2.2 Hz, 1H), 2.12 1.95 (m, 1H), 1.94 1.73 (m, 1H), 1.45 (d]

=12.5 Hz, 9H)®)C NMR (101 MHz,CDG) G 155. 3, 155. 2, 139. 2,
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80.4, 80.3*, 52.4, 51.7*, 49.8% 49.1, 44.1, 43.9*%, 32.3, 31.3*, 28.6. HRMS: (ESI)
[M+H] " calcd for GeH23IN303, 432.0779, observed, 432.0784.
tert-butyl (R)-3-(3-(4-iodophenyl)ureido)piperidine-1-carboxylate 2.9¢)
Synthesized according to General Proced2ike Purified via
ON/;_ §;\ Aﬁo column chromatography (500% ethyl acetate/hexanes). White
solid (92%, 418 mg)'H NMR (400 MHz, CDCY) & 7. 95 (br s

1H), 7.46 (dJ = 8.8 Hz, 2H), 7.03 (dJ = 8.8 Hz, 2H), 5.82 (d) = 7.7 Hz, 1H), 3.80
3.68 (m, 1H), 3.58 (dd] = 12.9, 3.8 Hz, 1H), 3.48 3.33 (m, 1H), 3.24 3.13 (m, 1H),
3.07 (ddJ = 13.0, 7.1 Hz, 1H), 1.80.1.70 (m, 1H), 1.64 1.53 (m, 1H), 1.48 1.36 (m,
11H).%C NMR (101 MHz, CDGJ) u 171. 4, 7185121.3385.3,B(B49483B,, 13
455, 44.4, 30.2, 28.5, 22.4. HRMS: (ESI) [2M+Hlcd for GaHagloNeOs, 891.1797,
observed, 891.1777.
tert-butyl (S)-3-(3-(4-iodophenyl)ureido)piperidine-1-carboxylate (2.9f)

Y 0 Synthesized according to General Procedlbe Purified via
'ON/;_NH A<O column chromatography (300% ethyl acetate/hexanes). Off
white solid (73%, 333 mgfH NMR (400 MHz,CDCJ) & 7. 88 ( bd=86 1H), 7
Hz, 2H), 7.06 (dJ = 8.7 Hz, 2H), 5.76 (d] = 7.6 Hz, 1H), 3.84 3.72 (m, 1H), 3.52 (dd,
J=13.1, 3.6 Hz, 1H), 3.36 3.24 (m, 2H), 3.18 (dd] = 13.0, 6.6 Hz, 1H), 1.82 1.68
(m, 1H), 1.64i 1.35 (m, 12H).33C NMR (101 MHz, CDCY) & 171. 4, 155. 2,
137.9, 121.3, 85.3, 80.5, 48.7, 45.4, 44,5, 30.1, 28.5, 22.3. HRMS: (ESI) [Malep

for C17H25IN 303, 446.0935, observed, 446.0941.
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tert-butyl (1-((4-iodophenyl)carbamoyl)piperidin-4-yl)carbamate (2.99)

Oy

NH O
N NH
o)/_ Q )L course of the reaction a thick white precipitated formed.

Synthesized according to General ProcedRi® During the

This precipitate was filtered over a Hirsch funnel and rinsed with hexanes. The resulting

white solid was carried forward crude with no additignaification.

tert-butyl 4-(3-(4-iodophenyl)ureido)piperidine-1-carboxylate 2.9h)

u

0 Synthesized according to General Procedse Purified via
o2
column chromatography (480% ethyl acetate/hexanes).
I—< >—NH
O/>—NH White solid (96%, 347 mg)H NMR (400 MHz, CDCY)

7.67 (brs, 1H), 7.49 (d] = 8.7 Hz, 2H), 7.04 (d] = 8.8 Hz, 2H), 5.60 (dJ = 7.6 Hz,

1H), 3.98i 3.87 (m, 2H), 3.81 3.69 (m, 1H), 2.83 (tJ = 12.2 Hz, 1H), 1.85 (dd] =

13.3, 4.3 Hz, 1H), 1.45 (s, 9H), 1.211.09 (m, 2H).13C NMR (101 MHz, CD)

u

155.2, 155.1, 139.0, 137.9, 121.3, 85.6, 80.3, 46.9, 42.4, 32.6, 28.6. HRMS: (ESI)

[M+H] ™" calcd for G7H2sIN3Os, 446.0935, observed, 446.0945.

tert-butyl 4-((4-iodophenyl)carbamoyl)piperazine 1-carboxylate (2.9i)

Synthesized according to Generab&dure2.5. Purified via

|@—NH o
)—N/\:/\N—< column chromatography (480% ethyl acetate/hexanes).
0 0

White solid (97%, 512 mgfH NMR (400 MHz, CDCY) U 7J=87 Hz 2H), 7.17

(brs, 1H), 7.07 (dJ = 8.8 Hz, 2H), 3.43 3.32 (m, 8H), 1.44 (s, 9H}3C NMR (101

MHz, CDCls) u 155. 0, 154. 6, 139. 0,

(ESI) [M+H]" calcd for GeH23IN303, 432.0779, observed, 432.0771.
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tert-butyl 5-((4-iodophenyl)carbamoyl)-2,5-diazabicyclo[2.2.1]heptane2-
carboxylate 2.9))
Synthesized accoij to General Procedur25. Purified
IONH (0] .
O)/— N@N%O Aé via column chromatography (6% ethyl
acetate/hexanes). White solid (95%, 518 mi¢). NMR
(400 MHz, CDCY) U 7J=33 HgZ, 2H), 7.22 7.13 (m, 2H), 6.55 6.39 (m, 1H),
4.697 4.46 (m, 2H), 3.51 3.29 (m, #), 1.907 1.76 (m, 2H), 1.47 1.41 (m, 9H)23C
NMR (101 MHz, CDC¥) u 154. 3, 154. 2%, 221BB /4,859, 138. 8,
80.2*, 80.2, 57.5*, 564 56.8, 56.5* 54.0, 53.7, 53.6*, 37.4* 36.8, 28.6*, 28.5.
Material isolated as an approximat@l ratio of rotamers. HRMS: (ESI) [M+HEalcd
for C17H23IN303, 444.0779, observed, 444.0770.
tert-butyl 3-((4-iodophenyl)carbamoyl)-3,8-diazabicyclo[3.2.1]octaneB8-carboxylate
(2.9k)
Synthesized according to General Procedse Purified
IO‘Z;N©N4Z % via  column tiromatography (3@0% ethyl
acetate/hexanes). White solid (99%, 745 nig).NMR
(400 MHz, CDCH) U 7J=8.3 Hz 2H), 7.16 (d] = 8.5 Hz, 2H), 6.80 (s, 1H), 4.31
i 4.23 (m, 2H), 3.78 (dd] = 55.8, 13.2 Hz, 2H), 3.07 (dd= 45.4, 13.2 Hz, 2H), 2.00
1.66 (m, 4H), 1.45 (s, 9H}3C NMR (101 MHz, CDG)) & 156. 0, 153.3, 13
121.8,86.1, 80.3, 54.2*, 53.5, 49.8, 48.6*, 28.5, 27.3*, 27.0. HRMS: (ESI) [M<Hlcd

for C1gH25IN303, 458.0935, observed, 458.0945.
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tert-butyl (R)-4-((4-iodophenyl)carbamoyl)}2-methylpiperazine-1-carboxylate (2.91)
Synthesized according to General Procedb. Purified via

I‘<i>""/;‘_N/_\,\l _{’ column chromatography (380% ethyl acetate/hexanes).
o “— 0

N\

White solid (98%, 434 mg}H NMR (400 MHz, CDCY) U

7.571 7.53 (m, 2H), 7.16 7.12 (m, 2H), 6.67 (s, 1H), 4.25 (s, 1H), 3193.82 (m, 2H),

3.771 3.68 (m, 1H), 3.27 3.11 (m, 2H), 3.07 2.98 (m, 1H), 1.48 (s, 9H), 1.17 @=

6.7 Hz, 3H)*C NMR (126 MHz,CDG) U 155. 1, 154.0,86.2,8038. 9, 13
47.6, 47.4, 44.0, 38.3, 28.5, 16.0. HRMS: (ESI) [M*Hlalcd for G7H2sIN3Os*

446.0935, observed, 446.0935.

tert-butyl 4-((4-iodophenyl)carbamoyl)1,4-diazepanel-carboxylate 2.9m)

/k Synthesized according to General Procedbe Purified via

0
'ONH ,/\N,go column chromatography (480% ethyl acetate/hexanes).

Ay . i
White solid (83%, 303 mg):H NMR (500 MHz, CDC§) U
7.581 7.54 (m, 2H), 7.18 7.14 (m, 2H), 6.44 (s, 0.65H), 6.27 (s, 0.35H)*, 3i63.44
(m, 7H), 3.40 (tJ = 6.0 Hz, 1H), 2.00 1.94 (m, 0.7H)*, 1.87 1.82 (m, 1.3H), 1.61
1.56 (m, 2H), 1.45 (s, 3H)*, 1.43 (s, 6MIC NMR (126 MHz, CDG) U 8, 1®AB,.
139.2, 137.9%, 137.8, 121.9*, 121.7, 80.3, 48.7, 48.3, 47.6, 46.3, 28.5, 27.0. Material
isolated as an approximately 2:1 mixture of rotamers.
tert-butyl (3-(3-(4-decylphenyl)ureido)propyl)carbamate @.10a)
o Synthesized according to General Rduare 2.2.
< //: : Z;_N/H_\_NZ_O Purified via column chromatography 5% ethyl
acetate/hexanes). White solid (68%, 224 Mg)NMR (400 MHz, CDCY) U 7 .36 (brs

1H), 7.18 (d,J = 8.0 Hz, 2H), 7.04 (d] = 8.2 Hz, 2H), 5.80 (t) = 7.6 Hz, 1H), 5.13 (1)
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= 6.3 Hz, 1H), 3.21 (q] = 6.2 Hz, 2H), 3.12 (q] = 6.5 Hz, 2H), 2.51 (] = 7.8 Hz, 2H),

1.627 1.49 (m, 4H), 1.41 (s, 9H), 1.341.20 (m, 14B, 0.87 (t,J = 6.7 Hz, 3H).23C

NMR (101 MHz, CDCj) u 156. 9, 156. 7, 138. 0, 136. 6,
35.4, 32.0, 31.7, 30.8, 22,729.0, 29.6, 29.5, 29.4, 28.5, 22.8, 14.2. HRMS: (ESI)

[M+H] " calcd for GsH4N303, 434.3377, observed, 4332.

tert-butyl 3-(3-(4-decylphenyl)ureido)azetidinel-carboxylate 2.10b)

Synthesized according to General Proced®2.

T
; <:> NH p Purified via column chromatography (30% ethyl
O)/_NH acetate/hexanes). Light brown solid (78%, 264 nig).
NMR (400 MHz, CDCY) U (bfs, B4R 7.17 (dJ = 8.5 Hz, 2H), 7.05 (d] = 8.5 Hz,
2H), 6.18 (dJ = 7.2 Hz, 1H), 4.57 4.44 (m, 1H), 4.18 (J = 8.5 Hz, 2H), 3.65 (dd] =
9.3, 5.2 Hz, 2H), 2.50 (] = 7.8 Hz, 2H), 1.54 (pJ = 7.1 Hz, 2H), 1.43 (s, 9H), 1.34
1.19 (m, 14H),0.87 (t,J = 6.8 Hz, 3H).13C NMR (101 MHz, CDG) & 156.5, 155
138.2, 136.2, 129.0, 120.3, 80.2, 57.0, 40.0, 35.4, 32.0, 31.2, 29./0, 29.6, 29.2,
29.41, 28.5, 22.8, 14.2. HRMS: (ESI) [M+Hgalcd for GsHa2N30s, 432.3221, observed,
432.3222.
tert-butyl (R)-3-(3-(4-decylphenyl)ureido)pyrrolidi ne-1-carboxylate (2.10c)
o Synthesized according to General Proced®2.
: <:> N/';_ Ng/N Jﬁ% Purified via column chromatography (30% ethyl
© acetate/hexanes). Light brown solid (88%, 402 nig).
NMR (400 MHz, CDCY) U 7J=4.8 Hz( 1H), 7.21 (d] = 8.4 Hz, 2H), 7.6 (d,J =
8.4 Hz, 2H), 5.78 (dd] = 55.6, 7.1 Hz, 1H), 4.484.32 (m,J = 3.9 Hz, 1H), 3.57 3.30

(m, 3H), 3.23 3.16 (m, 1H), 2.52 (t) = 7.7 Hz, 2H), 2.13 1.76 (m, 2H), 1.55 (p] =
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7.5 Hz, 2H), 1.48 (s, 4.5H), 1.46 (s, 4.5H)*, 1134.22 (m, 14H, 0.87 (t,J = 6.9 Hz,
3H). C NMR (101 MHz, CDGJ) ua 155. 8, 155. 2, 137. 9, 137.
119.8*%, 80.1, 52.6, 51.7*%, 50.1, 49.4*, 44.2*, 44.0, 35.4, 32.6, 32.0, 31.7, 31.4*, 29.8,
29.7, 29.6, 29.5, 29.4, 28.7, 22.8, 14.2. Material isolated as an approximately 1:1 mixture
of rotamers. HRMS:ESI) [M+H]" calcd for GeH44N303, 446.3377, observed, 446.3371.
tert-butyl (S)-3-(3-(4-decylphenyl)ureido)pyrrolidine-1-carboxylate 2.10d)
Synthesized according to General Proced@@.
\H QNJ/(% Purified via column chromatography (30% ethyl
( : : JNH . .
0 acetate/hexanesDff-white solid (73%, 505 mg)H
NMR (400 MHz, CDC§) & 7J1=@88 Hz,dLH), 7.20 (d = 6.3 Hz, 2H), 7.03 (dJ
= 8.5 Hz, 2H), 5.98 (dd] = 38.9, 7.1 Hz, 1H), 4.41 4.29 (m, 1H), 3.53 (dd] = 11.4,
5.8 Hz, 1H), 3.46 3.29 (m, 2H), 3.16 (dd] = 11.2, 3.6 Hz, 1H), 2.50 (§ = 7.7 Hz,
2H), 2.127 1.95 (m, 1H), 1.93 1.70 (m, 1H), 1.60 1.43 (m, 11H), 1.35 1.17 (m,
14H), 0.87 (tJ=6.9 Hz, 3H)*C NMR (101 MHz,CD&) G 156. 0, 155. 2, 13
128.9, 119.6, 80.1*%, 80.0, 52.5, 51.7*, 50.0*%, 49.3, 44.2*, 44.0, 35.4, 32.5*, 32.0, 31.7,
31.3 29.72, 29.0, 29.6, 29.2, 29.41, 28.6, 22.8, 14.2. HRMS: (ESI) [M+HFalcd for
C26H44N303, 446.3377, observed, 446.3371.
tert-butyl (R)-3-(3-(4-decylphenyl)ureido)piperidine-1-carboxylate (2.10e)
o Synthesized according to General Proced.e Purified
C/C/_@:;_@E% via  column chromatography (3M%  ethyl
acetate/hexanes). Light brown solid (93%, 400 ni).
NMR (400 MHz,CDCY) U 7. 65 ( bd=s8.6Hz BY),,7.027(d) £ 9.6 Hzd ,

2H), 5.75 (dJ = 7.7 Hz, 1H), 3.84 3.72 (m, 1H), 3.61 (dd] = 12.9, 3.7 Hz, 1H), 3.4
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3.35 (m, 1H), 3.2 3.04 (m, 2H), 2.49 () = 7.7 Hz, 2H), 1.84 1.75 (m, 1H), 1.65

1.47 (m,3H), 1.487 1.36 (m, 11H), 1.31 1.23 (m, 14H), 0.88 (fJ = 6.7 Hz, 3H).3C

NMR (101 MHz, CDCj) u 155. 8, 155. 4, 137. 6, 136.

43.9, 35.3, 32.0, 31.6, 30.4, 28,729.0, 29.6, 29.2, 29.4, 28.5, 22.7, 22.6, 14.2.

HRMS: (ESI) [M+H]" calcd for G7HasNsNaQs, 482.3353, observed, 482.3344.
tert-butyl (S)-3-(3-(4-decylphenyl)ureido)piperidine-1-carboxylate (2.10f)
o Synthesized according to General Proced2e Purified

v
<://:/_©’ N);*_Né: A{’ via. column  chromatography  (ZD%  ethyl
0]

acetate/hexais®. Light brown oil (79%, 270 mg)H

NMR (400 MHz,CDCY) U 7. 51 ( b3=8.4Hi, BH),7.04/(d) £ 84 Hzd ,

2H), 5.66 (d,J = 7.7 Hz, 1H), 3.87 3.76 (m, 1H), 3.56 (dd] = 13.0, 3.5 Hz, 1H), 3.39

3.15 (m, 3H), 2.51 () = 7.6 Hz, 2H), 1.83 1.74 (m, 1H), 1.64 1.36 (m, 14H), 1.35

1.18 (m 14H), 0.87 (tJ = 6.8 Hz, 3H).13C NMR (101 MHz, CDG)) U 155 .

137.9, 136.7, 129.1, 120.5, 80.1, 49.0, 45.6, 44.1, 35.4, 32.0, 31.7, 303,297,
29.6, 29.2, 29.41, 28.5, 22.8, 22.5, 14.2. HRMS: (ESI) [M+Hjalcd for G7H4eN30s3,
460.334, observed, 460.3533.
tert-butyl (1-((4-decylphenyl)carbamoyl)piperidin-4-yl)carbamate (2.109)

o>\_ Synthesized according to General Proced2ife
< : :;_ND’NH O)L Purified via column chromatography (35%
ethyl acetate/hexanes). White solid (53%, 190 g)NMR (400 MHz CDsOD)
(d, J = 8.4 Hz, 1H), 7.09 (d] = 8.4 Hz, 1H), 4.14 4.06 (m, 2H), 3.62 3.53 (m, 1H),
3.067 2.96 (m, 2H), 2.57 (tJ = 7.6 Hz, 1H), 1.96 1.87 (m, 2H), 1.60 (p] = 7.5 Hz,

2H), 1.47 (s, 9H), 1.38 1.25 (m, 17H), 0.91 (d] = 6.8 Hz, 3H)13C NMR (101 MHz,
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cbOD) U 160.7, 138.9, 138.4, 129.5, 122.

30.7, 30.6, 30.5, 30.3, 28.8, 23.7, 14.4. HRMS: (ESI) [M+tflcd for G7HaeN30s,
460.3534, observed, 482.3394.
tert-butyl 4-(3-(4-decylphenylureido)piperidine-1-carboxylate (2.10h)
N Synthesized according to General Proced@r2.
QN;\_O Purified via column chromatography (30% ethyl
( :/ C Z;—NH acetate/hexanes). Offhite solid (82%, 295 mg)tH
NMR (400 MHz, CDC{) & 7. 48 ( s)= 8.2H¥)2H), 03 (d, 5= 8(2 dHz,
2H), 5.58 (dJ = 7.8 Hz, 1H), 3.99 3.83 (m, 2H), 3.82 3.70 (m, 1H), 2.79 (= 11.1
Hz, 1H), 2.50 (tJ = 7.5 Hz, 2H), 1.84 (dd] = 13.2, 4.3 Hz, 2H), 1.53 (d,= 7.5 Hz,
2H), 1.44 (s, 9H), 1.38 1.13 (m, 16H), 0.87 () = 6.7 Hz, 3H).13C NMR (101 MHz,
CDCl) U 155. 9, 154. 9, 137. 9, 136. 5, 129.
29.72, 29.0, 29.6, 29.2, 29.41, 28.5, 22.7, 14.2. HRMS: (ESI) [M+H]calcd for
Co7H46N303, 460.3534, observed, 460.3523.
tert-butyl 4-((4-decylphenyl)carbamoyl)piperazine-1-carboxylate 2.10i)

—é Synthesized according to General Proced®2.
C/C/_@:;—NCN—QZ Purified via column chromatography (20% ethyl
acetate/hexanes). White solid (22%, 122 mig)NMR (400 MHz, CDCY) &G 71=2 2
8.5 Hz, 2H), 7.08 (d] = 8.5 Hz, 2H), 6.48 (i3, 1H), 3.49 3.41 (m, 8H), 2.53 (J = 7.7
Hz, 2H), 1.56 (pJ = 7.6 Hz, 2H), 1.47 (s, 9H), 1.331.22 (m, 14H), 0.87 (t] = 6.8 Hz,
3H). °C NMR (101 MHz, CDQ) ua 155. 4, 154. 8, 138. 2,
43.0, 35.4, 32.0, 31.7, 22,7129.0, 29.6, 29.2, 29.41, 28.5, 22.8, 14.2. HRMS: (ESI)

[M+H]* calcd for GeHaaN303, 446.3377, observed, 446.3382.
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tert-butyl 5-((4-decylphenyl)carbamoyl}2,5-diazabicyclo[2.2.1]heptane2-
carboxylate 2.10j)
NH o Synthesized according to General Procedar2.
i .
© O% Purified via column chromatography (895% ethyl
acetate/hexanes). Qffhite solid (77%, 401 mg}H NMR (500 MHz, CDCJ) & i7. 31
7.24 (m, 2H), 7.08 (d] = 8.4 Hz, 2H), 6.22 6.12 (m, 1H), 4.73 4.47 (m, 2H), 3.55
3.31 (m, 4H), 2.53 () = 7.5 Hz, 2H), 1.90 1.80 (m, 2H), 1.56 (p] = 7.2 Hz, 2H), 1.49

i 1.42 (m, 9H), 1.33 1.20 (m, 14H), 0.87 (t) = 6.9 Hz, 3H).23C NMR (126 MHz,

CDClk) U 154. 4, 154. 2~*, 154. 0, 153. 9*, 138.

57.7* 56.9, 56.8, 56.4*, 54.1, 53.9*%, 53.7, 53.6*, 37.4*, 36.8, 35.4, 32.0, 31.72,29.7
29.70, 29.6, 29.2, 29.41, 28.6*, 28.5, 22.8, 14.2. Materimolated as an approximately
2:1 ratio of rotamers. HRMS: (ESI) [M+HEalcd for G7H44N3Os, 458.3377, observed,
458.3376.

tert-butyl 3-((4-decylphenyl)carbamoyl}3,8-diazabicyclo[3.2.1]octaneB8-carboxylate

(2.10K)

Synthesized according to General Prhoe 2.2.
<§/—©*NH (0]
O%NQN_(O% Purified via column chromatography ¢30% ethyl

acetate/hexanes). White solid (60%, 483 mig)NMR (400 MHz, CDC4) & 7Jd=28 ( d,

8.4 Hz, 2H), 7.22 (s, 1H), 7.04 (d,= 8.4 Hz, 2H), 4.33 4.25 (m, 2H), 3.72 (dd] =
57.3, 13.2 Hz, 2H), 3.06 (dd,= 43.5, 12.7 Hz, 2H), 2.52 @,= 7.7 Hz, 2H), 1.89 1.80

(m, 2H), 1.71i 1.51 (m, 4H), 1.45 (s, 9H), 1.341.23 (m,14H), 0.88 (tJ = 6.8 Hz, 3H).

13C NMR (101 MHz, CDGJ) u 155. 9, 154. 1, 137. 7, 136.
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53.2, 49.7*, 48.5, 35.3, 31.9, 31.6, 28.@9.63, 29.5, 29.2, 29.3, 28.4, 27.2, 26.9%,
22.7, 14.1. HRMS: (ESI) [M+H]calcd for GgHaeN3Os, 472.3534, observed, 472.3530.
tert-butyl (R)-4-((4-decylphenyl)carbamoyl)}2-methylpiperazine-1-carboxylate
(2.101

A( Synthesized according to General Proced@&@.

N;_N/_\N_{) Purified via column chromatography (30% ethyl
o “~— 0

Z acetate/hexanes). Clear oil (54%, 56 Mg)NMR (400
MHz, CDCk) § 1 7.22(®, 2H), 7.11 7.07 (m, 2H), 6.36 (brs, 1H), 4.26 (s, 1H),
3.88 (t,J = 13.3 Hz, 2H), 3.74 3.67 (m, 1H), 3.31 3.23 (m, 1H), 3.23 3.14 (m, 1H),
3.091 2.99 (m, 1H), 2.58 2.50 (m, 2H), 1.60 1.52 (m, 2H), 1.48 (s, 9H), 1.331.22
(m, 14H), 1.20 (dJ = 6.7 Hz, 3H), 0.90 0.84 (m, 3H)13C NMR (126 MHz, CDCJ) U
155.5, 154.6, 138.1, 136.3, 128.8, 120.3, 80.1, 47.6, 43.9, 38.3, 35.3, 31.9, 346, 29.6
29.682, 29.64, 29.5, 29.3, 29.3), 28.4, 22.7, 15.9, 14.1. HRMS: (ESI) [M+Hjalcdfor
C27H46N303 460.3534, observed, 460.3538
tert-butyl 4-((4-decylphenyl)carbamoyl}1,4-diazepanel-carboxylate (2.10m)

j\o Synthesized according to General Proceda@r2.
<§/—®—N;_NK\N/§O Purified via column chromatography (30% ethyl

© Q acetate/hexanes). Clear oil (54%, &g). Brown oil

(15%, 30 mg)!H NMR (500 MHz, CDCd) U  7J =275 H{, 8H), 7.13 7.04 (m,
2H), 6.411 6.24 (m, 1H), 3.62 3.45 (m, 6H), 3.40 (t) = 6.2 Hz, 1H), 2.54 (t) = 7.7
Hz, 2H), 2.02i 1.93 (m, 1H), 1.94 1.82 (m, 2H), 1.76 1.64 (m, 1H), 1.49 1.40 (m,
9H), 1.337 1.20 (m, 15H), 0.8§t, J = 6.8 Hz, 3H).13C NMR (126 MHz, CDCJ) U

155.5, 155.8%, 155.08, 154.9*%, 138.0, 137.7, 136.5*, 136.4*, 128.8, 128.7, 120.2, 120.1,
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80.0, 48.8, 48.3, 47.9, 47.1, 46.1, 46.0, 45.9, 35.3, 31.9, 31.6, 29.6, 29.5, 29.3,
29.3, 28.4, 22.7, 14.1Material isolated as an approximately 1:1 ratio of rotamers.
HRMS: (ESI) [M+H]" calcd for G7H46N3Os* 460.3534, observed, 460.3521.
1-(3-aminopropyl)-3-(4-decylphenyl)urea hydrochloride @.11a)
Hel Synthesized according to General ProcedRi®
j ,—< >—NH
O/>—N/H_\—NH2 Purified via trituration with ethyl acetate and diethyl
ether. White solid (84%, 160 mgid NMR (400 MHz, CBOD) U T=848Hz( d,
2H), 7.09 (dJ = 8.5 Hz, 2H), 3.33 (J = 6.4 Hz, 2H), 3.02 () = 7.1 Hz, 2H), 2.56 ()
= 7.6 Hz, 2H), 1.88 (pJ = 6.9 Hz, 2H), 1.60 (pJ = 7.4 Hz, 2H), 1.37 1.28 (m, 14H),
0.92 (t,J = 6.8 Hz, 3H).}*C NMR (101 MHz, CROD) ua 159. 1, 138. 5,
120.8, 38.1, 37.1, 36.2, 33.1, 32.8, 3).80.7, 30.6, 30.4, 30.3, 29.5, 23.7, 14.4.
HRMS: (ESI) [M+H]" calcd for GoHssN3O, 334.2853, observed, 334.2843.
1-(azetidin-3-yl)-3-(4-decylphenyl)urea 2,2, 2Zrifluoroacetate (2.11b)
N tertbutyl  3-(3-(4-iodophenyl)ureido)azetiding-
C/C/_O N/';_NZ) HOJ\CF3 carboxylate 2.10b) was dissolved in DCM and
° added to a 4@lram vial containing a stir bar.
Trifluoroacetic acid (20.0 equiv) was added to the flask and the mixture was allowed to
stir atrt for 2 h. Following completion as monitored by TLC, the material was loaded
onto celite and subjected to silica gel chromatography. Purified via column
chromatography (325% methanol/dichloromethane). White solid (50%, 52 mi).
NMR (400 MHz, CROD) & 3= &56Hz, (2H), 7.08 (d] = 8.5 Hz, 2H), 4.65 (p)
= 7.8 Hz, 1H), 4.37 4.17 (m, 4H), 2.55 (t) = 7.6 Hz, 2H), 1.57 (pJ = 7.3 Hz, 2H),

1.387 1.21 (m, 14H), 0.89 (I = 6.9 Hz, 3H).13C NMR (101 MHz, CROD) U 157. 4,
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138.8, 137.8, 129, 120.9, 54.5, 44.0, 36.2, 33.1, 32.8, 30.30.0, 30.6, 30.4, 30.3,

23.7, 14.4. HRMS: (ESI) [M+H]calcd for GoH34N30, 332.2696, observed, 332.2701.
(R)-1-(4-decylphenyl}3-(pyrrolidin -3-yl)urea hydrochloride (2.11c)

Hel Synthesized according to GeakProcedur@.3. Purified

NH
<://:/—©*N/'>*_N$/ via trituration with ethyl acetate and diethyl ether. White
o)

solid (76%, 65 mg)*H NMR (400 MHz, CBOD) i
(d, J = 8.5 Hz, 2H), 7.08 (dJ = 8.5 Hz, 2H), 4.38 () = 6.8, 3.5 Hz, 1H), 3.57 3.45
(m, 2H), 3.40i 3.29 (m, 2H), 2.55 (t) = 7.6 Hz, 2H), 2.43 2.29 (m, 1H), 2.12 2.00
(m, 1H), 1.59 (pJ = 7.6 Hz, 2H), 1.37 1.25 (m, 14H), 0.91 () = 6.9 Hz, 3H).13C
NMR (101 MHz, CROD) ua 158. 0, 138. 6, 138. 0,
33.1, 32.8, 31.4, 3027 30.M, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+HHhlcd
for C21H3eN30, 346.2853, observed, 346.2854.
(S)-1-(4-decylpheny)-3-(pyrrolidin -3-yl)urea hydrochloride (2.11d)

Synthesized according to General Proce@.8ePurified

7. 27

129.

<§/_©,NH g via trituration with ethyl acetate and diethyl ether. White

solid (77%, 66 mg)*H NMR (400 MHz, CROD) i
(d,J=8.5Hz, 2H), 7.08 (d) = 8.6 Hz, 2H), 4.44i 4.33 (m, 1H), 3.57 3.45 (m, 2H),
3.4071 3.28 (m, 2H), 2.55 (t) = 7.6 Hz, 2H), 2.43 2.29 (m, 1H), 2.14 1.99 (m, 1H),

1.59 (p,Jd = 7.5 Hz, 2H), 1.36 1.26 (m, 14H), 0.91 () = 6.8 Hz, 3H)X3C NMR (101

7. 27

MHz, CD;OD) 0 157 380, 12973 0./ 51.8,150.8, 45.6, 36.2, 33.1, 32.8,

31.4, 30.3, 30.71, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H}alcd for

C21H3eN30, 346.2853, observed, 346.2867.
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(R)-1-(4-decylphenyl)3-(piperidin -3-yl)urea hydrochloride (2.11e)

Synthesied according to General Proced@8. Purified

N
<§/_®7 N;_NH"'H o Via trituration with ethyl acetate and diethyl ether. White
solid (57%, 49 mg)*H NMR (400 MHz, CROD) U 3= &5z, QHl),,7.06 (d] =
8.5 Hz, 2H), 3.95 (itJ = 9.9, 3.9 Hz, 1H), 3.42 (dd,= 12.2, 4.1 Hz, 1H), 3.25 (df,=
12.9, 4.5 Hz, 1H), 3.04 2.87 (m, 2H), 2.53 () = 7.6 Hz, 2H), 2.09 1.95 (m, 2H), 1.90
i 1.76 (m, 1H), 1.68 1.51(m, 3H), 1.36( 1.21 (m, 14H), 0.89 () = 6.8 Hz, 3H)X3C
NMR (101 MHz, CROD) a 157. 5, 138. 5, 138. 0, 129. 7,
33.0, 32.8, 307, 30.7M, 30.6, 30.4, 30.3, 29.4, 23.7, 22.0, 14.5. HRMS: (ESI) [M+H]
calcd for G2H3sN30, 3603009, observed, 360.2998.
(S)-1-(4-decylphenyl)3-(piperidin -3-yl)urea hydrochloride (2.11f)
Synthesized according to General Proce@8ePurified
C/C/—ONH QNH via trituration with hexane. Ofivhite solid (73%, 63
o/>—"“" HCI ]
mg).'H NMR (400 MHz, CROD) & 3=&45H, ( d,

2H), 7.07 (dJ = 8.5 Hz, 2H), 3.94 (it) = 9.9, 3.8 Hz, 1H), 3.43 (dd,= 12.2, 3.9 Hz,
1H), 3.26 (dtJ = 12.9, 4.3 Hz, 1H), 3.04 2.87 (m, 2H), 2.53 (t) = 7.6 Hz, 2H), 2.07
1.96 (m, 2H), 1.90 1.74 (m, 1H), 1.68 1.51 (m, 3H), 1.37 1.22 (m 14H), 0.89 (t,) =
6.8 Hz, 3H).*C NMR (101 MHz, CROD) a 157. 5, 138. 6, 138. 0,
45.3, 44.8, 36.2, 33.0, 32.8, 3R, B0.70, 30.6, 30.4, 30.3, 29.4, 23.7, 22.0, 14.4. HRMS:
(ESI) [M+H]" calcd for GoH3gN30, 360.3009, observed, 360.3005.
4-amino-N-(4-decylphenyl)piperidine-1-carboxamide hydochloride (2.119)

Synthesized according to General Proced@r@.

HCl
j —§ )—NH
O/>_ ND’NHZ Purified via trituration with ethyl acetate and diethyl
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ether. White solid (86%, 140 mgid NMR (400 MHz, CBOD) U T=83Hz( d,
2H), 7.09 (dJ = 8.4 Hz, 2H), 4.26 (dp] = 14.2,2.2 Hz, 2H), 3.36 (it = 11.3, 4.1 Hz,
1H), 2.98 (ddd,) = 14.4, 12.3, 2.5 Hz, 2H), 2.56 &= 7.6 Hz, 2H), 2.10 1.99 (m, 2H),
1.657 1.50 (m, 4H), 1.38 1.23 (m, 14H), 0.90 (] = 6.8 Hz, 3H)X3C NMR (101 MHz,
CDsOD) a 157. 9, 1,32 5,249.8, 433%3836.3, ,33.1132.8,.35.1, 80.7
30.72, 30.6, 30.5, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Nahlcd for GzHszsN3NaO,
382.2829, observed, 382.2827.

1-(4-decylphenyl)-3-(piperidin -4-yl)urea hydrochloride (2.11h)

" Synthesized according to GeakeProcedur.3. Purified

C/C/—ONH /_>—’ 4o Viatrituration with ethyl acetate and diethyl ether. White
}—NH
@)

solid (82%, 71 mg)'H NMR (400 MHz, CBROD) U 7.

(d, J = 8.4 Hz, 2H), 7.06 (d] = 8.4 Hz, 2H), 3.85 (tt) = 10.2, 3.9 Hz, 1H), 3.41 (di,=
13.3, 4.1 Hz, 2H), 3.11 (td,= 12.2, 3.2 Hz, 2H), 2.53 (§,= 7.6 Hz, 2H), 2.15 (dq] =
14.3, 3.9 Hz, 2H), 1.8 1.67 (m, 2H), 1.56 (pJ = 6.9 Hz 2H), 1.37i 1.17 (m, 14H),
0.89 (t,J = 6.7 Hz, 3H).'*C NMR (101 MHz, CROD) a 157. 6, 138.
120.5, 45.6, 44.0, 36.2, 33.1, 32.8, 3.80.71, 30.6, 30.4, 30.3, 30.1, 23.7, 14.5.
HRMS: (ESI) [M+H]' calcd for GzHzsN30, 360.3009, observed60.3013.
N-(4-decylphenyl)piperazinel-carboxamide hydrochloride @.11i)

we Synthesized according to General Proce@.BePurified

NH  —\

¢ : : O/>—N\_/NH via trituration with ethyl acetate and diethyl ether. White
solid (63%, 27 mg)*H NMR (400 MHz, CROD) U 3= &6z, gH),7.10 (d) =
8.5 Hz, 2H), 3.81 3.74 (m, 4H), 3.29 3.24 (m, 4H), 2.56 () = 7.6 Hz, 2H), 1.59 (pJ

= 7.1 Hz, 2H), 1.37 1.22 (m, 14H), 0.90 (t) = 6.9 Hz, 3H).23C NMR (101 MHz,
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CDsOD) a 157. 6, 139. 5, 1373,931, 32.2 304630.7,1 2 2 . 4,
30.6, 30.5, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Hjalcd for GiH3zeN3O, 346.2853,
observed, 346.2852.
N-(4-decylphenyl}2,5-diazabicyclo[2.2.1]heptane2-carboxamide hydrochloride
(2.112))
: <:> NH Synthesized according to General Proced23. Purified
O%NZHE;NIH via trituration with ethyl acetate and diethyl ether. White
solid (81%, 70 mg)tH NMR (400 MHz, CBOD) & 3= 80Hz, @H), 7.07 (d] =
8.1 Hz, 2H), 4.76 (brs, 1H), 4.39 (brs, 1H), 3.64 (brs, 2H), B.227 (m, 2H), 2.53 ()
= 7.6 Hz, 2H), 2.16 1.92 (m, 2H), 1.56 (p] = 7.4 Hz, 2H), 1.37 1.16 (m, 14H), 0.88
(t, J = 6.7 Hz, 3H).2*C NMR (101 MHz, CROD) ua 156. 5, 139. 3, 137.
59.4, 56.5, 53.5, 51.7, 36.8, 36.3, 33.0, 32.8,3@®0.7, 30.6, 30.4, 30.3, 23.7, 14.5.
HRMS: (ESI) [M+H]" calcd for GoHzsN3O, 358.2853, observed, 358.2861.
N-(4-decylphenyl)}3,8-diazabicyclo[3.21]octane 3-carboxamide hydrochloride
(2.11k)
\H HCl  Synthesized according to General Procedu8e Purified
<:©>,—N©H.... | |
o) via trituration with ethyl acetate and diethyl ether. White
solid (87%, 75 mg)*H NMR (400 MHz, CROD) U 3= &85Hz, QHl),,7.12 (d] =
8.5 Hz,2H), 4.67i 4.59 (m, 2H), 3.38 3.22 (m, 4H), 2.57 (t) = 7.6 Hz, 2H), 2.26
2.20 (m, 2H), 2.12 2.03 (m, 2H), 1.60 (p] = 7.1 Hz, 2H), 1.39 1.22 (m, 14H), 0.91 (t,
J=6.7 Hz, 3H)®*C NMR (101 MHz,CROD) 4 156. 2, 139.4, 137. 8,

36.3, 33.1, 32.8, 3037 30.7, 30.6, 30.5, 30.3, 27.1, 23.7, 14.5. HRMS: (ESI) [M%H]

calcd for GsH3sN30, 372.3009, observed, 372.3010.
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(R)-N-(4-decylphenyl)3-methylpiperazine-1-carboxamide hydrochloride 2.111)

Synthesized according to General FRahare2.3. Purified via
Q:é’“” —\ el trituration with ethyl acetate and diethyl ether. Light brown
O)/—N\_(NH ' . )
2 solid, 117 mg, 59% yieldH NMR (400 MHz, CROD) u

7.281 7.24 (m, 2H), 7.12 7.08 (m, 2H), 4.30 4.23 (m, 2H), 3.46 3.40 (m, 1H), 3.40
i 3.34 (m, 1H), 3.29 3.23 (m, 1H), 3.20 3.11 (m, 1H), 3.04 (dd] = 14.5, 10.6 Hz,
1H), 2.607 2.52 (m, 2H), 1.63 1.54 (m, 2H), 1.37 (d] = 6.6 Hz, 3H), 1347 1.26 (m,
14H), 0.94i 0.85 (m, 3H).1*C NMR (151 MHz, CROD) & 157. 4, 139. 4,
122.4, 52.5, 48.4, 44.3, 41.9, 36.3, 33.1, 32.8,810.0, 30.6, 30.4, 30.3, 23.7, 16.0,
14.4. HRMS: (ESI) [M+H] calcd for G2H3sNsO" 360.3009, observe860.3006.
N-(4-decylphenyl}1,4-diazepanel-carboxamide hydrochloride 2.11m)

o Synthesized according to General Procedui8e Purified

NH Ny
2:/_/_@0}_ N\) via trituration with ethyl acetate and diethyl ether. Light
brown solid, 19 mg, 74% yieldH NMR (600 MHz, CRO D) 287 727 (m, 2H), 7.12
i 7.09 (m, 2H), 3.86 3.81 (m, 2H), 3.69 (t) = 6.1 Hz, 2H), 3.37 3.33 (M, 4H), 2.59
2.54 (m, 2H), 2.17 (p] = 6.0 Hz, 2H), 1.63 1.55 (m, 2H), 1.32 1.28 (m, 14H), 0.93
0.87 (m, 3H).13C NMR (151 MHz, CROD) u 15161366, 12813 B1.7, 46.6,
453, 44.8, 42.1, 34.9, 31.7, 31.4, 29.4, 29.3, 29.2, 29.1, 28.9, 25.6, 22.3, 13.1. HRMS:
(ESI) [M+H]" calcd for G2H3sN3O*" 360.3009, observed, 360.3018.
tert-butyl (3-(4-decylFN-methylbenzamido)propyl)carbamate @.12a)
Syrthesized according to General Procedt®.

(6]
o Ye YaVa
N HN«O Purified via column chromatography (20% ethyl

acetate/hexanes). Clear oil (72%, 74 Mg)NMR (400 MHz, CDCGY) U0 7J=B2 ( d,
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Hz, 2H), 7.28 7.18 (m, 3H), 5.07 (1) = 6.9 Hz, 1H), 3.48 (q] = 6.2 Hz, 2H), 3.21 (g

= 6.5 Hz, 2H), 2.62 (1) = 7.7 Hz, 2H), 1.68 (p] = 6.0 Hz, 2H), 1.60 (p] = 7.6 Hz, 2H),

1.44 (s, 9H), 1.37 1.15 (m, 14H), 0.87 (f = 7.0 Hz, 3H).}3C NMR (101 MHz, CDG))
a 167. 7, 157. 0, 146. 8, 132. 0, 128. 6,
29.7, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+Na]cd for GsH4N2NaOs,
441.3088, observed, 441.3080.
tert-butyl (R)-3-(4-decyFN-methylbenzamido)pyrrolidine-1-carboxylate (2.12b)
Synthesized according to General Proced®é.
< ; : _O )< Purified via column chromatography 0% ethyl
acetate/hexanes). Yellow (67%, 103 mi¢).NMR (400 MHz, CDCY) U 7J1=84
Hz, 2H), 7.20 (d,J = 8.2 Hz, 2H), 5.30 4.33 (m, 1H), 3.68 3.46 (m, 2H), 3.42 3.17
(m, 2H), 2.94 (s, 3H), 2.62 (3,= 7.5 Hz, 2H), 2.12 1.98 (m, 2H), 1.60 (p] = 7.6 Hz,

2H), 1.44 (s, 9H), 1.37 1.19 (m, 14H), 0.87 () = 6.8 Hz, 3H).2°C NMR (101 MH,

CDCl) 0 172.5, 154. 5, 145. 0, 133. 7, 128.

(d,

32.0, 31.4, 297, 29.0, 29.6, 29.4, 29.4, 28.6, 28.4, 27.9*, 22.8, 14.2. Some carbon

signals not observed due to peak broadening from adjacent heteroatoms. HRMS: (ESI)

[M+H] ™" calcd for G7HsN203, 445.3425, observed, 445.3419.

tert-butyl (R)-3-(4-decyFN-methylbenzamido)piperidine-1-carboxylate (2.12c)
Synthesized according to General Proced@é.

<://:/_®_( {) N Purified via column chromatography (50% ethyl

acetate/hexanes). @leoil (85%, 88 mg)'H NMR (500 MHz, CDCY) U0 7J=288

Hz, 2H), 7.18 (dJ = 8.1 Hz, 2H), 4.54 3.40 (m, 3H), 3.02 2.76 (m, 4H), 2.63 2.42

(m, 3H), 1.97 1.54 (m, 6H), 1.40 (s, 9H), 1.321.21 (m, 14H), 0.86 (] = 7.0 Hz, 3H).
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13C NMR (126 MHz, CDG) ua 172. 4, 15 %28.6, 126.3, 4949, 95,5, 13 3.

50.82%, 47.7, 46.3*, 44.1*, 43.2, 35.9, 33.3, 32.0, 31.4,229.0, 29.6, 29.4, 29.2,
28.9, 28.4, 24.6, 22.8, 14.2. HRMS: (ESI) [M+Nahlcd for GsHaeN2NaQs, 481.3401,
observed, 481.3394.
N-(3-aminopropyl)-4-decytN-methylbenzamide hydrochloride @.13a)

0 e Synthesized according to General Proce@e Purified
< : /N_/_\NHZ via trituration with ethyl acetate and diethyl ether. White
solid (78%, 66 mg)'H NMR (400 MHz, CROD) Ui 7737 #n12H), 7.31 7.27 (m,
2H), 3.68i 3.62 (m, 2H), 3.08 3.02 (m, 4H), 2.66 (t) = 7.7 Hz, 2H), 2.09 2.04 (m,
2H), 1.68i 1.58 (m, 2H), 1.39 1.22 (m, 14H), 0.89 (8 = 6.8 Hz, 3H)3C NMR (101
MHz, CDsOD) a 174.8, 95488.3747.8, 45344 38@2,,36.7], 23.6, 33.0,
32.5, 30.7, 30.6, 30.4, 30.3, 24.7, 23.7, 14.4. HRMS: (ESI) [M€BIEd for GiH3z7N20,
333.2900, observed, 333.2897.
(R)-4-decyFN-methyl-N-(pyrrolidin -3-yl)benzamide hydrochloride @.13b)

o Hcr  Synthesized aceding to General Procedur23. Purified
< : /NOH via trituration with ethyl acetate and diethyl ether. White
solid (46%, 41 mg)*H NMR (400 MHz, CROD) U 3= 818z, @Hl),,7.30 (d] =
8.2 Hz, 2H), 4.68 (pJ = 7.5 Hz, 1H), 3.73 3.45 (m, 3H), 3.30 3.20 (m, 1H), 3.04 (s,

3H), 2.66 (t,J = 7.7 Hz, 2H), 2.52 2.23 (m, 2H), 1.63 (pJ = 7.6 Hz, 2H), 1.38 1.21

(m, 14H), 0.90 (tJ) = 6.9 Hz,3H). °C NMR (101 MHz, CBOD) U 174.7, 146

129.7, 128.2, 58.3, 46.7, 36.7, 33.0, 32.5, 30.7, 30.7, 30.6, 30.4, 30.3, 28.5, 23.7, 14.4.
Some carbon signals not observed due to peak broadening from adjacent heteroatoms.

HRMS: (ESI) [M+H] calcd forCz2Hs7N20, 345.2900, observed, 345.2911.
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(R)-4-decyFN-methyl-N-(piperidin -3-yl)benzamide hydrochloride @.13c)
o Hcl  Synthesized according to General Procedi8e Purified
< : : /N‘CN)H via trituration with ethyl acetate and diethyl ether. White
solid (80%, 61 mg)*H NMR (400 MHz, CROD) U 3= &81Mz, @Hl,,7.30 (d] =
8.2 Hz, 2H), 4.74 3.91 (m, 1H), 3.49 3.19 (m, 3H), 3.03 2.88 (m, 4H), 2.66 (tJ =
7.7 Hz, 2H), 2.20 1.80 (m, 4H), 1.64 (p] = 7.3 Hz, 2H), 1.42 1.22 (m, 14H), 0.90 (t,
J=6.6 Hz, 3H)®®*C NMR (126 MHz,CD;:OD) U 174. 5, 146. 8, 134. 3,
455, 44.7, 36.7, 34.0, 33.1, 32.5, 3).30.0, 30.6, 30.5, 30.3, 26.5, 23.7, 23.0, 14.5.
HRMS: (ESI) [M+H] calcd for GsHsdN20, 359.3057, observed, 359.3057.
tert-butyl (3-(4-decylphenylthioamido)propyl)carbamate (2.14a)
S Synthesized according to General Proced@re
HN_/_H\N_{ Purified via column chromatography (B5% ethyl
acetate/hexanes). Yellow oil (72%, 75 mgy.NMR (500 MHz,CDCJ) U 8. 95 ( br s,
7.81 (d,J = 8.2 Hz, 2H), 7.20 (dJ = 8.5 Hz, M), 4.84 (t,J = 6.7 Hz, 1H), 3.95 (] =
6.0 Hz, 2H), 3.24 (gJ = 6.6 Hz, 2H), 2.62 (tJ = 7.7 Hz, 2H), 1.86 (pJ = 6.0 Hz, 2H),
1.60 (p,d = 7.6 Hz, 2H), 1.45 (s, 9H), 1.331.22 (m, 14H), 0.88 (] = 6.9 Hz, 3H)C
NMR (126 MHz, CDCj) u 1%75,.186,7, 138.9, 128.6, 127.1, 80.1, 42.8, 37.4,
35.9, 32.0, 31.4, 29.8, 29.7, 29.6, 29.5, 29.4, 28.8, 28.5, 22.8, 14.3. HRMS: (ESI)'[M+H]
calcd for GsHasN202S, 435.3040, observed, 435.3048.
tert-butyl (R)-3-(4-decylphenylthioamido)pyrrolidine-1-carboxylate 2.14b)
Synthesized according to General Proced@r@.

s (e}
é—@—(_d/\kok Purified via column chromatography (30% ethyl
HN

acetate/hexanes). Yellow oil (68%, 151 mig).NMR
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(400 MHz, CDC}) G 7J1=88.3 Hz,dlH), 7.63 (d] = 8.3 Hz, 2H), 7.15 (d] = 8.2

Hz, 2H), 5.17i 5.03 (m, 1H), 3.80 3.63 (m, 1H), 3.53 3.30 (m, 3H), 2.60 (tJ = 7.7

Hz, 2H), 2.350 2.22 (m, 1H), 2.19 2.00 (m, 1H), 1.58 (p] = 7.2 Hz, 2H), 1.43 (s, 9H),

1347 1.20 (m, 14H), 0.86 (t) = 6.8 Hz, 3H).13C NMR (101 MHz, CDG)) & 199. 3,
154.5, 146.9, 139.1, 128.5, 126.9, 79.9, 56.0, 55.4*, 51.0, 50.5*, 44.3*, 44.0, 35.8, 31.9,
31.3, 31.1% 30.3, 29.7, 29.6, 29.5, 29.4, 29.3, 28.5, 22.7, 14.2. Material isatatad
approximately 1:1 ratio of rotamers. HRMS: (ESI) [M+Nahlcd for GsHa2N2NaG:S,

469.2859, observed, 469.2830.

tert-butyl (R)-3-(4-decylphenylthioamido)piperidine-1-carboxylate 2.14c)

. O>\_O Synthesized according to General Proced@ré.
<://:/_®_§N{N) )T Purified via column chromatography (30% ethyl
acetate/hexanes). Yellow (80%, 83 md).NMR (500 MHz, CDC{) U i 7.616(18,
3H), 7.16 (dJ = 8.2 Hz, 2H), 4.71 4.62 (m, 1H), 4.02 3.08 (m, 4H), 2.61 () = 7.6
Hz, 2H), 2.391 1.76 (m, 2H), 1.65 1.53 (m, 4H), 1.44 (s, 9H), 1.351.18 (m, 14H),

0.87 (t,J = 7.0 Hz, 3H).13C NMR (126 MHz, CDG)) 0 1%54,. 136,8, 139.3,
128.6, 126.7, 80.4, 51.4, 47.8, 45.2*, 43.8, 35.8, 32.0, 31.3,2270, 29.5, 29.4, 29.3,
28.4, 27.7, 22.8, 22.3, 14.2. Carbon signal peak broadening observed due to the presence
of rotamers. HRMS: (ESI) [M+H] calcd for G7HsN202S, 461.3196, observed,
461.3192.
N-(3-aminopropyl)-4-decylbenzothioamide hydrochloride 2.15a)

S Hcl  Synthesized according to General Proced#8.
( : : HN—/_\NH2 - L . . .

Purified via trituration with hexanes. Yellow solid (90%,

58 mg).'H NMR (400 MHz, CBOD) U 7= 8.3Hz(2#), 7.22 (d) = 8.2 Hz,
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2H), 3.95 (tJ = 6.7 Hz, 2H), 3.04 () = 7.5 Hz, 2H), 2.65 () = 7.6 Hz, 2H), 2.13 (pJ
= 6.9 Hz, 2H), 1.63 (pJ = 7.1 Hz, 2H), 1.37 1.21 (m, 14H), 0.89 (1] = 6.9 Hz, 3H).
13C NMR (101 MHz,CROD) & 201. 0, 147. 7, 140. 3, 129. 2,
32.4, 30.7, 30.M, 30.6, 30.4, 30.3, 27.5, 23.7, 14.4. HRMS: (ESI) [M%*kdlcd for
CaoH3sN2S, 335.2515, observed, 335.2514
(R)-4-decyFN-(pyrrolidin -3-yl)benzothioamide hydrochloride @.15b)

s Hcl  Synthesized according to General ProcedBe Purified
< : HN_ONH via trituration with hexanes. Yellow solid (94%, 122 mg).
IH NMR (400 MHz, CROD) U 7= 82ZHz,(2H), 7.23 (d) = 8.3 Hz, 2H), 5.22
(tt, J= 7.2, 4.9 Hz, 1H), 3.77 (dd,= 12.5, 7.1 Hz1H), 3.63i 3.39 (m, 3H), 2.66 (I =
7.6 Hz, 2H), 2.50 (dgJ = 13.7, 7.5 Hz, 1H), 2.4D 2.27 (m, 1H), 1.64 (pJ = 7.1 Hz,
2H), 1.391 1.22 (m, 14H), 0.91 (t) = 6.9 Hz, 3H).3C NMR (101 MHz, CBOD) U
201.8, 147.8, 140.1, 129.2, 128.6, 56.2, 58%9, 36.6, 33.0, 32.4, 3@,73069, 30.6,
30.4, 23.7, 14.5. HRMS: (ESI) [M+H] calcd for GiH3sN2S, 347.2515, observed,
347.2526.
(R)-4-decykN-(piperidin -3-yl)benzothioamide hydrochloride(2.15c)

Synthesized according to General Procedu8e Purified

C;:/_@ {) via trituration with diethyl ether. White solid (88%, 60 mg).
IH NMR (400 MHz, CROD) U 0= &R2Hz,(2H), 7.22 (d) = 8.1 Hz, 2H), 4.98
(dt,J=10.8, 5.5 Hz, 1H), 3.75 (dd= 12.1, 4.4 Hz, 1H), 3.39 (d,= 12.8 Hz, 1H), 3.01
(g, J = 12.4 Hz, 2H), 2.65 (] = 7.6 Hz, 2H), 2.29 2.03 (m, 2H), 1.94 1.79 (m, 2H),
1.64 (p,J = 7.1 Hz, 2H), 1.38 1.26 (m, 14H), 0.91 (t] = 6.9 Hz, 3H).3C NMR (101

MHz, CD;O D) a 201. 4, 147. 8, 140. 4, 129. 2, 128.
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30.7, 3069, 30.6, 30.4, 30.3, 28.1, 23.7, 22.4, 14.4. HRMS: (ESI) [M+¢#]lcd for
C2oH37N2S, 361.2672, observed, 361.2678.
tert-butyl 4-((4-decylphenyl)(methyl)carbamoyl)piperazinel-carboxylate 2.16a)
y Synthesized according to General Procedfrg
: ,—< >—N /I 0
ok_ N\_/N_/<o_é Purified via column chromatography (30% ethyl
acetate/hexanes). Clear oil (51%, 53 MB)NMR (400 MHz, CDC§) 0 7J=182 ( d,
Hz, 2H), 6.99 (dJ = 8.4 Hz, 2H), 3.23 3.10 (m, 11H), 2.55 (1] = 7.8 Hz, 2H), 1.58 (p,
J=7.6 Hz, 2H), 1.40 (s, 9H), 1.341.22 (m, 14H), 0.86 () = 6.5 Hz, 3H).13C NMR
(101 MHz, CDCY¥) a 161. 4, 154. 7,4218090,.436, 431,439.9,0 , 129
35.4, 32.0, 31.5, 2927 29.0, 29.6, 29.4, 29.2, 285, 22.8, 14.2. HRMS: (ESI)
[M+Na]* calcd for G7HasNsNaQs, 482.3353, observed, 482.3361.
tert-butyl  5-((4-decylphenyl)(methyl)carbamoyl)2,5-diazabicyclo[2.2.1]heptane2-
carboxylate (2.16b)
//: C J ° Synthesized according to General Procedfrg
O%N@N—{O—é Purified via column chromatography (30% ethyl
acetate/hexanes). White solid (67%, 69 mig)NMR (400 MHz, CDC) U i 7.041 3
(m, 2H), 7.04i 6.97 (m, 2H), 4.47 4.12 (m, 2H), 3.48 3.35 (m, 1H), 3.23 3.11 (m,
4H), 2.88i 2.39 (m, 4H), 1.68 1.49 (m, 4H), 1.39 (s, 9H), 1.321.17 (m, 17H), 0.84
(t,J= 6.7 Hz, 3H)13C NMR (101 MHz, CDQ) U 159. B4,2 1439 143.9,, 1
140.6, 140.4*, 129.4, 126.0, 125.7*, 79.6, 58.4, 57.9*, 57.4* 56.5, 56.3, 56.0*, 53.0,
52.6%, 39.8*%, 39.7, 36.6*%, 36.0, 35.4, 31.9, 31.4, 29.&, 29.5, 29.4, 29.3, 28.5, 22.7,
14.2.Material isolated as an approximately 2:1aaf rotamersHRMS: (ESI) [M+H]'

calcd for GgHaeN3O3, 472.3525.
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tert-butyl 3-((4-decylphenyl)(methyl)carbamoyl)3,8-diazabicyclo[3.2.1]octaneB-
carboxylate 2.16c¢)
/ o Synthesized according to General Procedare.

C o>/_ N@N%o—é Purified via column chromatography ¢30% ethyl
acetate/hexanes). Clear oil (82%, 84 mME)NMR (400 MHz, CDCJ) U 1 7.051(r#,
4H), 3.967 3.88 (m, 2H), 3.52 (dd] = 37.7, 11.6 Hz, 2H), 3.21 (s, 3H), 2.79 (dd=
57.1, 12.4 Hz, 2H), 2.56 (8, = 7.8 Hz, 2H), 1.76 1.65 (m, 2H), 1.64 1.49 (m, 4H),
1.40 (s, 9H), 1.34 1.17 (m, 14H), 0.87 (] = 6.8 Hz, 3H)3C NMR (101 MHz, CDG))
a 159. 8, 156. 0, 144. 1, 140. 5, 129. 5,
31.5, 29.2, 29.1, 29.6, 29.4, 29.3, 28.5, 26.8, 22.8, 14HRMS: (ESI) [M+H] calcd
for C29HasN303, 486.3690, observed, 486.3696
N-(4-decylphenyl}N-methylpiperazine-1-carboxamide hydrochloride 2.17a)

y o Synthesized according to General Proced@8e Purified

NG/
< : O>/’_ NN via trituration with diethyl ether and ethyl acetafghite
solid (85%, 39 mg)*H NMR (400 MHz, CROD) U 3= &5Hz, QHl),,7.13 (d] =
8.5 Hz, 2H), 3.45 3.38 (m, 4H), 3.20 (s, 3H), 3.052.98 (m, 4H), 2.61 (t) = 7.7 Hz,
2H), 1.61 (pJ = 7.1 Hz, 2H), 1.38 1.23 (m, 14H), 0.90 (] = 6.9 Hz, 3H).33C NMR
(101 MHz, CROD) U 162 424, 1301941£5.66 44.0,148.402, 363, 331,

327,30.7, 30.7, 3@, 30.4, 30.3, 23.7, 14.5. HRMS: (ESI) [M+Hjalcd for GoHzsNzO,

360.3009, observed, 360.3014.
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N-(4-decylphenyl}N-methyl-2,5-diazabicyclo[2.2.1]heptane2-carboxamide
hydrochloride (2.17b)
7 HCl  Synthesized according to General Proced@8e Purified
{ : C ),-—NZ:NH o :
o via trituration with diethyl ether and ethyl acetate. White
solid (50%, 43 mg):H NMR (400 MHz, CROD) U 7= &44Hz,@H), 7.14 (d] =
8.4 Hz, 2H), 4.46 (s, 1H), 4.09 @= 2.3 Hz, 1H), 3.35 (dd] = 11.1, 1.9 Hz, 1H), 3.20

(s, 3H), 3.14 (ddJ = 11.0, 2.1 Hz, 1H), 3.07 (dd,= 11.1, 1.6 Hz, 1H), 2.72 (dd,=

11.2, 2.5 Hz, 1H), 2.61 (§,= 7.7 Hz, 2H), 1.93 1.75 (m, 2H), 1.61 (p] = 7.5 Hz, 2H),

1.387 1.23 (m, 14H), 0.90 () = 6.7 Hz, 3H)3C NMR (126 MHz, CROD) U 16 1.

143.4, 142.7, 130.9, 127.2, 59.3, 58.1, 53.6, 52.4, 40.0, 36.3, 35.9, 33.1, 323/, 30.7
30.71, 30.6, 30.5, 30.323.7, 14.5. HRMS: (ESI) [M+H] calcd for GszHzsN3O,
372.3009, observed, 372.3002.
N-(4-decylphenyl}N-methyl-3,8-diazabicyclo[3.2.1]octane3-carboxamide
hydrochloride (2.17¢)

y wol Synthesized according to General Proced®8.
< : :}_ N@NH Purified via trituration withethyl acetate and diethyl
ether. White solid (92%, 67 mgdd NMR (400 MHz, CBOD) Ui 7718 @) 4H),
4.107 4.03 (m, 2H), 3.23 (s, 3H), 3.062.98 (m, 4H), 2.62 (1) = 7.7 Hz, 2H), 2.03

1.81 (m, 4H), 1.61 (p] = 7.1 Hz, 2H), 1.38 1.24 (m, 14H), 0.90 (1] = 6.9 Hz, 3H)3C

NMR (101 MHz, CROD) u 160. 6, 9,4126.5,354.5, 4846239.9,,36.31 3 0 .

33.1, 32.6, 307, 30.M0, 30.6, 30.4, 30.3, 26.8, 23.7, 14.4. HRMS: (ESI) [M*Elcd

for Co4H40N30, 386.3166, observed, 386.3164.
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N-(4-decylphenyl}4-methylpiperazine-1-carboxamide hydrochloride 2.18a)
e A solution of 2.11i in MeOH (0.2 M) was added to a

NH  —\
< //: : O)/’_N\_,N— pressure vial charged with a stir bar. Paraformaldehyde
(10.0 equiv) and formic acid (10.0 equiv) were added. The vial was sealed, purged with
N2, and heated to 65 C for 6 h. Upon compl
monitored by TLC, the mixture was cooledrto The reaction was concentrated under
reduced pressure and the residue was dissolved in ethyl acetate. The solution was
partitiored with saturated sodium carbonate and the aqueous layer was rinsed three times
with ethyl acetate. The combined organic layers were further rinsed twice with saturated
sodium carbonate and thrice with brine. The orgdaier was concentratednder
reducel pressure to yield the free amine base, which was subjected to column
chromatography @5% methanol/dichloromethane). The resulting white solid free
amine base was treated with hydrochloric acid to yield the tertiary ammonium chloride
salt. The materialvas purified via trituration with ethyl acetate and diethyl ether. White
solid (50%, 33 mg)*H NMR (400 MHz, CROD) U 3= &5Mz, @Hl),,7.10 (d] =
8.6 Hz, 2H), 4.44 4.25 (m, 2H), 3.61 3.47 (m, 2H), 3.38 3.25 (m, 2H), 3.20 3.06
(m, 2H), 294 (s, 3H), 2.56 (1) = 7.6 Hz, 2H), 1.58 (p] = 7.6 Hz, 2H), 1.38 1.21 (m,
14H), 0.90 (t,J = 6.8 Hz, 3H).3C NMR (101 MHz, CBOD) U 157. 4, 139. 5,
129.6, 122.4, 54.3, 43.6, 42.7, 36.3, 33.1, 32.8,4380.71, 30.6, 30.4, 30.3, 23.7, 14.4.
HRMS: (ESI) [M+H] calcd for G2H3sN3z0, 360.3009, observed, 360.3017.
4-((4-decylphenyl)carbamoyl)}1,1-dimethylpiperazin-1-ium iodide (2.18b)

©  An ovendried roundbottom flask containing a stir bar,

I
NH /7
O)—N\_/N@— K2COs (4.0 equiv), and Mel (10.0 equiv) was purged with
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N2. A dispersion oR.11i (1.0 equiv) in anhydrous MeC[0.2 M) was syringed into the
flask and the solution was allowed to stir ratfor 16 h. The crude material was
concentrated under reduced pressure and subjected to silica gel chromatography. Purified
via column chromatography (%% MeOH/DCM). Purified via column
chromatography (325% methanol/dichloromethane). White solid (83%, 65 mkj).
NMR (400 MHz, CROD) U 7= &%8Hz,(2Hd), 7.10 (d] = 8.6 Hz, 2H), 3.92 (1J
= 5.3 Hz, 4H), 3.55 () = 4.7 Hz, 4H), 3.29 (s, 6H), 2.56 {= 7.5 Hz, 2H), 1.59 (p] =
7.4 Hz, 2H), 1.36/ 1.23 (m, 14H), 0.90 (tJ = 6.7 Hz, 3H).13C NMR (101 MHz,
CDsOD) a 157. 4, 139. 5, 137. 9, 129.6,2 122.
3069, 30.6, 30.4, 3@, 23.7, 14.4. HRMS: (ESI) [M+H]calcd for GszHaoNzO,
374.3166, observed, 374.3170.
tert-butyl 4-((4-hexylphenyl)carbamoyl)piperazinel-carboxylate (2.19a)

_é Synthesized according to General Proced@r2.

NH  —\ O
/—/_/_Qio)_N\—/N_«o Purified via column chromatography (20% ethyl
acetate/hexanes). White solid (84%, 57 mig)NMR

(500 MHz, CDC}) &  7J=283 H{, 8H), 7.09 (dJ = 8.0 Hz, 2H), 6.39 (brs, 1H),

3.47 (d,J = 2.9 Hz, 8H), 2.58 2.50 (m, 2H), 1.63 1.51 (m, 2H), 1.47 (s, 9H), 1.35

1.23 (m, 6H), 0.92 0.82 (m, 3H)X3C NMR (126 MHz, CDG) o 155. 3, 154,

136.4, 128.9 120.4, 80.4, 35.4, 31.8, 31.6, 29.0, 28.5, 22.7, 14.2. HRMS: (ESI)
[M+NH4]* calcd for GoHaoN4O3, 407.3017, observed, 407.3028.
tert-butyl 4-((4-heptylphenyl)carbamoyl)piperazine 1-carboxylate (2.19b)

Synthesized according to General Procedr2.

NH /\ 6] . i
)N N—( Puified via column chromatography (2% ethyl
o “— ©
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acetate/hexanes). White solid (48%, 82 rig)NMR (500 MHz, CDC) U i 7.1 6

(m, 2H), 7.14i 7.05 (m, 2H), 6.31 (brs, 1H), 3.543.37 (m, 8H), 2.54 (dd] = 8.6, 6.8

Hz, 2H), 1.68 1.52 (m, 2H), 1.48 (s, 9H), 1.351.18 (m, 8H), 0.93 0.82 (m, 3H)C

NMR (126 MHz, CDCj) u 155. 3, 154. 8,04188.8, 3384, 320,36 . 3,
31.7, 29.3, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+H]calcd for GsHzgNz0s,

404.2908, observed, 402.2902.

tert-butyl 4-((4-octylphenyl)carbamoyl)piperazine 1-carboxylate 2.19c)

—é Synthesized according to General Proceda2.
<:/—/_©725—N/\:/\N—<Z Puified via column chromatography (2% ethyl
acetate/hexanes). White solid (60%, 87 Mg)NMR (600 MHz, CDCY) U 7.2 5
(m, 2H), 7.15i 7.01 (m, 2H), 6.33 (brs, 1H), 3.553.40 (m, 8H), 2.58 2.49 (m, 2H),

1.607 1.52 (m, 2H), 1.48 (s, 9H), 1.341.19 (m, 10H), 0.87 (tJ = 7.0 Hz, 3H):3C
NMR (151 MHz, CDCj) u 155. 3, 154. 8, 1684 3534,32.0,36. 3,
31.7, 29.6, 292 29.4, 28.5, 22.8, 14.3. HRMS: (ESI) [M+HEalcd for GsHaoNzOs,
418.3064, observed, 418.3073
tert-butyl 4-((4-nonylphenyl)carbamoyl)piperazine 1-carboxylate 2.19d)

_é Synthesized according to General Procedi
€ :—/ C (N)/;—N/\:/\N—QZ Puiified via column chromatography (20% ethyl
acetate/hexanes). White solid (59%, 88 mMig)NMR (600 MHz, CDC4) 0 7J=23 ( d,
8.4 Hz, 2H), 7.09 (dJ = 8.4 Hz, 2H), 6.37 (brs, 1H), 3.47 (= 5.3 Hz, 8H), 2.58 2.49
(m, 2H), 1.60 1.53 (m, 2H), 1.47 (s, 9H), 1.301.25 (m, 12H), 0.87 (1] = 7.0 Hz, 3H).

3C NMR (151 MHz,CDCG)) U 155. 3, 1 5128.98120.4188.8 354,32.0,3 6 . 3,
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31.7, 29.7, 29.6, 29.5, 29.4, 285, 22.8, 14.3. HRMS: (ESI) [M+&lcd for
CosH42N303, 432.3221, observed, 432.3221.
tert-butyl 4-((4-undecylphenyl)carbamoyl)piperazinel-carboxylate 2.19e)

_é Synthesized according to Gamal Procedure?2.2.

NH ,— 0O

( //: : o)/—N\_/N—ﬁo Purified via column chromatography (20% ethyl
acetate/hexanes). White solid (92%, 117 mtig)NMR (600 MHz, CDCJ) G 1 7.192 5
(m, 2H), 7.15( 7.05 (m, 2H), 6.34 (brs, 1H), 3.523.40 (m, 8H), 2.54 (dd] = 8.7, 6.8
Hz, 2H), 1.61 1.51 (m, 2H), 1.48 (s, 9H), 1.331.18 (m, 16H), 0.87 (] = 7.0 Hz, 3H).
13C NMR (151 MHz, CDQ) u 155. 3, 154.0,8204,18648 3534,32.1, 36 . 3,
31.7,29.8, 29.8), 29.72, 29.M, 29.5, 29.4, 28.5, 22.8, 14.3. HRMS: (ESI) [M+idalcd
for C27H46N303, 460.3534, observed, 460.3529.
tert-butyl 4-((4-dodecylphenyl)carbamoyl)piperazinel-carboxylate (2.19f)

_é Synthesized aceding to General Procedure.2.

NH — O

< //: : o)/_N\_,N—ﬁo Purified via column chromatography ¢20% ethyl
acetate/hexanes). White solid (67%, 146 rig)NMR (600 MHz, CDCJ) U 1 7.202 6
(m, 2H), 7.15i 7.05 (m, 2H), 6.30 (brs, 1H), 3.48 (@= 5.1, 4.6 Hz, 8H), 2.59 2.48
(m, 2H), 1.56 (tdJ = 9.9, 8.9, 5.5 Hz, 2H), 1.48 (s, 9H), 1.33.18 (m, 18H), 0.87 (1]
= 7.0 Hz, 3H).1*C NMR (151 MHz, CDG)) ad 155. 83, 136.3, 429.8, 120.3,3
80.4,77.4,77.2,76.9, 35.4, 32.1, 31.7, 2929.83, 29.8), 2979, 29.7, 29.5, 29.4, 28.5,
22.8, 14.3. HRMS: (ESI) [M+H]calcd for GsHasN3Os, 474.3690, observed, 474.3677.
tert-butyl 4-((4-tridecylphenyl)carbamoyl)piperazine-1-carboxylate 2.199)

Synthesized according to General Proced@2.

ni — o Purified via column chromatography (20% ethyl
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acetate/hexanes). White solid (67%, 151 mtig)NMR (600 MHz, CDCJ) G i1 7.192 6
(m, 2H), 7.14i 7.05 (m, 2H), 6.30 (brs, 1H), 3.48 (p= 6.3, 4.9 Hz, 8H), 2.54 (dd,=
8.6, 6.8 Hz, 2H), 1.56 (df§,= 14.8, 6.7 Hz, 2H), 1.48 (s, 9H), 1.8B3.18 (m, 20H), 0.87
(t, J= 7.0 Hz, 3H).1°3C NMR (151 MHz, CDG) 0 1 %.B,.138,3, 1365, 129.0,
120.3, 80.4, 35.4, 32.1, 31.7, 28.829.83, 29.8, 2979, 2977, 29.7, 29.5, 29.4, 28.5,
22.8, 14.3. HRMS: (ESI) [M+H]calcd for GeHs0N30s, 488.3847, observed, 488.3863.
N-(4-hexylphenyl)piperazine 1-carboxamide hydrogen chlorde 2.20a)
HCl  Synthesized according to General Proce@B8ePurified

b N Nm

O/>_ / via trituration with ethyl acetate and diethyl ether. White
solid (90%, 15 mg)*H NMR (500 MHz, CROD) {7 721 @92H), 7.16 7.05 (m,
2H), 3.83i 3.72 (m, 4H), 3.30 3.24 (m, 4H), 2.60 2.52 (m, 2H), 1.59 (pJ = 7.6 Hz,
2H), 1.381 1.26 (m, 6H), 0.89 (t)J = 6.9 Hz, 3H).13C NMR (126 MHz, CBOD) u
157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 43613, 32.9, 32.8, 30.0, 23.7, 14.4. HRMS:
(ESI) [M+H]" calcd for G7H2sN30, 290.2227, observed, 290.2214.
N-(4-heptylphenyl)piperazine-1-carboxamide hydrogen chloride 2.20b)

Hcl  Synthesized according to General Proced®s.

NH /\
< / O/>_ N\_/NH Purified via trituration withethyl acetate and diethyl
ether. White solid (88%, 59 mgdd NMR (500 MHz, CBOD) Ui 7720 @nl 2H),

7.147 7.06 (m, 2H), 3.91 3.55 (m, 4H), 3.30 3.25 (m, 4H), 2.61 2.50 (m, 2H), 1.59

(p,J = 7.1 Hz, 2H), 1.37 1.23 (m, 8H), 0.89 (t) = 7.0 Hz, 3H)X3C NMR (126 MHz,

Cb:OD) U0 157.6, 139.5, 1,363, 33.0,3218230.3,80.2, 2B.2,2 .

14.4. HRMS: (ESI) [M+H] calcd for GsH3oN3O, 304.2383, observed, 304.2390.
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N-(4-octylphenyl)piperazine-1-carboxamide hydrogen chloride 2.20c)
wo  Synthesized according to General Proced@8e Purified
NH  —\
7N NH via trituration with ethyl acetate and diethyl ether. White
0
solid (83%, 49 mg)H NMR (500 MHz, CBOD) Ui 723 @92H), 7.16 7.06 (m,
2H), 3.78 (ddJ = 6.1, 4.6 Hz, 4H), 3.30 3.24 (m, 4H), 2.60 2.52 (m, 2H), 1.59 (p] =
7.3 Hz, 2H), 1.3% 1.19 (m, 10H), 0.89 (tJ = 7.0 Hz, 3H).1*C NMR (126 MHz,
CDsOD) U0 157.6, 139,435, 424336.3,33.0, 32.8,30.6630.4, B®R32 . 4
23.7, 14.4. HRMS: (ESI) [M+H]calcd for GoH32N30, 318.2540, observed, 318.2532.
N-(4-nonylphenyl)piperazine-1-carboxamide hydrogen chloride 2.20d)
Hcl  Synthesized according to General Proced@s8.
" N/_\NH
< : O/>_ _/ Purified via trituration with ethyl acetate and diethyl
ether. White solid (86%, 22 mghd NMR (500 MHz, CROD) U WVW=85Hz( d,
2H), 7.11 (dJ = 8.4 Hz, 2H), 3.84 3.66 (m, 4H), 3.29 3.24 (m, 4H), 2.56 (1) = 7.6
Hz, 2H), 1.63i 1.55 (m, 2H), 1.34 1.26 (m, 12H), 0.90 (t) = 6.9 Hz, 3H).2*C NMR
(126 MHz, CRO D) a 157. 6, 139. 845, 40.3,736.3 33.1,132.8,. 6, 12
30.7, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M*EfIcd for GoHz4N3z0, 332.2696,
observed, 332.9708.
N-(4-undecylphenyl)piperazine l-carboxamide hydrogen chloride 2.20e)
Hel Synthesized according to General Proced@8ePurified
NH /\
O)/—N\_/NH via trituration with ethyl acetate and diethyl ether. White
solid (91%, 92 mg)*H NMR (500 MHz, CROD) Ui 7220 @ 12H), 7.16 7.04 (m,

2H), 3.82i 3.72 (m, 4H), 3.31 3.23 (m, 4H), 2.63 2.48 (m, 2H), 1.59 (p] = 7.2 Hz,

2H), 1.38i 1.21 (m, 16H), 0.90 (t) = 7.0 Hz, 3H).23C NMR (126 MHz, CBOD)
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157.6, 139.5, 137.9, 129.6, 122.4, 44.54436.3, 33.1, 32.8, 30.8, 3@, 30.73, 30.6,
30.5, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Hgalcd for G2H3sN30, 360.3009, observed,
360.3010.
N-(4-dodecylphenyl)piperazinel-carboxamide hydrogen chloride 2.20f)

Hel Synthesized according to General Proced@8e Purified

NH  —\
( : : O)/—N\_/NH via trituration with ethyl acetate and diethyl ether. White
solid (94%, 122 mg)'H NMR (600 MHz, CBOD) i 7721 @9 2H), 7.10 (d) =
8.4 Hz, 2H), 3.77 (dd) = 6.1, 4.5 Hz, 4H), 3.30 3.25 (m, 4H), 2.6G 2.52 (m, 2H),
1.58 (p,J = 7.4 Hz, 2H), 1.36 1.22 (m, 18H), 0.90 (t) = 7.0 Hz, 3H)X3C NMR (151
MHz, CD:O D) a 157. 6, 1322.4,545, 423,736.3 33.1,132.9, 3068,
30.79, 3078, 3077, 30.6, 30.5, 30.3, 23.8, 14.5. HRMS: (ESI) [M*Halcd for
C23H40N30, 374.3166, observed, 374.3173.
N-(4-tridecylphenyl)piperazine-1-carboxamide hydrogen chloride(2.209)
Synthesized accoif to General Procedug&3. Purified

HCI
NH  —\ via trituration with ethyl acetate and diethyl ether. White

O/>—N\_/NH
solid (91%, 119 mg)*H NMR (600 MHz, CROD) u
7.317 7.19 (m, 2H), 7.1% 7.06 (m, 2H), 3.82 3.72 (m, 4H), 3.30 3.24 (m, 4H), 2.56

(t, J=7.6 Hz, 2H), 1.59 (pJ = 7.3 Hz, 2H), 1.37 1.21 (m, 20H), 0.90 (J = 7.0 Hz,
3H).3C NMR (151 MHz,CROD) U 157.6, 139.5,,424338.3,9,
33.1, 32.9, 3038 3079, 3077, 3076, 30.6, 30.5, 30.3, 23.8, 14.5. HRMS: (ESI) [M¥H]

calcd for G4H42N30, 388.3322, observed, 388.3322.

164

129.



5.6 PROCEDURES AND CHARACTERIZATIONS FOR CHAPTER 3

General Procedure 3.1: HCTU Amide Coupling. To a roundbottom flask
containing a stir bar was added the appropriate benzoic acicequit), DIEA (3.0
equiv), and DCM(0.2 M). The mixture was allowed to stir gtfor 15 min and HCTU
(1.2 equiv) and aN-Boc-piperazine (1.0 equiv) were added. The solutias stirred for
16 h atrt at which point complete consumption of the starting material was observed.
Upon completion, the reaction mixture was concentrated under reduced pressure to afford
a crude oil. This oil was subjected to flash chromatography awitlappropriate ethyl
acetate in hexanes solvent system to yield the desired purified product.

General Procedure 3.2: One-Pot Hydroboration-Suzuki Miyaura Cross
Coupling. To an overdried tweneck rounebottom flask containing -tlecene (1.1
equiv) in THF (0.2 M) was added BBN (1.5equiv, 0.5 M in THF). A condenser was
attached and the reaction mixture was heated to reflux for 2 h. Following hydroboration,
the mixture was cooled tat and the appropriate aryl halide (1€quiv) and
Pd(dppf)CtA CBl, (5 md%) were added. A solution of 3 M KOBH) (3.0 equiy) was
then slowly syringed into the reaction flask. The resulting mixture was again heated to
reflux until complete consumption of the aryl iodide was observed as monitored by TLC
(approximately 4 h). Upo completion, the mixture was cooledrtpfiltered over celite,
and concentrated under reduced pressure to afford a crude oil. This oil was subjected to
flash chromatography with an appropriate ethyl acetate in hexanes solvent system to yield
the desiregburified product.

General Procedure 3.3: HCI-Assisted Boc Deprotection.To a 6dram vial

containing arN-Boc-protected amine (1.8quiv) dissolved in DCM(0.2 M) was added
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HCI (10.0equiv, 4 M in dioxane). The resulting mixture was allowed to stir uht# t
complete consumption of starting material was observed as monitored by TLC
(approximately 2 h). Theeaction mixture was then concentratetler reduced pressure
and the residue was rinsed with diethyl ether until a thick White precipitate formed. This
precipitate was subjected to trituration with an appropriate solvent system to afford the
pure product as a hydrochloride salt.

General Procedure3.4: Nucleophilic Substitution A. To an overdried round
bottom flask, the appropriateydroxymethylbenzoat (1.0equiv), K2COs (2.0 equiv),
and alkyl halide (1.2quiv) were added at followed by MeCN (0.2 M) A condenser
was attached and the reaction mixture was heated to a reflux until consumption of the
starting material was observed by TLC (approximat@lyr). Upon completion, the
reaction mixture was cooled tb and partitioned between ethyl acetate and water. The
organic layer was collected and washed with brine (x3) and dried &laThe dried
organic layer was vacuum filtered before concentratiocthe filtratein vacuoto afford a
crude yellow oil, which was then subjected to flash chromatography with an appropriate
ethyl acetate and hexane solvent system to afford the purified product.

General Procedure3.5: Saponification of Methyl BenzoatesTo an overdried
roundbottom flask containing the appropriate methyl benzoatedgudy) dissolved in
water (0.2 M) was added NaOH (4.€quiV). A condenser was attached and the reaction
mixture was heated to a reflux until consumption of the methyl lz@#@ztarting material
was observed as monitored by TLC (approximately 6 h). Upon completion, the mixture

was cooled tat, acidified to pH < 2 using 4 M HGi(). Product was then extracted with
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ethyl acetate, which was then isolated and dried witsS§8aand vacuum filtered. The
solution was then concentratiedvacuoto afford the crude product as a yellow oil.

General Procedure3.6: Nucleophilic Substitution B. To an overdried round
bottom flask, tert-butyl 4-(4-(1-(hydroxyimino)ethyl)benzoyl)piperazel-carboxylate
(1.0 equiv) was dissolved in dry THF0.2 M)and cool ed to O C. To
solution, sodium hydride (60% wt., dispersion in Paraffin Liquid,eh0iv) was slowly
added and the mixture was allowed to stir for 10 minutes. Then, pgrepa@ate alkyl
bromide (1.1equiy) was added dropwise to the reaction. The resulting solution was
allowed to warm tat and stir for 16 hours or until complete consumption of the starting
material was observed on TLC. Upon completion, the reaction mintasecooled tat
and partitioned between ethyl acetate and water. The organic layer was collected and
washed with brine (x3) and dried of 2,. The dried organic layer was vacuum filtered
before concentration of the filtraie vacuoto afford a crude gllow oil, which was then
subjected to flash chromatography with an appropriate ethyl acetate and hexane solvent
system to afford the purified product.

General Procedure3.7: 1,2,40xadiazole Synthesisin a roundbottom flask,
CDI (1.1) and the appropt®carboxylic acid (1.&quiv) were dissolved in DMF0.2 M)
at rt and the solution was allowed to stir for 10 minutes followed by the addition of tert
butyl 4-(4-(N'-hydroxycarbamimidoyl)benzoyl)piperaziiecarboxylate (1.0 equiv). A
condenserwas atteeld and the reaction mixture was hea
of the starting material was observed by TLC (approximately 6 h). Upon completion, the
reaction mixture was cooled tb and partitioned between ethyl acetate and water. The

organic layer \as collected and washed with sat. LiBg)((x3) and dried of N&5Qu. The
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dried organic layer was vacuum filtered before concentration of the fillratacuoto
afford a crude yellow oil, which was then subjected to flash chromatography with an
appropride ethyl acetate and hexane solvent system to afford the purified product.
tert-butyl 4-(4-bromo-2-methylbenzoyl)piperazinel-carboxylate (3.2a)
o Synthesized according to General Proced@utePurified via
/@fL'GI ° column chromatography 10-30% ethyl acetate/heras).
) Tof 7< White solid, 438 mg, 98% vyieldH NMR (600 MHz, CDCJ)
O 71738 (m, 1H), 7.34 7.32 (m, 1H), 7.00 (d] = 8.1 Hz, 1H), 3.78 3.68 (m, 2H),

3.52i 3.44 (m, 2H), 3.33 3.28 (M, 2H), 3.19 3.14 (m, 2H), 2.26 (s, 3H), 1.43 (s, 9H).

13C NMR (151MHz, CDCk) U 169. 3, 154. 5, 136. 7, 134.

80.5, 46.7, 41.5, 28.4, 19. 8RMS: (ESI) [M+H] calcd for G7H24BrN2Os, 383.0965,
observed, 383.0975.
tert-butyl 4-(4-iodo-3-methylbenzoyl)piperazine 1-carboxylate (3.2b)

o Synthesizedaccording to General Procedusel. Purified via
D)LO o column chromatographyl-30% ethyl acetate/hexanegyhite

I solid, 409 mg, 99% yieldH NMR (500 MHz, CDC}) U 7.

(d, J = 8.0 Hz, 1H), 7.24 (dJ = 2.0 Hz, 1H), 6.85 (dd] = 8.0, 2.1 Hz, 1H), 3.71 (brs,
2H), 3.537 3.35 (m, 6H), 2.43 (s, 3H), 1.46 (s, 9MC NMR (126 MHz, CDCJ) U
170.0, 154.7, 142.4, 139.3, 135.4, 128.2, 125.7, 103.1, 80.6, 28.5, 28.3.

tert-butyl 4-(4-bromo-2,5dimethylbenzoyl)piperazine 1-carboxylate 3.2¢)

o) Synthesized according tGeneral Procedu@l. Purified via
t@ikm N column chromatography1Q-30% ethyl acetate/hexanes).
Br \n/
© White solid, 416 mg, 96% vyielddH NMR (600 MHz,
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CDCk) o 7.36 (s, 1H368mM62HPB55E.45(m, 2HY,)3.37 329 8 2
(m, 2H), 3.21i 3.16 (m,2H), 2.31 (s, 3H), 2.20 (s, 3H), 1.45 (s, 9L NMR (151
MHz, CDCBh) a 169. 7, 154. 6, 135. 9, 134. 7, 134. 2,
28.4, 22.5, 18.4HRMS: (ESI) [M+H]" calcd for GeH26BrN2Os, 397.1121, observed,
397.1120.
tert-butyl 4-(4-bromo-2,3-dimethylbenzoyl)piperazine 1-carboxylate (3.2d)
o} Synthesized according to General Proce@®.tePurified via

N
. K/N\ﬂ/o column chromatography1Q-30% ethyl acetate/hexanes).
;

° White solid, 401 mg, 93% vyielddH NMR (600 MHz,
CDCL) U 7J=43 HZ, 1, 6.86 (d,J = 8.1 Hz, 1H), 3.82 3.73 (m, 2H), 3.55
3.46 (m, 2H), 3.34 3.31 (m, 2H), 3.21 3.16 (m, 2H), 2.39 (s, 3H), 2.26 (s, 3H), 1.46
(s, 9H).*C NMR (151 MHz, CDG)) & 169.9, 154.6, 137.7, 135
124.4, 80.6, 46.8, 41.28.5, 19.9, 18.0. HRMS: (ESI) [M+HFalcd for GgH26BrN20s3,
397.1121, observed, 397.1123.
tert-butyl 4-(4-iodo-2-(trifluoromethyl)benzoyl)piperazine-1-carboxylate (3.2e)

0 Synthesized according to General Procedite Purified via
| /@f; :()\JTO\K column chromatography(10-30% ethyl acetate/hexanes).

© White solid, 370 mg, 97% yieldd NMR (600 MHz, CDCJ) U

8.03 (s, 1H), 7.94 7.92 (m, 1H), 7.05 (d) = 8.0 Hz, 1H), 3.82 3.76 (m, 1H), 3.71
3.66 (m, 1H), 3.54 3.44 (m, 2H), 3.3% 3.30 (M, 2H), 3.15 3.11 (M, 2H), 1.44 (s, 9H).
F NMR (565 MHz, CDCG) -60.07.'°C NMR (151 MHz, CDGJ) ua 16.6,. 8, 154

141.4, 135.8 (g) = 4.6 Hz), 134.0, 128.8, 128.6 (= 32.3 Hz), 122.6 (q) = 274.6
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Hz), 94.4, 80.6, 47.0, 41.8, 28.BIRMS: (ESI) [M+H] calcd for G7H21FsIN2Os,
485.0543, observed, 485.0540.
tert-butyl 4-(4-iodo-2-methoxybenzoyl)piperazinel-carboxylate (3.2f)

Synthesized according to General ProcedutePurified via

/@\)L N/\ column chromatography 10-30% ethyl acetate/hexanes).
o Sty
| o} White solid, 299 mg, 75% yieldd NMR (600 MHz, CDCJ)
a 771 7326 (m, 1H), 7.20 7.17 (m, 1H), 6.9% 6.86 (m, 1H), 3.79 3.71 (m, 4H),
3.651 3.58 (m, 1H), 3.49 3.42 (m, 1H), 3.33 3.29 (m, 2H), 3.22 3.09 (m, 2H), 1.41
(s, 9H).*C NMR (151 MHz,CDG) U 167 . 6, 155. 5, 120.8,. 7, 130
120.1, 95.9, 80.7, 55.9, 46.8, 41.7, 28.3. HRMS: (ESI) [M+dd]cd for G7H24IN2Osa,
447.0775, observed, 447.0764.

tert-butyl 4-(2-fluoro-4-iodobenzoyl)piperazinel-carboxylate 3.29)

0 Synthesized according to General Procedute Purified via
/@\)L'O\l o column chromatography 10-30% ethyl acetate/hexanes).
| F e \’<

© White solid, 384 mg, 94% yieldd NMR (500 MHz, CDCJ)

4 7. 5J3=8.0,d.8 Hz, 1H), 7.50 (dd,= 8.7, 1.5 Hz, 1H), 7.12 (dd,= 8.0, 7.0 Hz,
1H), 3.75 (brs, 2H), 3.58 3.49 (m, 2H), 3.42 3.39 (m, 2H), 3.28 (brs, 2H), 1.47 (s,
9H).1% NMR (376 MHz, CDGJ) -112.51 (t,J = 8.1 Hz)3C NMR (126 MHz CDCk)

U 164. 7,J=253.4Hzp 154.6] 134.4 (= 3.6 Hz), 130.6 (d] = 3.8 Hz), 125.4
(d, J = 24.0 Hz), 123.6 (dJ = 17.8 Hz), 95.5 (dJ = 7.5 Hz), 80.6, 47.1, 42.2, 28.5.

HRMS: (ESI) [M+H] calcd for GeH21FIN20s, 435.0575, observed, 48580.
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tert-butyl 4-(2,6-difluoro -4-bromobenzoyl)piperazine 1-carboxylate (3.2h)
F O Synthesized according to General Proce@®utePurified via
. d D \ﬂ/ 7< column chromatography10-30% ethyl acetate/hexanes).
White solid, 404 mg, 95% vyieldd NMR (600 MHz, CDCJ)
O 77 7118 (m, 2H), 3.75 3.72 (m, 2H), 3.50 3.46 (m, 2H), 3.40 3.37 (m, 2H),
3.267 3.23 (M, 2H), 1.42 (s, 9HYF NMR (565 MHz, CDCJ) -111.06.23C NMR (151
MHz, CDCk) & 159 . 41=254.5 8.018z), (54.4, 123.6 {t= 11.7 Hz), 116
i 115.9 (m), 112.8 () = 23.1 Hz), 80.5, 46.7, 41.9, 28HRMS: (ESI) [M+H] calcd for
C16H20BrF2N203, 405.0620, observed, 405.0650.
tert-butyl 4-(4-bromo-1-naphthoyl)piperazine-1-carboxylate (3.2i)
o Synthesized according to General Proce®.tePurified via
N/\ column chromatography10-30% ethyl acetate/hexanes).
o SN |
o} White solid, 370 mg, 88% yieldd NMR (600 MHz, CDCJ)
U 8. 268.5Ht,1H), 7.79 7.73 (m, 3H), 7.61 (t) = 7.6 Hz, 1H), 7.56 () = 7.5
Hz, 1H), 7.21 (dJ = 7.3 Hz, 1H), 3.94 3.76 (m, 2H), 3.60 3.52 (m, 2H), 3.30 3.18
(m, 2H), 3.14i 3.08 (m, 2H), 1.41 (s, 9H}3C NMR (151 MHz, CDCJ) 0.2, 154.7,
133.6, 133.5, 132.1, 130.6, 129.4, 128.2, 127.9, 124.9, 124.5, 124.1, 80.8, 47.1, 41.9,
28.3. HRMS: (ESI) [M+H] calcd for GoH24BrN2Os, 419.0965, observed, 419.0950.

tert-butyl 4-(4-iodobenzoyl)piperazinel-carboxylate 3.2))

o Synthesized aceding to General ProceduBel. Purified via
N
N N _ o
| | P ()\1 o column chromatography 10-30% ethyl acetate/hexanes).
0 White solid, 150 mg, 36% yieldH NMR (500 MHz, CDCY)

U 8.78 (s, J48D 2.1 Ha,.1H)27.47 (d.¢ 8.1 Hz, 1H), 3.75 3.71 (m,
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2H), 3.611 3.57 (m, 2H), 3.55 3.50 (m, 2H), 3.47 3.42 (m, 2H), 1.45 (s, 9H}C
NMR (126 MHz, CDCj) u 166. 8, 154. 7, 154.3,72152. 3,
42.6, 28.5. HRMS: (ESI) [M+H]calcd for GsH21IN30s, 418.0622, observed, 418.0629.
tert-butyl 4-(6-iodonicotinoyl)piperazine-1-carboxylate (3.2k)
o Synthesized according to General ProcedutePurified via
|ﬂm o column chromatography 10-30% ethyl acet&/hexanes).
\g/ j< White solid, 150 mg, 36% yieldd NMR (600 MHz, CDCJ)
U 8. 3J=25,0.8Hz, 1H), 7.78 (dd,= 8.0, 0.8 Hz, 1H), 7.36 (dd,= 8.1, 2.5 Hz,
1H), 3.69 (s, 2H), 3.43 (d,= 68.8 Hz, 6H), 1.43 (s, 9HFC NMR (151 MHz, CDCJ) U
167.1, 154.4, 148.7, 136.5, 135.0, 130.7, 119.6, 80.6, 47.6, 42.3,HRMS: (ESI)
[M+H] ™" calcd for GsH21IN3Os, 418.0622, observed, 418.0629.
tert-butyl 4-(4-decyl2-methylbenzoyl)piperazinel-carboxylate @3.3a)
Synthesized according to General ProcedB
Ci/\/@iLO o Purified via column chromatograph0¢40% ethyl
\([3]/ 7< acetate/hexanesyhite solid, 452 mg, 97% yield.
IH NMR (500 MHz, CDC{) & 1 B.970(m, 3H), 3.81 3.69 (m, 2H), 3.48 (brs, 2H),
3.31 (brs, 2H), 3.20 (brs, 2H), 2.552.51 (m, 2H), 2.25 (s, 3H), 1.581.49 (m, 2H),
1.43 (s, 9H), 1.30 1.21 (m, 14H), 0.85 (] = 6.9 Hz, 3H)HRMS: (ESI) [M+K]" calcd
for Co7HasN203, 4453425, observed, 445.3411.
tert-butyl 4-(4-decyl3-methylbenzoyl)piperazinel-carboxylate (3.3b)
o Synthesized according to General Proceddie

N
Ci/\D)L Q \n/O\!< Purified via column chromatograph0c40% ethyl
o

acetate/hexanesyVhite solid, 383 mg, 91% vyield.
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IH NMR (600 MHz, CDCE) & 1 7.111(r8, 3H), 3.76 3.68 (m, 2H), 3.52 3.37 (m,
6H), 2.64i 2.53 (m, 2H), 2.31 (s, 3H), 1.571.51 (m, 2H), 1.46 (s, 9H), 1.371.23 (m,
14H), 0.87 (tJ = 7.0 Hz, 3H). HRMS: (ESI) [M+H] calcd for G7HasN20s, 445.3425,
observed, 445.3421.

tert-butyl 4-(4-decyl2,5-dimethylbenzoyl)piperazine 1-carboxylate (3.3c)

o Synthesized according to General ProcedBiz
Ci/\:@iLO o Purified via column chromatograph0¢40% ethyl
g
0 7< acetate/hexanesyhite solid, 354 mg, 77% yield.

IH NMR (500 MHz, CDCJ) & 61HP &89 (s;slH), 3.883.68 (m, 2H), 3.55 3.45
(m, 2H), 3.33 (s, 2H), 3.25 3.19 (m, 2H), 2.24 (s, 3H), 2.22 (s, 3H), 1i53.46 (m,
2H), 1.45 (s, 9H), 1.37 1.22 (m, 14H), 0.90 0.85 (m, 3H).13C NMR (126 MHz,
CDCl) a 170. 8, 175¥83.27 131.3, 432.0, 327.5, B(B4371.0, 46.8, 41.5,
33.3, 32.0, 30.4, 2948 29.8, 29.722, 29.0, 29.5, 28.5, 22.8, 18.9, 18.7, 14HRMS:
(ESI) [M+H]" calcd for GsHa7N203, 459.3581, observed, 459.3578.
tert-butyl 4-(4-decyl2,3-dimethylbenzoyl)piperazine-1-carboxylate 3.3d)

o Synthesized according to General ProcedBi2
WO 5 Purified via column chromatographg0t40% ethyl

lr 7< acetate/hexanesyVhite solid, 292 mg, 63% yield.

IH NMR (500 MHz, CDC{) 0 6J1=97F H4, tH), 6.89 (dJ = 7.7 Hz, 1H), 3.81
3.73 (M, 2H), 3.52 3.47 (m, 2H), 3.33 3.29 (m, 2H), 3.22 3.17 (M, 2H), 2.66 2.51
(m, 2H), 2.21i 2.16 (m, 6H), 1.56 1.48 (m, 2H), 1.45 (s, 9H), 1.301.21 (m, 14H),
0.9071 0.83 (m, H). HRMS: (ESI) [M+K]" calcd for GsH4eKN203, 497.3140, observed,

497.3130.
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tert-butyl 4-(4-decyl2-(trifluoromethyl)benzoyl)piperazine-1-carboxylate 3.3€e)

o Synthesized according to General ProcedBiz
Ci/\/@fLN(/\N o Purified via column chromatographg0t40% ethyl

CRTTR o .

0 acetate/hexanesyVhite solid, 340 mg, 89% yield.

IH NMR (400 MHz, CDCY) & 7. 48 ( sJ=78H)Y Hz, IH),3.20 (4= d,
7.8 Hz, 1H), 3.84 3.77 (m, 1H), 3.73 3.66 (m, 1H), 3.53 3.46 (m, 2H), 3.35 3.30
(m, 2H), 3.16( 3.12 (m, 2H), 2.68 2.63 (m, 2H), 1.66 1.57 (m, 2H), 1.44 (s, 9H), 1.32
i 1.21 (m, 14H, 0.917 0.80 (m, 3H)X%F NMR (376 MHz, CDCJ) -8B.75. HRMS:
(ESI) [M+H]" calcd for G7H42FsN20s, 499.3142, observed, 499.3150.
tert-butyl 4-(4-decyl2-methoxybenzoyl)piperazinel-carboxylate 3.3f)

o Synthesized according to General ProcedBiz
(Z/\/@fL N/\ Puiified via column chromatograph@@-40% ethyl

o ““TOK o |

! 0O acetate/hexanesyVhite solid, 202 mg, 82% yield.
IH NMR (400 MHz, CDCY) & 7J=17% H¢, @H), 6.79 (dd] = 7.7, 1.4 Hz, 1H),
6.69 (d,J = 1.4 Hz, 1H), 3.84 3.76 (m, 4H), 3.73 3.64 (m, 1H), 3.51 3.46 (m, 2H),
3.381 3.33 (m, 2H), 3.27 3.14 (m, 2H), 2.60 2.55 (m, 2H), 1.68 1.55 (m, 2H), 1.45
(s, 9H), 1.32 1.22 (m, 14H), 0.90 0.82 (m, 3H)13C NMR (101 MHz,CDG)) U 168. 5,
155.3, 154.7, 146.3, 128.1, 122.7, 121.1, 111.1, 80.3, 55.6, 4600,41.7, 36.3, 32.1,
32.0, 29.2, 29.M, 29.4, 28.5, 26.3, 22.8, 22.1, 14RMS: (ESI) [M+H] calcd for
C27H4sN204, 461.3374, observed, 461.3375.
tert-butyl 4-(4-decyl2-fluorobenzoyl)piperazine-1-carboxylate 3.39)

0 Synthesized according to Generatoéedure 3.2.

(Z/\/Q\)LO\, o Purified via column chromatograph20t40% ethyl
F

1K

0]
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acetate/hexanes)Vhite solid, 433 mg, 92% vyieldd NMR (600 MHz, CDCJ) G 7. 28 ( t
J=7.5Hz, 1H), 7.01 (dd] = 7.8, 1.5 Hz, 1H), 6.91 6.88 (m, 1H), 3.75 (brs, 2H), 3.53
i 3.48 (m, 2H), 3.43 3.39 (m, 2H), 3.30 (brs, 2H), 2.662.53 (m, 2H), 1.61 1.56 (m,
2H), 1.46 (s, 9H), 1.31 1.22 (m, 14H), 0.87 (t) = 7.0 Hz,3H). 1% NMR (376 MHz,
CDCl) -115.61 (t,J = 8.9 Hz).23C NMR (151 MHz, CDCJ) U 165. 8= 158. 1
247.5 Hz), 154.7, 147.8 (d,= 7.3 Hz), 129.2 (dJ = 3.8 Hz), 125.0 (dJ = 3.1 Hz),
120.9 (d,J = 17.0 Hz), 115.6 (d) = 20.8 Hz), 80.5, 47.1, 42.8B5.7, 32.1, 31.1, 29.7,
29.6, 29.4, 29.3, 28.5, 22.8, 14.3.HRMS: (ESI) [M*Hjalcd for GeH42FN2Os3,
449.3174, observed, 449.3170.
tert-butyl 4-(4-decyl2,6-difluorobenzoyl)piperazine-1-carboxylate (3.3h)
F oo Synthesized according to General Procedd2.
CL L0 o oo w
E K/NTOK Purified via column chromatography0¢40% ethyl
acetate/hexanesjvhite sc())Iid, 401 mg, 87% vyieldHd NMR (600 MHz,CDCY) U 6. 76 ( d,
J= 8.4 Hz, 2H), 3.80 3.76 (m, 2H), 3.54 3.49 (m, 2H), 3.44 3.41 (m, 2H), 3.32
3.28 (m, 2H), 2.61 2.57 (m, 2H), 1.61 1.56 (m, 2H), 1.46 (s, 9H), 1.321.21 (m,
14H), 0.87 (tJ = 7.0 Hz, 3H)1%F NMR (565 MHz, CDGJ)) -113.79i -113.95 (m)23C
NMR (151 MHz, CDCf) & 16 0. 8J),=2495 8.4 Bz), (L5.6,,148.1 {t= 9.2
Hz), 111.97 111.7 (m), 110.5 (&) = 23.1 Hz), 80.5, 71.0, 46.9, 42.1, 41.9, 32.1, 32.0,
30.8, 29.7, 29.6, 29.5, 29.4, 29.2, 28.5, 22.8, 1MRBMS: (ES) [M+H]* calcd for
C26Ha1F2N203, 467.3080, observed, 467.3089.
tert-butyl 4-(4-decyk1-naphthoyl)piperazine-1-carboxylate (3.3i)
O o Synthesized according to General Proced8r2

O N()l o Purified via column chromatograph20t40% ethyl
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acetate/hexanes)Vhite sold, 266 mg, 63% yieldH NMR (400 MHz, CDCJ) G i8. 09
8.05 (m, 1H), 7.84 7.81 (m, 1H), 7.55 7.47 (m, 2H), 7.31 (s, 2H), 4.033.74 (m, 2H),
3.651 3.52 (m, 2H), 3.32 3.23 (m, 2H), 3.19 3.15 (m, 2H), 3.11 2.99 (m, 2H), 1.75
i 1.61 (m, 2H), 1.44 (s, 9H), 1.341.22 (m, 14H), 0.89 0.85 (, 3H).13C NMR (101
MHz, CDCl3) u 170. 1, 154. 6, 140. 9, 132. 2, 132.1
124.6, 123.7, 80.4, 47.1, 41.8, 33.3, 32.0, 30.9, 29.9, 29.7, 29.6, 29.4, 28.5, 22.8, 14.2.
HRMS: (ESI) [M+H]" calcd for GoHasN20s, 481.3425, observed81.3426.
tert-butyl 4-(4-decylbenzoyl)piperazinel-carboxylate (3.3j)
. © Synthesized according to General Proced8i2
| /\ NK/)\JTO7< Purified via column chromatograph20t40% ethyl
© acetate/hexanes)Vhite solid, 81 mg, 52% vyieldH
NMR (600 MHz, CDCY) U 81HB B61i(758 (m, 2H), 3.77 3.74 (m, 2H), 3.63
3.60 (m, 2H), 3.55 3.52 (m, 2H), 3.47 3.44 (m, 2H), 2.67 2.58 (m, 2H), 1.65 1.57
(m, 2H), 1.46 (s, 9H), 1.35 1.21 (m, 14H), 0.87 () = 6.8 Hz, 3H).2*C NMR (151
MHz, CDCk) U 168.50.1, 148.5,4399,,1371, 124.0, 80.4, 47.2, 42.5, 33.1,
32.0, 31.1, 29.7, 29.6, 29.5, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [Maktd for
CasH42N303, 432.3221, observed, 432.3221.

tert-butyl 4-(6-decylnicotinoyl)piperazine-1-carboxylate (3.3k)

0 Synthesized according to General Proced@r2.

N™™ N
WK/NTOK Purified via column chromatographf0t40% ethyl

(0]
acetate/hexanes\Vhite solid, 81 mg, 52% yieldH

NMR (600 MHz, CDCY) U 8J=R2 HZ, 1H), 7.66 (dd] = 8.0, 2.3 Hz, 1H), 7.21

(d,J = 7.9 Hz, 1H), 3.73 (s, 2H), 3.563.38 (m, 6H), 2.83 2.78 (m, 2H), 1.75 1.69
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(m, 2H), 1.46 (s, 9H), 1.37 1.22 (m, 14H), 0.87 (tJ = 7.0 Hz, 3H)X3C NMR (151
MHz, CDCbk) 18.5,1164.6, 154.6, 147.6, 135.7, 128.5, 122.7, 80.6, 38.5, 32.0, 29.9,
29.72, 29.0, 29.6, 29.5, 29.4, 28.5, 22.8, 14.3. HRMS: (ESI) [M*Hhlcd for
C2sH42N303, 432.3221, observed, 432.3216.
(4-decyt2,5dimethylphenyl)(piperazin-1-yl)methanone hydrochlaide (3.4a)

0 Synthesized according to General Proce@®B8ePurified
WOH via trituration with ethyl acetate and diethyl ethéthite

"¢ solid, 310 mg, 80% yieldH NMR (500 MHz,CD:OD) i

7.187 7.16 (m, 1H), 7.15 7.14 (m, 1H), 7.12 7.10 (m, 1H), 4.17 3.88 (m, 2H), 3.54
(brs, 2H), 3.35 (brs, 2H), 3.18 (brs, 2H), 2i62.59 (m, 2H), 2.29 (s, 3H), 1.641.57
(m, 2H), 1.35( 1.27 (m, 14H), 0.90 (4 = 7.0 Hz, 3H)13C NMR (126 MHz CD:OD) U
172.7, 146.2, 135.8, 133.0, 131.9, 127.3, 127.1, 44.8, 44.6, 44.4, 39.4, 36.7, 33.1, 32.6,
30.7, 30.6, 30.5, 30.3, 23.7, 19.1, 14¥RMS: (ESI) [M+H] calcd for GzHs7N20,
345.2900, observed, 345.2899.
(4-decyk3-methylphenyl)(piperazin-1-yl)methanone hydrochloride @3.4b)

o) Synthesized according to General ProcedBePurified
WOH via trituration with ethyl acetate and diethyl ethéfhite

" solid, 390 mg, 94% yieldH NMR (500 MHz,CDsOD) i

7.271 7.23 (m, 3H), 3.86 (brs, 4H), 3.303.26 (m, 4H) 2.71i 2.60 (m, 2H), 2.35 (s,
3H), 1.58 (p,J = 7.6 Hz, 2H), 1.46 1.22 (m, 14H), 0.90 (] = 6.9 Hz, 3H)3C NMR
(126 MHz,CDsOD) a 173. 1, 145. 4, 137. 9, 132. 8, 130
31.3, 30.3, 3066, 30.6, 30.5, 23.7, 19.3, 14.HRMS: (ESI) [M+H] calcd for

C22H37N20, 345.2900, observed, 345.2911.
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(4-decyt2,5dimethylphenyl)(piperazin-1-yl)methanone hydrochloride (3.4c)

o) Synthesized according to General Proced.8ePurified

N
(Z/\:QiLQH via trituration with ethyl acetate and diethyl ethéfhite

" solid, 102 mg, 90% yieldH NMR (500 MHz,CDsOD)

¢

7.06 (s, 1H), 7.03 (s, 1H), 4.13 (brs, 1H), 3.92 (brs, 1H), B353 (m, 2H), 3.37 3.33
(m, 2H), 3.18 (brs, 2H), 2.682.57 (m, 2H), 2.29 (s, 3H), 2.24 (s, 3H), 1i53.51 (m,

2H), 1.41i 1.26 (m, 14H), 0.90 (tJ = 7.0 Hz, 3H)23C NMR (126 MHz CD:OD)

[emi¢

172.8, 144.2, 135.0, 133.1, 133.0, 132.3, 128.5, 44.8, 44.6, 44.4, 39.4, 34.1, 33.1, 31.5,
30.73, 3067, 30.6, 30.5, 23.7, 18.8, 18.6, 14.5. HRMS: (ESI) [M%*Hhlcd for
C23H39N20, 359.3057, observed, 359.3069.
(4-decyt2,5dimethylphenyl)(piperazin-1-yl)methanone hydrochloride (3.4d)
0 Synthesized according to General ProcediBe Purified
WUH via trituration with ethyl acetate and diethyl ethérhite
HCI

solid, 220 mg, 88% yieldH NMR (500 MHz,CDsOD)

[enlq

7.09 (d,J = 7.8 Hz, 1H), 7.00 (dJ = 7.8 Hz, 1H), 4.18i 4.09 (m, 1H), 3.98 3.89 (m,

1H), 3.57i 3.47 (m, 2H), 3.38 3.32 (m, 2H), 3.23 3.10 (m, 2H), 2.67 (td] = 7.3, 2.2

Hz, 2H), 2.26 (s, 3H), 2.22 (s, 3H), 1.601.48 (m, 2H), 1.42 1.26 (m, 14H), 0.94

0.86 (m, 3H)*C NMR (126 MHz,CD3s0D) ua 173. 3, 144. 0, 137.
124.0, 44.8, 44.6, 44.4, 39.3, 35.2, 33.1, 31.8,43@0.73, 3067, 30.6, 30.5, 23.7, 17.2,
15.3, 14.4HRMS: (ESI) [M+H] calcd for GsHzdN20, 359.3057, observed, 359.3055.
(4-decyt2-(trifluoromethyl)phenyl )(piperazin-1-yl)methanone hydrochloride @.4€e)

0 Synthesized according to General ProcediBe Purified

N
Ci/\/©\)::®H via trituration with ethyl acetate and diethyl eth@rhite
3

HCI
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solid, 254 mg, 85% yieldH NMR (600 MHz,CD:OD) Ut 7. 64 ( 9:78 H), 7.
Hz, 1H), 7.45 (d,J = 7.7 Hz, 1H), 4.13 4.07 (m, 1H), 3.96 3.90 (m, 1H), 3.55 3.35

(m, 3H), 3.25 3.09 (m, 2H), 2.75 (t) = 7.8 Hz, 2H), 1.69 1.62 (m, 2H), 1.38 1.25

(m, 14H), 0.921 0.87 (m, 3H)X°F NMR (565 MHz,CDsOD) -60.91.23C NMR (151

MHz, CDs0OD) ua 169. 9, 147. 2, 1 33313 Hz),12Z%.8 (qJ/=, 128.
4.6 Hz), 125.2 (g) = 273.2 Hz), 45.1, 44.2, 39.5, 36.4, 33.1, 32.3, B03D69, 30.5,

30.5, 30.2, 23.7, 14.4. HRMS: (ESI) [M+H]calcd for G:Hz4FN2O, 399.2618,
observed399.2619.

(4-decyl2-methoxyphenyl)(piperazin-1-yl) methanone hydrochloride @.4f)

0 Synthesized according to General ProceddiB Purified

N
Ci/\/©\):()\m via trituration with ethyl acetate and diethyl ethérhite

I Ha
solid, 254 mg, 85% yieldH NMR (600 MHz,CD:OD) i

7.217 7.18 (m, 1H), 6.93 (s, 1H), 6.906.88 (m, 1H), 4.12 4.04 (m, 1H), 3.97 3.90
(m, 1H), 3.88 (s, 3H), 3.603.47 (M, 2H), 3.36 3.32 (M, 2H), 3.22 3.18 (m, 2H), 2.66
(t, J= 7.9 Hz, 2H), 1.66 1.61 (m, 2H), 1.36 1.26 (m, 14H), 0.92 0.88 (m, 3H).23C
NMR (151 MHz,CDsOD) ua 170. 5, 156. 8, 148. 7, 129. 3,
44.4, 39.6, 37.1, 33.1, 32.6, 30.7, 30.6, 30.5, 30.4, 23.7, 14.4. HRMS: (ESI) {M+H]
calcd for G2H37N202, 361.2850, observed, 361.2850.
(4-decyk2-fluorophenyl)(piperazin-1-yl)methanone hydrachloride (3.49)

o} Synthesized according to General Procedi8e Purified
(I/\/@f:UH via trituration with ethyl acetate and diethyl ethéfite

" solid, 362 mg, 97% yieldH NMR (600 MHz,CDsOD) i

7.38 (,J = 7.5 Hz, 1H), 7.16 (dd] = 7.8, 1.5 Hz, 1H), 7.09 (dd,= 11.0, 1.5 Hz, 1H),
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4.031 4.00 (m, 2H), 3.66 3.62 (m, 2H), 3.36 3.32 (m, 2H), 3.25 3.21 (m, 2H), 2.70

i 2.65 (m, 2H), 1.67 1.60 (m, 2H), 1.36 1.26 (m, 14H), 0.90 (] = 7.0 Hz, 3H)F
NMR (565 MHz,CDsOD) -117.847 -117.88 (m)13C NMR (151 MHz, CD:OD) i
167.7, 159.6 (d) = 246.6 Hz), 150.2 (d] = 7.4 Hz), 130.3 (dJ = 3.5 Hz), 126.4 (dJ =

2.9 Hz), 120.8 (dJ = 17.2 Hz), 116.7 (d) = 21.1 Hz), 45.1, 44.7, 44.3, 39.8, 36.5, 33.1,
32.3, 30.4, 30.72, 30.6, 30.5, 30.3, 23.8, 14.6lRMS. (ESI) [M+H]" calcd for
C21H34FN20O, 349.2650, observed, 349.2659.

(4-decyt2,6-difluorophenyl)(piperazin -1-yl)methanone hydrochloride @.4h)

F O Synthesized according to General Procedi8e Purified

N
Ci/\/@f\:@'* via trituration with ethyl acetate and diethyl ethérhite

HCI
solid, 35 mg, 82% yieldtH NMR (600 MHz,CD:OD) U

6.99 (d,J = 9.1 Hz, 2H), 4.07 4.04 (m, 2H), 3.69 3.66 (m, 2H), 3.36 3.33 (M, 2H),
3.257 3.22 (m, 2H), 2.70 2.65 (m, 2H), 1.66 1.60 (m, 2H), 1.36 1.25 (m, 14H), 0.90
(t, J = 6.9 Hz, 3H)1% NMR (565 MHz,CD:OD) -115.84 (d,J = 9.1 Hz).)*C NMR
(151 MHz,CDsOD) & 16 2. 5J=248®8,8.3 Hz), 1508 (§,= 9.0 Hz), 113.0
(dd, J = 20.5, 3.4 Hz), 110.4 (1] = 22.7 Hz), 44.8, 44.7, 44.4, 39.6, 36.6, 33.1, 32.0,
30.72, 3069, 30.8, 3046, 30.2, 23.7, 14.5HRMS: (ESI) [M+H] calcd br
C21H33F2N20, 367.2555, observed, 367.2561.
(4-decylnaphthalen1-yl)(piperazin-1-yl)methanone hydrochloride @.4i)

O 0 Synthesized according to General Proced®® Purified

O N()w via trituration with ethyl acetate and diethyl eth@/hite
HCI

solid, 211 mg, 91% igld. *H NMR (600 MHz,CDsOD)  d

8.197 8.15 (m, 1H), 7.87 7.83 (m, 1H), 7.62 7.58 (m, 2H), 7.47 7.41 (m, 2H), 4.23
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i 4.08 (m, 2H), 3.54 3.40 (m, 4H), 3.17 3.04 (m, 4H), 1.77 1.69 (m, 2H), 1.48

1.42 (m, 2H), 1.40 1.26 (m, 14H), 0.91 0.87 (m, 3H)13C NMR (151 MHz,CD:OD) U
172.1, 142.9, 133.2, 132.0, 131.1, 128.1, 127.7, 126.4, 126.1, 125.7, 125.2, 45.1, 44.7,
44.4, 39.6, 34.1, 33.1, 32.1, 30.8, 3.B0.722, 30.6, 30.5, 23.7, 14.5IRMS: (ESI)

[M+H] ™" calcd for GsHs7N20, 381.2900, observed, 381.2907.
(5-decylpyridin-2-yl)(piperazin-1-yl)methanone hydrochloride @.4))

© Synthesized according to General Procedge Purified
N

N

| _ NK/NH via trituration with ethyl acetate and diethyl eth@érhite
" solid, 35 mg, 82% yielddH NMR (500 MHz,CDsOD) a
8.79 (s, 1H), 8.43 (dd} = 8.1, 19 Hz, 1H), 8.10 (dJ = 8.1 Hz, 1H), 3.96 (brs, 4H), 3.38
(brs, 4H), 2.9 2.87 (m, 2H), 1.77 1.70 (m, 2H), 1.4% 1.27 (m, 14H), 0.92 0.88 (m,
3H).13C NMR (126 MHz,CDsOD) U 163. 9, 146. 0, 145. 6, 145.
33.1, 31.7, 30%, 30.66, 3047, 3045, 30.2, 23.7, 14.41RMS: (ESI) [M+H]" calcd for
Ca0H34N30, 332.2696, observed, 332.2704.
(6-decylpyridin-3-yl)(piperazin-1-yl)methanone hydrochloride @.4k)
© Synthesized according to General ProcedBePurified
N' : ,\O“H via trituration withethyl acetate and diethyl eth&khite
solid, 35 mg, 82% yieldH NMR (500 MHz,CDsOD) U
8.99 (d,J = 1.9 Hz, 1H), 8.67 (dd] = 8.3, 2.0 Hz, 1H), 8.10 (d,= 8.3 Hz, 1H), 4.06
3.77 (m, 4H), 3.38 (brs, 4H), 3.163.12 (m, 2H), 1.85 (pJ = 7.7 Hz, 2H), 1.49 1.25
(m, 14H), 0.92i 0.88 (m, 3H).23C NMR (126 MHz,CD:OD) & 165 1464, 160. 6,
141.7, 133.3, 128.8, 44.1, 34.5, 33.0, 30.7, 30.5, 30.4136(28, 30.2, 23.7, 14.4.

HRMS: (ESI) [M+H] calcd for GoH3aN3z0, 332.2696, observed, 332.2702.
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methyl 4-(nonyloxy)benzoate 8.6a)

0 Synthesized according to General Proced@#e Purified via
Ci/\o /©)J\ o column chromatography 10-20% ethyl acetate/hexanes).
White solid, 305 mg, 67% vyieldH NMR (600 MHz, CDCJ) & i 7.969r8, 2H), 6.91
i 6.88 (m, 2H), 4.00 (t) = 6.6 Hz, 2H), 3.88 (s, 3H), 1.831.75 (m, 2H), 1.44 (tdd] =
17.8, 7.3, 4.5 Hz, 3H), 1.391.20 (m, 10H), 0.89 (d] = 6.6 Hz, 3H)13C NMR (151
MHz, CDCk) ua 167. 1, 16 3. B83,5P.08,B2.07/29.7,2252294,29.31 14 . 2,
26.1, 22.8, 14.3. HRMS: (ESI) [M+H]calcd for G7H270s, 279.1955, observed,
279.1961.
methyl 3-methyl-4-(nonyloxy)benzoate 8.6b)

0 Synthesized according to General Proced#e Purified via
(Z/\;@)k()/ column chromatograph (10-20% ethyl acetate/hexanes).
White solid, 430 mg, 98% vyieldH NMR (500 MHz, CDCY) U 7 J8&5, 1.2dHd,,
1H), 7.82 (ddJ = 2.2, 0.9 Hz, 1H), 6.80 (d} = 8.5 Hz, 1H), 4.00 (t) = 6.4 Hz, 2H),
3.87 (s, 3H), 3.40 (§ = 6.9 Hz, 1H), 2.23 (s, 3H), 1.881.77 (m, 2H), 1.51 1.43 (m,
2H), 1.37i 1.24 (m, 10H), 0.95 0.81 (m, 3H. 3C NMR (126 MHz, CDG) U 167 . 3,
161.2, 132.0, 129.4, 126.8, 121.7, 110.0, 68.2, 51.8, 32.0, 29.7, 29.5, 29.4, 29.3, 26.2,
22.8, 16.3, 14.2. HRMS: (ESI) [M+H]calcd for GgH290s, 293.2111, observed,
293.2117.
methyl 3-methoxy-4-(nonyloxy)benzoate 8.6¢)

o Synthesized according to General Procedue Purified via

/O o/
(I/\O:@)\ column chromatography 10-20% ethyl acetate/hexanes).

White solid, 521 mg, 99% viel#H NMR (600 MHz, CDCY) U 7 J 8 &4, 2.00Hd,,

182



1H), 7.54 (dJ = 2.0 Hz, 1H), 6.87 (d] = 8.4 Hz,1H), 4.06 (tJ = 6.9 Hz, 2H), 3.91 (s,
3H), 3.89 (s, 3H), 1.8 1.83 (m, 2H), 1.48 1.42 (m, 2H), 1.38 1.22 (m, 10H), 0.88 (t,
J=7.0 Hz, 3H)*C NMR (151 MHz, CDGJ) ua 167. 1, 152. 7, 148. 9,
111.5, 69.1, 56.2, 52.1, 32.0, 298.5, 29.4, 29.1, 26.0, 22.8, 14.2. HRMS: (ESI)
[M+H] ™" calcd for GgH2904, 309.2060, observed, 309.2061.
methyl 2-fluoro-4-(nonyloxy)benzoate 8.6d)

F O Synthesized according to General Proced#e Purified via
Ci/\o /ﬁj)k o column chromatography 10-20% ethyl acetatbexanes).
White solid, 410 mg, 94% yieldH NMR (500 MHz, CDCJ) 0 7J.=8.7 Hz( 1tH),
6.69 (dd,J = 8.8, 2.4 Hz, 1H), 6.60 (dd,= 12.8, 2.4 Hz, 1H), 3.96 (8,= 6.6 Hz, 2H),
3.88 (s, 3H), 1.80 1.74 (m, 2H), 1.46 1.38 (m, 2H), 1.36 1.21 (m, 10H), 0.89 0.85
(m, 3H).1%F NMR (565 MHz, CDGJ) -106.217 -106.26 (m)13C NMR (126 MHz,
CDCL) U 1 644.18Hz)(164.3 (d) = 11.4 Hz), 163.6 (d] = 259.8 Hz), 133.5 (d,
J = 2.7 Hz), 110.7 (dJ = 3.0 Hz), 110.6 (dJ = 9.9 Hz), 102.7 (dJ = 25.9 Hz), 68.8,
52.1, 32.0, 29.6, 2924 29.4, 29.1, 26.022.8, 14.2. HRMS: (ESI) [M+H]calcd for
C17H26F 03, 297.1860, observed, 297.1862.
methyl 3-fluoro-4-(nonyloxy)benzoate 8.6e)

i 0 Synthesized according to General Procedie Purified via
(Z/\ODJ\O/ column chromatography 10-20% ethyl acetate/hexanes).
White solid,349 mg, 80% vield'H NMR (500 MHz, CDCY) & i 7.778m, 1H), 7.73
(dd,J = 11.7, 2.1 Hz, 1H), 6.95 (§,= 8.4 Hz, 1H), 4.07 () = 6.6 Hz, 2H), 3.88 (s, 3H),
1.887 1.80 (m, 2H), 1.50 1.39 (m, 2H), 1.38 1.23 (m, 10H), 0.90 0.86 (m, 3H)°F

NMR (565 MHz, CDCY) -184.20i -134.24 (n). °C NMR (126 MHz,CDG)) U 166 . 2
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(d,J = 2.7 Hz), 151.9 (dJ = 246.7 Hz), 151.5 (d] = 10.5 Hz), 126.7 (dJ = 3.3 Hz),

122.7 (dJ = 6.4 Hz), 117.4 (d) = 19.9 Hz), 113.4 (d] = 2.2 Hz), 69.5, 52.2, 32.0, 29.6,

29.5, 29.4, 29.1, 26.0, 22.8, 14.2RMS: (ESI) [M+H] calcd for G7/H26FOs, 297.1860,
observed, 297.1867.
methyl 6-(nonyloxy)nicotinate (3.6f)

0 Synthesized according to General Proced®#e The material

N o/
Ci/\o » was partitioned between ethyl acetate and water. The organic

N

layer was collected and wlaed with brine (x3), dried over sodium sulfate, filtered, and

concentrated under reduced pressure. The resulting oil was carried forward crude with no

additional purification.
methyl 4-(hexyloxy)benzoate 8.69)
© Synthesized according to General Procedide Purified via
~
W O/©)L 7 column chromatographyl0-20% ethyl acetate/hexanedyhite
solid, 220 mg, 57% yieldH NMR (600 MHz, CDCJ) & i 7.969r8, 2H), 6.91 6.88

(m, 2H), 4.00 (t,) = 6.6 Hz, 2H), 3.88 (s, 3H), 1.821.76 (m, 2H), 1.49 1.42 (m, 2H),

1.367 1.31 (m, 4H), 0.93 0.89 (m, 3H)33C NMR (151 MHz, CDG)) U 16 7.

131.7, 122.4, 114.2, 68.3, 51.9, 31.7, 29.2, 25.8, 22.7, 14.2. HRMS: (ESI) [Mald{i
for C14H2103, 237.1485, observed, 237.1487.
methyl 4-(heptyloxy)benzoate 8.6h)
0 Synthesized according to General Proced8# Purified via
~
K/\/\ O/©)L 7 column chromatographyl-20% ethyl acetate/hexanegyhite
solid, 343 mg, 83% yieldH NMR (500 MHz, CDCY) U i 7.95918, 2H), 6.91 6.87

(m, 2H), 3.99 (t) = 6.6 Hz, 2H), 3.88 (s, 3H), 1.821.75 (m, 2H), 1.49 1.41 (m, 2H),
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1.397 1.28 (m, 6H), 0.9% 0.87 (m, 3H)}3C NMR (126 MHz, CDC)) U 167 . 0,

131.7, 122.4, 114.2, 68.3, 51.9, 31.9, 29.29., 26.1, 22.7, 14.2. HRMS: (ESI)
[M+H] * calcd for GsH2203, 251.1642, observed, 251406
methyl 4-(octyloxy)benzoate 8.6i)

0 Synthesized according to General Procedue Purified via
C\/\O /@ o column chromatography 10-20% ethyl acetate/hexanes).
White solid, 403 mg, 93% yiel#H NMR (500 MHz, CDC§) U 1 7.964r8, 2H), 6.92

i 6.88 (m, 2H)4.00 (t,J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.821.75 (m, 2H), 1.49 1.42

(m, 2H), 1.38 1.24 (m, 8jH), 0.91 0.87 (m, 3H)13C NMR (126 MHz,CDG)) U 16 7.

163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 31.9, 29.5, 29.4, 29.2, 26.1, 22.8, 14.2. HRMS:

(ESI) [M+H]" calcd for GeH2503, 265.1798, observed, 265.1799.
methyl 4-(decyloxy)benzoate 3.6))

0 Synthesized according to General Procedue Purified via
K\/\//\\O " column chromatography 10-20% ethyl acetate/hexanes).
White solid, 468 mg, 97% yieldH NMR (500 MHz, MCls) U 1 7.969r8, 2H), 6.92
i 6.88 (M, 2H), 4.00 (tJ = 6.6 Hz, 2H), 3.88 (s, 3H), 1.831.75 (m, 2H), 1.48 1.40
(m, 2H), 1.39 1.23 (m, 12H), 0.88 () = 6.9 Hz, 3H)13C NMR (126 MHz, CDGJ)) U
167.1, 163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 2A02, 29.0, 29.33, 29.41, 29.3, 26.1,
22.8, 14.3. HRMS: (ESI) [M+H]calcd for GsH2903, 293.2111, observed, 293.2118.
methyl 4-(undecyloxy)benzoate 3.6k)

Synthesized according to General Proced@#e Purified via

(Z\/\/ /Ej)k column chromatography 10-20% ethyl acetate/hexanes).

White solid, 445 mg, 88% vyieldd NMR (500 MHz, CDCY) U i 7.9691r8, 2H), 6.92
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i 6.88 (M, 2H), 4.00 (tJ = 6.6 Hz, 2H), 3.88 (s, 3H), 1.831.76 (m, 2H), 1.49 1.41
(m, 2H), 1.38 1.24 (m, 14H), 0.88 (t] = 6.9 Hz, 3H)33C NMR (126 MHz, CDGJ) U
167.1, 163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 28X, 29.2, 29.0, 29.53, 29.41, 29.3,
26.1, 22.8, 14.3. HRMS: (ESI) [M+H]calcd for GgHsz10s, 307.2268, observed,
307.2271.
methyl 4-(dodecyloxy)benzoate3.6l)

0 Synthesized according to General Proced@#e Purified via
C\/:\)o /©)J\ " column chromatography 10-20% ethyl acetate/hexanes).
White solid, 300 mg, 57% yiel#d NMR (600 MHz, CDC§) U 1 7.964r8, 2H), 6.91
i 6.88 (M, 2H), 4.00 (t) = 6.6 Hz, 2H), 3.88 (s, 3H), 1.821.76 (m, 2H), 1.48 1.42
(m, 2H), 1.38 1.22 (m, 16H), 0.88 (1) = 7.0 Hz, 3H)33C NMR (151 MHz, CDGJ) U
167.1, 163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 2ZAB3, 2979, 29.72, 29.0, 29.5, 29.3,
26.1, 22.8, 14.3. HRMS: (ESI) [M+H]calcd for GoHs30s, 321.2424, observed,
321.2430.
4-(nonyloxy)benzoic acid 8.7a)

o} Synthesized according to General Procedise White solid,
(ZAO M 267 mg, 94% vyieldtH NMR (600 MHz CDCk) & 1 8.030 7
(m, 2H), 6.95 6.91 (m, 2H), 4.02 (t) = 6.6 Hz, 2H), 1.83 1.77 (m, 2H), 1.49 1.43
(m, 2H), 1.38 1.24 (m, 10H), 0.89 () = 7.0 Hz, 3H)13C NMR (151 MHz, CDGJ) U
171.8, 163.8, 132.5, 121.4, 114.3, 68.4, 32.0, 29.7, 29.5, 294, Z91, 22.8, 14.3.
HRMS: (ESI) [M-H]" calcd for GeH2303, 263.1653, observed, 263.1662.

3-methyl-4-(nonyloxy)benzoic acid 8.7b)
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o Synthesized according to General Procedise White solid,
(ZAO\/@)LOH 350 mg, 88% yieldH NMR (500 MHz, CDCY) U i 7.939 6
(m, 1H), 7.89 (dJ = 2.2 Hz, 1H), 6.83 (d] = 8.6 Hz, 1H), 4.03 (t) = 6.4 Hz, 2H), 2.25
(s, 3H), 1.861 1.79 (m, 2H), 1.52 1.45 (m, 2H), 1.39 1.24 (m, 10H), 0.90 0.86 (m,
3H).*CNMR (126 MHz,CDG&) 4 172. 4, 162. 0, 13 268.3,, 130. 3
32.0, 29.7, 29.5, 29.4, 29.3, 26.2, 22.8, 16.3, 14.3.
3-methoxy-4-(nonyloxy)benzoic acid 8.7¢)

5 © Synthesized according to General Procedbe White solid,
Ci/iO:@)J\OH 215 mg, 45% vyieldtH NMR (600 MHz, CDCJ) & 7 J75 (dd,
= 8.4, 2.0 Hz, 1H), 7.59 (d,= 2.0 Hz, 1H), 6.91 (d] = 8.5 Hz, 1H), 4.09 (tJ = 6.9 Hz,
2H), 3.93 (s, 3H), 1.91 1.85 (m, 2H), 1.49 1.43 (m, 2H), 1.39 1.24 (m, 10H), 0.88 (t,

J=7.0 Hz, 3H)*C NMR (151 MHz, CDGJ) ua 171. 8, 153. 5, 149. 0,
111.5, 69.2, 5@, 32.0, 29.6, 29.5, 29.4, 29.1, 26.0, 22.8, 14.3.
2-fluoro -4-(nonyloxy)benzoic acid 8.7d)

F oo Synthesized according to General Procedise White solid,

(ZAJ@)LOH 263 mg, 73% vyield*H NMR (600 MHz, CDCJ) o 7J=97 ('t ,
O

8.7 Hz, 1H), 6.73 (ddJ = 8.8, 2.4 Hz, 1§ 6.64 (dd,J = 12.8, 2.4 Hz, 1H), 4.00 (§,=
6.6 Hz, 2H), 1.82 1.77 (m, 2H), 1.48 1.42 (m, 2H), 1.38 1.24 (m, 10H), 0.88 (] =
7.0 Hz, 3H)1°F NMR (565 MHz, CDG)) -104.92i -104.96 (m)*C NMR (151 MHz,
CDCk) & 1 &€ 3.8 Hz|, 6%, 164.3 (dJ = 249.0 Hz), 134.2 (d] = 2.2 Hz),
111.0 (d,J = 2.8 Hz), 109.5 (d] = 9.0 Hz), 102.9 (dJ = 25.6 Hz), 68.9, 32.0, 29.6, 29.5,

29.4, 29.0, 26.0, 22.8, 14.3.
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3-fluoro-4-(nonyloxy)benzoic acid 8.7¢)

0 Synthesized according to General ¢gdure3.5. White solid,
(ZAZD*OH 311 mg, 94% vield*H NMR (500 MHz, CDCY) U i 7.858 9
(m, 1H), 7.80 (ddJ = 11.5, 2.1 Hz, 1H), 6.99 (§,= 8.3 Hz, 1H), 4.10 () = 6.6 Hz, 2H),
1.897 1.82 (m, 2H), 1.51 1.44 (m, 2H), 1.39 1.23 (m, 10H), 0.90 0.86 (m, 3H)°F
NMR (376 MHz, CDC}) -183.83i -133.89 (m)}3C NMR (15 MHz, CDCk) 4 171. 0
(d, J = 2.4 Hz), 152.3 (dJ = 10.8 Hz), 152.0 (dJ = 247.1 Hz), 127.6 (d] = 3.2 Hz),
121.7 (dJ = 6.4 Hz), 117.9 (d) = 19.9 Hz), 113.4 (d] = 1.9 Hz), 69.5, 32.0, 29.6, 29.5,
29.4,29.1, 26.0, 22.8, 14.3.
6-(nonyloxy)nicotinic acid 3.7f)

0 Synthesized according to General Procedise White solid,

X" “oH
(Z/\O/O)J\ 54 mg, 57% yield*H NMR (600 MHz, CDCJ) a 8J=0H1 (d,

N

2.3 Hz, 1H), 8.19 (dd] = 8.7, 2.4 Hz, 1H), 6.77 (d,= 8.7 Hz, 1H), 4.36 () = 6.8 Hz,
2H), 1.78 (pJ = 6.9 Hz, 2H),1.507 1.38 (m, 2H), 1.36 1.23 (m, 12H), 0.87 (= 6.9
Hz, 3H).1*C NMR (151 MHz, CDQ) a 171. 2, 167. 4, 151. 2, 140
32.0, 29.7, 29.5, 29.4, 29.0, 26.1, 22.8, 14.3.
4-(hexyloxy)benzoic acid 8.79)

© Synthesized according to Gaal Procedur8.5. White solid,
WOQ)%H 169 mg, 82% yieldH NMR (600 MHz, DMSGds) U 12. 60 ( s,
1H), 7.87 (dJ = 8.5 Hz, 2H), 7.00 (dJ = 8.5 Hz, 2H), 4.03 (&) = 6.5 Hz, 2H), 1.75
1.69 (m, 2H), 1.44 1.38 (m, 2H), 1.33 1.27 (m, 4H), 0.9G 0.85 (m, 3H)X3C NMR
(151 MHz, DMSQds) a 167. 0, 162. 3, 131. 4, 122. 8, 11

13.9. HRMS: (ESI) [M+H] calcd for G3H190s3, 223.1329, observed, 223.1336.
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4-(heptyloxy)benzoic acid 8.7h)

0 Synthesized according to General Proceddife White solid,
K/\AOJ@)%H 209 mg, 65% yield*H NMR (500 MHz, DMSQds) & 12. 60
1H), 7.897 7.84 (m, 2H), 7.02 6.97 (m, 2H), 4.02 (t) = 6.5 Hz, 2H), 1.77 1.63 (m,
2H), 1.43i 1.36 (m, 2H), 1.35 1.24 (m, 6H), 0.88 0.84 (m, 2H)13C NMR (126 MHz,
DMSO-ds) u.0,16238, 131.3, 122.8, 114.2, 67.8, 31.2, 28.6, 28.4, 25.4, 22.1, 14.0.
HRMS: (ESI) [M-H]" calcd for GaH1903, 235.1340, observed, 235.1341.
4-(octyloxy)benzoic acid 8.7i)

0 Synthesized according to General Proceddile White solid,
C\AOJ@)L ™ 363 mg, 96% yieldtH NMR (500 MHz, CDCJ) U i 8.020 5
(m, 2H), 6.95i 6.91 (m, 2H), 4.02 (t) = 6.6 Hz, 2H), 1.80 (p] = 6.8 Hz, 2H), 1.49
1.43 (m, 2H), 1.39 1.24 (m, 8H), 0.98 0.78 (m, 3H)X3C NMR (126 MHz, CDG) U
171.4, 163.8, 132.5, 121.4, 114.3, 68.4, 31.9, 29.5, 29.4, 2912,2268, 14.3. HRMS:

(ESI) [M-H]  calcd for GsH2103, 249.1496, observed, 249.1496.
4-(decyloxy)benzoic acid §.7))

0 Synthesized according to General Proceddile White solid,
&OJ@* > 335 mg, 70% vieldH NMR (500 MHz, CDC§) U i 8.000 3
(m, 2H), 6.93 6.89(m, 2H), 4.01 (tJ = 6.6 Hz, 2H), 1.83 1.76 (m, 2H), 1.48 1.41
(m, 2H), 1.38i 1.23 (m, 16H), 0.90 0.85 (m, 3H)X3C NMR (126 MHz, CDCJ) U
177.6, 172.0, 163.9, 132.5, 121.3, 114.3, 68.4, 32.0, 29.7, 29.5, 29.4, 29.2, 26.1, 22.8,

20.9, 14.2. HRMS(ESI) [M-H]" calcd for G7H2503, 277.1809, observed, 277.1801.
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4-(undecyloxy)benzoic acid 3.7k)

0 Synthesized according to General Proceddile White solid,
C\/ZO@)LOH 388 mg, 91% yield'H NMR (500 MHz, DMSGdg) U 12.59 (s
1H), 7.897 7.84 (m, 2H), 7.01 6.97(m, 2H), 4.02 (tJ = 6.5 Hz, 2H), 1.76 1.68 (m,
2H), 1.43i 1.35 (m, 2H), 1.33 1.21 (m, 14H), 0.87 0.83 (m, 3H)X3C NMR (126
MHz, DMSO-de) a 167. 0, 162. 3, 131. 3, 122. 8, 114.
22.1, 14.0. HRMS: (ESI) [MH]" calad for GigH270s, 291.1966, observed, 291.1964.
4-(dodecyloxy)benzoic acid3.71)

0 Synthesized according to General Proced®ite White solid,
(:/\A\JOOALOH 153 mg, 53% vyieldH NMR (600 MHz, DMSGdg) U 12. 59 ( s
1H), 7.88i 7.85 (m, 2H), 7.01 6.97 (m, 2H), 4.02 (t) = 6.5 Hz, 2H), 1.74 1.68 (m,
2H), 1.437 1.37 (m, 2H), 1.33 1.19 (m, 16H), 0.85 (] = 6.9 Hz, 3H)3C NMR (151
MHz, DMSO-ds) a 167. 0, 162. 3, 131.03,29.01, 2838, 8 , 114.
28.7,28.5,25.4,22.1, 14.0.
tert-butyl 4-(4-(nonyloxy)benzoyl)piperazinel-carboxylate (3.8a)

o Synthesized according to General Proced®4.
(Z/\OQ)LNK/NYOK Purified via column chromatography20t40% ethyl

° acetate/hexanesYVhite solid, 314 mg, 72% vyieldH
NMR (600 MHz, CDC§) & i 7.34318, 2H), 6.91 6.88 (m,2H), 3.96 (tJ = 6.6 Hz,
2H), 3.70i 3.37 (m, 8H), 1.81 1.74 (m, 2H), 1.48 1.40 (m, 11H), 1.37 1.22 (m, 9H),
0.87 (t,J=7.0 Hz, 3H)®*C NMR (151 MHz,CDG}) U 170. 8, 160. 6, 154.
114.4, 80.4, 68.2, 32.0, 29.7, 29.5, 29.4, 29.25,286.1, 22.8, 14.3. HRMS: (ESI)

[M+H] * calcd for GsHaiN204, 433.3061, observed, 433.3060.
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tert-butyl 4-(3-methyl-4-(nonyloxy)benzoyl)piperazinel-carboxylate (3.8b)
Synthesized according to General Proced®4.
(Z/\D)LU\‘YOK Purified via column chromatography20t40% ethyl
© acetate/hexanes)Vhite solid, 140 mg, 87% yieldH
NMR (600 MHz, CDC4) & i 7.172rh, 2H), 6.77 (d] = 8.1 Hz, 1H), 3.95 () = 6.4
Hz, 2H), 3.691 3.35 (m, 8H), 2.20 (s, 3H), 1.821.74 (m, 2H), 1.48 1.42 (m, 11H),
1.377 1.21 (m, 10H), 0.86 (&) = 7.0 Hz, 3H)X3C NMR (151 MHz, CDG)) & 171. 0,
158.7, 154.7, 130,0127.1, 126.7, 126.5, 110.2, 80.3, 68.1, 31.9, 29.6, 29.4, 29.3, 29.2,
28.4, 26.1, 22.7, 16.3, 14.RARMS: (ESI) [M+H] calcd for GeHaaN204, 447.3217,
observed, 447.3215.
tert-butyl 4-(3-methoxy-4-(nonyloxy)benzoyl)piperazinel-carboxylate (3.8c)
o) Synttesized according to General Procedd.
Ci/ij@)(m\,q Tfoj< Purified via column chromatography0¢40% ethyl
° acetate/hexanesyVhite solid, 52 mg, 59% yieldH
NMR (600 MHz, CDC¥) U 6J1=98 Hz, tH), 6.94 (dd] = 8.2, 1.9 Hz, 1H), 6.85
(d,J = 8.2 Hz, 1H), 4.02 (t) = 6.9 Hz, 2H), 3.87 (s, 3H), 3.723.38 (m, 8H), 1.84 (p)
= 7.1 Hz, 2H), 1.49 1.41 (m, 11H), 1.37 1.23 (m, 10H), 0.87 (4 = 6.9 Hz, 3H)C
NMR (151 MHz, CDCB) a 170. 7, 154. 7, 150. 1, 149. 4,
69.1, 56.1, 32.0, 29.6, 29.5, 29.4, 29.1, 28.5, 26.0, 22.8, HRBIS: (ESI) [M+H]
calcd for GeHaaN20s, 463.3166, observed, 463.3154.
tert-butyl 4-(2-fluoro-4-(nonyloxy)benzoy)piperazine-1-carboxylate (3.8d)

F o Synthesized according to General ProcedGrg.

Ci/\OD)LOTO\K Purified via column chromatograph®0f40% ethyl
(0]
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acetate/hexanes)Vhite solid, 340 mg, 85% yieldd NMR (500 MHz, CDCJ) G 7. 31 (t
J=8.3 Hz, 1H), 6.73 (dd] = 8.6, 24 Hz, 1H), 6.59 (ddJ = 11.7, 2.4 Hz, 1H), 3.94 (3,
= 6.5 Hz, 2H), 3.75 3.71 (m, 2H), 3.52 3.47 (m, 2H), 3.42 3.38 (m, 2H), 3.32 (brs,
2H), 1.80i1 1.73 (m, 2H), 1.46 (s, 11H), 1.361.22 (m, 10H), 0.89 0.85 (m, 3H)°F
NMR (565 MHz, CDC4) -112.11i -112.16 (m)*3C NMR (126 MHz, CDCJ) & 165. 8,
162.0 (dJ = 11.0 Hz), 159.2 (d] = 247.5 Hz), 154.7, 130.5 (d= 5.4 Hz), 115.6 (d) =
17.3 Hz), 111.4 (d) = 2.7 Hz), 102.0 (d) = 25.4 Hz), 80.4, 68.7, 47.2, 42.2, 32.0, 29.6,
29.44, 29.41, 29.1, 28.5, 26.1, 22.8, 14 ARMS: (ESI) [M+H]" calcd for GsHagFN2Os4,
451.2967, observed, 451.2980.
tert-butyl 4-(3-fluoro-4-(nonyloxy)benzoyl)piperazinel-carboxylate (3.8e)

0 Synthesized according to General ProcedBie
(Z/\;D)LOTO 7< Purified via column chromatogphy @0-40% ethyl

° acetate/hexanesyVhite solid, 204 mg, 85% yield.

IH NMR (500 MHz, CDC{) i 71. 721Q (m, 2H), 6.96 (t) = 8.2 Hz, 1H), 4.04 () =
6.6 Hz, 2H), 3.67 3.40 (m, 8H), 1.85 1.78 (m, 2H), 1.49 1.42 (m, 11H), 1.38 1.22
(m, 10H), 0.87 (tJ = 6.9 Hz, 3H)1%F NMR (376 MHz, CDCJ) -183.36i -133.41 (m).
13C NMR (126 MHz,CDCl) U 1 6J% 1.9 Hzj, d54.7, 152.2 (d, = 248.1 Hz),
148.9 (d,J = 10.5 Hz), 127.7 (d) = 5.6 Hz), 124.0 (dJ = 3.7 Hz), 115.8 (dJ = 19.8
Hz), 114.3 (dJ = 2.2 Hz), 80.5, 69.6, 32.0, 29.6, 28.£9.41, 29.2, 28.5, 26.0, 22.8,
14.2. HRMS: ESI) [M+H]" calcd for GsHaoFN2O4, 451.2967, observed, 451.2975.
tert-butyl 4-(6-(nonyloxy)nicotinoyl)piperazine-1-carboxylate (3.8f)

Synthesized according to General ProcedBre

(0]
O o eutea
0 N k/NToj< Purified via column chromatograph20t40% ethyl
o)
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acetate/hexanes)Vhite solid, 52 mg, 59% yieldH NMR (600 MHz,CDCJ) & 8J 22 ( d,
= 2.4 Hz, 1H), 7.64 (dd] = 8.6, 2.4 Hz, 1H), 6.74 (d,= 8.5 Hz, 1H), 4.28 (J = 6.7 Hz,

2H), 3.85i 3.23 (m, 8H), 1.75 (p] = 6.9 Hz, 2H), 1.47 1.37 (m, 11H), 1.35 1.20 (m,

10H), 0.85 (tJ = 6.9 Hz, 3H)!*C NMR (151 MHz, CDG)ti 16 8. 6, 165. 0, 154

138.4, 123.9, 111.2, 80.5, 66.7, 32.0, 29.6, 29.5, 29.4, 29.0, 28.4, 26.1, 22.8, 14.2.
HRMS: (ESI) [M+H]" calcd for GaHaoN3Os, 434.3013, observed, 434.3010.
tert-butyl 4-(4-(hexyloxy)benzoyl)piperazinel-carboxylate (3.89)
o Synthesized according to General Proced8re
WOQ)LUI\H/O\K Purified via column chromatographg0t40% ethyl
° acetate/hexanes)Vhite solid, 111 mg, 37% yieldH
NMR (600 MHz, CDC4) 0 i 7.343ri, 2H), 6.91 6.88 (m, 2H), 3.97 () = 6.6 Hz,
2H), 3.76i 3.39 (M,8H), 1.81i 1.75 (m, 2H), 1.51 1.42 (m, 11H), 1.36 1.31 (m, 4H),
0.927 0.88 (m, 3H)X*C NMR (151 MHz, CDGJ) ua 170. 8, 160. 7, 154.
114.4, 80.4, 68.3, 31.7, 29.2, 28.5, 25.8, 22.7, 14.2. HRMS: (ESI) [Me&l¢d for
C22H35N204, 391.259, observed, 391.2587.
tert-butyl 4-(4-(heptyloxy)benzoyl)piperazinel-carboxylate (3.8h)
° Synthesized according to General Proced8re
(/\/\ /©)LN/\ Purified via column chromatographg0t40% ethyl
o K/NTO\’<
o acetate/hexanes)Vhite solid, 279 mg, 78% yieldH
NMR (500 MHz,CDCl) & i 7.333r8, 2H), 6.92 6.86 (m, 2H), 3.97 () = 6.6 Hz,
2H), 3.65i 3.40 (m, 8H), 1.83 1.74 (m, 2H), 1.46 (s, 11H), 1.381.26 (m, 6H), 0.92

0.86 (m, 3H).23C NMR (126 MHz, CDC)) & 170.8, 160.7, 154. 7,
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80.4, 68.3, 31.929.3, 29.2, 28.5, 26.1, 22.7, 14.2. HRMS: (ESI) [M#%idjlcd for
C23H37N204, 405.2748, observed, 405.2749.
tert-butyl 4-(4-(octyloxy)benzoyl)piperazinel-carboxylate (3.8i)
o Synthesized according to General Proced@re
C\/\O /©)L OTO 7< Purified via column chromatogray (20-40% ethyl
© acetate/hexanes)Vhite solid, 485 mg, 63% vyieldH
NMR (500 MHz, CDC4) i i 7.34318, 2H), 6.91 6.88 (m, 2H), 3.97 () = 6.6 Hz,
2H), 3.67i 3.39 (m, 8H), 1.81 1.75 (m, 2H), 1.48 1.41 (m, 11H), 1.36 1.24 (m, 8H),
0.907 0.86 (m, 3H)X*C NMR (126 MHz, CDGJ) ua 170. 8, 160. 7, 154.
114.4, 80.4, 68, 44.2, 31.9, 29.5, 29.4, 29.3, 28.5, 26.1, 22.8, 14.2. HRMS: (ESI)
[M+H] ™" calcd for G4H3zeN204, 419.2904, observed, 419.2897.
tert-butyl 4-(4-(decyloxy)benzoyl)piperazinel-carboxylate (3.8))
o Synthesized according to General ProcedBike
(Z/\\ Q)L"Q o Purified viacolumn chromatography20-40% ethyl
° 70( 7< acetate/hexanesyVhite solid, 301 mg, 83% yield.
IH NMR (500 MHz, CDCY) U 1 7.34318, 2H), 6.92 6.88 (m, 2H), 3.97 (t) = 6.6
Hz, 2H), 3.66i 3.39 (m, 8H), 1.78 (dt] = 14.5, 6.7 Hz, 2H), 1.50 1.41 (m, 11H), 1.37
i 1.24 (m, 12H), 0.90 0.85 (m, 3H)}3C NMR (126 MHz,CDCJ) U 170. 8, 160.
129.3, 127.3, 114, 80.4, 68.3, 32.0, 2@729.0, 29.54, 29.91, 29.3, 28.5, 26.1, 22.8,
14.3. HRMS: (ESI) [M+H] calcd for GeHa3N204, 447.3217, observed, 447.3216.
tert-butyl 4-(4-(undecyloxy)benzoyl)piperazinel-carboxylate (3.8k)

Synthesized according to Generaloéadure 3.1.

o)
KZ:\/O@)LOTO\K Purified via column chromatograph20¢40% ethyl
o)
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acetate/hexanes)Vhite solid, 502 mg, 82% yieldH NMR (500 MHz, CDCJ) G i7. 3 8
7.34 (m, 2H), 6.91 6.88 (m, 2H), 3.97 () = 6.6 Hz, 2H), 3.66 3.41 (m, 8H), 1.81
1.75 (m, 2H), 1.48 1.40 (m, 11H), 1.37 1.23 (m, 14H), 0.88 (t) = 6.9 Hz, 3H).13C
NMR (126 MHz, CDCj) u 170. 8, 160. 7, 1546883,32.4,29. 3, 1
29.8, 29.2, 29.10, 29.8, 29.41, 29.3, 28.5, 26.1, 22.8, 14.3. HRMS: (ESI) [M+ldhlcd
for C27HasN204, 461.3374, observed, 461.3383.
tert-butyl 4-(4-(dodecyloxy)benzoyl)piperazinel-carboxylate (3.8l)

o Synthesized according to General ¢aadure 3.1.
(:i/\\J/@)LN/\ Purified via column chromatographg0t40% ethyl

o K/NTOK
0o acetate/hexanes)Vhite solid, 129 mg, 54% yieldH

NMR (600 MHz, CDC4) & i 7.35318, 2H), 6.92 6.88 (m, 2H), 3.97 () = 6.6 Hz,
2H), 3.671 3.42 (m, 9H), 1.81 1.76 (m, 2H), 1.49 1.41 (m, 11H), 1.38 1.23 (m,
16H), 0.88 (tJ = 7.0 Hz, 3H)13)C NMR (151 MHz,CDG) U 170.8, 160.7, 15
127.3, 114.4, 8@, 68.3, 32.1, 298 2979, 29.722, 29.0, 29.33, 29.91, 29.3, 28.5, 26.1,
22.8, 14.3. HRMS: (ESI) [M+H]calcd for GgHa7N20a4, 475.3530, observed, 475.3531.
(4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride @.9a)

Synthesized according to GeakProcedure3.3. Purified

O
N . .
o L_nn via trituration with ethyl acetate and diethyl ethérhite
HC

|
solid, 228 mg, 86% vyieldtH NMR (500 MHz,CD:OD) i

7.497 7.40 (m, 2H), 7.06 6.96 (m, 2H), 4.03 (1) = 6.4 Hz, 2H), 3.90 3.83 (m, 4H),
3.30i 3.28 (m, 4H), 1.82 1.76 (m, 2H), 1.52 1.44 (m, 2H), 1.41 1.28 (m, 10H), 0.91

(t, J = 7.0 Hz, 3H)*C NMR (126 MHz,CD3;OD) ua 172.9, 106 125.67 130. 5
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69.2, 44.4, 33.0, 30.7, 3@530.9, 30.4, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [M+H]
calcd for GoH33N202, 333.2537, observed, 333.2539.
(3-methyl-4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride 3.9b)
© Synthesized according to GeakProcedure3.3. Purified
(Z/\ ;Q)L O\JH via trituration with ethyl acetate and diethyl eth@rhite
" solid, 79 mg, 92% vyieldtH NMR (600 MHz, CDsOD) a
7.3371 7.30 (m, 1H), 7.29 (dd] = 2.2, 0.9 Hz, 1H), 6.97 (d,= 8.4 Hz, 1H), 4.04 (tJ =
6.3 Hz, 2H), 3.87 (brs, 4H), 3.28 (= 5.4 Hz, 4H), 2.23 (s, 3H), 1.851.79 (m, 2H),
1.547 1.48 (m, 2H), 1.42 1.27 (m, 10H), 0.92 0.89 (m, 3H)13C NMR (151 MHz,
CDs0OD) u 173. 1, 160. 7, 130. 9, 128. 3, 128. 1,
30.4, 30.3, 27.2, 23.7, 16.3, 144RMS: (ESI) [M+H]" calcd for GiH3sN20», 347.2693,
observed, 347.2694.
(3-methoxy-4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride @.9¢)
Synthesized according to General Proced®i8 Purified

(0]
o L_nNH via trituration with ethyl acetate and diethyl eth@rhite
HCI

solid, 165 mg, 77% yieldH NMR (600 MHz, CDsOD)

[enlq

7.09 (d,J= 2.0 Hz, 1H), 7.06 (dd] = 8.2, 2.0 Hz, 1H)7.02 (d,J = 8.2 Hz, 1H), 4.04 (t]

= 6.4 Hz, 2H), 3.90 3.86 (m, 7H), 3.29 (d] = 6.1 Hz, 4H), 1.83 1.77 (m, 2H), 1.52

1.46 (m, 2H), 1.4% 1.28 (m, 10H), 0.91 (tJ = 7.0 Hz, 3H).23%C NMR (151 MHz,

CD:OD) & 172.8, 152.2, 4150, 70.0,5616244.4,33.1, 3D2,1 . 8,
30.5,30.2, 27.2, 23.8, 14.5. HRMS: (ESI) [M+HEalcd for Co1HssN20s, 363.2642,

observed, 363.2639.
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(2-fluoro-4-(nonyloxy)phenyl)(piperazin-1-yl) methanone hydrochloride 3.9d)
F O Synthesized according to General ¢adure3.3. Purified
Ci/\o/fj)L UH via trituration with ethyl acetate and diethyl ethérhite
" solid, 160 mg, 85% yieldH NMR (500 MHz,CDsOD) i
7.39 (t,J = 8.3 Hz, 1H), 6.87 (dd] = 8.6, 2.3 Hz, 1H), 6.79 (dd,= 12.1, 2.3 Hz, 1H),
4.077 3.93 (m, 4H), 3.68 (brs, 2H), 3.373.32 (m, 2H), 3.25 (brs, 2H), 1.821.75 (m,
2H), 1.517 1.44 (m, 2H), 1.41 1.27 (m, 10H), 0.94 0.87 (m, 3H)X%F NMR (376
MHz, CDsOD) -1114.53i -114.59 (m)}*C NMR (126 MHzCDsOD) 4 167 . 7, 164.
J=11.3 Hz), 160.8 (d] = 246.6 Hz), 131.6 (d = 5.1 Hz), 115.2 (dJ = 17.0 Hz), 112.7
(d,J= 2.7 Hz), 103.0 (dJ = 25.4 Hz), 69.8, 33.0, 30.7, 30.5, 30.0,13 27.1, 23.7, 14.4.
HRMS: (ESI) [M+H]' calcd for GoHsFN2O2, 351.2442, observed, 351.2435.
(3-fluoro-4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride @3.9¢)
Synthesized according to General Procediie Purified
Ci/\ D)LK/NH via trituration with ethylacetate and diethyl ethewhite
solid, 88 mg, 82% yieldtH NMR (500 MHz, CDsOD) a
7.327 7.26 (m, 2H), 7.18 () = 8.3 Hz, 1H), 4.10 () = 6.4 Hz, 2H), 3.87 (brs, 4H), 3.30
i 3.28 (M, 4H), 1.85 1.78 (m, 2H), 1.53 1.46 (m, 2H), 1.42 1.28 (m, 10H), 0.92
0.88 (m, 3H)1%F NMR (376 MHz,CD:OD) -1B5.361 -135.42 (m).23C NMR (126
MHz,CD:OD) U 17 1. &s 24713H3), 180.7((diis 10.5 Hz), 1274 (d,J = 6.1
Hz), 125.5 (dJ = 3.7 Hz), 116.7 (d) = 20.2 Hz), 1151 (d, J = 2.0 Hz), 70.4, 44.4, 41.7,
33.0, 30.7, 3®, 30.4, 30.2, 27.0, 23.7, 14.4. HRMS: (ESI) [M+Hg¢dcd for

CooH32FN2O», 351.2442, observed, 351.2446.

197



(6-(nonyloxy)pyridin -3-yl)(piperazin-1-yl) methanone hydrochloride @.9f)
0 Synthesized according to General Procedu8e Purified

NOSTONTY . .
o 2 W_nn Vvia trituration with ethyl acetate and diethyl eth@thite

HCI

¢

solid, 228 ng, 86% yield *H NMR (600 MHz,CDsOD)
8.50 (d,J = 2.2 Hz, 1H), 8.29 (dd] = 8.9, 2.3 Hz, 1H), 7.38 (d,= 8.9 Hz, 1H), 4.47 (1)

= 6.5 Hz, 2H), 3.90 (brs, 4H), 3.363.32 (m, 4H), 1.91 1.85 (m, 2H), 1.54 1.48 (m,

[emi¢

2H), 1.441 1.27 (m, 10H), 0.91 (t) = 7.0 Hz, 3H).23C NMR (151 MHz, CDsOD)
167.9, 164.3, 145.3, 143.1, 125.9, 112.5, 71.5, 44.2, 41.7, 33.1, 302, 30M, 29.8,
26.9, 23.8, 14.5. HRMS: (ESI) [M+H]calcd for GgH32N3O», 334.2489, observed,
334.2491.
(4-(hexyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride 3.99)
Synthesized according to General Procedu8e Purified

W /©)L K/NH via trituration with ethyl acetate and diethyl ethéfhite

solid, 80 mg, 96% yield*H NMR (500 MHz,CDsOD) a
7.521 7.39 (m, 2H), 7.06 6.95 (m, 2H), 4.03 (t) = 6.4 Hz, 2H), 3.95 3.76 (M 4H),
3.307 3.25 (m, 4H), 1.89 1.69 (m, 2H), 1.54 1.44 (m, 2H), 1.43 1.29 (m, 4H), 1.03
i 0.84 (m, 3H)C NMR (126 MHz,CDs0D) ua 172.9, 162. 7, 130. 5,
445, 32.7, 30.2, 26.8, 23.7, 14.4. HRMS: (ESI) [M*E8lcd for G7H27N20», 291.2067,
observed, 291.2074.
(4-(heptyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride 3.9h)

Synthesized according to General Proced® Purified

(0]
(/\/\ /©)‘\N/\
o L_NH via trituration with ethyl acetate and diethyl ethé/hite
HCI

solid, 220 mg, 94% yieldH NMR (600 MHz, CDsOD) a
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7.607 7.30 (m, 2H), 7.22 6.80 (m, 2H), 4.03 (t) = 6.4 Hz, 2H), 3.87 (brs, 4H), 3.30
3.28 (m, 4H) 1.82 1.75 (m, 2H), 1.52 1.44 (m, 6H), 0.92 () = 6.9 Hz, 3H)13C NMR
(151 MHz, CDsOD) ua 172.9, 162. 7, 130. 5303,1B3@Z%Z . 0, 11¢
27.1, 23.7, 14.4. HRMS: (ESI) [M+H]calcd for GgH29N20», 305.2224, observed,
305.2227.
(4-((octyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride @.9i)
0 Synthesized according to General Proced®B Purified

C\/\o/©)L 'G\IH via trituration with ethyl aeetate and diethyl etheWhite

" solid, 399 mg, 97% yielddtH NMR (500 MHz,CDs0D) a
7.561 7.34 (m, 2H), 7.09 6.94 (m, 2H), 4.03 (t) = 6.4 Hz, 2H), 3.96 3.75 (m, 4H),
3.331 3.24 (m, 4H), 1.89 1.67 (m, 2H), 1.62 1.42 (m, 2H), 1.42 1.26 (m, 8H), 0.91
(t, J = 7.3 Hz, 3H).13C NMR (126 MHz,CDs0OD) a 172.9, 1 6125.67 , 130. 5
69.2, 44.4, 33.0, 30.5, 30.4, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [Me&lEd for
C1oH31N202, 319.2380, observed, 319.2379.
(4-((decyloxy)phenyl)(piperazin1-yl)methanone hydrochloride @.9))

0 Synthesized according to General Procedi8e Purified

CC\O/Q)L O\m via trituration with ethyl acetate and diethyl ethérhite

" solid, 234 mg, 94% yieldH NMR (500 MHz,CDsOD) U
7.497 7.42 (m, 2H), 7.03 6.98 (m, 2H), 4.03 (t) = 6.4 Hz, 2H), 3.87 (brs, 4H), 3.30
3.26 (m, 4H), 1.85 1.73 (m, 2H), 1.54 1.43 (m, 2H), 1.40 1.28 (m, 12H), 0.92 0.87
(m, 3H).13C NMR (126 MHz,CDs0D) a 172.9, 162. 769.2,4430. 5, 12
33.1, 30.3, 3069, 30.5, 30.5, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [M*lcd for

Co1H35N20,, 347.2693, observed, 347.2700.
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(4-(undecyloxy)phenyl)(piperazinl-yl)methanone hydrochloride (3.9k)

Synthesized according to General Procedti8e Purified

C&D)L K/NH via trituration with ethyl acetate and diethyl ethérhite

Cl
solid, 415 mg, 96% yieldH NMR (600 MHz, DMSQGds)

O 9.37 (s,J=85MHz,2H)76.9% @] = 8.6 Hz, 2H), 3.99 (i = 6.5 Hz, 2H),
3.70 (s, 4H)3.15i 3.08 (M, 4H) 1.71 (p,J = 6.7 Hz, 2H), 1.43 1.36 (m, 2H), 1.33

1.19 (m, 14H), 0.85 (] = 6.9 Hz, 3H)1%C NMR (151 MHz, DMSGds) ~ 60.3,1160.0,

129.3, 126.6, 114.1, 67.6, 42.5, 31.3, 29.0, 28.8, 28.7, 28.6, 25.5, 22.1, 14.0. HRMS:

(ESI) [M+H]" calcd for G2H37N202, 361.2850, observed, 361.2854.
(4-(dodecyloxy)phenyl)(piperazirt1-yl)methanone hydrochloride @3.91)
Synthesized accordinto General Procedui@3. Purified
(Z:\JQ)L K/NH via trituration with ethyl acetate and diethyl ethérhite
solid, 92 mg, 85% yielddH NMR (500 MHz,CDsOD) a

7.477 7.43 (m, 2H), 7.03 6.99 (m, 2H), 4.03 (1) = 6.4 Hz, 2H), 3.89 3.83 (m, 4H),

3.30i 3.27 (M, 4H), 1.83 1.74 (m, 2H), 1.52 1.43 (m, 2H), 1.42 1.25 (m, 16H), 0.92

i 0.87 (m, 3H)*C NMR (126 MHz,CD:OD) U 172. 9, 16 25.6,/69.3,130.

44,5, 33.1, 308, 3076, 30.7, 30.5, 30.5, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [M+H]
calcd for GsHzaN202, 375.3006, observed, 375.3014.
tert-butyl 4-(4-acetylbenzoyl)piperazinel-carboxylate 3.11)

Synthesized according to General Procedsife Purified
0

N/\ via column chromatography &
Sy
o 0 \’< methanol/dichloromethahe White solid, 890 mg, 88%

yield. 'H NMR (600 MHz, CDCY) U i §.990(®, 2H), 7.5 7.48 (m, 2H), 3.76 (s,

200

5,



2H), 3.53 (s, 2H), 3.41 3.32 (m, 4H), 2.63 (s, 3H), 1.47 (s, 9C NMR (151 MHz,

CDCl) u 197. 4, 169. 6, 154. 6, 139. 9, 138. 1, 12
(ESI) [M+H]" calcd for GsH2sN204, 333.1809, observed, 333.1805.

tert-butyl 4-(4-(1-(hydroxyimino)ethyl)benzoyl)piperazine-1-carboxylate 3.12)

. To an overdried round bottom flask containingy11 (1.0

N equiv) dissolved in methanol, hydroxylamine hydrochloride
L_N_o
| hig 7<
(0]

Ho N (1.6 equiv) and sodiumacetate (2.Gequiv) were added. A
condenser was attached and the reaction mixture was heated to a reflux until consumption
of the starting material was observed by TLC (approximately 6 h). Upon completion, the
reaction mixture was concentrated in vacuafford a crude oil. This oil was subjected
to flash chromatography with? methanol/dichlorometharte yield the desired purified
product. White solid, 444 mg, 53% vyiefdd NMR (500 MHz, DMSGd) ua 11.36 (s,
1H), 7.73i 7.69 (m, 2H), 7.44 7.40 (m, 2H)3.58 (brs, 2H), 3.46 3.26 (m, 6H), 2.17
(s, 3H), 1.40 (s, 9H)'*C NMR (126 MHz, DMSGds) & 168. 9, 153.8, 15
135.6, 127.2, 125.5, 79.2, 46.9, 41.5, 28.0, 1HBMS: (ESI) [M+H] calcd for
C18H26N304, 348.1918, observed, 348.1918.
tert-butyl 4-(4-(1-((heptyloxy)imino)ethyl)benzoyl)piperazine 1-carboxylate 3.13a)
o Synthesized according to General Proced@ré.
(Z @ Purified Vi | h h
O/NYQ)L NTOK urified via column chromatography -89
© methanol/dichloromethape White solid, 151 mg,
79% vyield*H NMR (500 MHz, CDCJ) U 1 7.6674, 2H), 7.40 7.36 (m, 2H), 4.18
(t, 3= 6.7 Hz, 2H), 3.72 (brs, 2H), 3.543.33 (m, 6H), 2.22 (s, 3H), 1.741.67 (m, 2H),

1.45 (s, 9H), 1.41 1.22 (m, 5H), 0.87 (1) = 6.8 Hz, 3H)23C NMR (126 MHz, CDG))
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a 170. 3, 154. 7,12135126.3%4 805,788 476, 42.2, 319,.29.3, 29.2,
28.5, 26.1, 22.7, 14.2, 12.7. HRMS: (ESI) [M¥Hjalcd for GsHaoN304, 446.3013,
observed, 446.3014.
tert-butyl 4-(4-(1-((octyloxy)imino)ethyl)benzoyl)piperazine 1-carboxylate (3.13b)

o Synthesized awrding to General Procedur@eé.
G‘;IY@)LOTOK Purified via column chromatography -8%

° methanol/dichloromethahe White solid, 172 mg,

65% yield!H NMR (600 MHz, CDCJ) & 1 7.687rh, 2H), 7.41 7.38 (m, 2H), 4.19
(t, 3= 6.7 Hz, 2H), 3.73 (brs, 2H), 3.553.35 (m, 6H), 2.23 (s, 3H), 1.751.69 (m, 2H),
1.47 (s, 9H), 1.42 1.36 (m, 2H), 1.36 1.25 (m, 4H), 0.91 0.85 (m, 2H).13C NMR
(151 MHz, CDC}) u 1540,.183,4, 138.6, 135.8, 127.3, 126.3, 80.5, 74.7, 47.6,
32.0, 29.6, 294, 29.41, 28.5, 26.2, 22.8, 14.3, 12.7. HRMS: (ESI) [M+{HHH]" calcd
for CoeHa2N30s, 492.3432, observed, 492.3445.
(4-(1-((heptyloxy)imino)ethyl)phenyl)(piperazin-1-yl) methanone hydrochloride
(3.14a)

© Synthesized according to General Procedge Purified
C\/O/N\ O\IH via trituration with ethyl acetate and diethyl ethérhite

" solid, 92 mg, 91% yielddH NMR (500 MHz,CDsOD) a

8.157 8.10 (m, 04H)*, 7.847 7.80 (m, 2H)7.661 7.61 (m, 04H)*, 7.547 7.51 (m, 2H),
4.21 (t,J = 6.6 Hz, 2H), 3.88 (brs, 4H), 3.323.28 (m, 4H)2.66 (s, 0.6H)*2.26 (s, 3H),

1.78i 1.71 (m, 2H), 1.49 1.28 (m, 8H), 0.93 (1) = 6.9 Hz, 3H)13C NMR (126 MHz,

CDsOD) a 172. 3, 154. 5,,128.6 4128.53 127.4] B55l,. 44.4, 41182 9 .

33.0, 30.4, 30.3, 27.1, 26.823.7, 14.4, 12.4MMaterial isolated as an approximatéiyl
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ratio of rotamersHRMS: (ESI) [M+H] calcd for GoHsz2N3O2, 346.2489, observed,
346.2494.
(4-(1-((octyloxy)imino)ethyl)phenyl)(piperazin-1-yl)methanone hydrochloride
(3.14b)
© Synthesized according to General Proced®e Purified
(:\/\ YQ)L k/NH via trituration with ethyl acetate and diethyl ethérhite
solid, 415 mg, 96% yieldH NMR (500 MHz,CDsOD) Ui
8.127 8.09 (m, 04H)*, 7.817 7.78 (m, 2H)7.641 7.60 (m,0.4H)*, 7.521 7.48 (m, 2H),
4.19 (t,J = 6.6 Hz, 2H), 3.87 (brs, 4H), 3.308.24 (m, 4H)2.64 (s, 0.5H)*2.24 (s, 3H),
1.767 1.69 (m, 2H), 1.46 1.27 (m, 10H), 0.93 0.88 (m, 3H)3C NMR (126 MHz,
CDs0OD) a 172. 3, 154 . 4,,128.6 4128.53127.4]1 B, 44.4, 41172 9 . 9
33.0, 30.5, 30.4, 30.3, 27.1, 26.23.7, 14.4, 12.Material isolated as an approximately
5:1 ratio of rotamersHRMS: (ESI) [M+H] calcd for GiH3aN302, 360.2646, observed,
360.2646.
tert-butyl 4-(4-cyanobenzoyl)piperazinel-carboxylate 3.16)
o Synthesized according to General Proced@utePurified via
X ﬁ DT \’< column chromatography40-60% ethyl acetate/hexanes
White solid, 1.93 g, 90% vyieldd NMR (500 MHz,CDCls) U
7.7471 7.70 (m, 2H), 7.51 7.48 (m, 2H), 3.73 (brs, 2H), 3.51 (brs, 2H), 3i42.28 (m,
4H), 1.45 (s, 9H)®C NMR (126 MHz, CDG)) 4 168.6, 154.5, 139.
118.1, 113.9, 80.7, 47.5, 42.2, 28.4. HRMS: (ESI) [M*idalcd for G7H2oN30s,

316.1656, observed, 316.1645.
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tert-butyl 4-(4-(N'-hydroxycarbamimidoyl)benzoyl)piperazine-1-carboxylate 3.17)
o) In an overdried roundbottom flask,3.16 (1.0 equiv) was
HO/N\W/Q)LN/\IL\H/OK dissolved in ethanol. To this mixture, triethylamine (4.0
e ° equivy was added followed by hydroxylamine
hydrochloride (2.@&quiv). The solution was stirred #tfor 16 h, monitored by TLC. The
reaction mixture was concentrated under reduced pressure and was then subjected to flash
chromatography with 5% MeOH in DCM to afford the pure degsrediuct. White solid,
261 mg, 95% yield'H NMR (500 MHz, CDCJ) U i 7.666(19, 2H), 7.44 7.41 (m,
2H), 4.93 (brs, 2H), 3.80 3.67 (m, 2H), 3.55 3.33 (m, 6H), 1.47 (s, 9H}3C NMR
(126 MHz, CDC}) a 170. 0, 154. 7, 13 758®,47.0, 3242, 1, 127
28.5.HRMS: (ESI) [M+H]" calcd for G7H25N404, 349.1870, observed, 349.1875.
tert-butyl 4-(4-(5-hexyl-1,2,40xadiazol 3-yl)benzoyl)piperazine 1-carboxylate
(3.18a)
o Synthesized according to General ProcedBi®
C/\<N\,/©)‘\D\l o Purified via column chmnmatography Z0-40% ethyl
;’{“ I j< acetate/hexangsWhite solid, 105 mg, 64% yield.
IH NMR (600 MHz, CDC{) & 1 8.111(18, 2H), 7.52 7.49 (m, 2H), 3.76 (brs, 2H),
3.587 3.34 (m, 6H), 2.95 (tJ = 7.6 Hz, 2H), 1.87 (p) = 7.7 Hz, 2H), 1.49 1.39 (m,
11H), 1.371 1.27 (m, 4H), 0.91 0.86 (m, 3H)33C NMR (151 MHz, CDCJ) & 180. 6,
169.9, 167.7, 154.7, 83, 128.6, 127.8, 127.7, 80.6, 31.4, 28.8, 28.5, 26.8, 26.7, 22.6,

14.1. HRMS: (ESI) [M+H] calcd for G4H3sN4Oa4, 443.2653, observed, 443.2656.
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tert-butyl 4-(4-(5-heptyl-1,2,40xadiazot3-yl)benzoyl)piperazine 1-carboxylate

(3.18b)
o Synthesized accordinto General Procedur8.7.
C\« (} \’< Purified via column chromatographg2(40% ethyl
o” N © acetate/hexangswhite solid, 44 mg, 19% yieldH

NMR (600 MHz, CDCY) U 1 8.114rb, 2H), 7.53 7.49 (m, 2H), 3.76 (brs, 2H), 3.56
i 3.35 (m, 6H), 2.95 (t) = 7.6 Hz, 2H), 1.87 (p) = 7.6 Hz, 2H), 1.47 (s, 9H), 1.43
1.20 (m, 8H), 0.91 0.86 (m, 3H)13C NMR (151 MHz, CDCJ) & 180.6, 169. 9,
154.7, 138.0, 128, 127.8, 127.7, 80.6, 47.6, 42.2, 31.7, 29.8, 29.1, 28.9, 28.5, 26.8, 22.7,
14.2. HRMS: (ESI) [M+H] calcd for GsH37N4Oa4, 457.2809, observed, 457.2795.
tert-butyl 4-(4-(5-octyl-1,2,40xadiazol3-yl)benzoyl)piperazine 1-carboxylate (3.18c)
Synthesizedaccording to General Procedue’.
& 7/(j)L (_N_o Purified via column chromatographfG:40% ethyl
:3 lr 7< acetate/hexangsWhite solid, 130 mg, 74% vyield.
IH NMR (600 MHz, CDC{) & 1 8.121(r%, 2H), 7.52 7.50 (m, 2H), 3.76 (brs, 2H),
3.561 3.35 (m, 6H), 2.95 (t) = 7.6 Hz, 2H), 1.87 (p] = 7.6 Hz, 2H), 1.47 (s, 9H), 1.37
i 1.21 (m, 10H), 0.90 0.85 (m, 3H)}3C NMR (151 MHz,CDG)) & 180.6, 169. 9,
154.7, 138.0, 126, 127.8, 127.7, 80.6, 31.9, 28.29109, 28.5, 26.8, 22.8, 14.2. HRMS:

(ESI) [M+H]" calcd for GeH3aN4O4 471.2966, observed, 471.2970.

tert-butyl 4-(4-(5-nonyl-1,2,4o0xadiazol3-yl)benzoyl)piperazine 1-carboxylate
(3.18d)
o Synthesized according to Gaal Procedure3.7.
Nﬂm o Purified via column chromatograph2(40% ethyl
& hig 7<
o-N (6]
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acetate/hexangsWhite solid, 110 mg, 40% yieldd NMR (500 MHz, CDC§) U i8 .
8.12 (m, 2H), 7.52 7.49 (m, 2H), 3.76 (brs, 2H), 3.563.37 (m, 6H), 2.95 (tJ = 7.6

Hz, 2H), 1.87 (pJ = 7.6 Hz, 2H), 1.47 (s, 9H), 1.381.20 (m, 14H), 0.9G 0.85 (m,

3H). 13C NMR (126 MHz, CDG) u 180. 6, 169. 9, 861¥78, 7,

127.7, 80.6, 32.0, 29.5, 29.4, 28.29109, 28.5, 26.8, 22.8, 14.2.
(4-(5-hexyl-1,2,40xadiazot3-yl)phenyl)(piperazin-1-yl)methanone  hydrochloride
(3.19a)
0 Synthesized according to General Procedi8e Purified
Q<N OH via trituration with ethylacetate and diethyl etheihite
solid, 62 mg, 69% vyieldtH NMR (600 MHz,CDsO D)
8.17 (d,J = 8.4 Hz, 2H), 7.65 (d] = 8.4 Hz, 2H), 4.06 3.73 (m,4H), 3.33 (s4H), 3.00

(t, J= 7.5 Hz, 2H), 1.88 (p] = 7.6 Hz, 2H), 1.48 1.42 (m,2H), 1.39i 1.34 (m,4H),

0.961 0.90 (m,3H).*C NMR (151 MHz,CDsOD) 4 182 . 4 ,138.2,7130.2,7,

129.0, 128.7, 44.4, 32.5, 29.8, 27.6, 27.2, 23.5, MRAMVS: (ESI) [M+H]" calcd for
C1oH27N40O2, 343.2134, observed, 343.2132.
(4-(5-heptyl-1,2,40xadiazolt3-yl)phenyl)(piperazin-1-yl)methanone  hydrochloride
(3.19b)

0 Synthesized according Beneral Procedurd.3. Purified

d(N UH via trituration with ethyl acetate and diethyl ethéfhite
&

o-N HCl solid, 32 mg, 85% yieldH NMR (500 MHz, DMSGds) i
9.26 (s, 2H), 8.13 8.03 (m, 2H), 7.67 7.60 (m, 2H), 3.88 3.77 (m, 2H), 3.66 3.50

(m, 2H), 3.22i 3.10 (m, 4H), 3.01 (t, J = 7.5 Hz, 2H), 1.79 (p, J = 7.5 Hz, 2H), i1.40

1.22 (m, 8H), 0.86 (t, J = 6.8 Hz, 3HJC NMR (126 MHz, DMSGds) U ,168@,. 8
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167.0, 137.7, 128.1, 127.5, 127.1, 42.5, 31.1, 28.3, 28.2, 25.9, 25.8, 22.0, 13.9. HRMS:
(ESI) [M+H]" calcd for GoH20N402, 357.2285, observed, 357.2303.

(4-(5-octyl-1,2,40xadiazol3-yl)phenyl)(piperazin-1-yl)methanone hydrochloride

(3.19¢)
0 Synthesized according to General Procedie Purified
j/@AL LN via trituration with ethyl acetate and diethyl ethéfhite
0 HCI solid, 78 mg, 69% vyieldH NMR (600 MHz,CD:OD) i

8.191 8.16 (m,2H), 7.67i 7.64 (m, 2H), 4.03 3.75 (m,4H), 3.42i 3.32 (m, 4H), 3.00
(t, J= 7.5 Hz, 2H), 1.88 (p] = 7.6 Hz, 2H), 1.47 1.42 (m,2H), 1.407 1.27 (m,8H),
0.90 (t,J = 7.0 Hz, 3H).}*C NMR (151 MHz,CDsOD) a 182. 4,138»71. 7, 1
130.3, 129.0, 128.7, 44.4, 33.0, 30.3019, 30.1, 27.6, 27.2, 23.7, 14 ARMS: (ESI)
[M+H] ™" calcd for GiH3oN4O2, 371.2442, observed, 371.2441.
(4-(5-nonyl-1,2,4o0xadiazol3-yl)phenyl)(piperazin-1-yl)methanone  hydrochloride
(3.194d)
Synthesied according to General Proced®&8. Purified
d; ﬂ via trituration with ethyl acetate and diethyl ethérhite
;) HCI solid, 63 mg, 66% yieldH NMR (500 MHz, DMSGds) a
9.30 (brs, 2H), 8.11 8.04 (m, 2H), 7.68 7.61 (m, 2H), 3.94 3.43 (m, 4H), 3.16 (brs,
4H), 3.01 (tJ = 7.5 Hz, 2H), 1.79 (p] = 7.5 Hz, 2H), 1.40 1.20 (m, 12H), 0.89 0.81
(m, 3H). °C NMR (126 MHz, DMSQds) a 180. 8, 168. 41275167 . 0, ]
127.1, 42.5, 31.3, 28.8, 28.6, 28.5, 28.3, 25.9, 25.8, 22.1, 14.0. HRMS: (ESI) [M+H]

calcd for GoH33N40O», 385.2598, observed, 385.2597.

207



5.7 PROCEDURES AND CHARACTERIZATIONS FOR CHAPTER 4

General Procedure 4.1 Nucleophilic Substitution A. Nucleophile (1.0equiv),
K2COs (2.0 equiv), and alkyl halide (1.2quiv) were added to aund bottom flask
containingMeCN (0.2 M)at rt. A condenser was attached and the reaction mixture was
heated to refluxuntil complete consumption of the starting matemas observed
monitored by TLC (approximately 6 h) The reaction was diluted with water and
extracted with ethyl acetate (3x). The orgaaiers were combined, washed with brine
(2x), dried with MgSQ, filtered, and concentrated in vactwafford a crud yellow oil,
which was then subjected to flash chromatography with an appropriate ethyl acetate and
hexane solvent system to afford the purified product.

General Procedure 4.2 Suzuki CrossCoupling. To a pressursealed tube
purged with nitrogen was add the necessary alkenel(®quivy) and 0.5 M 9BBN in
THF (1.5equiV). The resulting mixture wada owed to stir at 70 C
completion of the hydroboration step, sequential addition4&0 (1.0 equiv),
Pd(dppf)CtA CHBl> (5 mol%), and 3 M KOH (3.Cequiv) was performed. The resulting
mi xture was all owed t ount$doinplete aodnsuriipfion ofthe f or 16
starting material was observed on TLC. The resulting mixture was concentrated in vacuo
to afford acrude oil, which was then subjected to flash chromatography with an
appropriate ethyl acetate and hexane solvent systaffotd the purified product

General Procedure 43. HCI| Boc Deprotection. To a 6dram vial containinga
N-Boc-protected amine (1.@quiv) dissolved in DCM (0.2 M)was added hydrogen
chloride (30100 equiv, 4 M in dioxane). The resulting mixture was alkto stir until

consumption of starting material as monitored by Ta@pfoximately 31). A thick white
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precipitate forms during the course of the reaction. This precipitate was either vacuum
filtered over a filter frit and washed with diethyl ether atutated with diethyl ether
and/or ethyl acetate to afford the pure product as an HCI salt.

General Procedure 4.4 Methoxy Ether Synthesis To a stirring solution of
sodium methoxide in methanol (25% wt, 3fuiv) was addedoromol-alkene (1.0
equiv). The reaction was stirred &5 °C, monitoring by TLC then concentratedh
vacuq and redissolved in diethyl ether and water. The aqueous phase was washed with
diethyl ether (3x) and the organic extracts were combined, washed with brine (2x), dried
with MgSQ,, filtered, and concentrateéal vacuoto givethe desired compound.

General Procedure 4.5 Wittig Olefination. To a stirring suspension of
methyltriphenylphosphonium bromide (2Quiv) in THF (0.2 M) was added potassium
tertbutoxide (2.0 egiv) at 0 °Cunder a nitrogen atmosphere, immediately forming a
yellow solution. The reaction was stirred for 30 minutes, then ketonee{Li®) was
added, and the reaction was allowed to warm to 25 °C and stirred, monitoring by TLC.
The reaction was quenched with emtextracted with ethyl acetate (3x), and the organic
extracts were combined, washed with brine (2x) dried with MgSiered, and
concentrated in vacuo. The residue was purified by flash column chromatography to give
the desired compound.

General Procealure 4.6 Tosylation. To a stirring solution of alcohol (1€quiv)
in DCM (0.2 M) was added triethylamine (1.8quiv), DMAP (0.10 equiv) and 4
methylbenzenesulfonyl chloride (0.95quiv) sequentially at 0 °C under a nitrogen
atmosphere. The reaction wdlewed to warm tat and stirred, monitoring by TLC. The

reaction was diluted with diethyl ether and washed with water and aqueous HCI (1 M).

209



The combined aqueous extracts were washed with diethyl ether (3x), and the organic
extracts were combined, washedth brine (2x), dried with MgS@ filtered, and
concentrated in vacuo to give the desired compound.

General Procedure 4.7 Nucleophilic Substitution B. To a stirring solution of
alcohol (1.0equiv) and potassium carbonate (2uiy) in MeCN (0.2 M)was alded
tosylated alcohol (1.2quiv). The reaction was heated to 80 °C, monitoring by TLC. The
reaction was diluted with water and extracted with ethyl acetate (3x). The organic
extracts were combined, washed with brine (2x), dried with MgSiered, and
concentrated in vacuo. The residue was purified by flash column chromatography to give
the desired compound.

General Procedure 4.8 Nucleophilic Substitution C. Nucleophile (1.0equiv)
and alkyl halide (1.2equiv) were added to a flame drieddéam vial cmtaining
anhydrousTHF (0.2 M) a t 0 C before the addition of
dispersion in Paraffin Liquid, 1.8quiV). The resulting solution was allowed to stir and
raise tort for 16 hours or until complete consumption of the starting material was
observed on TLC. The ret@mn was diluted with water and extracted with ethyl acetate
(3x). The organic extracts were combined, washed with brine (2x), dried with MgSO
fitered, and concentrated in vacuo. The residue was purified by flash column
chromatography to give the desireompound.

General Procedure 4.9 Carbonyl Reduction. To a stirring solution of carbonyl
(2.0 eqiiv) in THF (0.25 M) was added lithium aluminum hydride in THF (1.0 M, 0.60
equiv) under a nitrogen atmosphere at 0 °C. The reaction was allowed to warniGo 25

and stirred, monitoring by TLC. The reaction was cooled to 0 °C and quenched with
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water, then extracted with ethyl acetate (3x). The organic extracts were combined,

washed with brine (2x), dried with MgSQ@iltered, and concentrated vacuoto give he

desired compound.

(pent-4-en-1-yloxy)benzene(4.2a)

©\ Synthesized according to General Procedure 4.1. Purified via column
o chromatography (@% ethyl acetate/hexane€)olorlessoil, 122 mg,

71% vyield'H NMR (500 MHz, CDCJ) i 771. 723 (m, 2H), 6.99 6.94 (m, 1H), 6.94

i 6.91 (m, 2H), 5.88 (ddt] = 16.9, 10.2, 6.6 Hz, 1H), 5.09 (dfj= 17.1, 1.7 Hz, 1H),

5.047 5.01 (m, 1H), 3.99 () = 6.4 Hz, 2H), 2.30 2.24 (m, 2H), 1.94 1.88 (m, 2H).

13C NMR (126 MHz, CDG)  $0.2,1138.0, 129.5, 120.7, 115.3, 114.6, 67.2, 30.3, 28.6.

HRMS: (ESI) [M+H]" calcdfor C11H150, 163.1117, observed, 163.1120.

(hex-5-en-1-yloxy)benzene(4.20)

©\ Synthesized according to General Procedure 4.1. Purified via
TS column chromatography {8% ethylacetate/hexanesf.olorlessoil,

283 mg, 76% yieldtH NMR (500 MHz, CDGJ) U i 7.263(12, 2H), 6.97 6.92 (m,

1H), 6.92i 6.89 (m, 2H), 5.85 (ddt] = 16.9, 10.2, 6.6 Hz, 1H), 5.05 (dgj= 17.1, 1.7

Hz, 1H), 5.01i 4.97 (m, 1H), 3.98 (tJ = 6.5 Hz, 2H), 2.18 2.11 (m, 2H), 1.86 1.78

(m, 2H), 1.63 1.55 (m, 2H)3C NMR (126 MHz, CDCf) U4 159. 2, 138. 7,

114.9, 114.6, 67.7, 33.6, 28.9, 25MRMS: (ESI) [M+H] calcdfor Ci2H170, 177.1274,

observed, 177.1282.

(hept-6-en-1-yloxy)benzeneg(4.2c)

©\ Synthesized according to General Procedure 4.1. Purified via
0T NNF

column chromatography (6% ethyl acetate/hexanes). Colorless
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oil, 190 mg, 94% vyieldH NMR (600 MHz, CDCY) U 1 7.273(®, 2H), 6.97 6.93
(m, 1H), 6.931 6.90 (m, 2H), 5.91 5.76 (m, 1H), 5.06 5.01 (m, 1H), 4.99 4.96 (m,
1H), 3.97 (tJ = 6.5 Hz, 2H, 2.13i 2.07 (m, 2H), 1.84 1.78 (m, 2H), 1.53 1.43 (m,
4H).13C NMR (151 MHz, CDG)J) ua 159. 2, 12063194.6) 67.8,132.8 2933,
28.8, 25.7HRMS: (ESI) [M+H]" calcdfor C13H190, 191.1430, observed, 191.1441.
1-methyl-4-(pent-4-en-1-yloxy)benzene(4.2d)
Synthesized according to General Procedure 4.1. Purified via

\Q\OW column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 110 mg, 68% vyieldH NMR (600 MHz, CDCY) U 1 7.061(18, 2H), 6.83 6.79
(m, 2H), 5.86 (ddtJ = 16.9, 1@, 6.7 Hz, 1H), 5.07 (dg] = 17.1, 1.7 Hz, 1H), 5.02
4.99 (m, 1H), 3.95 (t) = 6.5 Hz, 2H), 2.29 (s, 3H), 2.472.22 (m, 2H), 1.91 1.85 (m,
2H).23C NMR (151 MHz, CDQ) a 157. 0, 138. 0, 130. 0,
28.6, 20.6. HRMS: (ESIJM+CH30H,]* calcd for CizH2102, 209.1536, observed,
209.1558.
1-(hex-5-en-1-yloxy)-3-methylbenzeneg(4.2e)
/@\ Synthesized according to General Procedure 4.1. Purified via

0NN column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 170 mg, 97% vieldtH NMR (500 MHz, CDCY{) & 7J.=T/® Hz, 1H), 6.77
6.74 (m, 1H), 6.74 6.72 (m, 1H), 6.72 6.69 (m, 1H), 5.84 (ddfl = 16.9, 10.2, 6.7 Hz,
1H), 5.04 (dgJ = 17.1, 1.7 Hz, 1H), 5.00 4.96 (m, 1H), 3.95 () = 6.5 Hz, 2H), 2.33

(s, 3H), 2.16/ 2.10 (m, 2H), 1.84 1.76 (m, 2H), 1.6T 1.54 (m, 2H).X3C NMR (126

129.

MHz,CDCk) 4 159. 2, 139. 6, 138. 7, 129. 3, 121.

25.5, 21.7. HRMS: (ESI) [MH]" calcdfor C13H170, 189.1285, observed, 189.1284.
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1-methyl-3-(pent-4-en-1-yloxy)benzeneg(4.2f)
/@\ Synthesized according to General Procedure 4.1. Purified via
0T column chromatography {8% ethyl acetate/hexanes). Colorless oil,
127 mg, 78% vyieldH NMR (500 MHz, CDCY) U  7J.=T.B Hz( 1H), 6.78 6.75
(m, 1H), 6.74 6.73 (m, 1H), 6.72 6.70 (m, 1H), 5.87 (ddt) = 16.9, 10.2, 6.6 Hz, 1H),
5.07 (dg,d = 17.1, 1.7 Hz, 1H), 5.0 4.99 (m, 1H), 3.96 (t) = 6.4 Hz, 2H), 2.34 (s,
3H), 2.28i 2.22 (m, 2H), 1.92 1.85 (m, 2H)13C NMR (126 MHz, CDCJ) U 159.
139.6, 138.0, 129.3, 121.5, 115H15.3, 111.5, 67.1, 30.3, 28.6, 21HRMS: (ESI)
[M+H] ™" calcdfor Ci2H170, 177.1274, observed, 177.1270.
1-methyl-2-(pent-4-en-1-yloxy)benzeneg(4.29
©\/ Synthesized according to General Procedure 4.1. Purified via column
0 NF

chromatography (% ethyl acetate#xanes). Colorless o213 mg,
65% yield'H NMR (500 MHz, CDCJ)  § 1 7.141(r8, 2H), 6.89 6.85 (m, 1H), 6.84
i 6.81 (m, 1H), 5.90 (ddt) = 16.9, 10.2, 6.7 Hz, 1H), 5.09 (dfj= 17.1, 1.7 Hz, 1H),
5.02 (dg,d = 10.2, 1.4 Hz, 1H), 4.00 (§ = 6.3 Hz, 2H), 2.32 2.27 (m, 2H), 2.26 (s,
3H), 1.967 1.90 (m, 2H)3C NMR (126 MHz, CDG)) & 157.3, 138. 1,
126.8, 120.3, 115.2, 111.0, 67.1, 30.4, 28.7, 16.4. HRMS: (ESI) [M+<Hlcd for
C12H170, 177.1274, observed, 177.1288.
1,3-dimethyl-3-(pent-4-en-1-yloxy)benzene(4.2h)
/@\ Synthesized according to GenerBtocedure 4.1. Purified via

o ™" column chromatography (8% ethyl acetate/hexanes). Colorless

oil, 230 mg, 74% vyieldH NMR (500 MHz, CDCY) U 1 ®.606(1®, 1H), 6.57 6.55

(m, 2H), 5.93 5.84 (m, 1H), 5.09 (dg] = 17.1, 1.8 Hz, 1H), 5.03 (dd,= 10.2,1.4 Hz,
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1H), 3.96 (tJ = 6.4 Hz, 2H), 2.31 (s, 6H), 2.992.23 (m, 2H), 1.92 1.86 (m, 2H)13C

NMR (126 MHz, CDCj) u 159. 2, 139. 3, 138. 1, 122. 5,

21.6. HRMS: (ESI) [M+H] calcdfor C13H190, 191.1430, observed, 191.1437.
1-(allyloxy)-4-ethylbenzeneg(4.2)
/\@\ Synthesized according to General Procedure 4.1. Purified via column

0 chromatography (3% ethyl acetate/hexanes). Colorless 54, mg,
25% vyield'H NMR (500 MHz, CDCJ)  © 1 7.111(r6, 2H), 6.89 6.84 (m, 2H), 5.94
(ddt,J = 17.0, 10.2, 6.7 Hz, 1H), 5.20 (d#j= 17.1, 1.7 Hz, 1H), 5.13 (dd,= 10.2, 1.3
Hz, 1H), 4.02 (tJ = 6.7 Hz, 2H), 2.62 (g] = 7.6 Hz, 2H), 2.59 2.54 (m, 2H), 1.24 (t]
= 7.6 Hz, 3H).1*C NMR (126 MHz, CDG)) a 157. 1, 13 @&7.05114.61 3 4 .
67.4, 33.9, 28.1, 16.0. HRMS: (ESI) [M+K¢galcd for Ci12H16KO, 215.0833, observed,
215.0851.
1-(but-3-en-1-yloxy)-3-ethylbenzene(4.2)

Synthesized according to General Procedure 4.1. Purified via

\/©\0/\/\ column chromatography {8% ethyl acetate/hexes). Colorless
oil, 60 mg, 42% vield*H NMR (500 MHz, CDCd) U 7J= 2.®Hz(1H), 6.81 6.79
(m, 1H), 6.78 6.77 (m, 1H), 6.7% 6.72 (m, 1H), 5.93 (ddt] = 17.1, 10.3, 6.7 Hz, 1H),
5.19 (dg,J = 17.2, 1.7 Hz, 1H), 5.12 (dd,= 10.3, 1.3 Hz, 1H), 4.02 (§,= 6.7 Hz, 2H),

2.63 (q,J = 7.6 Hz, 2H), 2.58 2.53 (m, 2H), 1.24 (t} = 7.6 Hz, 3H)33C NMR (126

7,

MHz,CDCk) 4 159. 1, 146. 0, 134. 7, 129. 4, 120.

15.6. HRMS: (ESI) [M+H] calcdfor C12H170, 177.1274, observed, 177.1304.
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1-ethyl-2-(pent-4-en-1-yloxy)benzeng(4.2Kk)
Synthesized according to General Procedure 4.1. Purified via column
©\/O\W chromatography (8% ethyl acetate/hexanes). Colorless I#3 mg,
51% yield.'H NMR (600 MHz, CDC{)  § i 7.151(18, 2H), 6.90 (tJ = 7.4 Hz, 1H),
6.84 (d,J= 7.9 Hz, 1H), 389 (ddt,J = 16.9, 10.2, 6.7 Hz, 1H), 5.09 (db= 17.1, 1.6 Hz,
1H), 5.03 (dgJ = 10.2, 1.2 Hz1H), 3.99 (t,J = 6.3 Hz, 2H), 2.68 (¢ = 7.5 Hz, 2H),
2.29 (g,d = 6.9 Hz, 2H), 1.96 1.89 (m, 2H), 1.23 (t) = 7.5 Hz, 3H)13C NMR (151
MHz, CDCk) 186.9, 138.1, 132.9, 129.1, 126.8, 120.4, 115.2, 111.1, 67.0, 30.4, 28.8,
23.5, 14.4HRMS: (ESI) [M+H]" calcdfor C13H190, 191.1430 observed191.143.
1-(allyloxy)-3-propylbenzene(4.2I)
/\/@\ Synthesized according to General Procedure 4.1. Purified via
0 column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 250 mg, 97% vieldtH NMR (500 MHz, CDCY) & 7J.=T/8 Hz, 1H), 6.81
6.73 (M, 3H), 6.08 (ddt] = 17.2, 10.5, 5.3 Hz, 1H), 5.43 (dtj= 17.3, 1.6 Hz, 1H), 5.29
(dg,J = 10.5, 1.4 Hz, 1H), 4.564.53 (m, 2H), 2.59 2.55 (m, 2H), 1.70 1.61 (m, 2H),
0.95 (t,J=7.3 Hz, 3H)®*C NMR (126 MHz,CDC}) U 158. 7, 144. 5, 133.
117.7, 115.2, 111.8, 68.8, 38.2, 24.6, 1#HBMS: (ESI) [M+H]" calcd for Ci2H170,
177.1274, observed, 177.1279.
1-(but-3-en-1-yloxy)-3-isopropylbenzeneg(4.2m)
Synthesized according to General Proceddrg. Purified via
Y©\O/\/\ column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 103 mg, 37% vieldtH NMR (500 MHz, CDC{) & 7J.=Z9 Hz, 1H), 6.84

6.82 (m, 1H), 6.80 6.79 (m, 1H), 6.74 6.71 (m, 1H), 5.93 (ddf] = 17.0, 10.3, 6.7 Hz,
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1H), 5.19 (dgJ = 17.2, 1.7 Hz, 1H), 5.12 (dd,= 10.3, 1.4 Hz, 1H), 4.02 (§,= 6.7 Hz,
2H), 2.88 (pJ = 6.9 Hz, 1H), 2.58 2.53 (m, 2H), 1.25 (d] = 6.9 Hz, 6H)3C NMR
(126 MHz, CDC}) ua 159. 1, 150. 8, 134. 7, 1 343, 4, 119.
33.9, 24.1. HRMS: (ESI) [M+H]calcdfor C13H190, 191.1430, observed, 191.1429.
1-(but-3-en-1-yloxy)-3-cyclopropylbenzeneg(4.2n)

Synthesized according to General Procedure 4.1. Purified via
ﬁ©\0/\/\ column chromatography {8% ethyl acetate/hexanes). Cobws
oil, 140 mg, 40% vyieldH NMR (600 MHz, CDCY) & 7J.=I7® Hz, 1H), 6.70
6.66 (M, 2H), 6.63 6.61 (m, 1H), 5.97 5.85 (m, 1H), 5.17 (dg] = 17.1, 1.6 Hz, 1H),
5.11 (dgJ = 10.2, 1.4 Hz, 1H), 4.00 (3,= 6.7 Hz, 2H), 2.58 2.49 (m, 2H), 1.89 1.83
(m, 1H), 0.96 0.92 (m, 2H), 0.71 0.67 (m, 2H).23C NMR (151 MHz,CDG)) & 159. 2,
145.9, 134.7, 129.3, 118.3, 117.1, 112.3, 111.3, 67.2, 33.8, 15.6, 9.4. HRMS: (ESI)
[M+H] " calcdfor Ci3H170, 189.1274, observed, 189.1279.
1-(but-3-en-1-yloxy)-3-(tert-butyl)benzene(4.20
h/Ej\ Synthesized accoimy to General Procedure 4.1. Purified via

0"

column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 127 mg, 47% vyieldtH NMR (500 MHz, CDCY) & 7J.=BD Hz, 1H), 7.00
6.97 (m, 1H), 6.96 6.94 (m, 1H), 6.73 6.70 (m, 1H), 5.93 (ddfl = 17.0, 10.2, 6.7 Hz,
1H), 5.18 (dgJ = 17.2, 1.7 Hz, 1H), 5.12 (dd,= 10.3, 1.4 Hz, 1H), 4.02 (§,= 6.7 Hz,
2H), 2.56 (qtJ = 6.8, 1.4 Hz, 2H), 1.31 (s, 9HFC NMR (126 MHz, CDCJ) U 158. 9,
153.1, 134.7, 129.1, 118.0, 117.1, 112.8, 110.7, 6AR, 33.9, 31.5HRMS: (ESI)

[M+H]* calcdfor C14H210, 205.1587, observed, 205.1596.
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1-(allyloxy)-3-cyclobutylbenzene(4.2p)
D/@\ Synthesized according to General Procedure 4.1. Purified via column
o F
chromatography (% ethyl acetate/hexanes). Colorless Q) mg,

38% yield.'H NMR (500 MHz, CDC{) &  7J.=2Z.8 Hz( 1H), 6.83 6.79 (m, 2H),
6.74 (dd,J = 8.1, 2.3 Hz, 1H), 6.08 (ddi,= 17.2, 10.6, 5.3 Hz, 1H), 5.43 (dij= 17.2,
1.6 Hz, 1H), 5.29 (dqJ = 10.5, 1.3 Hz, 1H), 4.54 (di,= 5.3, 1.4 Hz, 2H), 3.53 (d,=
8.8 Hz, 1H), 2.37 2.30 (m, 2H), 2.20 2.10 (m, 2H), 2.06 1.95 (m, 1H), 1.89 1.81
(m, 1H).23C NMR (126 MHz, CDG)) & 158.8, 148.2, 133. 6,
111.7, 68.9, 40.4, 29.8, 18.WIRMS: (ESI) [M+H]" calcd for Ci3Hi70, 189.1274
observed189.1%63.
3-(allyloxy)-1,1"-biphenyl (4.2q)
‘ Synthesized according to General Procedure 4.1. Purified via

O N column chromatography {8% ethyl acetate/hexanesyolorless
oil, 365 mg, 99% vyield*H NMR (500 MHz, CDCY) U 1 7.596(, 2H), 7.47 7.43
(m, 2H), 7.37 (tJ= 7.8 Hz, 2H), 7.22 7.20 (m, 1H), 7.19 7.17 (m, 1H), 6.93 (ddd},=
8.2, 2.5, 0.8 Hz, 1H), 6.166.06 (m, 1H), 5.47 (dq] = 17.3, 1.6 Hz, 1H), 5.33 (dd,=
10.5, 1.3 Hz, 1H), 4.62 (df,= 5.3, 1.5 Hz, 2H)}3C NMR (126 MHz, CDGJ) 189.1,
142.9, 14.2, 133.4, 129.9, 128.928.3*,127.5, 127.3126.9*, 126.8*,120.0, 117.9,
115.1*,113.9, 113.6, 69.0Material isolated as an approximatelyl ratio of rotamers.
HRMS: (ESI) [M+H] calcd for GsH1s0O, 211.1117, observed, 211.111
2-(but-3-en-1-yloxy)naphthalene (4.2r)

'l Synthesized according to General Procedure 4.1. Purified via
0N column chromatography {8% ethyl acetate/hexanes). Colorless oil,
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150 mg, 55% vyieldtH NMR (500 MHz, CDCY) U 1 7.778(@, 1H), 7.77 7.73 (m,
2H), 7.47i 7.43 (m, 1H), 7.37 7.33 (m, 1H), 7.19 7.17 (m, 1H), 7.16 7.15 (m, 1H),
5.98 (ddtJ = 17.0, 10.3, 6.7 Hz, 1H), 5.265.21 (m, 1H), 5.18 5.15 (m, 1H), 4.15 (]
= 6.7 Hz, 2H), 2.66 2.61 (m, 2H.3C NMR (126 MHz, CDCJ) & 157 . 0,

129.5, 129.1, 127.8, 126.8, 126.5, 123.7, 119.1, 117.2, 106.8, 67.3HBBA&: (ESI)
[M+H] " calcdfor C14H150, 199.1117, observed, 199.1120.

1-(but-3-en-1-yloxy)naphthalene(4.29

Synthesized according General Procedure 4.1. Purified via column
ON

chromatography (3% ethyl acetate/hexanes). Colorless oil, 176 mg,

51% yieldH NMR (600 MHz, CDCY) U i 8.29318, 1H), 7.83 7.80 (m, 1H), 7.52
i 7.47 (m,2H), 7.45i 7.43 (m, 1H), 7.40 7.36 (m, 1H)6.82 (d,J = 7.5 Hz, 1H), 6.07

5.99 (m, 1H), 5.29 5.24 (m, 1H), 5.19 5.15 (m,1H), 4.21 (t,J = 6.5 Hz, 2H), 2.71 (q,

J=6.6 Hz, 2H)®®*C NMR (151 MHz,CDG)) U 154 . 8, 134. 8, 134.

125.8, 125.2, 122.2, 120.3, 117.2, 104.756B3.9.HRMS: (ESI) [M+H] calcd for
C14H150, 199.1117 observed]199.1D4.
5-(But-3-en-1-yloxy)-1,2,3,4tetrahydronaphthalene (4.2t)

Synthesized according ©@eneral Procedure 4.Colorless oil,57 mg,
&/\/\ 28%yield. 1H NMR (600 MHz, CDC) U  7J.=0.9 Hz( 1H), 6.69
(d, J= 7.6 Hz, 1H), 6.63 (dJ = 8.0 Hz, 1H), 5.93 (ddt] = 17.0, 10.2, 6.7 Hz, 1H), 5.17
(dg,J = 17.1, 1.6 Hz, 1H), 5.12 5.06 (m, 1H), 4.00 (1) = 6.5 Hz, 2H), 2.75 (1) = 6.0

Hz, 2H), 2.66 (tJ = 6.2 Hz, 2H), 2.55 (qt] = 6.6,1.4 Hz, 2H), 1.8 1.72 (m, 4H)13C

NMR (151 MHz,CDC}) u 156. 7, 138. 7, 135. 0, 126. 3,

34.0, 29.8, 23.2, 232 23.M@.
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4-(But-3-en-1-yloxy)-2,3-dihydro-1H-indene (4.2u)

Synthesized according Beneral Procedure 4.Colorless 0il,166 mg,
&o/\/\ 44% yield. *H NMR (600 MHz, CDC§) 7110 (ddd,J = 8.2, 7.4, 0.9
Hz, 1H), 6.85 (dJ = 7.4 Hz, 1H), 6.65 (dJ = 8.1 Hz, 1H), 5.92 (ddt] = 17.0, 6.7, 0.8
Hz, 1H), 5.19 5.14 (m, 1H), 5.12 5.07 (m, 1H), 4.04 () = 6.7 Hz, 2H), 2.92 () =

7.4 Hz, 2H), 2.87 (1) = 7.4 Hz, 2H), 2.55¢q,J = 6.7, 1.2 Hz, 2H), 2.10 2.02 (m, 2H).

13C NMR (151 MHz, CDGJ) u 155.5, 146. 4, 134. 8, 132.

34.0, 33.4, 29.5, 25.1.
1-(pent-4-en-1-yloxy)-4-(trifluoromethyl)benzene (4.2V)
FsC Synthesized according to General Procedure 4.1. Purified via

\©\OW column chromatography {8% ethyl acetate/hexanes).|@tess
oil, 83 mg, 58% vield'H NMR (600 MHz, CDCJ) U i 7.515(®, 2H), 6.97 6.93
(m, 2H), 5.89 5.81 (m, 1H), 5.07 (dgl = 17.1, 1.7 Hz, 1H), 5.02 (dd,= 10.1, 1.4 Hz,
1H), 4.01 (t,J = 6.4 Hz, 2H), 2.28 2.22 (m, 2H), 1.91 (p] = 6.6 Hz, 2H.%F NMR
(565 MHz, CDC}) -61.4013C NMR (151 MHz, CDCJ) U 1 62 1.16Hz)( 187.7,
127.0 (gJ = 3.7 Hz), 124.6 (q) = 271.3 Hz), 122.8 (gl = 32.7 Hz), 115.6, 114.5, 67.4,
30.1, 28.3.HRMS: (ESI) [M+CHOH]* calcd for CizHigFs02, 263.1253, bserved,
263.1256.
1-(pent-4-en-1-yloxy)-3-(trifluoromethyl)benzene (4.2w)

Synthesized according to General Procedure 4.1. Purified via

F30/©\0W column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 104 mg, 73% vyieldH NMR (500 MHz, CDCY) U 1 7.354(1@, 1H), 7.21 7.17

(m, 1H), 7.13 (tJ = 2.1 Hz, 1H), 7.06 (dd] = 8.3, 2.6 Hz, 1H), 5.86 (ddl,= 16.9, 10.2,
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6.7 Hz, 1H), 5.08 (dq] = 17.1, 1.7 Hz, 1H), 5.02 (dd,= 10.2, 1.4 Hz, 1H), 4.00 (§,=
6.4 Hz, 2H), 2.29 2.23 (m, 2H), 1.95 1.87 (m, 2H)!°F NMR (565 MHz, CDCJ) - i
62.66.1°C NMR (126 MHz, CDGJ) ua 159. 3, J1=332.2Hz),130.3B 124.2
(g, J = 272.3 Hz), 118.1 (q] = 1.1 Hz), 117.4 (¢J = 4.0 Hz), 115.5, 111.4 (d,= 3.9
Hz), 67.5, 30.2, 28.4d4RMS: (ESI) [M+H]" calcd for CioH14R0, 231.0991, olesved,
231.0983.

1-(but-3-en-1-yloxy)-3-methoxybenzend4.2y)

/@\ Synthesized according to General Procedure 4.1. Purified via
o © column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 94 mg, 33% yieldH NMR (600 MHz, CDCf) U 7J= 8.7 Hz(LH), 6.51 (dd,)
= 8.2, 2.4 Hz, 2H), 6.47 (1 = 2.4 Hz, 1H), 5.91 (ddtJ = 17.0, 10.3, 6.7 Hz, 1H), 5.17
(dg,J = 17.2, 1.7 Hz, 1H), 5.11 (dd,= 10.3, 1.4 Hz, 1H), 4.00 (§,= 6.7 Hz, 2H), 3.79
(s, 3H), 2.561 2.50 (m, 2H)}3C NMR (151 MHz, CDGJ) 16i1.0, 160.3, 134.6, 130.0,
117.2, 106.8, 106.5, 101.1, 67.3, 55.4, 33.8. HRMS: (ESI) [M-gdlcd for C11H130o,
179.1067, observed, 179.1065.
1-(but-3-en-1-yloxy)-3-(trifluoromethoxy)benzene (4.22

/@\ Synthesized according to General Procedure 4.1. Rurifie
"o © ~ column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 70 mg, 27% vieldH NMR (500 MHz, CDCY) U 7J= 8.3 Hz(1H), 6.85 6.79
(m, 2H), 6.77i 6.75 (m, 1H), 5.90 (ddt] = 17.0, 10.3, 6.7 Hz, 1H), 5.18 (dfj= 17.2,

1.7 Hz, 1H), 5.13 (dg] = 10.3, 1.4 Hz, 1H), 4.01 (@,= 6.7 Hz, 2H), 2.55 (qt] = 6.7, 1.4

(q,

Hz, 2H).1% NMR (376 MHz, CITls) -57.77.13C NMR (126 MHz, CDC)) o 160. 1,
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150.3 (qJ = 2.0 Hz), 134.2, 130.3, 120.6 @&~ 257.0 Hz), 117.4, 113.1, 113.0, 107.8,
67.7, 33.6. HRMS: (ESI) [M+H]calcdfor C11H12F302, 233.0784, observed, 233.0784.
1-(but-3-en-1-yloxy)-3-methoxy-5-methylbenzeneg(4.2ag
Synthesized according to General Procedure 4.1. Purified via

\O/@O P~ column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 94 mg, 34% vyield'H NMR (500 MHz, CDCJ) U i 6.323(®, 2H), 6.30 6.28
(m, 1H), 5.95 5.86 (m, 1H)5.17 (dg,J = 17.1, 1.8 Hz, 1H), 5.11 (dd,= 10.4, 1.4 Hz,
1H), 3.99 (t,J = 6.7 Hz, 2H), 3.77 (s, 3H), 2.562.50 (m, 2H), 2.30 (s, 3H)*C NMR
(126 MHz, CDC}) ua 160. 8, 160. 1, 140. 3, 134. 6, 117.
33.8, 21.9HRMS: (BSI) [M+H]" calcdfor C12H1702, 193.1223, observed, 193.1223.
3-(but-3-en-1-yloxy)benzonitrile (4.2ab)
/@\ Synthesized according to General Procedure 4.1. Purified via
NZ N column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 128 mg, 44% vyieldH NMR (500 MHz, CDC$) U 1 7.333(18, 1H), 7.25 7.22
(m, 1H), 7.15 7.11 (m, 2H), 5.88 (ddt] = 17.0, 10.2, 6.7 Hz, 1H), 5.18 (dfj= 17.1,
1.6 Hz, 1H), 5.13 (dg] = 10.3, 1.4 Hz, 1H), 4.02 (1,= 6.7 Hz, 2H), 2.56 (q] = 6.5, 1.3
Hz, 2H).13C NMR (126 MHz, CDG))ii 159 . 1, 134. 0, 130.34, 124. 6
117.6l, 113.3, 67.7, 33.5HRMS: (ESI) [M+H] calcd for Ci1H12NO, 174.0913,
observed, 174.091.
1-chloro-3-(pent-4-en-1-yloxy)benzeneg(4.2ac)

/@\ Synthesized according to General Procedure 4.1. Purified via
cl © column chromatography {8% ethyl acetate/hexanes). Colorless

oil, 160 mg, 52% vyieldtH NMR (600 MHz, CDC{) U  7J.=184 HZ, 1H), 6.93
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6.91 (m, 1H), 6.89 () = 2.2 Hz, 1H), 6.78 (dd] = 8.3, 2.4 Hz, 1H), 5.905.80 (m, 1H),

5.097 5.05 (m, 1H, 5.037 5.00 (m, 2H), 3.95 (t) = 6.4 Hz, 2H), 2.24 (4] = 7.2 Hz,

2H), 1.88 (dtJ = 13.6, 6.6 Hz, 2H}*C NMR (151 MHz,CDG)) & 159.9, 137. 8,
130.3, 120.8, 115.5, 114.9, 113.2, 67.4, 30.2, 2dRMS: (ESI) [M+H]" calcd for

C11H14CIO, 197.028, observed]197.07.7.

3-(hex-5-en-1-yloxy)pyridine (4.2ad)

@\ Synthesized according to General Procedure 4.1. Purified via
S column chromatography {8% ethyl acetate/hexanes). Colorless

oil, 106 mg, 28% yield.'H NMR (500 MHz, CDC{) & i 8.283(r2, 1H)8.217 8.19

(m, 1H), 7.22i 7.15 (m, 2H), 5.82 (ddt] = 16.9, 10.2, 6.7 Hz, 1H), 5.04 (dfj= 17.1,

1.7 Hz, 1H), 4.99 4.96 (m, 1H), 4.00 (t) = 6.4 Hz, 2H), 2.16 2.09 (m, 2H), 1.85

1.77 (m, 2H), 1.61 1.53 (m, 2H)23C NMR (126 MHz, CDG)) U 4,1423,.138.5,
138.1, 123.9, 121.2, 115.0, 68.2, 33.5, 28.7, 25.3.
1-fluoro-4-(hex-5-en-1-yloxy)benzene(4.2a¢

F Synthesized according to General Procedure 4.1. Purified via
\©\°/\/\/\ column chromatography {8% ethyl acetate/hexanes). Colorless

oil, 303 mg, 87% ield.'H NMR (500 MHz, CDCY) U 1 B.930(1®, 2H), 6.85 6.80

(m, 2H), 5.83 (ddt]) = 16.9, 10.2, 6.6 Hz, 1H), 5.04 (df= 17.2, 1.7 Hz, 1H), 5.0D

4.96 (m, 1H), 3.92 (t) = 6.4 Hz, 2H), 2.16 2.10 (m, 2H), 1.82 1.75 (m, 2H), 1.60

1.53 (m, 2H)'%F NMR (376 MHz, CDGJ) -1i24.417 -124.48 (m)}3C NMR (126 MHz,
CDCL) U 1 3% 233.9 Kz} 155.3 (d] = 2.2 Hz), 138.6, 115.9 (d,= 22.9 Hz),
115.5 (d,J = 7.9 Hz), 114.9, 68.5, 33.6, 28.9, 25HRMS: (ESI) [M+H]" calcd for

C1oH16FO, 195.1180, observed, 195.1174.
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1-fluoro-3-(hex-5-en-1-yloxy)benzene(4.2af)

. Synthesized according to General Procedure 4.1. Purified via column
(j\o PPN chromatography (% ethyl acetate/hexanes). Colorless28l1 mg,
84% vyieldH NMR (500 MHz, CDGJ) U 1 7.18Xr8, 1H), 6.69 6.66 (m, 1H)6.66
i 6.59 (m, 2H), 5.83 (ddt) = 16.9, 10.1, 6.6 Hz, 1H), 5.04 (dfj= 17.1, 1.7 Hz, 1H),
5.007 4.97 (m, 1H), 3.95 (1) = 6.5 Hz, 2H), 2.16 2.11 (m, 2H), 1.83 1.77 (m, 2H),
1.617 1.54 (m, 2H)X°F NMR (376 MHz, CDG) -111.87i -111.96 (m)33C NMR
(126 MHz, CDC}) U 1 632488 Hz)l160.6 (d = 10.9 Hz), 138.6, 130.3 (d=
10.2 Hz), 115.0, 110.5 (d,= 2.8 Hz), 107.4 (dJ = 21.3 Hz), 102.2 (dJ = 24.6 Hz),
68.2, 33.5, 28.7, 25.44dRMS: (ESI) [M+NHi]* calcd for CiHioFNO, 212.145,
observed, 212.1428.
1-fluoro-2-(hex-5-en-1-yloxy)benzene(4.2ag

- Synthesized according to General Procedure 4.1. Purified via

©:o/\/\/\ column chromatography {8% ethyl acetate/hexanes). Colorless oll,
340 mg, 98% yieldH NMR (500 MHz, CDCY) U i 7.02160, 2H), 6.98i 6.94 (m,
1H), 6.901 6.86 (m, 1H), 5.83 (ddt] = 17.0, 10.2, 6.6 Hz, 1H), 5.04 (dgj= 17.1, 1.7
Hz, 1H), 5.00i 4.96 (m, 1H), 4.04 (t) = 6.5 Hz, 2H), 2.17 2.11 (m, 2H), 1.88 1.81
(m, 2H), 1.63i 1.56 (M, 2H)XF NMR (376 MHz, CDGJ) -184.77i -134.85 (m)!3C
NMR (126 MHz, CDC¥) U 1 92 245.3 Hz)j 147.3 (d] = 10.6 Hz), 138.6, 124.4
(d, J=3.9 Hz), 121.0 (d] = 6.8 Hz), 116.3 (dJ = 18.4 Hz), 115.0 (d] = 1.9 Hz), 114.9,
69.3, 33.5, 28.8, 25.3. HRMS: (ESI) [M+Hgalcd for Ci2H16FO, 195.1180, observed,

195.1196.
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1,3-difluoro -5-(hex-5-en-1-yloxy)benzene(4.2ah)

F Synthesized according to General Procedure 4.1. Purified via
FQ\O/\/\/\ column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 317 mg, 97% vyieldH NMR (500MHz, CDCk) U 1 6.374m, 3H), 5.83 (ddf] =
16.9, 10.2, 6.6 Hz, 1H), 5.05 (d#j= 17.1, 1.8 Hz, 1H), 5.00 (dq,= 10.2, 1.5 Hz, 1H),
3.92 (t,J = 6.4 Hz, 2H), 2.13 (q) = 7.1 Hz, 2H), 1.80 (dt] = 15.1, 6.5 Hz, 2H), 1.61
1.52 (m, 2H).2F NMR (376 MHz, ®Cl;) -109.6171 -109.69 (m).’*C NMR (126
MHz, CDCk) & 1 6B=.245.8,(18.81Hz), 161.2 @,= 13.6 Hz), 138.5, 115.0, 98.5
i 98.2 (m), 96.2 (tJ = 26.0 Hz), 68.5, 33.5, 28.5, 25.3. HRMS: (ESI) [M+idhlcdfor
C12H15F20, 213.1085, observed, 21886.
1,2-difluoro -3-(hex-5-en-1-yloxy)benzene(4.2ai)

F i Synthesized according to General Procedure 4.1. Purified via
C[o/\/\/\ column chromatography {8% ethyl acetate/hexanes). Colorless oil,
340 mg, 98% yieldH NMR (500 MHz, CDCY) U i 6.939(19, 1H), 6.78 6.70 (m,
2H), 5.83 (ddtJ = 17.0, 10.2, 6.7 Hz, 1H), 5.04 (d#= 17.2, 1.8 Hz, 1H), 5.00 4.97
(m, 1H), 4.04 (tJ = 6.5 Hz, 2H), 2.17 2.11 (m, 2H), 1.88 1.81 (m, 2H), 1.63 1.55
(m, 2H).1%F NMR (376 MHz, CDGJ) -1B7.401 -137.51 (m),-159.511 -159.63 (m).
13C NMR (126 MHz, CDG)) G 1 51= 286.4( 1D.d Hz), 148.9 (dd,= 7.8, 3.2
Hz), 141.58 (ddJ = 247.1, 14.1 Hz), 138.5, 123.2 (ddk 8.7, 5.3 Hz), 115.0, 109.9 (d,
= 2.9 Hz), 109.1 (dJ = 17.7 Hz), 69.7, 33.5, 28.7, 25.3. HRM&SI) [M+H]" calcdfor

Ci12H1sF20, 213.1085, observed, 213.1091.
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1,3-difluoro -2-(hex-5-en-1-yloxy)benzene(4.2a))

- Synthesized according to General Procedure 4.1. Purified via column
q;[o/\/\/\ chromatography (3% ethyl acetate/hexanes). Colorless 2813 mg,
90%yield.'H NMR (600 MHz, CDCJ) U 1 6.909r8, 1H), 6.90 6.85 (m, 2H), 5.83
(ddt,J = 16.9, 10.2, 6.7 Hz, 1H), 5.03 (d#= 17.1, 1.6 Hz, 1H), 4.98 4.96 (m, 1H),
4.13 (t,J = 6.5 Hz, 2H), 2.15 2.10 (m, 2H), 1.81 1.76 (m, 2H), 1.62 1.57 (m, 2H).

19 NMR (565 MHz, CDCJ) -1iP8.32i -128.39 (m)13C NMR (126 MHz, CDGJ) i
156.5 (ddJ = 248.1, 5.5 Hz), 138.7, 136.0 {t= 14.2 Hz), 122.7 (t) = 9.3 Hz), 114.8,
112.2 (dd,J = 17.3, 5.5 Hz), 74.7, 33.5, 29.5, 25HRMS: (ESI) [M+H]" calcd for
C12H1sF20, 213.1085, observed13.1082.

1,3,5trifluoro -2-(hex-5-en-1-yloxy)benzeneg(4.2ak)

F\Q:F Synthesized according to General Procedure 4.1. Purified via

O/\/\/\
column chromatography {8% ethyl acetate/hexanes). Colorless

E
oil, 123 mg, 40% yieldH NMR (600 MHz, CDCY) U 1 6.637, 2H)5.82 (ddtJ =
17.0, 10.2, 6.7 Hz, 1H), 5.03 (d§= 17.1, 1.7 Hz, 1H), 4.97 (ddi,= 10.2, 2.3, 1.3 Hz,
1H), 4.06 (t,J = 6.6 Hz, 2H), 2.14 2.07 (m, 2H), 1.79 1.73 (m, 2H), 1.61 1.53 (m,
2H).2F NMR (565 MHz, CDGJ) -15.207 -115.24 (m),-12517§ -125.22 (m)3C
NMR (126 MHz, CDCY) & 1 5J7=.245.1,(14.4 Hz)156.4 (ddd,J = 249.4, 14.9,
7.8 Hz), 138.6, 132.8 (td,= 14.6, 5.1 Hz), 114.9, 101i0100.6 (m), 75.1 () = 2.9 Hz),
33.5, 29.4, 25.1HRMS: (ESI) [M+H]" calcd for Ci2H14F30, 231.0991, observed,

231.1022.
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1-(allyloxy)-4-cyclopropylbenzeneg(4.2al)
Synthesized according to General Procedure 4.1. Purified via column

AQ\O .~ Chromatography (G% ethyl acetate/hexanes). Colorless 320 mg,
99% vield.'H NMR (500 MHz, CDCJ) U 1 8.9904, 2H), 6.85 6.81 (m, 2H), 6.06
(ddt,J =17.2, 10.6, 5.3 Hz, 1H), 5.41 (dfj= 17.3, 1.6 Hz, 1H), 5.28 (dd,= 10.5, 1.4
Hz, 1H), 4.52 (dtJ = 5.3, 1.5 Hz, 2H), 1.89 1.83 (m, 1H), 0.93 0.88 (m, 2H), 0.65
0.61 (m, 2H)**C NMR (126 MHz,CDCl) & 156. 7, 136.2, 133.6,
69.0, 14.7, 8. HRMS: (ESI) [M+H]" calcdfor C12H150, 175.1117 observed175.115.
1-(allyloxy)-3-cyclopropylbenzene (4.2am)
A@ﬂ\/\ Colorlessoil, 190 mg, 73% yieldtH NMR (600 MHz, CDCJ) 4 7. 17

(t, J=7.9 Hz, H), 6.72i 6.68 (m, 3H), 6.6% 6.64 (m, 1H), 6.07 (ddt,
J=17.2, 10.6, 5.3 Hz, 1H), 5.42 (dfj= 17.3, 1.6 Hz, 1H), 5.29 (dd,= 10.5, 1.4 Hz,
1H), 4.53 (dtJ = 5.3, 1.5 Hz, 2H), 1.90 1.84 (m, 1H), 0.98 0.93 (m, 2H), 0.72 0.68
(m, 2H).23C NMR (126 MHz, CDC#) a 158. 8, 145. 9, 133. 6, 129
111.5, 68.8, 15.6, 9.4. HRMS: (ESI) [M+Ktalc. for GsH14KO, 249.0676, observed,
249.0674.
1-cyclopropyl-3-(pent-4-en-1-yloxy)benzene(4.2an)

Synthesized according to General Procedurk #urified via

VQ\OW column chromatography {8% ethyl acetate/hexanes). Colorless
oil, 318 mg, 84% yield'H NMR (400 MHz, CDCJ) U 7J.=T7® HZ 1H), 6.7%
6.65 (M, 2H), 6.62 (J = 2.1 Hz, 1H), 5.87 (ddfl = 16.9, 10.2, 6.6 Hz, 1H), 5.07 (db=

17.1, 1.7 Hz, 1H), 5.084.99 (m, 1H), 3.96 () = 6.4 Hz, 2H), 2.28 2.20 (m, 2H), 1.92
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i 1.83 (m, 3H), 0.98 0.92 (m, 2H), 0.72 0.67 (m, 2H)}3C NMR (101 MHz, CDGJ) i
159.3, 145.9, 138.0, 129.3, 118.2, 115.3, 112.3, 111.3, 67.2, 30.3, 28.8.35.6,
1-(but-3-en-1-yloxy)-3-cyclopropyl-2-fluorobenzene(4.2a0)
Synthesized according to General Procedure 4.1. Purified via

V/?\O/\/\ column chromatography {8% ethyl acetate/hexanes). Colorless oll,
182 mg, 54% yield 'H NMR (600 MHz, CDCJ) U 6 J=98®, 1.6 Hz 1H), 6.76 (td,
J=8.0, 1.5 Hz, 1H), 6.48 6.44 (m,1H), 5.92 (ddtJ = 17.1, 10.3, 6.7 Hz, 1H), 5.19 (dq,
J=17.2, 1.6 Hz, 1H), 5.145.10 (m, 1H), 4.07 (t) = 6.8 Hz, 2H), 2.61 2.55 (m, 2H),
2.137 2.07 (m, 1H), 1.00 0.95 (m,2H), 0.737 0.69 (m,2H). °F NMR (565 MHz,
CDCl) -1#2.22 (tJ=7.1 Hz)}3C NMR (151 MHz, CDGJ) U 1 (@,52244.1 Hz),
1469 (d,J = 11.2 Hz), 134.31319 (d, J= 11.9 Hz), 12% (d, J = 4.7 Hz), 115 (d, J =
3.3 Hz) 117.3,112.0 (d, J = 1.4 Hz) 68.8 33.8, 8.8, 8.7, 8.04RMS: (ESI) [M+H]'
calcdfor Ci3H16FO, 207.1180 observed207.118.
1-(but-3-en-1-yloxy)-3-cyclopropyl-5-fluorobenzene(4.2ap)

F Synthesized according to General Procedure 4.1. Purified via column
V/@o/\/\ chromatography (3% ethyl acetatbeéxanes). Colorless oil50 mg,
44% yield *H NMR (600 MHz, CDCY) U 6. 42 ( sJ,=106H3.3 Hz,8H)39 (dt ,
6.361 6.33 (M, 1H), 5.89 (ddt] = 17.0, 10.3, 6.7 Hz, 1H), 5.195.15 (m, 1H), 5.13
5.10 (m, 1H), 3.97 (t) = 6.7 Hz, 2H), 2.53 (q] = 6.7 Hz, 2H), 1.87 1.80 (m, 1H), 0.98
i 0.92 (m, 2H), 0.70 0.65 (M, 2H)*°F NMR (565 MHz, CDCJ) -112.71 (tJ = 10.2
Hz).23C NMR (151 MHz, CDG)) 0 17 1. 37 243.6H), 86Q (dd=11.7

Hz), 1476 (d, J = 9.8 Hz), 134.4, 117.3, 188(d, J = 2.5 Hz), 1048 (d, J = 22.1 Hz),
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99.1 (d, J = 25.2 Hz), 67.5, 60.5, 33.6, 21.2, 15.7, 15.7, 14.3HRBIS: (ESI) [M+H]'

calcdfor Ci3H16FO, 207.1180 observed207.118.

7-Methoxyhept-1-ene(4.4a)

N NN Synthesized according ©@eneral Procedure 4.491 mg, 44% yield,

57%in Et,0, colorless solutiontH NMR (500 MHz, CDCY) G 5 .J816.9( 10.d,t |,

6.6 Hz, 1H), 4.99 (dg) = 17.0, 1.8 Hz, 1H), 4.96 4.91 (m, 1H), 3.36 () = 6.6 Hz,

2H), 3.33 (dJ = 0.6 Hz, 3H), 2.10 2.02 (m, 2H), 1.63 1.53 (m, 2H), 1.45 1.32 (m,
4H).*C NMR (151 MHz,CDG)) U 137. 8, 112. 9, 71. 8, 56. 8,
8-Methoxyoct-1-ene(4.4b)

O Synthesized according @eneral Procedure 4.€olorless oil,260

mg, 91%yield. 'H NMR (600 MHz, CDC{) U0 (d&it,J& 16.9, 10.2, 6.7 Hz, 1H), 5.01

i 4.97 (m, 1H), 4.93 (ddt] = 10.2, 2.3, 1.2 Hz, 1H), 3.36 = 6.6 Hz, 2H), 3.33 (s,

3H), 2.07i 2.01 (m, 2H), 1.60 1.53 (m, 2H), 1.42 1.28 (m, 6H)3C NMR (151 MHz,

CDClL) 0 139. 1, 1 16433.2,29.6/29.0,28.8, 266,103, 5 8 .
(hex-5-en-1-yloxy)cyclobutene(4.6a)

UOW Synthesized according to General Procedure 4.8. Purified via column

chromatography 3% ethyl acetate/hexanes). Colorless oil, 188 mg, 35% .}ield

NMR (600 MHz, CDC¥) U d8it, J&6.9( 10.2, 6.7 Hz, 1H), 5.00 (dj= 17.1, 1.6

Hz, 1H), 4.95 4.92 (m, 1H), 3.93 3.84 (m, 1H), 3.31 (t) = 6.7 Hz, 1H), 2.22 2.15

(m, 2H), 2.06 (g,) = 7.1 Hz, 2H), 1.93 1.86 (m,2H), 1.71i 1.64 (m, 1H), 1.59 1.52

(m, 2H), 1.53i 1.40(m, 3H).3C NMR (151 MHz, CDGJ) & 138.9, 114. 6,

33.7, 30.6, 29.4, 25.7, 12.HRMS: (ESI) [M+H]" calcd for CioH10, 155.1430

observed155.1412.
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(hex-5-en-1-yloxy)cyclopentane(4.6b)

ij/o\/\/\7

42 mg, 11% yield*H NMR (500 MHz, CDC¥) U i 5.768(®, 1H), 5.01 4.97 (m,

Synthesized according to General Procedure 4.8. &drifiia

column chromatography {8% ethyl acetate/hexanes). Colorless oil,

1H), 4.95i 4.92 (m, 1H), 3.89 3.83 (m, 1H), 3.36 (tJ = 6.7 Hz,2H), 2.06 (q,J = 7.1

Hz, 2H), 175§ 1.64 (m,4H), 1.63i 1.53 (m,4H), 1.52i 1.48 (m, 2H), 1.47 1.39 (m,

2H).®*C NMR (126 MHz,CDG) 4 139. 0, 114. 6, 81.4, 68.

HRMS: (ESI) [M+Na]" calcdfor C11H200Na, 191.1406 observed]191.1427

(hex-5-en-1-yloxy)cyclohexane(4.6c)

O\ To a stirring solution of he%-en1-ol (1.0 equiV), triethylsilane
0TS (2.0 equiv) andytterbium(lll) trifluoromethanesulfonate hydrai¢ (

mol%) in 1,2Dichloroethane(0.2 M) was added cyclohexanone (2eQuiv) under a

nitrogen atmosphere.h€ reaction was heated under reflux for 24 hours, allowed to cool

to rt, diluted with water (15 mL), then extracted with diethyl ether (3 x 5 mL). The

organic extracts were combined, washed with brine (2 x 15 mL), dried with MgSO

fitered, and concentratl in vacuo The residue was purified by flash column

chromatography(0-10% ethyl acetate/hexanes) afford the desired producColorless

oil, 161 mg, 44%yield. *H NMR (600 MHz, CDCY) U 1 %.778(1®, 1H), 5.04 4.97

(m, 1H), 4.96( 4.91 (m, 1H), 3.4 (t,J = 6.7 Hz, 2H), 3.22 3.16 (m, 1H), 2.10 2.04

(m, 2H), 1.89 (ttJ = 13.0, 5.7 Hz, 2H), 1.76 1.68 (m, 2H), 1.61 1.51 (m, 4H), 1.48

1.42 (m, 2H), 1.27 1.20 (m, 4H)3C NMR (101 MHz,cde) U 138. 9, 114.

33.6, 32.4, 29.7, 29, 25.6, 24.2.
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((pent-4-en-1-yloxy)methyl)benzene(4.6d)
©/\OW Synthesized according to General Procedure 4.8. Purified via column
chromatography @% ethyl acetate/hexanes). Colorless, 61 mg,
86% yieldH NMR (600 MHz, CDCJ) U 1 7.343r8, 4H), 7.31 7.27 (m, 1H), 5.87
i 5.78 (m, 1H), 5.05 5.01 (m, 2H), 4.98 4.95 (m, 1H), 4.51 (s, 2H), 3.49 (= 6.5
Hz, 2H), 2.15 (g) = 7.1 Hz, 2H), 1.72 (p] = 6.8 Hz, 2H)13C NMR (151 MHz, CDGJ)
a 138. 7, 138. 4, 128. 5, 1291 HRMS: IEBIJ[M6H] 114. 9,
calcdfor C12H170, 177.1274 observedl77.127.
(3-(allyloxy)propyl)benzene(4.6€e)
©/\/\ 0 F Synthesized according to General Procedure R&ified via
column chromatography {8% ethyl acetate/hexanes}olorless,
34 mg, 13% yield'H NMR (600 MHz, CDCJ)) U 7J=2.®Hz(2H), 7.22 7.17 (m,
3H), 5.94 (ddt,] = 16.3, 10.8, 5.6 Hz, 1H), 5.315.26 (m,1H), 5.20i 5.17 (m, 1H), 3.98
(d,J=5.6 Hz, 2H), 3.45 (t) = 6.4 Hz, 2H), 2.73 2.69 (m, 2H), 1.95 1.89 (m,2H).3C
NMR (151 MHz, CDClh) ua 142. 1, 135. 1, 128. 6, 128. 4,
31.5.HRMS: (ESI) [M+H] calcdfor C12H170, 177.1274 observed177.13B09.
(4-Oxocyclohexyl)methyl 4methylbenzenesulfonatg4.11)

\\ 0 To a solution of 4hydroxymethyl)cyclohexati-one (10 equiy
/©/ ﬁ in pyridine (0.2 M) was added slowly -inethylbenzenesulfonyl
chloride (1.12equiv) at O °C. The reaction was left for 3 days. The reaction was diluted
with water (40 mL) and extracted with diethyl ether (3 x 40 mL). The organic extracts
werecombined, washed with saturated aqueous Gu®@ the washings remained light

blue, then washed with water (80 mL), brine (3 x 80 mL), dried with Mg3$I@ered,
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and concentrateith vacuoto givethe desired product. Orange oil, 0.30 g (53% vyiéld).
NMR (400 MHz, CDC}Y) U 1 7.778r8, 2H), 7.39 7.34 (m, 2H), 3.94 (d] = 6.5 Hz,
2H), 2.46 (dJ = 1.6 Hz, 3H), 2.43 2.25 (m, 3H), 2.21 2.10 (m, 1H), 2.16 2.01 (m,
3H), 1.42 (qd,J) = 12.5, 4.9 Hz, 2H).

4-(Phenoxymethyl)cyclohexanl-one (4.12)

@L Synthesized according t@&eneral Procedure 4.%arried forward

(6}
no without purification.Colorless 0il96 mg, 47%yield.

((4-Methylenecyclohexyl)methoxy)benzenét.13)

©\ Synthesized according 8eneral Procedure 4.Burified via column
On chromatography (@% ethyl acetate/hexanes). Colorless 8B, mg,

52% yield. *H NMR (500 MHz, CDCL) @1 7.317 7.26(m, 2H), 6.93(tt, J = 7.4, 1.1 Hz,

1H), 6.917 6.87(m, 2H), 4.65(t, J = 1.6 Hz, 2H), 3.78(d, J = 6.1 Hz, 2H), 2.397 2.32

(m, 2H), 2.147 2.05(m, 2H), 2.037 1.91(m, 3H), 1.237 1.12(m, 2H).3C NMR (126

MHz, CDCl) 11159.1,149.2,129.4,120.5,114.4,107.2,72.6,37.3,34.1,31.1.

Methyl 3-methylenecyclohexanel-carboxylate (4.15a)

Synthesized according tGeneral Procedure 4.%arried forward without
ojo/& purification. Colorless 0il 59 mg, 38%yield.
(3-Methylenecyclohexyl)methanok4.16a)

\Q Synthesized according tGeneral Procedure 4.€olorless oil,48 mg,
" 99% yield. 'H NMR (600 MHz, CDGJ) U  4J=6145 H¢, @H), 3.50
(d, J=6.3 Hz, 2H), 2.39 2.32 (m, 1H), 2.30 2.23 (m, 1H), 2.01 1.93 (m, 1H), 1.84

1.77 (m, 2H), 1.77 1.73 (m, 1H), 1.65 1.58 (m, 1H), 1.50 (s, 1H), 1.391.31 (m, 1H),
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1.177 1.10 (m, 1H):*C NMR (151 MHz, CDGJ) u 148. 4, 107. 6, 67. 9,
28.8, 26.6.
(3-Methylenecyclohexyl)methyl 4methylbenzenesulfonat€4.17a)
Synthesized according t8eneral Procedure 4.6olorless 0il,103
)ij S\OU mg, 97%yield. 'H NMR (600 MHz, CDCJ) U 7J=B2HZ d ,
2H), 7.34 (d,J = 8.0 Hz, 2H), 4.62 (s, 1H), 4.58 (s, 1H), 3183.81 (m, 2H), 2.44 (s,
3H), 2.297 2.24 (m, 1H), 2.21 (dt) = 13.4, 4.1 Hz, 1H), 1.91 (td,= 12.3, 4.3 Hz, 1H),
1.827 1.67 (m, 4H), 1.35 1.24 (m, 1H), 1.16 1.07 (m, 1H)X3C NMR (151 MHz,
CDClL) U 146. 8, 144. 7, 132. B7.3,345,28.826.0,226/ . 8, 10
((3-Methylenecyclohexyl)methoxy)benzenét.18a)
©\ Synthesized according @eneral Procedure 4.Purified via column
OU chromatography @% ethyl acetate/hexanes}olorless oil,32 mg,

47%yield. 'H NMR (500 MHz, CDCJ) & i 7.28316, 2H), 7.00 6.92 (m, 3H), 4.74
i 4.70 (m, 2H), 3.85 (d] = 5.9 Hz, 2H), 2.54 2.49 (m, 1H), 2.34 (d{j = 13.3, 3.9 Hz,
1H), 2.06 (tdJ = 12.6, 4.5 Hz, 1H), 2.021.85 (m, 4H), 1.50 1.39 (m, 1H), 1.37 1.27
(m, 1H).3C NMR (126 MHz, CD®&)) U 159. 2, 148.1, 129.4, 120
38.9, 38.2, 35.0, 29.1, 26.5.
Ethyl 3-methylenecyclopentanel-carboxylate (4.15b)

YOQ Synthesized according t@eneral Procedure 4.5arried forward without
O

o purification.Colorless 0il0.46 g, 99%yield.

[

(3-Methylenecyclopentyl)methanol(4.16b)

Synthesized according tGeneral Procedure 4.€olorless 0il,0.31 g,
HO\/O:
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93%yield. 'H NMR (500 MHz, CDCJ) U 4 J 839, 2.0dHg,,2H), 3.55 (d,= 6.8
Hz, 2H), 2.46 (ddJ = 16.2, 7.7 Hz, 1H), 2.4 2.25(m, 2H), 2.25 2.16 (m, 1H), 2.07
2.00 (m, 1H), 1.90 1.82 (m, 1H), 1.47 (s, 1H), 1.471.36 (m, 1H).23C NMR (126
MHz,CDCk) U4 151. 9, 105. 5, 68. 0, 42 . 4, 36. 2, 32.
(3-Methylenecyclopentyl)methyl 4methylbenzenesulfonatd4.17b)
\@\ o Synthesizedaccording toGeneral Procedure 4.&olorless oll,

()"S//\O/\O:: 0.397 g, 54%ield. 'H NMR (600 MHz, CDC{) & 7J=B8 ( d,
Hz, 2H), 7.35 (dJ = 8.0 Hz, 2H), 4.85 4.79 (m, 2H), 3.96 3.88 (m, 2H), 2.45 (s, 3H),
2.42 (ddJ = 15.9, 7.4 Hz, 1H), 2.362.21 (m, 38, 1.991 1.92 (m, 1H), 1.87 1.79 (m,
1H), 1.387 1.31 (m, 1H).*C NMR (151 MHz, CDG) & 150. 4, 144.7, 13
127.9, 106.2, 73.3, 38.9, 35.9, 31.6, 28.8, 21.7.
((3-M ethylenecyclopentyl)methoxy)benzengt.18b)
©\ Synthesized according t8eneral Roscedure 4.7Purified via column

O/\O: chromatography (@% ethyl acetate/hexanes). Colorless &i,mg,
31%yield. '"H NMR (600 MHz, CDCJ) U  7J.=B8 Hz 2H), 6.94 (tJ = 7.3 Hz,
1H), 6.90 (d,J = 8.8 Hz, 2H), 4.90 4.85 (m, 2H), 3.90 3.84 (m, 2H),2.56 (dd,J =
16.2, 7.7 Hz, 1H), 2.49 (dd,= 14.7, 7.2 Hz, 1H), 2.44 2.38 (m, 1H), 2.37 2.30 (m,
1H), 2.20i 2.13 (m, 1H), 2.00 1.93 (m, 1H), 1.59 1.51 (m, 1H)*3C NMR (151 MHz,
CDClL) 0 159. 1, 151. 7, 129. 4,6,31.9,@9.45 , 114. 4, 10
Methyl 4-(phenoxymethyl)benzoatg4.23)

©\ To a stirring solution of phenol @ equivyy and potassium
o)

A©Yo carbonate (3.GequiV) in acetone(0.2 M) was added methyl-4

0]

-~

(bromomethyl)benzoate (1éhuiv). The reaction was heated to 56
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°C, monitoring ly TLC. The reaction was diluted with water (10 mL), extracted with

ethyl acetate (3 x 10 mL). The organic extracts were combined, washed with brine (2 x

30 mL), dried with MgS@ filtered, and concentrated vacuo The residue was purified

by flash columnchromatographywith ethyl acetate in hexane8-80%) to afford the

desired product. White soli@,542 g 93%yield. *H NMR (600 MHz,CDC§) 4 8. 06

J=8.3 Hz, 2H), 7.51 (d] = 8.0 Hz, 2H), 7.33 7.28 (m, 2H), 7.01 6.95 (m, 3H), 5.13
(s, 2H), 3.92(s, 3H).’3C NMR (151 MHz, CDG)) & 166. 8, 158. 4,
129.5, 126.9, 121.2, 114.8, 69.2, 52.1.
(4-(Phenoxymethyl)phenyl)methanok4.24)

\/@/\OH Synthesized according tGeneral Procedure 4.&olorless oll,
@(O 0.436 g, 93%yield. *H NMR (600 MHz, CICls) & 7J= 4

7.9 Hz, 2H), 7.39 (dJ = 7.9 Hz, 2H), 7.33 7.27 (m, 2H), 7.01 6.95 (m, 3H), 5.07 (s,

2H), 4.70 (s, 2H), 1.74 (s, 1HfC NMR (151 MHz,CDGJ) o 158. 6, 140 .

127.7,127.2,120.9, 114.8, 69.6, 65.1.
1-(Bromomethyl)-4-(phenoxymethyl)benzend4.25)
\/@/\Br To a stirring solution of carbon tetrabromide (&dquiy) and (4
(0]

©/ (phenoxymethyl)phenyl)methanol (1€quiv) in DCM (0.2 M)

was added slowly triphenylphosphine (dquiv) at 0 °C. The reaction was allowed to

warm tort and sirred for 16 hours. The reaction was diluted with hexane (5 mL), filtered

through celite, and concentratad vacuo The residue was purified by flash column

chromatography0-3% ethyl acetate/hexands)afford the desired productWhite solid,

0.155 g, @%yield. 'H NMR (500 MHz, CDCY) & 7. 4 2 (727 (m,2H))7,00 7 .
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i 6.95 (m, 3H), 5.06 (s, 2H), 4.51 (s, 2PC NMR (126 MHz, CDG)) & 158.6, 137
129.5, 129.3, 127.8, 121.0, 114.8, 69.4, 33.2.

tert-butyl 4-((4-iodophenyl)carbamoyl)piperazine 1-carboxylate (4.20)

IONE_N/_\N_{O 4-lodophenyl isocyanatél.0 equiv) was added to an oven
o 0% dried roundbottom flaskcontaining a stir bar and purged

with nitrogen. Anhydrous DCMO0.2 M) was added to the vial and the solution was

cooled to O N-Boerpiperazine (Al equig was dissalvied in DCM and

added dropwise to thsolution The reaction mixture was then allowed to warnttto

slowly over the course of 16 hours. After complete consumption of starting material was

observed by TLC, the crude reactionxture was concentrated under reduced pressure

and subjected to flash chromatography with-@8@% ethyl acetate/hexane to afford the

purified productWhite solid (97%, 512 mg{H NMR (400 MHz,CDCls) G 7J1=47 ( d,

8.7 Hz, 2H), 7.17 (brs, 1H), 7.07 @z= 8.8 Hz, 2H), 3.43 3.32 (m, 8H), 1.44 (s, 9H).

13C NMR (101 MHz,CDCl3) ua 155. 0, 154. 6, 139. 0, 137. 6,

28.4.HRMS: (ESI) [M+H]" calcdfor CieH23IN30s, 432.0779, observed, 432.0771.

tert-butyl 4-((4-(3-cyclohexylpropyl)phenyl)carbamoyl)piperazine-1-carboxylate

(4.21a)

Synthesized according to General Procedure 4.2.

(\N)ko/k

H N Purified via column chromatography (20% ethyl

O Oy

IH NMR (500 MHz, CDC§) U i 7.212(sh, 2H), 7.13 7.07 (m 2H), 6.33 (s, 1H),

acetate/hexanes). Mte solid, 146 mg, 76% vyield.

3.527 3.43 (m, 8H), 2.55 2.49 (m, 2H), 1.71 1.53 (m,7H), 1.48 (s, 9H), 1.27 1.08

(m, 6H), 0.907 0.79 (m, 2H)3C NMR (126 MHz,CDG)) & 155. 3, 154.8, 13
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128.9, 120.4, 80.4, 43.9, 37.7, 37.2, 35.7, 33.5, 28.9, 28.9, 26.6.HRMS: (ESI)
[M+H] ™ calc. forCosHaoN30s, 430.3064 observed430.306.

tert-butyl  4-((4-(3-cyclopentylpropyl)phenyl)carbamoyl)piperazine 1-carboxylate
(4.21b)

0 Synthesized according to General Procedure 4.2.
s
O\/\/@NTN\) Purified via column chromatograph0-40% ethyl

° acetate/hexanes). Mte solid, 146 mg, 76% yieldH
NMR (500 MHz, CDCY) U 1 7.222rB, 2H), 7.11 7.08 (m, 2H), 6.30 (s, 1H), 3.52
3.44 (m, 8H), 2.54 (t) = 7.7 Hz, 2H), 1.77 1.69 (m, 3H), 1.62 1.54 (m, 4H), 1.48 (s,
11H), 1.347 1.28 (m, 2H), 1.08 1.01 (m, 2H)3C NMR (126 MHz, CDCJ) U 155. 3,
154.8, 138.3, 136.3, 129.0, 120.4, 80.4, 44.0, 40.2, 35.9, 35.7, 32.8, 30.8, 28.5, 25.3.
HRMS: (ESI) [M+H]" calc. for GaHzsN3Os, 416.2908, observed, 416.2917.
tert-butyl 4-((4-(2-cyclohexylethyl)phenyl)carbamoyl)piperazine 1-carboxylate
(4.21c)

i J< Synthesized according to General Procedure 4.2.
g (Yo

NTN\) Purified via column chromatography (20% ethyl
O/\/@ ’ acetate/hexanes). Mfe solid, 58 mg, 60% vyield'H
NMR (600 MHz, CDC{)  § i 7.192(18, 2H), 091 7.04 (m, 2H), 6.61 (s, 1H), 3.43
(s, 8H), 2.561 2.51 (m, 2H), 1.76 1.60 (m, 6H), 1.52 1.41 (m, 11H), 1.27 1.08 (m,
5H), 0.937 0.83 (m, 2H)X*C NMR (151 MHz, CDG) U 155.4, 154. 7,

128.8, 120.6, 80.4, 43.9, 39.5, 37.3, 33.4, 32&5, 26.8, 26.4RMS: (ESI) [M+H]

calc. for G4H3sN303, 416.2908, observed, 416.2921.
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tert-butyl 4-((4-(3-phenylpropyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21d)
o) J< Synthesized according to General Procedure 4.2.

HTN\)N ° Purified via column chromatogrhp (20-40% ethyl

° acetate/hexanes\Vhite solid, 70 mg, 71% yield:H
NMR (500 MHz, CDC§) 0 177.22(®, 4H), 7.20 7.14 (m, 3H), 7.10 7.06 (m,
2H), 6.69 (s, 1H), 3.44 (s, 8H), 2.62.55 (m, 4H), 1.96 1.87 (m, 2H), 1.47 (s, 9HYC
NMR (126 MHz,CDCly) u 155. 4, 154. 7, 142. 4, 137. 4,
120.5, 80.4, 43.9, 35.4, 34.8, 33.1, 28HRMS: (ESI) [M+H] calc. for GsHz4N30s,
424.2595, observed, 424.2595.
tert-butyl 4-((4-(4-phenylbutyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21e)

Synthesized according to General Procedure 4.2.

ok
O NYN Purified via column chromatography ¢20% ethyl

° acetate/hexanesyVhite solid, 176 mg, 87% yield.

IH NMR (600 MHz, CDCJ) U 1 7.242r8, 2H), 7.24 7.21 (m, 2H), 7.19 7.14 (m,

3H), 7.10i 7.06 (m, 2H), 6.32 (s, 1H), 3.533.42 (m, 8H), 2.63 2.56 (m, 4H), 1.70

1.59 (m, 4H), 1.48 (s, 9H$C NMR (151 MHz, CDG)) & 155. 2, 154. 7,
136.4, 129.0, 128.5, 128.4, 125.8, 120.4, 80.4, 71.0, 35.9, 35.2, 32.1, 31.3, 31.2, 28.5,
26.3 22.1. HRMS: (ESI) [M+H] calc. for GeH3sN303, 438.2751, observed, 438.2751.
tert-butyl 4-((4-(3-(4-methoxyphenyl)propyl)phenyl)carbamoyl)piperazine 1-
carboxylate (4.21f)

i /k Synthesized according to General Procedure 4.2.
o yo

/ONTN\) Purified via column chromatograph{20-40%
o

ethyl acetate/hexaned)Vhite solid, 65 mg, 62%
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yield.'TH NMR (600 MHz, CDGY) 0 1 7.22(&, 2H), 7.1G 7.06 (m, 4H), 6.84

6.79 (m, 2H), 6.64 6.61 (m, 1H), 3.78 (s, 3H), 3.44 (s, 8H), 2i52.54 (m, 4H), 1.91

1.85 (m, 2H), 1.47 (s, 9H$C NMR (151 MHz, CDG)) & 157. 7, 155. 4,
136.6, 134.4, 129.4, 128.9, 120.5, 113.8, 80.4, 55.3, 43.9, 34.7, 34.5, 33.3, 28.5. HRMS:
(ESI) [M+H]" calc. for GeH3eN3Oa4, 454.2700, observed, 454.2708.

tert-butyl 4-((4-(3-(p-tolyl)propyl)phenyl)c arbamoyl)piperazine-1-carboxylate

(4.219)

Synthesized according to General Procedure 4.2.

(\Nkok

J Purified via column chromatography (20% ethyl

H

T aY

NMR (500 MHz, CDC§) U i 7.2321B, 2H), 7.11 7.05 (m, 6H)6.46 (s, 1H), 3.48

acetate/hexanes)Vhite solid, 95 mg, 94% vyieldH

3.45 (m,8H), 2.59 (t,J = 7.7 Hz, 4H), 2.31 (s, 3H), 1.931.86 (m, 2H), 1.48 (9H).3C

NMR (126 MHz, CDC}) u 155. 3, 154. 8, 139. 3, 137. 6,
120.4, 80.4, 43.9, 35.0, 34.8, 33.2, 28.5, 2HRMS: (ESI) [M+H]" calc. for
CoeH36N303, 438.2751 observed438.2776.

tert-butyl 4-((4-(3-(perfluorophenyl)propyl)phenyl)carbamoyl)piperazine-1-
carboxylate (4.21h)

Synthesized according to General Procedure 4.2.

(0]
F H (\N)ko/k N _
FNTN\) Purified via column chromatography (20% ethyl
O
F L acetate/hexanesYVhite solid, 96 mg, 81% yield.
!H NMR (500 MHz, CDCY) U i 7.212(8, 2H), 7.07 7.03 (m, 2H), 6.77 (s, 1H),

3.42 (s, 8H), 2.71 2.66 (M, 2H), 2.61 2.55 (M, 2H), 1.89 1.81 (m, 2H), 1.46 (s, 9H).

19 NMR (565 MHz, CDCJ) -1#4.23 (dd,J = 22.8, 8.2 Hz);158.09 (t,J = 20.9 Hz) -
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163.00 (tdJ=21.8, 8.2 Hz)'3C NMR (126 MHz,CDCGJ)) U 155. 4,i 1484 . 7,

(m), 140.7i 138.3 (m), 137.0, 13616136.3 (m), 136.1, 128.7, 120.5, 115.415.0 (m),
80.4, 43.9, 34.7, 30.8, 2B.22.1.HRMS: (ESI) [M+H] calc. for GsHaoFsNsOs,

514.2124, observed, 514.2128.

tert-butyl 4-((4-(5-phenoxypentyl)phenyl)carbamoyl)piperazinel-carboxylate
(4.21)
) Synthesized according to General Procedure
Veaa
\/\/\/@/NTN\) 4.2. Purified via column chromatography (20
o} O
©/ 40% ethyl acetate/hexanesyVhite solid, 82

mg, 76% vyield!H NMR (600 MHz, CDCJ) & i 7.22Xr8, 4H), 7.12 7.09 (m, 2H),
6.947 6.91 (m, 1H), 6.9G 6.87 (m, 2H), 6.34 (s, 1H), 3.94 &= 6.5 Hz, 2H), 3.5

3.44 (m, 8H), 2.59 (t) = 7.7 Hz, 2H), 1837 1.77 (m, 2H), 1.68 1.63 (m, 2H), 1.52

1.46 (m, 11H)2C NMR (151 MHz, CDCGJ)) G 159. 2, 155. 3, 154.

129.0, 120.6, 120.4, 114.6, 80.4, 67.8, 44.0, 35.3, 31.4, 29.3, 28.5, 25.8. HRMS: (ESI)

[M+H] " calcdfor Co7H3sN304, 468.2857 observed, 468.2863.

tert-butyl 4-((4-(6-phenoxyhexyl)phenyl)carbamoyl)piperazinel-carboxylate @.21j)

o
Nkok

Synthesized according to General Procedure

(D

4.2.Purified via column chromatography 20

H
Qo LTT

mg, 64% vyield!H NMR (600 MHz, CDC§) & i 7.262r8, 2H), 7.25 7.22 (m, 2H),

40% ethyl acetate/hexane¥Yhite solid, 466

7.117 7.08 (m, 2H), 6.94 6.91 (m, 1H), 6.90 6.87 (m, 2H), 6.27 (s, 1H), 3.94 (=
6.5 Hz, 2H), 3.52 3.45 (m, 8H), 2.57 (tJ = 7.7 Hz, 2H), 1.8G 1.73 (m, 2H), 1.65

1.58 (m, 2H),1.517 1.45 (m, 11H), 1.41 1.36 (m, 2H)33C NMR (151 MHz, CDQ) i
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159.2, 155.2, 154.8, 138.1, 136.4, 129.5, 129.0, 120.6, 120.4, 114.6, 80.5, 67.9, 35.3,

31.6, 29.3, 29.0, 28.5, 26.1. HRMS: (ESI) [M+*Hjalcd for CogHaoN304, 482.3013,
observed, 482.3®.
tert-butyl 4-((4-(7-phenoxyheptyl)phenyl)carbamoyl)piperazinel-carboxylate

(4.21K)

O
g (W

)< Synthesized according to General Procedure

\/\/\/\/@NTNJ 4.2. Purified via column chromatography
(0] (6]

©/ (20-40% ethyl acetate/hexanes)White
solid, 186 mg, 81% yieldH NMR (600 MHz, CD@s) & i 7.2548, 2H), 7.25 7.22
(m, 2H), 7.12i 7.07 (m, 2H), 6.94 6.90 (m, 1H), 6.90 6.87 (M, 2H), 6.41 (d] = 2.8
Hz, 1H), 3.93 (tJ = 6.6 Hz, 2H), 3.50 3.44 (m, 8H), 2.55 (t) = 7.7 Hz, 2H), 1.76 (pJ
= 6.7 Hz, 2H), 1.63 1.55 (m, 2H),1.48 (s, 9H), 1.46 1.41 (m, 2H), 1.4G 1.30 (m,
4H). 13C NMR (151 MHz, CDQ) a 159. 2, 155. 3, 154.
120.5, 120.4, 114.6, 80.4, 67.9, 43.9, 35.4, 31.6,4229.41, 29.2, 28.5, 26.1HRMS:
(ESI) [M+H]" calcdfor CzeH42N304, 496.3170, observed, 496.3181.

tert-butyl  4-((4-(5-(p-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate

(4.211)

7,

o Synthesized according to General Procedure

Veaa
0\/\/\/©/NEN
i

mg, 67% yield'H NMR (400 MHz, CDCJ) & i 7.21r@, 2H), 7.11 7.03 (m, 4H),

40% ethyl acetate/hexane¥yhite solid, 112

6.81i 6.75 (m, 2H), 6.69 (s, 1H), 3.91 = 6.5 Hz, 2H), 3.47 3.40 (m, 8H), 2.58 ({]

= 7.6 Hz, 2H), 2.28 (s, 3H), 1.821.74 (m, 2H), 1.69 1.60 (m, 2H), 1.55 1.43(m,

240

4.2.Purified via column chromatography 20
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11H).%C NMR (101 MHz, CDGJ) a 157. 0, 155. 4, 154. 7,
128.8, 120.6, 114.4, 80.4, 68.0, 43.9, 35.2, 31.3, 29.3, 28.5, 25.7, 20.5. HRMS: (ESI)
[M+H] " calcdfor CogHaoN304, 482.3013, observed, 482.3021.

tert-butyl  4-((4-(5-(m-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate
(4.21m)

Synthesized according to General Procedure

(\N)ko/k

S 4.2.Purified via column chromatography 20

H
\©/0\/\/\/©/NEN

mg, 86% yield!H NMR (400 MHz,CDCls) & 1 7.222(1®,2H), 7.15 (t,J = 7.8 Hz,

40% ethyl acetate/hexaneSyhite solid, 191

1H), 7.13i 7.08 (m, 2H), 6.77 6.72 (m, 1H), 6.72 6.67 (m, 2H), 6.29 (s, 1H), 3.92 (t,

J= 6.5 Hz, 2H), 3.53 3.44 (m, 8H), 2.59 (1) = 7.6 Hz, 2H), 2.32 (s, 3H), 1.831.75

(m, 2H), 1.707 1.61 (m, 2H), 1.53 1.44 (m, 1H). 3C NMR (126 MHz, CDCJ) U
159.2, 155.3, 154.8, 139.6, 137.9, 136.4, 129.3, 129.0, 121.4, 120.4, 115.5, 111.5, 80.4,
67.8, 44.0, 35.3, 31.4, 29.3, 28.5, 25.8, 21.7. HRMS: (ESI) [M+&flcd for
CosH40N304, 482.3013, observed, 482.3013.

tert-butyl 4-((4-(6-(m-tolyloxy)hexyl)phenyl)carbamoyl)piperazine 1-carboxylate

(4.21n)

Synthesized according to  General

(\N)ko/k

NN Procedure 4.2. Purified via column

QO 7

acetate/hexanes)Vhite solid, 205 mg, 89% yieldd NMR (500 MHz, CDCJ) & i7. 25

chromatography (240% ethyl

7.22 (m, 2H), 7.15 (&) = 7.8 Hz, 1H), 7.1 7.07 (m, 2H), 6.76 6.72 (m, 1H), 6.72

6.70 (M, 1H), 6.70 6.67 (m, 1H), 6.41 (s, 1H), 3.92 (= 6.5 Hz, 2H), 3.49 3.44 (m,
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8H), 2.56 (tJ = 7.7 Hz, 2H), 2.32 (s, 3H), 1.791.72 (m, 2H), 1.65 1.57(m, 2H), 1.51

i 1.44 (m, 11H), 1.47 1.33 (m, 2H).23C NMR (126 MHz, CDCGJ)) & 159. 2,
154.8, 139.5, 138.0, 136.4, 129.2, 128.9, 121.4, 120.4, 115.5, 111.4, 80.4, 67.8, 44.0,
35.3, 31.5, 29.4, 29.0, 28.5, 26.0, 21.7. HRMS: (ESI) [M+¢&§lcd for CzoH42N30s,
496.3170, observed, 496.3171.

tert-butyl  4-((4-(5-(m-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate

(4.21p)
Q Synthesized according to General Procedure
. e ’
\/\/\/@NTNJ 4.2. Purified via column chromatography
o} o
\Q/ (20-40% ethyl acetate/hexane¥yhite solid,

144 mg, 63% yield'H NMR (500 MHz,
CDClL) U 17.22%r8, 2H), 7.12 7.08 (m, 2H), 6.59 6.57 (m, 1H), 6.52 6.51 (m,
2H), 6.401 6.38 (m, 1H), 3.91 (t) = 6.6 Hz, 2H), 3.51 3.44 (m, 8H), 2.58 (t) = 7.6
Hz, 2H), 2.28 (s, 6H), 1.81.1.74 (m, 2H, 1.69i 1.60 (m, 2H), 1.53 1.42 (m, 9H)C
NMR (126 MHz, CDC}) u 159. 2, 155. 3, 154. 8, 139. 2,
112.4,80.4, 67.7, 44.1, 35.3, 31.4, 29.3, 28.5, 25.8, 21.6. HRMS: (ESI) [Matdfifor
Co9H42N304, 496.3170, observed96.3163.
tert-butyl  4-((4-(5-(o-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate
(4.210)

o Synthesized according to General Procedure
N kok y g

0

\/WC/NTNJ 4.2. Purified via column chromatography 20
dj/o (6]

40% ethyl acetate/hexaned)hite solid, 73

mg, 65% vield!H NMR (500 MHz, CDC#) & i 7.22X18, 2H), 7.15 7.08 (m, 4H),
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6.851 6.82 (m, 1H), 6.81 6.77 (m, 1H), 6.28 (s, 1H), 3.94 (&= 6.4 Hz, 2H), 3.52
3.46 (m, 8H), 2.60 (t) = 7.7 Hz, 2H), 2.22 (s, 3H), 1.851.78 (m, 2H), 1.70 1.63 (m,
2H), 1.55i 1.45(m, 11H).3C NMR (126 MHz, CDG)) & 157.3, 155. 3,
136.4, 130.7, 129.0, 127.0, 126.8, 120.4, 120.2, 111.0, 80.5, 67.9, 43.9, 35.3, 31.4, 29.4,
28.5, 25.9, 16.4. HRMS: (ESI) [M+H]calcd for CasHzadN3Os, 482.3013, observed,
482.3020.
tert-butyl 4-((4-(3-(4-ethylphenoxy)propyl)phenyl)carbamoyl)piperazine 1-
carboxylate @4.21q)

o Synthesized according to General Procedure

s o

\/\/@/NTN\) 4.2. Purified via column chromatography 20
(6]

(0]

\/©/ 40% ethyl acetate/hexaned)hite solid, 73

mg, 65% yield’H NMR (500 MHz, CDC}) ti 7 . 25 8.5 Ht,,2H), 7.15 7.12 (m,
2H), 7.11i 7.08 (m, 2H), 6.83 6.80 (m, 2H), 6.28 (s, 1H), 3.92 {= 6.2 Hz, 2H), 3.52

i 3.45 (m, 8H), 2.78 2.73 (m, 2H), 2.58 (q] = 7.7 Hz, 2H), 2.09 2.02 (m, 2H), 1.48

(s, 9H), 1.21 (tJ = 7.6 Hz,3H).2%C NMR (126 MHz, CDG)) U 157.2, 155.

136.9, 136.7, 136.5, 129.1, 128.8, 120.4, 114.5, 80.5, 66.9, 44.0, 31.6, 31.1, 28.5, 28.1,

16.0. HRMS: (ESI) [M+H] calcdfor Co7H3sN304, 468.2857, observed, 468.2862.

tert-butyl 4-((4-(4-(3-ethylphenoxy)butyl)phenyl)carbamoyl)piperazine-1-
carboxylate @.21r)

i /k Synthesized according to General Procedure

(Yo

\/@\ WG/NTNJ 4.2. Purified via column chromatography
(0]
(0]

(20-40% ethyl acetate/hexaneshité solid,

71 mg, 64% yield*H NMR (400 MHz, CDCY) U i 7.22(d, 2H), 7.20 7.15 (m,
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1H), 7.14i 7.10 (m, 2H), 6.79 6.76 (m, 1H), 6.7% 6.73 (m, 1H), 6.72 6.68 (M, 1H),
6.31 (s, 1H), 3.97 3.93 (m, 2H), 3.57 3.41 (m, 8H), 2.68 2.56 (m, 2H), 1.82 1.75
(m, 4H), 1.48 (dJ = 0.9 Hz, 11H), 1.24 1.21 (m, 3H)}3C NMR (126 MHz, CDC}) U
159.3, 155.3, 154.8, 146.0, 137.6, 136.6, 129.3, 129.0, 120.4, 120.2, 114 .4, 111.5, 80.4,
67.7, 44.0, 35.0, 29.0, 28.5, 28.1, 15.6. HRMS: (ESI) [M+&§lcd for CogHaoN304,
482.3013, observed, 482.3007.

tert-butyl 4-((4-(5-(2-ethylphenoxy)pentyl)phenyl)carbamoyl)piperazine 1-
carboxylate (4.215s)

Synthesized according to General Procedure

(\leo/k

\/\/\/@HTN\) 4.2. Purified via column chromatography (20
Ej/ ° ° 40% ethyl acetate/hexane8)hite solid, 158
mg, 69% vyield.'H NMR (600 MHz, CDCJ) t  7J=284 HZ, 8H) 7.16i 7.09 (m,
4H), 6.87 (t,J = 7.4 Hz, 1H), 6.80 (d] = 8.3 Hz, 1H), 6.30 (s, 1H), 3.94 &= 6.4 Hz,
2H), 3.52i 3.46 (m,8H), 2.63 (q,J = 7.6 Hz, 2H), 2.61 2.58 (m, 2H), 1.84 1.79 (m,
2H), 1.67 (p,J = 7.7 Hz,2H), 1.547 1.47 (m, 1H), 1.18(t, J = 7.5 Hz, 3H)}3C NMR
(151 MHz,CDC}) u 156. 9, 155. 2, 154. 8, 137. 9, 136.
120.3, 111.1, 80.5, 67.7, 35.3, 31.4, 29.4, 28.5, 25.9, 23.5,HRMS: (ESI) [M+H]
calcdfor CagH42N304, 496.3170 observed496.3568.
tert-butyl 4-((4-(3-(3-propylphenoxy)propyl)phenyl)carbamoyl)piperazine-1-
carboxylate @.21t)

o Synthesized according to  General

J
H @ © Procedure 4.2. Purified via column

\/\/©/ N \n/ N
\/\©/O © chromatography (280% ethyl
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acetate/hexanes)Vhite solid, 121 mg, 36% yieldd NMR (500MHz, CDCk) U i7. 29

7.26 (m, 2H), 7.19 (t) = 7.8 Hz, 1H), 7.17 7.14 (m, 2H), 6.80 6.77 (m, 1H), 6.76

6.74 (m, 1H), 6.74 6.71 (m, 1H), 6.45 (s, 1H), 3.96 {t= 6.2 Hz, 2H), 3.52 3.47 (m,

8H), 2.78 (tJ = 7.6 Hz, 2H), 2.59 2.55 (m, 2H), 2127 2.05 (m, 2H), 1.70 1.61 (m,

2H), 1.50 (s, 9H), 0.96 (I = 7.3 Hz, 3H)3C NMR (126 MHz, CDG)) U4 159. 1, 155
154.8, 144.4, 136.8, 136.7, 129.2, 129.1, 121.0, 120.5, 115.0, 111.6, 80.4, 66.7, 43.9,

38.2, 31.6, 31.1, 28.5, 24.6, 14.0. HRMS: (HS1¥H] " calcdfor CogHaoN304, 482.3013,

observed, 482.3013.

tert-butyl 4-((4-(4-(3-isopropylphenoxy)butyl)phenyl)carbamoyl)piperazine 1-

carboxylate @4.21u)

/k Synthesized according to General Procedure

O
(Yo

p WG/NTNJ 4.2.Purified via column chromatography (20
o
O

40% ethyl aetate/hexanes). Nite solid, 158
mg, 92% yield!H NMR (500 MHz, CDCJ) U i 7.232(8, 2H), 7.19 (&) = 7.9 Hz,
1H), 7.14i 7.10 (m, 2H), 6.82 6.79 (m, 1H), 6.78 6.76 (m, 1H), 6.72 6.68 (M, 1H),
6.37 (s, 1H), 3.98 3.93 (m, 2H), 3.52 3.44 (m,8H), 2.86 (p,J = 6.9 Hz, 1H), 2.64 (t]
= 7.0 Hz, 2H), 1.83 1.74 (m, 4H), 1.48 (s, 9H), 1.24 @@= 7.0 Hz, 6H)X3C NMR (126
MHz, CDCk) ua 159. 2, 155. 3, 154. 8, 150. 7, 137.5
113.2, 111.3, 80.4, 67.7, 44.0, 35.0,3349.0, 28.5, 28.1, 24.1. HRMS: (ESI) [M+H]

calcdfor CogH42N304, 496.3170, observed, 496.3171.
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tert-butyl 4-((4-(4-(3-cyclopropylphenoxy)butyl)phenyl)carbamoyl)piperazine 1-
carboxylate @.21v)

)Ok k Synthesized according to General Procedure
g (o

ﬁ@\ /\/\/@/NTN\) 4.2.Purifiedvia column chromatography (20
O
(6]

40% ethyl acetate/hexaneshité solid, 124
mg, 54% vyield!H NMR (500 MHz, CDC§) U i 7.23Xr8, 2H), 7.16 7.10 (m, 3H),
6.681 6.64 (m, 2H), 6.60 6.58 (m, 1H), 6.34 (s, 1H), 3.94 &= 5.9 Hz, 2H), 3.52
3.44 (m,8H), 2.63 (tJ = 7.1 Hz, 2H), 1.88 1.83 (m, 1H), 1.81 1.73 (m, 4H), 1.48 (s,
11H), 0.95i 0.91 (m, 2H), 0.70 0.66 (m, 2H)13C NMR (126 MHz, CDCJ) & 159. 3,
155.3, 154.8, 145.8, 137.5, 136.6, 129.3, 129.0, 120.4, 118.1, 112.2, 111.2, 80.4, 67.7,
440, 35.0, 29.0, 28.5, 28.0, 15.6, 9.4. HRMS: (ESI) [M%*idalcd for CogHagNzOs,
494.3013, observed, 494.3025.
tert-butyl 4-((4-(4-(3-(tert-butyl)phenoxy)butyl)phenyl)carbamoyl)piperazine-1-
carboxylate @.21w)

0 Synthesized according to General Procedure
)ko/k y g

q [0

ﬁ/<:,\ N\/@'\'YN\) 4.2 Purified via column chromatography 20
O
(6]

40% ethyl acetate/hexanes)hité solid, 188
mg, 80% yield'H NMR (500 MHz, CDCJ) U i 7.232(%, 2H), 7.20 (t) = 8.0 Hz,
1H), 7.14i 7.10 (m, 2H), 6.98 6.95 (m, 1H), 6.94 6.91 (m, 1H), 6.71 6.67 (M, 1H)
6.38 (s, 1H), 3.96 (] = 6.1 Hz, 2H), 3.50 3.44 (m, 8H), 2.64 () = 7.1 Hz, 2H), 1.83
1.75 (m, 4H), 1.48 (s, 9H), 1.30 (s, 9FC NMR (126 MHz, CDG)) U 159. 0, 155
154.8, 153.0, 137.5, 136.6, 129.0, 120.4, 117.8, 112.7, 110.6, 80.4, 60,7354, 34.9,

31.4, 29.0, 28.5, 28.1.
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tert-butyl 4-((4-(3-(3-cyclobutylphenoxy)propyl)phenyl)carbamoyl)piperazine 1-
carboxylate (4.21x)
o k Synthesized according to General Procedure

[y

\/\/@NYN 4.2.Purified via column chromatography €20
QO/O ° 40% ethyl acetate/hexanesd)/hite solid 70

mg, 41% vyield '"H NMR (600 MHz, CDCJ) U i 7.262(18,2H), 7.21 (t,J = 7.9 Hz,

1H), 7.16 (dJ = 8.4 Hz, 2H), 6.82 (d] = 7.6 Hz, 1H), 6.78 (s, 1H), 6.72 (dbi= 8.1, 2.3

Hz, 1H), 6.39 (s, 1H), 3.96 (1,= 6.2 Hz, 2H), 3.57 3.47 (m,10H), 2.79 (t,J = 7.6 Hz,

2H), 2.38i 2.30 (m,2H), 2.201 2.12 (m,2H), 2.11i 2.06 (m,2H), 2.05i 1.98 (m, 1H),

1.86 (q,J = 8.8 Hz, 2H), 1.50 (9H).23C NMR (151 MHz,CDG)) & 159.1, 155. 2,
148.1, 136.8, 136.7, 129.2, 129.1, 120.5, 118.8,991111.5, 80.4, 66.7, 44.1, 40.4, 31.6,

31.1, 29.8, 28.5, 18.BIRMS: (ESI) [M+H]" calcdfor C29H40oN304, 494.3013 observed,

494 .305.

tert-butyl  4-((4-(3-([1,1'-biphenyl]-3-yloxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21y)

JOL )< Synthesized aceding to General Procedure
(o

N\H/N\) 4.2. Purified via column chromatography
O 0\/\/©/ o

(20-40% ethyl acetate/hexanespurified
via column chromatography (2% ethyl acetate/hexanes). White solid, 163 mg, 68%
yield. 'H NMR (600 MHz, CDCJ) 0 1 77.5%(M, 2H), 7.45 7.41(m, 2H), 7.36i
7.32 (m, 2H), 7.27 7.24 (m, 2H), 7.18 7.12 (m, 4H), 6.89 6.86 (m, 1H), 6.46 (d] =
5.3 Hz, 1H), 4.00 () = 6.2 Hz, 2H), 3.46 (s, 8H), 2.78 &= 7.5 Hz, 2H), 2.12 2.06

(m, 3H), 1.48 (s, 9HC NMR (151 MHz, CDCJ) 159.5, B5.3, 154.7, 142.8, 141.2,
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136.7, 136.7, 129.8, 129.128.8*%, 128.8,128.2*, 127.5, 127.3126.8*, 120.5, 119.7,
114.9*, 113.6, 113.3, 80.4, 66.9, 44.1, 31.6, 31.0, 2%mterial isolated as an
approximately4:1 ratio of rotamersHRMS: (ESI) [M+H] calad for CsiH3zsN3Oa,
516.2857, observed, 516.2857.
tert-butyl 4-((4-(4-(naphthalen-2-yloxy)butyl)phenyl)carbamoyl)piperazine-1-
carboxylate @4.21z)

o Synthesized according to General Procedure

. VS 45 purfied via col hromatograph
NTNJ .2. Purified via column chromatography
o&/\/<jr ° (20-40% ethyl acetate/hexas). White
solid, 193 mg, 83% yieldH NMR (500 MHz, CDCJ)  § i 7.68qr8, 3H), 7.44 7.40
(m, 1H), 7.34i 7.30 (m, 1H), 7.27 7.24 (m, 2H), 7.16 7.09 (m, 4H), 6.30 (s, 1H), 4.08
(t, J = 6.2 Hz, 2H), 3.53 3.44 (m, 8H), 2.67 (t) = 7.3 Hz, 2H), 1937 1.78 (m, 4H),
1.48 (s, 9H)13C NMR (126 MHz, CDG)) & 157.2, 155.2, 154.
129.4, 129.8, 129.@, 127.8, 126.8, 126.4, 123.6, 120.4, 119.1, 106.7, 80.5, 67.9, 44.0,
35.1, 28.9, 28.5, 28.HRMS: (ESI) [M+H]" calcdfor CzoH3sN304, 504.2857, observed,
504.2866.
tert-butyl 4-((4-(4-(naphthalen-1-yloxy)butyl)phenyl)carbamoyl)piperazine-1-
carboxylate (4.21aa)
(\NJokOk Syn.thesm%d according to General Procedure 4.2.
OYN\) Purified via column chromatography (20%
WQ/NH ethyl acetate/hexanesWhite sold, 111 mg,
° 38% vyieldH NMR (500 MHz, CDCY) U i8. 31

8.28 (m, 1H), 7.83 7.80 (m, 1H), 7.52 7.46 (m,2H), 7.44i 7.42 (m, 1H), 7.40 7.36
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(m, 1H), 7.30i 7.28 (m, 2H), 7.17 (d) = 8.3 Hz, 2H), 6.81 (dJ = 7.5 Hz, 1H), 6.44

(brs, 1H), 4.17 (tJ = 6.0 Hz, 2H), 3.53 3.48 (m,8H), 2.72 (t,J = 7.4 Hz, 2H), 2.01

1.87 (m,4H), 1.51 (s,9H). °C NMR (126 MHz, CDG) U 155.2, 154.9, 15
136.6, 134.6, 129.0, 127.5, 126.4, 126.0, 125.8, 125.2, 122.2, 120.5, 120.1, 104.7, 80.4,

68.0, 44.0, 35.(28.9, 28.5, 28.HRMS: (ESI) [M+H] calcdfor C3oH3sN304, 504.2857
observed504.289.

tert-Butyl 4-((4-(4-((5,6,7,8tetrahydronaphthalen-1-
yl)oxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21ab)

Synthesized according 8eneral Procedure 4.2

]

o o

(5; er@ Purified via column chromatography (20%
OW©/ © ethyl acetate/hexaned)hite solid,93 mg, 66%

yield.'H NMR (600 MHz, CDCJ) U 7J=288 H%, 8H), 7.12 (dJ = 8.3 Hz, 2H),

7.03 (t,J = 7.9 Hz, 1H), 6.67 (d] = 7.6 Hz, 1H), 6.61 (d] = 8.1 Hz, 1H), &0 (s, 1H),

3.94 (t,J= 5.6 Hz, 2H), 3.52 3.45 (m, 8H), 2.74 () = 6.0 Hz, 2H), 2.64 (q] = 6.2 Hz,

4H), 1.841 1.71 (m, 8H), 1.48 (s, 9HJ*C NMR (151 MHz, CDC)) & 156. 7, 155

154.6, 138.5, 137.5, 136.3, 128.9, 126.1, 125.5, 121.1, 120.3,, BO(E 67.4, 43.9,

34.9, 29.6, 28.9, 28.4, 28.0, 23.1, 22.32.8).

tert-Butyl 4-((4-(4-((2,3-dihydro-1H-inden-4-

yhoxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21ac)

Synthesized according Beneral Procedure 4.2

o

M
[ NTo Purified via column chromagraphy (2640%

H
N N
&W@ ™
0 © ethyl acetate/hexanes)Vhite solid, 123 mg,

83%yield. 1H NMR (500 MHz, CDC) 0 i 7.23r, 2H), 7.12 (d] = 8.2 Hz, 2H),
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7.09 (t,J = 7.8 Hz, 1H), 6.83 (d] = 7.4 Hz, 1H), 6.63 (d] = 8.1 Hz, 1H), 6.34 (s, 1H),
3.98 (t,J = 5.8 Hz 2H), 3.53i 3.44 (m, 8H), 2.89 (dt] = 23.1, 7.4 Hz, 4H), 2.64 (§,=
7.0 Hz, 2H), 2.05 (p) = 7.5 Hz, 2H), 1.85 1.73 (m, 4H), 1.48 (s, 9H}*C NMR (126
MHz, CDCk) u 155. 5, 155. 1, 154. 6, 146. 2, 137.
116.7, 1087, 80.3, 67.6, 43.9, 34.8, 33.2, 29.4, 28.8, 28.4, 27.9, BRAIS: (ESI)
[M+Na]* calcdfor C2gH39N30sNa, 516.2833 observed516.2843

tert-butyl 4-((4-(5-(4-

(trifluoromethyl)phenoxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate

(4.21ad)
0 Synthesized according to  General
. e
\/\/\/@NTN\) Procedure 4.2. Purified via column
o} (0}
©/ chromatography (2@0% ethyl
FsC

acetate/hexanes). Mte solid, 98 mg, 53% yieldH NMR (400 MHz, CDCJ) U i7 . 54
7.48 (m, 2H), 7.26 7.21 (m, 2H), 7.09 7.05 (m, 2H), 6.94 6.89 (m, 2H), 6.70 (s, IH

3.96 (t,J = 6.5 Hz, 2H), 3.45 3.41 (m, 9H), 2.58 (tJ = 7.6 Hz, 2H), 1.84 1.75 (m,

2H), 1.65 (p,J = 7.6 Hz, 2H), 1.52 1.42 (m, 11H)}F NMR (376 MHz, CDCJ) - U
61.39.1°C NMR (101 MHz, CDGJ) U 16&%1.B6Hz) 5.4, 154.7, 137.5, 136.7
128.8, 126.9 (qJ = 3.8 Hz), 124.6 (g = 262.7 Hz), 123.2, 122.6 (d,= 32.7 Hz),

120.6, 120.4, 114.5, 80.3, 68.1, 43.9, 35.2, 31.2, 29.0, 28.5HEN\GS: (ESI) [M+H]

calcdfor CogH373N304, 536.2731, observed, 536.2736.
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tert-butyl 4-((4-(5-(3-
(trifluoromethyl)phenoxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate
(4.21ae)
o Synthesized according to General
H Oko Procedure 4.2.Purified via column
\/\/\/O L
F3C\©/O ° chromatography (280% ethyl
acetate/hexanes)Vhite solid, 85 mg, 46% vyieldH NMR (400 MHz, CDC§)  B5i7
7.29 (m, 1H), 7.22 7.19 (m, 2H), 7.16 7.13 (m, 1H), 7.08 7.05 (m, 3H), 7.02 6.98
(m, 1H), 6.45 (s, 1H), 3.93 (#,= 6.5 Hz, 2H), 3.44 3.40 (m, 8H), 2.56 (t) = 7.6 Hz,
2H), 1.817 1.74 (m, 2H), 1.6 1.58 (m, 2H), 1.50 1.41 (m, 11H)XF NMR (376
MHz, CDCkL) -62.69.1*C NMR (101 MHz, CDGJ) u 159. 3, 155. 4,
131.9 (124.1 (qJ = 272.6 Hz), 120.5, 118.1 (4= 1.3 Hz), 117.3 (o) = 3.8 Hz), 111.4
(d, J= 3.8 Hz), 80.4, 68.2, 43.9, 35.2, 31.3, 29.1, 28.5, 2RMS: (ESI) [M+H]* calcd
for CagHs7F3N304, 536.2731, observed, 536.2733.
tert-butyl 4-((4-(6-(2-(trifluoromethyl)phenoxy)hexyl)phenyl)carbamoyl)piperazine-
1-carboxylate (4.21af)
0 )< Synthesized according to General
CF3 \H/N\) Procedure 4.2.Purified via column
©:ONW© © chromatograph (20-40% ethyl
acetate/hexanes)Vhite solid,126 mg, 49% yield. 'H NMR (600 MHz, CDC§) 0 7.
J=7.6 Hz, 1H), 7.47 7.43 (m, 1H), 7.23 (d] = 8.4 Hz, 2H), 7.09 (d] = 8.4 Hz, 2H),
6.96 (t,J = 8.0 Hz, 2H), 6.44 (s, 1H), 4.01 &= 6.3 Hz, 2H),3.46 (s, 8H), 2.58 2.53

(m, 2H), 1.79 (dt) = 14.2, 6.3 Hz, 2H), 1.61 (§,= 7.7 Hz,2H), 1.537 1.45 (m, 11H),
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1.37 (pJ = 7.6, 7.2 Hz2H). °F NMR (565 MHz, CDGJ) -62.3923C NMR (151 MHz,
CDCk) @ 157.1, 155.3, 15%1271¢JE38Hz) 12P(g36. 4, 13
J=272.3 Hz), 120.4, 119.8, 188(q, J = 30.6 Hz), 112.8, 80.4, 68.6, 44.0, 35.2, 31.5,
29.1, 28.8, 28.5, 25.8HRMS: (ESI) [M+H] calcd for CooH3zoFsN30s, 550.2887
observed550.204
tert-butyl 4-((4-(4-(3-methoxyphenoxy)butyl)phenyl)carbamoyl)piperazine-1-
carboxylate @4.21agq)
o Synthesized according to  General

HTOJLO Procedure 4.2. Purified via column
\O/©\Ow©/ ° chromatography (2a0% ethyl
acetate/hexanes)Vhite solid, 116 mg, 69% yieldHd NMR (500 MHz, CDCJ) & i7. 26
7.23 (m, 2H) 7.19i 7.14 (m, 1H), 7.13 7.10 (m, 2H), 6.51 6.47 (m, 3H), 6.47 6.44
(m, 1H), 6.32 (s, 1H), 3.94 (3,= 6.1 Hz, 2H), 3.78 (s, 3H), 3.523.44 (m, 8H), 2.63 (t,
J=7.1Hz, 2H), 1.83 1.74 (m, 4H), 1.48 (s, 9HYC NMR (126 MHz,CDG)) U 160. 9,
160.5, 155.3, 154.8, 137.5, 136.6, 130.0, 129.0, 120.4,2,08)8.8, 106.3, 101.0, 80.4,
67.9, 55.4, 35.0, 28.9, 28.5, 28.0. HRMS: (ESI) [M*ERIcdfor Co7H3sN30s, 484.2806,
observed, 484.2805.
tert-butyl 4-((4-(4-(3-
(trifluoromethoxy)phenoxy)butyl)ph enyl)carbamoyl)piperazine 1-carboxylate
(4.21ah)

o Synthesized accordin to General
x = g

N

HTN\) Procedure 4.2.Purified via column
F3C\o/©\o/\/\/©/ o

chromatography (240% ethyl
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acetate/hexanes)Vhite solid, 75 mg, 40% yieldH NMR (600 MHz, CDCJ) & i7. 35
7.28 (m, 1H), 7.26 7.24(m, 2H), 7.14 7.11 (m, 2H), 6.83 6.78 (m, 2H), 6.75 6.72
(m, 1H), 6.28 (s, 1H), 3.94 (3,= 6.0 Hz, 2H), 3.51 3.46 (m, 8H), 2.64 (t) = 7.1 Hz,
2H), 1.847 1.75 (m, 4H), 1.48 (s, 9H}3C NMR (126 MHz, CDG)) & 160. 2, 155
154.8, 150.2 (dJ = 1.8 Hz), 138.8, 137.3, 136.6, 130.2, 129.0, 120.64 &257.1 Hz),
120.4, 113.0, 107.7, 80.5, 68.2, 43.9, 35.0, 28.7, 28.5, HRMIS: (ESI) [M+H] calcd
for C27H3sF3N304, 538.2523, observed, 538.2525.
tert-butyl 4-((4-(4-(3-methoxy-5-
methylphenoxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate @.21ai)
o Synthesized according to  General

/@\ HTN(\)N © Procedure 4.2. Purified via column
~o oWV@ ° chromatography (2a0% ethyl
acetate/hexanes)Vhite solid, 104 mg, 60% yieldHd NMR (500 MHz, CDCJ) & i7. 26
7.23 (m, 2H), 7.18 7.10 (m, 2H), 6.32 6.31 (m, 2H), 6.30 (s, 1H), 6.276.26 (M, 1H),
3.947 3.90 (m, 2H), 3.76 (s, 3H), 3.533.45 (m, 8H), 2.63 () = 7.2 Hz, 2H), 2.29 (s,
3H), 1.821 1.73 (m, 4H), 1.48 (s, 9HY*C NMR (126 MHz, CDG)) & 160.8, 160
155.2, 154.8140.3, 137.5, 136.6, 129.0, 120.4, 107.8, 107.2, 98.1, 80.4, 67.8, 55.4, 44.0,
35.0, 28.9, 28.5, 28.0, 21.BIRMS: (ESI) [M+H]" calcd for CsHaoN3Os, 498.2962,
observed, 498.2977.
tert-butyl 4-((4-(4-(3-cyanophenoxy)butyl)phenyl)carbamoyl)piperazinel-
carboxylate @.21aj)

o Synthesized according to  General
H ﬁNJko)< o :
N Procedure 4.2. Purified via column

A,y

N
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chromatography (280% ethyl acetate/hexane8)hite solid, 160 mg, 72% yieldH

NMR (500 MHz, CDC§) &  7J.=3.@ Hz(1H), 7.28 7.24 (m, 2H), 7.22 7.20 (m,

1H), 7.137 7.10 (m, 3H), 7.09 7.06 (m, 1H), 6.39 (s, 1H), 3.95 {t= 6.0 Hz, 2H), 3.52

i 3.44 (m, 8H), 2.64 (t) = 7.0 Hz, 2H), 1.84 1.72 (m, 4H), 1.48 (s, 9HFC NMR (126

MHz, CDCk) u 159. 2, 155. 3, 154. 8, 13,1202, 136. 7
119.0, 117.4, 113.2, 80.4, 68.3, 43.9, 34.9, 28.5, PR8IS: (ESI) [M+H]" calcdfor

Co7H35N404, 479.2653, observed, 479.2654.

tert-butyl 4-((4-(5-(3-chlorophenoxy)pentyl)phenyl)carbamoyl)piperazinel-

carboxylate (4.21ak)

0 Synthesized accordingp General Procedure
(\N)ko/k
OYN\) 4.2.Purified via column chromatography 20
NH
cl 0\/\/\/©/ 40% ethyl acetate/hexaneSyhite solid 152
: mg, 65% vyield!H NMR (500 MHz, CDCJ) U

7.257 7.23 (m, 2H), 7.17 (t) = 8.1 Hz, 1H), 7.10 (d] = 8.5 Hz,2H), 6.92i 6.89 (m,

1H), 6.87 (t,J = 2.2 Hz, 1H), 6.78 6.74 (m, 1H), 6.35ks, 1H), 3.91 (tJ = 6.5 Hz,

2H), 3.47 (dd,J = 8.2, 3.2 Hz8H), 2.59 (t,J = 7.6 Hz, 2H), 1.82 1.74 (m, 2H), 1.65 (p,

J= 7.6 Hz, 2H), 1.52 1.42 (m,11H). 3C NMR (126 MHz, CDGJ) & 160. 0, 155
154.8, 1377, 136.5, 134.9, 130.3, 129.0, 120.8, 120.4, 115.0, 113.2, 68.2, 43.9, 35.3,

31.3, 29.1, 28.5, 25.7HRMS: (ESI) [M+H]* calcd for Cz/Ha:CIN3Os, 502.2467

observed502.2482.
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tert-butyl 4-((4-(6-(pyridin -3-yloxy)hexyl)phenyl)carbamoyl)piperazine 1-

carboxylate (4.21al)

0 Synthesized according to  General
’ (\NJ\OJ< - .

(\j\ /\/\/\/@N\H/N\) Procedure 4.2. Purified via column

N Z>o ° chromatography (2a0% ethyl

acetate/hexaneg)Vhite solid,176 mg, 8% yield. *H NMR (600 MHz, CDCJ) U i8. 28

8.25 (m, 1H), 8.19 (d] = 4.0 Hz, 1H), 7.24 7.21 (m, 2H),7.217 7.15 (m, 2H), 7.08 (d,

J = 8.4 Hz,2H), 6.50 (s, 1H), 3.96 (1 = 6.5 Hz,2H), 3.501 3.43 (m,8H), 2.56 (t,J =

7.6 Hz,2H), 1.817 1.74 (m, 2H), 1.61 (p] = 7.6 Hz, 2H), 1.50 1.44 (m,11H), 1.40i

1.34 (m, 2HY*C NMR (151 MHz, CDGJ) ua ,1%5,.132.0, 138.1, 137.8, 136.5,

128.9, 124.0, 121.2, 120.5, 80.4, 68.3, 44.1, 35.2, 31.4, 29.1, 28.9, 28.5;RbKIS:

(ESI) [M+H]" calcdfor Co7H39N4Os, 483.2966 observed483.296.

tert-butyl 4-((4-(6-(4-fluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate @4.21am)

Synthesized according to  General

. e
Ao NUU ¢ I

acetate/hexanes)Vhite solid, 183 mg, 53% yieldd NMR (500 MHz, CDCJ) & i7. 25

Procedure 4.2. Purified via column

chromatography (2a0% ethyl

7.21 (m, 2H), 7.11 7.08 (m, 2H), 6.97 6.93(m, 2H), 6.83 6.79 (M, 2H), 6.32 (s, 1H),

3.89 (t,J = 6.5 Hz, 2H), 3.50 3.45 (m, 8H), 2.56 (t) = 7.7 Hz, 2H), 1.79 1.71 (m,

2H), 1.641 1.58 (m, 2H), 1.5 1.42 (m, 11H), 1.42 1.33 (m, 2H)%F NMR (376

MHz, CDCk) -1P4.44i -124.54 (m)13C NMR (126 MHz, CDCY) U 15%. 2 (d,

237.6 Hz), 155.3d, J = 2.1 Hz), 155.3, 154.8, 138.0, 136.4, 129.0, 120.4, 115.8<d,
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23.0 Hz), 1155 (dyJ) = 8.1 Hz), 80.5, 68.6, 44.0, 35.3, 31.5, 29.3, 29.0, 28.5, 26.0.
HRMS: (ESI) [M+H]" calcdfor CagH39FN304, 500.2919, observed, 500.2914.
tert-butyl 4-((4-(6-(3-fluorophenoxy)hexyl)phenyl)carbamoyl)piperazinel-
carboxylate @.21an)
0 Synthesized  accordin to General
F ’ (\NJJ\O)< ' - ) .
@\ NTN\) Procedure 4.2. Purified via column
O/\/\/\/@ ° chromatography (2a0% ethyl
acetate/hexanes)Vhite solid, 56 mg, 74% vyield*H NMR (500 MHz, CDCJ) & i7. 25
7.22 (m, 2H), 7.22 7.17 (m, 1H), 7.10 7.07 (m, 2H), 6.67 6.62 (m, 2H), 6.61 6.57
(m, 1H), 6.46 (s, 1H), 3.90 (3,= 6.5 Hz, 2H), 3.52 3.42 (m, 8H), 2.56 (t) = 7.7 Hz,
2H), 1.80i 1.72 (m, 2H)1.64i 1.57 (m, 2H), 1.50 1.42 (m, 11H), 1.41 1.34 (m, 2H).
19 NMR (376 MHz, CDCJ) -if11.877 -111.98 (m)33C NMR (126 MHz, CDGJ) i
163.7 (d,J = 244.7 Hz), 160.6 (d] = 10.9 Hz), 155.4, 154.8, 137.9, 136.4, 130.2](d,
10.1 Hz), 128.9, 120.8,10.4 (d,J = 2.8 Hz), 107.3 (dJ = 21.3 Hz), 102.2 (d] = 24.7
Hz), 80.4, 68.3, 43.9, 35.3, 31.5, 29.1, 29.0, 28.5, PARMS: (ESI) [M+H]" calcdfor
CogH39FN304, 500.2919, observed, 500.2925.
tert-butyl 4-((4-(6-(2-fluorophenoxy)hexyl)phenyl)carbamoy)piperazine-1-
carboxylate (@4.21a0)
Synthesized according to  General
- H O © Procedure 4.2. Purified via column
©:o/\/\/\/©/ lr chromatography (2a0% ethyl
acetate/hexanes)Vhite solid, 205 mg, 59% yieldd NMR (500 MHz, CDCJ) & i7. 25

7.21 (m, 2H), 7.11 7.08 (m, 2H), 7.87 7.00 (m, 1H), 6.97 6.92 (m, 1H), 6.90 6.85
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(m, 1H), 6.31 (s, 1H), 4.083.98 (m, 2H), 3.52 3.45 (m, 8H), 2.59 2.54 (m, 2H), 1.84

i 1.77 (m, 2H), 1.65 1.58 (m, 2H), 1.53 1.46 (m, 11H), 1.42 1.35 (m, 2H)!°F NMR

(376 MHz, CDC#) -1i84.81i -134.91 (m)3C NMR (126 MHz,CDGJ) & 155. 3, 154
152.9 (d,J = 245.5 Hz), 147.%d,J = 10.4 Hz), 138.0, 136.4, 129.0, 124d4J = 3.8 Hz),

120.9(d, J = 6.8 Hz), 120.4, 116.3 (d,= 18.2 Hz), 115.0 (dJ = 1.6 Hz), 80.4, 69.4,

44.0, 35.3, 31.529.3, 29.0, 28.5, 25.HRMS: (ESI) [M+H] calcd for CagH3aFN3Os,

500.2919, observed, 500.2914.

tert-butyl 4-((4-(6-(3,5-difluorophenoxy)hexyl)phenyl)carbamoyl)piperazine 1-

carboxylate @.21ap)

o Synthesized accordin to General
Ak J

N

F
i M/\QHTN\) Procedure 4.2.Purified via column
(0]
F (6)

chromatography (2@0% ethyl
acetate/hexanes)Vhite solid, 250 mg, 69% yieldHd NMR (500 MHz, CDCJ) & i7. 25
7.21 (m, 2H), 7.10 7.06 (m, 2H), 6.47 (s, 1H), 6.426.35 (m, 3H), 3.88 (1) = 6.5 Hz,
2H), 3.46 (dJ = 2.4 Hz, 8H), 2.56 () = 7.6 Hz, 2H), 1.78 1.71 (m, 2H), 1.64 1.57
(m, 2H), 1.47 (s, 11H), 1.401.32 (m, 2H)!%F NMR (376 MHz, CDCJ) -109.64 -
109.73 (m)}3C NMR (126 MHz, CDG)) U 1 6.B=.285.7(18.9 Hz), 161.2 (,=
13.8 Hz), 155.3, 154.7, 137.9, 136.5, 228.20.5, 98.5 98.2 (m), 96.1 (tJ = 26.0 Hz),
80.4, 68.6, 43.9, 35.2, 31.5, 29.0, 28.9, 28.5, 29”MS: (ESI) [M+H] calcd for

CogH3gF2N304, 518.2825, observed, 518.2808.
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tert-butyl 4-((4-(6-(2,3-difluorophenoxy)hexyl)phenyl)carbamoyl)piperazine 1-
carboxylate @4.21aq)

Synthesized  according to  General

| Ak
o

acetate/hexanes)Vhite solid, 287 mg, 80% yieldd NMR (500 MHz, CDC§) 0 i7. 25

Procedure 4.2. Purified via column

chromatography (2a0% ethyl

7.20 (m, 2H), 7.09 7.05 (m, 2H), 6.97 6.91 (m, 1H)6.76i 6.67 (m, 2H), 6.58 (s, 1H),
4.00 (t,J = 6.6 Hz, 2H), 3.49 3.41 (m, 8H), 2.55 (t) = 7.6 Hz, 2H), 1.84 1.74 (m,
2H), 1.647 1.56 (m, 2H), 1.52 1.42 (m, 11H), 1.42 1.32 (m, 2H)X°F NMR (376
MHz, CDCk) -187.717 -137.83 (m),-159.771 -160.00 (m)13C NMR (126 MHz,
CDCk) U 155. 4, 15246.3 10.4H$),1148% (df,d7d8, 3.2 Hz), 141.5
(dd,J=247.0, 14.1 Hz), 137.8, 136.5, 128.9, 123.2 §dd 8.8, 5.1 Hz), 120.5, 109.9 (d,
J=2.8 Hz), 109.0 (dJ = 17.7 Hz), 80.469.8, 43.9, 35.2, 31.4, 29.1, 28.9, 28.5, 25.8.
HRMS: (ESI) [M+H]" calcdfor CzgHzsF2N304, 518.2825, observed, 518.2834.
tert-butyl 4-((4-(6-(2,6-difluorophenoxy)hexyl)phenyl)carbamoyl)piperazine 1-
carboxylate @.21ar)

0 Synthesized accordin to General
N Jkoj< y g

~

Q:FW\/@HTN\) Procedure 4.2. Purified via column
0
o

I chromatography (2a0% ethyl
acetate/hexanes)Vhite solid, 202 mg, 56% yieldd NMR (600 MHz, CDCJ) & i7. 25
7.22 (m, 2H), 7.10 7.08 (m, 2H), 6.95 6.89 (m, 1H), 6.89 6.84 (m, 2H), 6.38 (s, 1H),

4.10 (t,J = 6.6 Hz,2H), 3.50i 3.44 (m, 8H), 2.58 2.54 (m, 2H), 1.77 1.71 (m, 2H),

1.60 (p,J = 7.7 Hz, 2H), 1.52 1.44 (m, 11H), 1.37 (] = 7.6 Hz, 2H)F NMR (565
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MHz, CDCk) -1P8.28i -128.33 (m)°C NMR (126 MHz, CDC)) & 15&= 4 (dd,

248.0, 5.7 Hz), 155,3154.8, 138.0, 136.4, 135.9 JtF 14.2 Hz), 128.9, 122.7 @,= 9.3
Hz), 120.4, 112.2 (ddl= 17.2, 5.6 Hz), 80.4, 74.8 @= 2.8 Hz), 44.0, 35.3, 31.5, 30.0,
29.0, 28.5, 25.6HRMS: (ESI) [M+H]" calcd for CogHzsFN30s, 518.2825, observed,
518.2836.
tert-butyl  4-((4-(6-(2,4,6trifluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-
carboxylate @4.21as)

NJOL J< Synthesized according to General

Q © Procedure 4.2.Purified via column

F F H N
/\/\/\/©/ \n/
0 ° chromatography (2a0% ethyl

F
acetate/hexanes)Vhite solid, 239 mg, 64% yieldd NMR (600 MHz, CDX) & i7. 25

7.21 (m, 2H), 7.13 7.05 (m, 2H), 6.66 (1) = 8.5 Hz, 2H), 6.35 (s, 1H), 4.03 = 6.5

Hz, 2H), 3.55( 3.42 (m, 8H), 2.56 (1) = 7.7 Hz, 2H), 1.77 1.68 (m, 2H), 1.64 1.56

(m, 2H), 1.50i 1.44 (m, 11H), 1.39 1.32 (m,2H).'%F NMR (565 MHz, CDCJ) - i
115.23i -115.31 (m);125.10i -125.20 (m)13C NMR (126 MHz, CDG) 157.1 (dt,J

= 244.8, 14.5 Hz), 156.3 (dddi= 249.7, 14.9, 7.8 Hz), 155.3, 155.2, 154.8, 138.0, 136.4,
132.8 (td,J = 14.6, 5.4 Hz), 129.0, 120.4,1.Q7 100.5 (m), 80.4, 75.3, 75.2, 75.2, 44.0,
35.3, 31.5, 29.9, 29.0, 28.5, 25.6. HRMS: (ESI) [M#Hhlcd for CogHarFsN3Ou,

536.2731, observed, 536.2731.
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tert-butyl  4-((4-(3-(4-cyclopropylphenoxy)propyl)phenyl)carbamoyl)piperazine 1-
carboxylate (4.21&)
o Synthesized according to General
’ (\N)J\oJ< - .
\) Procedure 4.2. Purified via column

© chromatography (2@0% ethyl
ﬁ acetate/hexanes\White solid, 250 mg,
75% vield *H NMR (600 MHz, CDC{) &  7J=284 H{, 8H), 7.11 (dJ = 8.3 Hz,
2H), 6.99 (dJ = 8.6 Hz, 2H),6.807 6.77 (m,2H), 6.62 (d,J = 4.6 Hz, 1H), 3.90 () =
6.2 Hz, 2H), 3.44 (s, 8H), 2.74 (t= 7.6 Hz, 2H), 2.07 2.00 (m,2H), 1.87i 1.81 (m,
1H), 1.48 (s, 9H), 0.9 0.86 (m,2H), 0.63i 0.58 (M,2H). 13C NMR (151 MHz, CDG))
a 157. 0, 7,13%%,136,7, 1B584129.0, 126.8, 120.6, 114.5, 80.4, 66.9, 44.0,
315, 31.0, 28.5, 14.7, 8.61IRMS: (ESI) [M+H] calcd for CzsH3sN30s, 480.2857
observed480.2&0.
tert-butyl  4-((4-(3-(3-cyclopropylphenoxy)propyl)phenyl)carbamoyl)piperazine 1-
carboxylate (4.21au)

0 Synthesized according to General Procedure
1> J

W

AQOWGNIIN

mg, 86% yield™H NMR (600 MHz, CDCY) U  7J=284 HZ, 8H), 7.15 7.10 (m,

4.2.Purified via column chromatography 20

40% ethyl acetate/hexaneSyhite solid, 191

3H), 6.66i 6.64 (M, 2H),6.601 6.59 (m, 1H), 6.57 6.56 (M, 1H), 3.91 (tJ = 6.2 Hz,

2H), 3.45 (s, 8H), 2.74 (8= 7.6 Hz, 2H), 2.06 2.01 (m, 2H), 1.87 1.82 (m, 1H), 1.47

(s, 9H), 0.95 0.91 (m, 2H), 0.69 0.66 (m, 2H)13C NMR (151 MHz,CDC)) U 159.
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155.3, 154.7, 14.8, 136.8, 136.7, 129.3, 129.0, 120.5, 118.1, 112.2, 111.2, 80.4, 66.7,
44.1, 31.5, 31.0, 28.5, 15.5, 14.3.

tert-butyl  4-((4-(5-(3-cyclopropylphenoxy)pentyl)phenyl)carbamoyl)piperazine-1-
carboxylate (4.21av)

j\ J< Synthesized according to General
g (W

\/\/\Q/N\H/N\) Procedure 2. Purified via column
A©/O 0}

chromatography (2@0% ethyl
acetate/hexanes)Vhite solid 289 mg, 82% yield.*H NMR (400 MHz,CDCls) U i7. 30
7.17 (m, 2H), 7.15 7.00 (m, 3H), 6.66 6.61 (m, 2H), 6.58 (s, 1H), 6.34 (s, 1H), 3i93
3.85 (m, 2H), 3.49 3.43 (m,8H), 2.59i 2.52 (m, 2H), 1.87 1.71 (m, 4H), 1.67 1.58
(m, 3H), 1.50i 1.42 (m, 9H), 0.93 0.88 (m, 2H), 0.68 0.63 (m, 2H)*3C NMR (101
MHz, CDCl) u 159. 3, 155. 3, 154. 8, 145. 8, 137.
112.2,111.3, 80.4, 67.844, 35.3, 31.4, 29.3, 28.5, 25.8, 15.6, 9.3.
tert-butyl 4-((4-(4-(3-cyclopropyl-2-
fluorophenoxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21aw)
Synthesized according to General Procedure

O J<
(\NJ\O - .
N 4.2. Purified via column chromatography

ﬁ@ 0 © (20-40% ethyl acmte/hexanes\White solid

F
124 mg, 54% yieldH NMR (600 MHz, CDCJ) U 7J=284 H4, 2H), 7.12 (dJ =

8.4 Hz, 2H), 6.90 (td] = 8.0, 1.2 Hz, 1H), 6.73 (td,= 8.0, 1.2 Hz, 1H), 6.46 6.41 (m,
1H), 6.39 (s, 1H), 4.00 (@ = 6.2 Hz, 2H), 3.47< 8H), 2.64 (t,J = 7.4 Hz, 2H), 2.13
2.06 (m,1H), 1.85i 1.75 (m,4H), 1.48 (s9H), 0.98i 0.94 (m,2H), 0.72i 0.67 (m,2H).

19 NMR (565 MHz, CDGJ) -1#2.41 (t,J = 7.0 Hz).2*C NMR (151 MHz, CDCJ) U
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155.3, 154.8, 150 (d, J = 243.8 Hz), 147.4d, J = 11.1 Hz), 137.0 (dJ = 130.3 Hz),
1318 (d, J = 11.9 Hz), 129.0123.5 (d,J = 4.6 Hz) 120.4,117.2 (d,J = 3.2 Hz) 111.7,
80.4, 69.3, 44.0, 35.0, 28.8, 28.5, 27.9, 8.8, 8.7,RMS: (ESI) [M+H]" calcd for
Co9H39FN304, 512.2919 observed5122930.
tert-butyl 4-((4-(4-(3-cyclopropyl-5-
fluorophenoxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21ax)
o Synthesized according to General Procedure
F H Okok 4.2. Purified via column chromatography
ﬂow I’r (20-40% ethyl acetate/hexanes)White
solid, 185 mg, 62% yield.'H NMR (600 MHz, CDCJ) U 7 J=28% H%,aH), 7.11
(d, J = 8.5 Hz,2H), 6.44 (s, 1H), 6.41 6.38 (m, 1H), 6.36 (dt) = 10.7, 2.3 Hz, 1H),
6.32 (dt,J = 9.8, 1.8 Hz, 1H), 3.90 (f = 6.0 Hz,2H), 3.507 3.44 (m, 8H), 2.62 () =
7.1 Hz, 2B, 1.85i 1.80 (m, 1H), 1.79 1.72 (m,4H), 1.47 (s9H), 0.96i 0.93 (m, 2H),
0.697 0.65 (m, 2H)1%F NMR (565 MHz, CDG)) -112.76 (t,J = 10.2 Hz)3C NMR
(151 MHz, CDC}) 168.8 (d,J = 243.4 Hz), 160.3 (d] = 11.8 Hz) 155.3, 154.71475
(d, J= 9.8 Hz) 137.4, 136.6, 129.0, 120.5081 (d, J = 2.3 Hz), 104 (d, J = 22.1 Hz),
98.9 (d,J = 25.2 Hz) 80.4, 68.0, 44.0, 35.0, 28.8, 28.5, 27.9, 4515.71, 9.6.HRMS:
(ESI) [M+H]" calcdfor CzeH3gFN30a4, 512.2919 observed512.223.
tert-Butyl 4-((4-(7-methoxyheptyl)phenyl)carbamoyl)piperazinel-carboxylate
(4.21ay)
Synthesized according t&eneral Procedure

e

L 4.2 Purified via column chromatography 20

N
T
/O\/\/\/\/@ © 40% ethyl acetate/hexaned)hite solid, 93

262



mg, 56%yield. 'TH NMR (500 MHz, CDCY) i 7J1=283 Hz, 2H), 7.09 (dJ = 8.2
Hz, 2H), 6.32 (s, 1H), 3.52 3.44 (m, 8H), 3.35 () = 6.7 Hz, 2H), 3.32 (s, 3H), 2.60

2.50 (m, 2H), 1.61 1.51 (m, 4H), 1.48 (dJ = 0.6 Hz, 9H), 1.35 1.28 (m, 6H)X3C

NMR (126 MHz, CDCj) u 155. 1, 15 ¥28.8% 120.2, 8383, @.9, 5853 6 .

43.9, 35.2, 31.4, 29.6, 29.3, 29.1, 28.4, 26.0.
tert-Butyl 4-((4-(8-methoxyoctyl)phenyl)carbamoyl)piperazinel-carboxylate

(4.21az)

H (\Nkok

N 4.2 Purified via column chromatography (20

"o © 40% ethyl acetate/hexane¥Yhite solid,110

mg, 71%yield.'H NMR (500 MHz, CDCJ) U 7J=285 HZ, 8H), 7.08 (d) = 8.5
Hz, 2H), 6.39 (s, 1H), 3.503.43 (m, 8H), 3.35 (tJ = 6.6 Hz, 2H), 3.32 (s, 3H), 2.57
2.51 (m, 2H), 1.61 1.50 (m, 4H), 147 (s, 9H), 1.32 1.28 (m, 8H)XC NMR (126
MHz, CDCBh) u 155. 2, 154. 6, 138. 0, 136. 2,
31.5, 29.6, 294 29.4), 29.1, 28.4, 26.1.

tert-butyl 4-((4-(6-cyclobutoxyhexyl)phenyl)carbamoyl)piperazinel-carboxylate
(4.21ba)

o)
(\Nko

OYNJ Purified via column chromatography (20%

NH
QOW/@ ethyl acetate/hexaneslVhite solid 89 mg, 42%

yield. '1H NMR (400 MHz,CDCls) U 7J =282 H{%,2#H), 7.08 (d,J = 8.2 Hz,2H),
6.35 frs, 1H), 3.94i 3.82 (m, 1H), 3.53 3.42 (m, 8H), 3.29 (t) = 6.7 Hz,2H), 2.54 (1,

J=17.7 Hz, 2H), 2.24 2.12 (m,2H), 1.96i 1.82 (m, 2H), 1.73 1.61 (m,2H), 1.80 i
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1.45 (m,13H), 1.407 1.29 (m, 4H)}3C NMR (151 MHz,CDGJ) U 155. 3,

136.3, 129.0120.4, 80.4, 73.2, 67.8, 44.0, 43.8, 35.3, 31.6, 30.6, 29.9, 29.2, 28.5, 26.2,

12.7 HRMS: (ESI) [M+H]" calcdfor C26H42N304, 460.3170 observed460.3170
tert-butyl 4-((4-(6-(cyclopentyloxy)hexyl)phenyl)carbamoyl)piperazinel-
carboxylate (4.21bb)

(\Njio/k

OYN\) Purified via column chromatography (20%
QOW/@NH ethyl acetate/hexaned)hite solid 69 mg, 79%
yield.'H NMR (600 MHz, CDCY) & 7J=282 H%, 8H), 7.08 (dJ = 8.2 Hz, 2H),
6.42 prs, 1H), 3.87 3.82 (m, 1H)3.46 (s,8H), 3.34 (t,J = 6.8 Hz, 2H), 2.53 (t} = 7.6
Hz, 2H), 1.74i 1.64 (m,4H), 1.627 1.45 (m, TH), 1.37i 1.29 (m,4H). 3C NMR (151
MHz, CDCBh) u 155. 3, 154. 7, 138. 1, 136. 3,
32.4, 31.6, 30.1, 29.2, Z28.26.2, 23.6HRMS: (ESI) [M+H]" calcd for C27H44N30s,
474.3326 observed474.330.
tert-Butyl 4-((4-(6-(cyclohexyloxy)hexyl)phenyl)carbamoyl)piperazinel-carboxylate

(4.21bc)

o Synthesized according teéeneral Procedure

HTQ © 4.2. Purified via column chromagpaphy
O\ON\/\/@( © (20-40% ethyl acetate/hexanes)White
solid, 133 mg, 84%yield. 'TH NMR (600 MHz, CDCY) U 7 J =283 H%, diH), 7.09
(d, J= 8.4 Hz, 2H), 6.32 (s, 1H), 3.513.44 (m, 8H), 3.41 () = 6.8 Hz, 2H), 3.18 (d{]
= 9.6, 5.0 Hz, 1H), 2.57 2.51 (m 2H), 1.93i 1.86 (m, 2H), 1.76 1.69 (m, 2H), 1.67

1.62 (m, 2H), 1.61 1.50 (m, 5H), 1.48 (s, 9H), 1.381.29 (m, 4H), 1.26 1.19 (m, 4H).
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3C NMR (151 MHz,CDC)) G 155.1, 154.6, 138.0, 136.

35.2, 32.4, 31.4, 30,29.0, 28.4, 26.1, 25.8, 24.3, 15:RRMS: (ESI) [M+H]" calcdfor
CogHaeN304, 488.3483 observed488.3476
tert-butyl  4-((4-(5-(benzyloxy)pentyl)phenyl)carbamoyl)piperazinel-carboxylate
(4.21bd)
Niok Synthesized according to General Procedure
OYN\) 4.2. Purified via column chromatography (20

mg, 73% vield!H NMR (600 MHz, CDCJ) & i 7.31318, 4H), 7.29 7.27 (m, 1H),

40% ethyl acetate/hexaned)hite solid 82

7.23 (d,J = 8.2 Hz, 2H), 7.09 (d] = 8.2 Hz, 2H), 6.31 (s, 1H), 4.49 @), 3.52i 3.43

(m, 10H), 2.55 (t,J = 7.7 Hz, 2H), 1.67 1.57 (m,6H), 1.48 (SOH), 1.42i 1.35 (m, 4H).

3C NMR (151 MHz, CDCJ)) U 155. 2, 154. 7, 138. 7, 138.

127.6, 120.3, 80.5, 73.0, 7043.9,35.3, 31.5, 29.7, 28.5, 25.BIRMS: (ESI) [M+H]
calcdfor CagH40N304, 482.3013 observed4822997.

tert-butyl 4-((4-(3-(3-phenylpropoxy)propyl)phenyl)carbamoyl)piperazine-1-
carboxylate (4.21be)

Synthesized according to General Procedure 4.2.

(\Nkok

O\\W’NJ Purified via column chromatography (20%

yield. 1H NMR (600 MHz, CDCf) U 7J.=2.8 HzZ 2H), 7.24 (d) = 8.4 Hz, 2H),

ethyl acetatefxanes)White solid 87 mg, 78%

7.217 7.17 (m,3H), 7.12 (d,J = 8.4 Hz, 2H), 6.35 (s, 1H), 3.48 @H), 3.40 (g,J = 6.3

Hz, 4H), 2.72 2.67 (m, 2H), 2.66 2.64 (m,2H), 1.92i 1.84 (m,4H), 1.47 (s9H).13C

NMR (151 MHz,CDC}) U4 155. 2, 154. 7, 142. 1, 137.
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120.4, 80.5, 70.1, 70.0, 44.2, 32.5, 31.8, 31.5, 31.4, ARBIS: (ESI) [M+H] calcdfor
CogHa0N304, 482.3013 observed4823015.
tert-Butyl 4-((4-((4-
(phenoxymethyl)cyclohexyl)methyl)phenyl)carbamoyl)piperazinel-carboxylate
(4.21bh)
0 Synthesized according t&eneral Procedure
! ) pNJLo)<
OWNTN\) 4.2 Purified via column chromatography ¢20
40% ethyl acetate/hexaned)hite solid, 21
mg, 25%yield, d.r. 80:20.2H NMR (500 MHz, CDC{) 0 i 7.23216, 2H), 7.07 (dJ
= 8.2 Hz, 2H), 6.95 6.89 (m, 1H), 6.89 6.85 (m, 2H), 6.32 (s, 1H), 3.88 (@= 7.0 Hz,
0.4H), 3.73 (dJ = 6.4 Hz, 1.6H), 3.54 3.44 (m, 8H), 2.54 (d] = 7.6 Hz, 0.4H), 2.46 (d,
J=7.1Hz, 1.6H), 1.94 1.84 (m, 2H), 1.80 1.70 (m, 3H), 1.69 1.56 (m, 4H), 1.48 (s,
9H), 1.08i 0.95 (m, 3H).
tert-Butyl 4-((4-((3-

(phenoxymethyl)cyclohexyl)methyl)phenyl)carbamoyl)piperazinel-carboxylate

(4.21bi)
0 Synthesized according tGeneral Procedure
e
\/O\/@(NTN\) 4.2 Purified via column chromatography (20
(0] (6]
@ 40% ethyl acetate/hexanes). White solid,

mg, 24%yield, d.r. 68:32.2H NMR (500 MHz, CDC§) U i 7.22(®, 2H), 7.25
7.22 (m, 2H), 7.07 (d] = 8.1 Hz, 2H), 6.94 6.85 (m, 3H), 6.34 (s, 1H),851 3.78 (m,
0.64H), 3.76 3.69 (m, 1.36H), 3.58 3.43 (m, 8H), 2.63 2.43 (m, 2H), 1.93 1.83 (m,

2H), 1.83i 1.37 (m, 14H), 1.32 1.20 (m, 1H), 0.93 (dqd, = 37.9, 12.8, 3.6 Hz, 1.36H),
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0.76 (g,J = 12.1 Hz, 0.64H)**C NMR (126 MHz, CDGJ) U.2,1592, 155.1, 154.6,
136.5, 136.3, 136.1, 129.6, 129.5, 129.4, 129.3, 126.2, 120.4, 120.34,1P2P01D,

119.9, 114.5, 114.4, 80.3, 73.3, 71.5, 43.8, 43.4, 40.2, 39.3, 37.7, 36.3, 34.8, 33.5, 32.8,
32.5, 30.9, 30.0, 29.8, 29.3, 28.7, 28.4, 28.2,,2%649, 26.1, 25.6, 21.6{RMS: (ESI)
[M+Na]* calcdfor CaoH41N30OsNa, 530.2989 observed530.2974

tert-Butyl 4-((4-((3
(phenoxymethyl)cyclopentyl)methyl)phenyl)carbamoyl)piperazinel-carboxylate

(4.21bj)

i /k Synthesized according tGeneral Procedure
ho [ NTTo

@lOLO\/Q/NTN\) 4.2 Purified via column chromatography 20
(6]

40% ethyl acetate/hexanes). White solid,
mg, 54%yield, d.r. 60:4Q *H NMR (600 MHz, CDCJ) U i 7.28(8, 2H), 7.25
7.23 (m, 2H), 7.09 (d] = 8.0 Hz, 2H), 6.94 6.90 (m, 1H), 6.90 6.86 (m, 2H), 6.37 (s,
1H), 3.82 (d,J = 7.1 Hz, 1H), 3.77 (dJ = 7.0 Hz, 1H), 3.51 3.44 (m, 8H), 2.60 (dddj
=18.2,12.1, 7.3 Hz, 2H), 2.522.44 (m, OH), 2.37 (dddl = 16.1, 9.0, 6.8 Hz, 1H), 2.21

i 2.10 (m, 1H), 2.01 1.91 (m, 1H), 1.85 1.71 (m, 2H), 1.54 1.43 (m,10H), 1.38i

1.22 (m, 1H), 1.03 0.93 (m, 1H)*C NMR (151 MHz,CDG) o 159. 1, 159,

154.6, 137.2, 137.D, 136.3, 129.3, 129.2, 129.1, 120.4, 120.2, 120.1, 114.4, 80.3, 72.3,
72.2,43.9,43.8,42.3,41.4, 41.3, 41.0, 38.8, 37.8, 36.7, 3542,3325, 29.1, 28.4, 28.3.

HRMS: (ESI) [M+Na]* calcdfor C29H39N304Na, 516.2833 observed516.2829
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tert-Butyl 4-((4-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
yl)phenyl)carbamoyl)piperazine-1-carboxylate (4.26)

o Bis(pinacolato)diboron (1.lequiV), potasium acetate

A | |
i) (3.0 equiv), 4.20(1.0 equiv) and Pd(dppf)GA C8l, (3

[ j bl

>§;\B ° mol%) were dissolved in DMSO (0.33 M) under a

T

nitrogen atmosphere with stirring. The reaction was
heated to 80 °C monitoring by TLC. The reaction was allowed to cat| diduted with
water, extracted with ethyl acetate (3x), washed with brine (2x), dried with MgSO
filtered, and concentrated in vacuo. The brown residue was purified by flash column
chromatography (A00% ethyl acetate/hexanes) to give the desired comp@ifidihite
solid, 276 mg, 71% vyield *H NMR (600 MHz, CDC{) & 7J=78& H{%, 8H), 7.37
(d, J = 8.3 Hz, 2H), 6.43 (s, 1H), 3.553.45 (m, 8H), 1.48 (s, 9H), 1.33 (s, 12FC
NMR (151 MHz,CDC4) u 154. 6, 154. 4, 141. 5, 135. 8,
118 NMR (128 MHz, CDCY) U HRMS: 8ESI) [M+Na]* calcdfor Ca2H34BN3OsNa,
454.2484 observed454.2474
(4-(4-(tert-Butoxycarbonyl)piperazine-1-carboxamido)phenyl)boronic acid(4.27)
To a stirring biphasic solution oért-butyl 4-((4-(4,4,5,5
NN tetrarrethyl-1,3,2dioxaborolar2-
¥ yhphenyl)carbamoyl)piperazirg-carboxylate (0.35 g,
1.0 eqiv) in THF (2.6 mL) and water (0.65 mL) was added sodium periodate (0.52 g, 3.0
equiv). The reaction was stirred at 25 °C for 30 minutes, then aqueous hydrogen chloride

(2.0 M, 0.70 eqiv) was added and the reaction was stirred at 25 °C for 24 hours. The

reaction was diluted with water (25 mL) and extracted with ethyl acetate (3 x 25 mL).
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The organic extracts were combined, washed with brine (2 x 50 mL), dried withmsodiu
sulfate, filtered, and concentratedvacuo The residue was purified by flash column
chromatography(0-5% methanol/dichloromethané) afford the desired product. Off
white solid, 129 mg, 46%yield. '*H NMR (600 MHz, CDsOD) u T7.5%(B, 2H),
7.391 7.36 (m, 2H), 3.55 3.46 (m, 8H), 1.48 (s, 9H¥C NMR (151 MHz,CD:OD) U
157.7, 156.3, 142.4, 135.5, 120.7, 81.6, 45.0, 286NMR (128 MHz,CDsOD) 4 27 . 5.
HRMS: (ESI) [M+Na]* calcdfor C16H24BN3OsNa, 372.1701 observed372.1689
tert-Butyl 4-((4-(4-(phenoxymethyl)benzyl)phenyl)carbamoyl)piperazinel-
carboxylate (4.28)
©\ ) (\Niok To a stirring solution of {bromomethyh4-

ONTN\) (phenoxymethyl)benzene (83 mg, 1.2umy,

o
(4-(4-(tertbutoxycarbonyl)piperazing-

carboxamido)phenyl)boronic acid (87 mg, 1.0 uiey and
tetrakis(triphenylphosphine)palladium(0) (23 mg, 0.08i€qgin toluene (4.5 mL) and
ethanol (0.39 mL) was added sodium hydroxide in watevl (1L equiv) under a nitrogen
atmosphere. The reaction mixture was stirred at 110 °C for 16 hours. The reaction
mixture was allowed to cool td, then concentrateith vacuo.The residue was purified
by flash column chromatograpli@-35% ethyl acetate/hexandbgn triturated with ethyl
acetate t@fford the desired product. White solikg mg, 10%yield. *H NMR (500MHz,
CDClL) U 7J=38 Hz 2H), 7.31 7.27 (m, 2H), 7.26 (d] = 8.5 Hz, 2H), 7.18 (d,
J=7.9 Hz, 2H), 7.11 (d] = 8.5 Hz, 2H), 6.99 6.93 (m, 3H), 6.39 (s, 1H), 5.02 (s, 2H),
3.93 (s, 2H), 3.51 3.43 (m, 8H), 1.48 (s, 9H}*C NMR (126 MHz, ®Cl;) U 158 . 8,

155.0, 154.6, 141.1, 136.8, 136.0, 134.7, 1299.4, 129.0, 127.8, 120.8, 120.3,
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114.8, 80.3, 69.7, 43.8, 40.9, 28MRMS: (ESI) [M+Na]" calcd for CzoH3sN304Na,
524.2520 observed524.2545
N-(4-(3-cyclohexylpropyl)phenyl)piperazine 1-carboxamide hydrochloride (4.22a)
L NG Synthesized according to General Proceduts.
N.__N

ue o .
O\/\/@ 3 Purified via trituration with ethyl acetate and diethyl

ether.White solid, 113 mg, 89% yieldH NMR (500 MHz,CDsOD) U 1 7.232(m,
2H), 7.12i 7.08 (m, 2H), 3.78 (dd) = 6.1, 4.5 Hz, 4H), 3.2 3.26 (m, 4H), 2.54 () =

7.6 Hz, 2H), 1.75 1.63 (m, 3H), 1.63 1.55 (m, 2H), 1.29 1.11 (m, 6H), 0.92 0.81

(m, 2H).2°C NMR (126 MHz,CD:OD) & 157.6, 139.5, 137.

38.9, 38.2, 36.6, 34.6, 30.27.8, 27.5.HRMS: (ESI) [M+H] calc. for CooHz2NzO
330.2540 observed330.254.
N-(4-(3-cyclopentylpropyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22b)
L NHeHC Synthesized according to General Procediu8ePurified
Ov\/@ NWO(NJ via trituration with ethyl acetatend diethyl etheWhite
solid, 113 mg, 89% yieldH NMR (600 MHz,CD:0OD) U i 7.24(m, 2H), 7.12
7.09 (m, 2H), 3.79 3.76 (m, 4H), 3.29 3.26 (m, 4H), 2.56 (tJ = 7.6 Hz, 2H), 1.8

1.73 (m, 3H), 1.63 1.57 (m, 4H), 1.56 1.49 (m, 2H), 1.34 1.30 (m, 2H), 1.11 1.03

(m, 2H).13C NMR (126 MHz,CD:OD) & 157.6, 139.5, 137.

41.3, 36.9, 36.5, 33.7, 32.0, 26.1. HRMS: (ESI) [M*Edlc. for GoH3zoN3O 316.2383,
observed, 316.2387.
N-(4-(2-cyclohexylethyl)phenyl)piperazire-1-carboxamide hydrochloride (4.22c)

H QNH-H@ Synthesized according to General Proceduge Purified
N

N
g o : : :
O/\/© o via trituration with ethyl acetate and diethyl ethéfhite
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solid, 46 mg, 91% yieldH NMR (500 MHz,CD:OD) & 1 7.223nd, 2H), 7.12 7.08

(m, 2H), 3.80i 3.74 (m, 4H), 3.30 3.25 (m, 4H), 2.60 2.54 (m, 2H), 1.81 1.63 (m,

5H), 1.51i 1.43 (m, 2H), 1.31 1.16 (m, 4H), 0.99 0.89 (m, 2H)13C NMR (126 MHz,

ChDsOD) U 157. 6, 139. 8, 137. 9, 129. 6, 122. 5, 4 ¢
HRMS: (ESI) [M+H]" calc. for GoHzoNsO 316.2383, observed, 316.2390.
N-(4-(3-phenylpropyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22d)

! NK\NH-HCI Synthesized according to General Procedut8.

I Purified via trituration with ethyl acetate and diethyl
ether.White solid, 53 mg, 89% yielddH NMR (500 MHz,CDsOD) a 722,

4H), 7.171 7.10 (m, 5H), 3.81 3.76 (m, 4H), 3.29 3.25 (m, 4H), 2.63 2.57 (m, 4H),

1.947 1.87 (m, 2H).2*C NMR (126 MHz,CDsOD) u 157. 6, 143. 6, 139.C
129.4, 129.3, 26.8, 122.4, 44.5, 42.4, 36.4, 35.8, 3HRMS: (ESI) [M+H] calc. for

CaoH26N30, 324.2070, observed, 324.2080.

N-(4-(4-phenylbutyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22¢€)

e Synthesized according to General Procedur8.

NTO(NJ Purified via trituation with ethyl acetate and diethyl

O ether. White solid, 133 mg, 92% yieldH NMR (500

MHz, CD:OD) U i 7.242(m, 2H), 7.23 7.21 (m, 2H), 7.16 7.12 (m, 3H), 7.1

7.07 (m, 2H), 3.79 3.75 (m, 4H), 3.29 3.25 (m, 4H), 2.64 2.57 (m, 4H), 1.65 1.59

(m, 4H).3C NMR (126 MHzCDsOD) U 157 . 6, 143. 8, 139. 2, 138
126.7, 122.4, 445, 42.4, 36.7, 36.0, 32.3, 32.2. HRMS: (ESI) [M+dd]c. for

C21H28N30 338.2227, observed, 338.2235.
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N-(4-(3-(4-methoxyphenyl)propyl)phenyl)piperazine-1-carboxamide hydrochloride
(4.22f)

LN Synthesized according to General Procedd@.
/ONIN\) Purified via trituration with ethyl acetate and diethyl
ether.White solid, 51 mg, 91% yielddH NMR (600 MHz,CDsOD) a 17228,
2H), 7.13i 7.10 (m, 2H), 7.09 7.06 (m, 2H), 6.83 6.80 (m, 2H), 3.79 3.76 (M, 4H),
3.76 (s, 3H), 3.29 3.26 (m, 4H), 2.59 2.54 (m, 4H), 1.90 1.83 (m, 2H)3C NMR
(126 MHz,CDsOD) U0 159. 3, 157. 6, 139. 1, 138. 0, 135.
445, 42.4, 35.7, 35.4, 3 HRMS: (ESI) [M+H]" calc. for GiH2eN30, 354.2176,
observed, 354.2185.

N-(4-(3-(p-tolyl)propyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22Qg)

L NG Synthesized according to General Procedur8.
NTO(NJ Purified via trituration with ethyl acetate and didth
ether.White solid, 76 mg, 89% yielddH NMR (500 MHz,CDsOD) a 1722,
2H), 7.12i 7.09 (m, 2H), 7.07 7.02 (m, 4H), 3.80 3.76 (m, 4H), 3.29 3.25 (m, 5H),

2.591 2.53 (m, 4H), 2.28 (s, 3H), 1.901.84 (m, 2H)X3C NMR (126 MHz,CD:OD) U
157.6, 140.4, 139.0, 138.1, 136.2, 129.9, 129.7, 129.3, 122.4, 44.5, 42.4, 35.9, 35.7, 34.7,
21.0. HRMS: (ESI) [M+H] calc. for GiH2gN30 338.2227, observed, 338.2234.
N-(4-(3-(perfluorophenyl)propyl)phenyl)piperazine-1-carboxamide  hydrochloride
(4.22h)

nweHor Synthesized according to General Proceduy8.

F

F F HTN\)

- O O o) Purified via trituration with ethyl acetate and diethyl
F

ether. White solid, 72 mg, 88% yieldtH NMR (500
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MHz, CD:OD) 0 i 7.273(rh, 2H), 7.15 7.11 (m, 2H), 3.80 3.75 (m, 4H), 3.29
3.26 (m, 4H), 2.77 2.72 (m, 2H), 2.65 (&) = 7.6 Hz, 2H), 1.93 1.85 (m, 2H)°F
NMR (565 MHz,CD:OD) -1#6.50 (ddJ = 21.8, 8.3 Hz);161.40 (t,J = 20.0 Hz),-
166.08 (tdJ = 21.3, 8.2 Hz)!3C NMR (126 MHz,CD:OD) U 15 7i.1852 (n),4 7 . 5
141.97 139.6 (m), 138, 138.0i 137.5 (m), 129.6, 122.3, 117.1116.4 (m), 44.5, 42.4,
35.7, 32.0, 22.8HRMS: (ESI) [M+H]" calc. for GoH21FsN3O, 414.1599, observed,
414.1608.
N-(4-(5-phenoxypentyl)phenyl)piperazinel-carboxamide hydrochloride (4.22i)
Synthesized accordingo General Procedurd.3.

H @H-HCI
O\/\/\/@NTN Purified via trituration with ethyl acetate and diethyl

@ ether.White solid 66 mg, 93% yieldtH NMR (600

MHz, CDsOD)  § 7 7.213r8, 4H), 7.14 7.11 (m, 2H), 6.91 6.85 (m, 3H), 3.94 (1)

= 6.4 Hz, 2H), 3.80 3.75 (m, 4H)3.287 3.25 (m, 4H), 2.61 () = 7.6 Hz, 2H), 1.81

1.76 (m, 2H), 1.70 1.64 (m, 2H), 1.53 1.47 (m, 2H)}*C NMR (126 MHz,CD:OD) U
160.5, 157.6, 139.2, 138.0, 130.4, 129.7, 122.4, 121.5, 115.5, 68.8, 44.5, 42.4, 36.2, 32.5,
30.3, 26.7HRMS: (ESI) M+H] " calcdfor C22H30N302, 368.2333, observed, 368.2333.
N-(4-(6-phenoxyhexyl)phenyl)piperazinel-carboxamide hydrochloride @.22j)

Synthesized according to General Procedu®
NH<HCI

H
@ W/C(NTO(NJ Purified via trituration with ethyl acetate and
(6]

diethyl ether.White solid 367 mg, 75% yieldtH NMR (500 MHz, CDsOD) a 17. 28
7.21 (m, 4H), 7.14 7.09 (m, 2H), 6.92 6.84 (m, 3H), 3.94 (t) = 6.4 Hz, 2H), 3.79
3.75 (m, 4H), 3.30 3.25 (m, 4H), 2.59 (t) = 7.6 Hz, 2H), 1.81 1.70 (m, 2H), 1.69

1.58 (m, 2H), 1.55 1.46 (m, 2H), 1.45 1.35 (m, 2H)*C NMR (126 MHz,CD:OD) i
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160.6, 157.6, 139.4, 137.9, 130.4, 129.7, 122.4, 121.5, 115.5, 68.8, 44.5, 42.4, 36.2, 32.7,
30.4, 30.0, 27.0. HRMS: (ESI) [M+H]calcd for CosH32N3O, 382.2489, observed,
382.2494.
N-(4-(7-phenoxyheptyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22Kk)

HY OH'HCI Synthesized according to General Procedu®
@O ° Purified via trituration with ethyl acetate and
diethyl ether.White solid 122 mg, 88% yield.'H NMR (500 MHz, CDsOD) a 17. 27
7.22 (m,4H), 7.137 7.10 (m, 2H), 6.91 6.86 (m, 3H), 3.94 (tJ = 6.4 Hz, 2H), 3.79

3.75 (M,4H), 3.29i 3.25 (m,4H), 2.60i 2.55 (m, 2H), 1.78 1.72 (m, 2H), 1.61 (p] =

7.6 Hz, 2H), 1.50 1.34 (m,6H) 1*C NMR (151 MHz,CDsOD) UG 160. 6, 157.

137.9, 130.4129.6, 122.4, 121.5, 115.5, 68.8, 44.5, 42.4, 36.2, 32.7, 30.4, 30.3, 30.2,
27.1. HRMS: (ESI) [M+H] calcdfor C24H3aN302, 396.2646, observed, 396.2645.
N-(4-(5-(p-tolyloxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22I)

Synthesized accondg to General Procedure3.

b [ NHeHel
N

\/\/\/@NT - Purified via trituration with ethyl acetate and
O 0

/©/ diethyl ether White solid, 69 mg, 84% vyieldH

NMR (500 MHz,CDsOD) U i 7.232(m, 2H), 7.13 7.09 (m, 2H), 7.05 7.01 (m,

2H), 6.77i 6.73 (m, 2H), 3.90 (1) = 6.4 Hz, 28, 3.791 3.75 (m, 4H), 3.28 3.25 (m,

4H), 2.60 (tJ = 7.6 Hz, 2H), 2.24 (s, 3H), 1.801.72 (m, 2H), 1.70 1.62 (m, 2H), 1.52

i 1.44 (m, 2H)**C NMR (126 MHz,CDs0OD) a4 158. 4, 157. 6, 139.
129.7, 122.4, 115.3, 68.9, 44.5, 4236,2, 32.5, 30.3, 26.7, 20.5. HRMS: (ESI) [M+H]

calcdfor Cy3H32N302, 382.2489, observed, 382.2486.
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N-(4-(5-(m-tolyloxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22m)

’ @H-HCI Synthesized according to General ProceduBe
N

diethyl etherWhite solid, 149 mg, 90% yieldH
NMR (500 MHz,CDsOD) U i 7.242(#, 2H), 7.15 7.08 (m, 3H), 6.73 6.70 (m,
1H), 6.70 (dJ = 2.2 Hz, 1H), 6.67 6.65 (m, 1H), 3.92 (1) = 6.4 Hz, 2H), 3.79 3.75

(m, 4H), 3297 3.25 (m, 4H), 2.61 () = 7.6 Hz, 2H), 2.29 (s, 3H), 1.801.74 (m, 2H),

1.717 1.63 (m, 2H), 1.53 1.45 (m, 2H)*C NMR (126 MHz,CDsOD) & 160 .

140.4, 139.2, 138.0, 130.1, 129.7, 122.4, 122.3, 116.2, 112.4, 68.7, 44.5, 42.4, 36.2, 32.5,

N
o\/\/\/g To( Purified via trituratim with ethyl acetate and

6,

30.3, 26.8, 21.6. HRMS: (ESI) [M+H]calcd for CosH32N3O, 382.2489, observed,

382.2497.

N-(4-(6-(m-tolyloxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22n)

Ly ONReHC Synthesized according to General Procedure

NTN\)
QOW/G/ 0 4.3. Purified via trituration with ethylacetate

and diethyl ethe\White solid, 151 mg, 87% yieldd NMR (500 MHz,CDsOD) i 71.
7.24 (m, 2H), 7.12 7.09 (m, 3H), 6.73 6.65 (m,3H), 3.91 (t,J = 6.4 Hz, 2H), 3.8
3.75 (m, 4H), 3.30 3.24 (m,4H), 2.58 (t,J = 7.6 Hz, 2H), 2.29 (s, 3H).787 1.69 (m,
2H), 1.63 (p,J = 7.6 Hz,2H), 1.547 1.45 (m,2H), 1.39 (p,d = 7.5, 7.0 Hz2H). 13C
NMR (126 MHz, CDsOD) a 160. 6, 157. 6, 140. 4,

122.3, 116.2, 112.4, 68.7, 44.5, 42.4, 36.2, 32.7, 30.4, 30.0, 27.0,HRMSS: (ESI)

[M+H] * calcdfor C24H34N302, 396.2646, observed, 396.2645.
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N-(4-(5-(o-tolyloxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.220)

_— Synthesized according to General Procedu

H
O\/\/\/@NTOTNJ Purified via trituration with ethyl acetate and

diethyl ether.White solid, 99 mg, 91% yieldH
NMR (500 MHz,CD;0D) U 1 7.242(8, 2H), 7.14 7.10 (m, 2H), 7.1G 7.06 (m,
2H), 6.841 6.82 (m, 1H), 6.80 6.76 (m, 1H), 3.95 (t) = 6.3 Hz, 2H), 3.79 3.75 (m,
4H), 3.297 3.25 (m, 4H), 2.62 (1) = 7.5 Hz, 2H), 2.15 (s, 3H), 1.861.78 (m, 2H), 1.72
i 1.65 (m, 2H), 1.57 1.49 (m, 2H).3C NMR (126 MHz,CD:OD) & 158. 5, 157
139.3, 138.0, 131.4, 129.7, 127.9, 127.6, 122.4, 121.2, 112.0, 68.8, 44.5, 42.4, 36.2, 32.5,
30.4, 26.9, 16.4HRMS: (ESI) [M+H]" calcd for Ca3H32N3O2, 382.2489 observed,
382.245.
N-(4-(5-(3,5-dimethylphenoxy)pentyl)phenyl)piperazine 1-carboxamide
hydrochloride (4.22p)

Nl Synthesized according to General ProceduBe

H

NN

O\/\/\/©/ 70( Purified via trituration with ethyl acetate and

diethyl ethe. White solid, 79 mg, 91% vyieldH

NMR (500 MHz,CDsOD) U i 7.252(®, 2H), 7.14 7.10 (m, 2H), 6.56 6.54 (m,

1H), 6.50i 6.48 (m, 2H), 3.90 (t) = 6.4 Hz, 2H), 3.81 3.75 (m, 4H), 3.30 3.25 (m,

4H), 2.60 (tJ = 7.6 Hz, 2H), 2.24 (s, 6H), 1.801.71 (m, 2H), 1.71 1.62 (m, 2H), 1.53

i 1.43 (m, 2H)*C NMR (126 MHzCD:OD) & 160. 6, 157.6, 140. 1,
123.2, 122.4, 113.2, 68.7, 44.5, 42.4, 36.2, 32.5, 30.3, 26.8,HRMS: (ESI) [M+H]

calcdfor C24H34N30-, 396.2646 observed396.26k7.
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N-(4-(3-(4-ethylphenoxy)propyl)phenyl)piperazine 1-carboxamide  hydrochloride

(4.22q)

4 “nweHol Synthesized according to General Procedure 4.3.

AT

NMR (500 MHz, CDsOD) & i 7.223(th, 2H), 7.19 7.11 (m, 2H), 7.11 7.04 (m,

diethyl ether. White solid, 119 mg, 92% yiel#i

2H), 6.87i 6.70 (m, 2H), 3.91 (tJ = 6.3 Hz, 2H), 3.83 3.71 (m, 4H), 3.30 3.22 (m,

4H), 2.85i 2.66 (m, 2H), 2.56 (q] = 7.6 Hz, 2H), 2.09 1.95 (m, 2H), 1.19 (t) = 7.6

Hz, 3H) **C NMR (126 MHzCDs:OD) i 158. 5, 157. 6, 138.

122.5, 115.4, 67.9, 44.5, 42.4, 32.5, 32.3, 29.0, HRAMS: (ESI) [M+H] calcd for
C2oH30N302, 368.2333 observed368.2325
N-(4-(3-(3-ethylphenoxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride

(4.22r)

NTN\)
0\/\/© o Purified via trituration with ethyl acetate and

w [ neeHo Synthesized according to General Procedure 4.3.

NTN\)
\/©\O/\/\/©/ ° Purified via trituration with ethyl acetate and

diethyl etherWhite solid,55 mg, 8% yield.'"H NMR (500 MHz,CDsOD) & 1 7.252 9

(m, 2H), 7.16 7.11 (m, 3H), 6.76 6.73(m, 1H), 6.73i 6.71 (m, 1H), 6.70 6.67 (m,
1H), 3.98i 3.93 (m, 2H), 3.80 3.75 (m, 4H), 3.30 3.25 (M, 4H), 2.67 2.63 (M, 2H),

2.59 (q,d = 7.6 Hz, 2H), 1.79 1.74 (m, 4H), 1.21 (t) = 7.6 Hz, 3H)33C NMR (126

MHz, CDs0OD) u 160. 6, 139. 138.6,,130.2,4179.7,0122.4, 121.1, 115.1,

112.6, 68.6, 44.5, 42.4, 35.9, 30.0, 29.9, 29.2, I8RMS: (ESI) [M+H] calcd for

Co3H32N30,, 382.2489, observed, 382.249
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N-(4-(5-(2-ethylphenoxy)pentyl)phenyl)piperazinel-carboxamide  hydrochloride
(4.22s)

W NG Synthesized according to General Procedure 4.3.

NTN\)
W\/@ o Purified via trituration with ethyl acetate and diethyl

CcC

MHz, CDsOD) & i 7.252(®, 2H), 7.13 7.11 (m, 2H), 7.1G 7.07 (m,2H), 6.85i

ether. White solid, 115 mg, 88% yiel#f NMR (600

6.80 (m, ), 3.94 (t,J = 6.2 Hz, 2H), 3.79 3.76 (m,4H), 3.287 3.25 (m,4H), 2.631
2.56 (m,4H), 1.847 1.78 (m,2H), 1.68 (p,J = 7.6 Hz,2H), 1.567 1.50 (m,2H), 1.14 (t,
J = 7.5 Hz, 3H).X*C NMR (151 MHz CDs;0OD) ua 158. 1, 157. 6, 139. 2
129.9,129.7, 127.9, 122.4, 121.3, 112.1, 68.7, 44.5, 42.4, 36.2, 32.5, 30.4, 26.9, 24.5,
15.0.HRMS: (ESI) [M+H]" calcdfor C24Hz4N302, 396.2646 observed396.263.
N-(4-(3-(3-propylphenoxy)propyl)phenyl)piperazine-1-carboxamide hydrochloride
(4.22t)

Lol Synthesied according to General Procedure 4.3.

N_N_
0\/\/© 70( Purified via trituration with ethyl acetate and

\/\© diethyl ether.White solid, 22 mg, 85% yieldH
NMR (500 MHz,CDsOD) U i 7.262(®, 2H), 7.17 7.14 (m, 2H), 7.14 7.11 (m,
1H), 6.75i 6.72 (m, 1H), 6.71 6.67 fn, 2H), 3.93 (tJ = 6.2 Hz, 2H), 3.79 3.75 (m,
4H), 3.297 3.26 (M, 4H), 2.76 (1) = 7.5 Hz, 2H), 2.56 2.52 (m, 2H), 2.07 2.01 (m,
2H), 1.62 (h,J = 7.4 Hz, 2H), 0.93 (1) = 7.3 Hz, 3H).3C NMR (126 MHz,CDsOD) Ui
160.5, 157.6, 145.4, 138.4, 138130.2, 129.8, 122.5, 121.9, 115.8, 112.7, 67.7, 44.5,
42.4, 39.1, 32.5, 32.3, 25.7, 14.1. HRMS: (ESI) [M*ERIcdfor C23H32N302, 382.2489,

observed, 382.2493.
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N-(4-(4-(3-isopropylphenoxy)butyl)phenyl)piperazine 1-carboxamide hydrochloride
(4.22u)

N Synthesized according to General Procedure 4.3.
H

N N
YQ W@ TOT Purified via trituration with ethyl acetate and
O

diethyl ether. White solid, 122 mg, 93% yieleH

NMR (500 MHz,CD;0D) U 1 7.253(, 2H), 7.17 7.12 (m, 3H), 6.79 6.76 (m,
1H), 6.75i 6.73 (m, 1H), 6.70 6.67 (m, 1H), 3.98 3.93 (m, 2H), 3.81 3.75 (m, 4H),
3.301 3.25 (m, 4H), 2.84p, J = 6.9 Hz, 1H), 2.68 2.61 (m, 2H), 1.81 1.74 (m, 4H),
1.22 (d,J = 6.9 Hz, 6H).1*C NMR (126 MHz,CDsOD) a4 160. 6, 157. 6, 15
138.1, 130.3, 129.7, 122.419.7, 113.8, 112.6, 68.7, 44.5, 42.4, 35.9, 35.5, 30.0, 29.2,
24.4.HRMS: (ESI) [M+H]' calcdfor C24H34N302, 396.2646 observed396.264.
N-(4-(4-(3-cyclopropylphenoxy)butyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22v)

' OH,HCI Synthesized according toe@eral Procedure 4.3.
V/QOW@ jg Purified via trituration with ethyl acetate and
diethyl ether. White solid, 79 mg, 91% yietdi NMR (600 MHz,CDsOD) U0 7J=27 ( d,
8.4 Hz,2H), 7.14 (d,J = 8.4 Hz, 2H), 7.10 (t) = 7.9 Hz, 1H), 6.66 6.63 (m, 1H), 6.61
(d,J=77 Hz, 1H), 6.59 6.58 (m, 1H), 3.95 3.92 (m,2H), 3.79i 3.76 (m, 4H), 3.29
3.26 (M, 4H), 2.65 (t) = 6.9 Hz, 2H), 1.88 1.82 (m, 1H), 1.79 1.74 (m,4H), 0.947
0.90 (m, 2H), 0.66 0.62 (m, 2H)*3C NMR (151 MHz,CD:OD) & 160. 6, 157. 6,
1390, 138.1, 130.2, 129.7, 122.4, 118.8, 112.9, 112.3, 68.6, 44.5, 42.4, 35.9, 30.0, 29.2,

16.2, 9.6 HRMS: (ESI) [M+H]" calcdfor C24H32N302, 394.2489 observed394.245.
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N-(4-(4-(3-(tert-butyl)phenoxy)butyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22w)

LN Synthesized according to General Procedure 4.3.
}/QOW@ NjorNJ Purified via trituration with ethyl acetate and
diethyl ether. White solid, 144 mg, 88% vyieltHi NMR (500 MHz, CDsOD) a i7.29
7.26 (m, 2H), 7.B7 7.14 (m, 3H), 6.1 6.94 (m, 1H), 6.9 7 6.89 (m, 1H), 6.0 6.68
(m, 1H), 3.8 7 3.9 (m, 2H), 3797 3.76 (M, 4H), 3297 327 (m, 4H), 2.6 i 2.64 (m,
2H), 1.9 1 1.77 (m, 4H), 1.29 (s, 9H)}3C NMR (126 MHz,CD:OD) U 160. 4, 157
153.9, 139.1, 138.1, 130.0, 129.7, 122.4, 118.7, 113.3, 112.0, 8&/42.4, 36.0, 35.5,

31.8, 30.0, 29.2HRMS: (ESI) [M+H] calcd for C2sH3eN3O2, 410.2802 observed,
410.2799
N-(4-(4-(3-cyclobutyl phenoxy)propyl)-2-fluorophenyl)piperazine-1-carboxamide
hydrochloride (4.22x)

e Synthesized according to General Proceddrg.

NN

D\(jOWQ/ I Purified via trituration with ethyl acetate and diethyl

ether. White solid, 51 mg, 84% yieftH NMR (500
MHz, CD:OD) U i 7.263r,2H), 7.17i 7.13 (m,3H), 6.79i 6.76 (m,1H), 6.73 (s,
1H), 6.68 (dd,) = 8.0, 2.3 Hz, 1H), 3.93 (§,= 6.3 Hz, ), 3.80i 3.75 (m,4H), 3.51 (p,
J=8.6 Hz, 1H), 3.29 3.25 (m,4H), 2.79i 2.72 (m, 2H), 2.36 2.28 (m, 2H), 2.17
2.07 (m,2H), 2.07i 1.97 (m,3H), 1.89i 1.81 (m,1H).3C NMR (126 MHz,CDsOD) i
160.5, 157.6, 149.0, 138.3, 138.2, 130.2, 129.8,512P19.6, 113.6, 112.7, 67.7, 44.5,
42.4,41.8, 32.5, 32.3, 30.7, 1HRMS: (ESI) [M+H]" calcdfor C24H32N302, 394.2489

observed394.2496.
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N-(4-(3-([1,1'-biphenyl]-3-yloxy)propyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22y)
7 NHeHC Synthesized aceding to General Procedure 4.3.

NN

ov\/©/ I Purified via trituration with ethyl acetate and

diethyl ether. Whitesolid, 61 mg, 91% yield'H
NMR (600 MHz,CDsOD) 7597 7.56 (m, 1.7H), 7.55 7.53 (m, 0.3H)*, 7.52 7.50
(m, 0.2H)*, 7.431 7.39 (m, 1.7H), 7.39 7.37 (m, 0.3H)*, 7.34 7.26 (m, 4H), 7.16 (d]
= 8.5 Hz, 3H), 7.11 7.09 (m, 0.8H), 6.96 6.94 (m, 0.2H)*, 6.88 6.86 (m, 0.8H)3.99
(t, J= 6.2 Hz, 2H), 3.79 3.76 (m, 4H), 3.27 3.24 (m, 4H), 2.80 2.75 (m, 2H), 2.09
2.03 (m, 2H)*C NMR (151 MHz, CDs0D) a 160. 9, 157. 5, 143. 9,
130.9, 129.8, 129.8*, 129.0*, 128.4, 128.0, 127.5%, 122.5, 120.4, 115.8, 114.3, 114.2,
67.9, 44.4, 42.4, 32.5, 32.3. Material isolated as an approximately 4:1 ratio of rotamers.
HRMS: (ESI) [M+H]" calc.for C26H30N302, 416.2333, observed, 416.2Z83
N-(4-(4-(naphthalen-2-yloxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride
(4.227)

L ONHeHC Synthesized according to General Procedure 4.3.

OW@ NTO(N\) Purified via trituration with ethyl acetate and
diethyl ether.White sdid, 125 mg, 95% yield!H NMR (500 MHz,CDsOD) a 7. 75
7.71 (m, 3H), 7.42 7.37 (m, 1H), 7.31 7.26 (m, 3H), 7.19 7.15 (m, 3H), 7.10 (dd]
= 9.0, 2.5 Hz, 1H), 4.09 (] = 5.9 Hz, 2H), 3.79 3.76 (m, 4H), 3.29 3.26 (m, 4H),
2.68 (t,J = 6.9 Hz, M), 1.887 1.79 (m, 4H).23C NMR (126 MHz,CD:OD) & 158. 4,

157.6, 139.0, 138.1, 136.2, 130.4, 130.3, 129.7, 128.5, 127.8, 127.2, 124.5, 122.4, 119.9,
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107.5, 68.8, 44.5, 42.4, 36.0, 29.9, 29.3. HRMS: (ESI) [M+td]cd for CasH3oN3Ox,
404.2333, observed, 4@2335.
N-(4-(4-(naphthalen-1-yloxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride
(4.22aa)

Synthesized according to General Procedure 4.3.

b [ NHeHCI

W@(NTNJ Purified via trituration with ethyl acetate and diethyl
(6]
(0]

ether. White solid, 86 mg, 89% yiefdd NMR (500
MHz, DMSOds) U Ws.2B)18.74 ¢ 1H), 8.16i 8.12 (m, 1H), 7.87 7.83 (m, 1H),
7.531 7.46 (m, 2H), 7.46 7.43 (m, 1H), 7.42 7.36 (m, 3H), 7.11 (dJ = 8.5 Hz, 2H),
6.94 (d,J = 7.2 Hz, 1H), 4.16 (tJ = 6.0 Hz, 2H), 3.7G 3.65 (m,4H), 3.131 3.06 (m,
4H), 2.63 (t,J = 7.3 Hz, 2H), 1.89 1.77 (m,4H). 3C NMR (126 MHz, DMSQds) (i
154.8, 154.1, 137.9, 135.6, 134.0, 128.2, 127.5, 126.4, 126.3, 125.2, 125.0, 121.5, 119.9,
119.7, 105.1, 67.6, 42.5, 40.9, 34.1, 28.3, 2HRMS: (ESI) [M+H]" calcd for
C2sH30N302, 404.2333 observed404.2339
4-((4-(4-((5,6,7,8tetrahydronaphthalen-1-yl)oxy)butyl)phenyl) piperazine-1-
carboxamide hydrochloride (4.22ab)

! OH-HCI Synthesized according to General Procedure 4.3.
&M/Q/ To( Purified via trituration with ethyl acetate and didth
ether.Off--white solid,58 mg, 77%!H NMR (600 MHz,CDsOD) U 7J=B8&HZ4 d,
2H), 7.14 (dJ = 8.4 Hz, 2H), 6.97 (t) = 7.9 Hz, 1H), 6.62 (tJ = 8.6 Hz, 2H), 3.96
3.92 (m, 2H), 3.80 3.76 (m, 4H), 3.29 3.26 (m,4H), 2.71 (t,J = 6.1 Hz, 2B, 2.67i
2.64 (m,2H), 2.61 (t,J = 6.3 Hz, 2H), 1.84 1.70 (m, 8H).23C NMR (126 MHz,

CDs0D) ua 158. 0, 157. 6, 139. 2, 139. 1, 138.
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68.6, 44.5, 42.4, 35.9, 30.6, 30.0, 29.3, 24.2,2424.2. HRMS: (ESI) [M+H]" calcd
for C2sH34N302, 408.265]1 observed408.2650

N-(4-(4-((2,3-dihydro -1H-inden-4-yl)oxy)butyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22ac)

~NHHO Synthesized according to General Procedure 4.3.
H

N N
<§E W©/ Tof ~ Purified via trituration with ethyl acetate and didthy
(6]

ether.Off-white solid,73 mg, 84%!H NMR (500 MHz,CDsOD) & 7J=27BHZ, d,

2H), 7.14 (dJ = 8.4 Hz, 2H), 7.04 (t) = 7.8 Hz, 1H), 6.78 (d] = 7.4 Hz, 1H), 6.65 (d]

= 8.1 Hz, 1H)4.00i 3.96 (m,2H), 3.81i 3.75 (M, 4H), 3.29 3.25 (m, 4H)2.87 (t,J =

7.3 Hz, 2H), 2.81 (t) = 7.4 Hz, 2H)2.68i 2.63 (m, H) 2.03 (p,J = 7.4 Hz, 2H), 1.81

1.76 (m, 4H)C NMR (126 MHz,CDs0D) a 157. 6, 156. 8, 147. 0,
129.7, 128.6, 122.5, 117.7, 109.9, 68.7, 44.5, 42.4, 35.9, 343, 30O, 29.2, 26.0.

HRMS: (ESI) [M+H]" calcd forCz4Hs2N3O2, 394.2489 0bserved394.2492
N-(4-(4-(4-(trifluoromethoxy)phenoxy)pentyl)phenyl)piperazine-1-carboxamide

hydrochloride (4.22ad)

’ QNH-H@ Synthesized according to General Procedure
N N

g e ,
0\/\/\/©/ o 4.3. Purified via rituration with ethyl acetate

I
Fec and diethyl ether. \Mte solid, 88 mg, 89%
yield.'H NMR (500 MHz,CD:OD) U 1 7.535(%, 2H), 7.28 7.24 (m, 2H), 7.14
7.11 (m, 2H), 7.04 7.00 (m, 2H), 4.03 (1) = 6.4 Hz, 2H), 3.79 3.76 (m, 4H), 3.29
3.26 (m, 4H) 2.62 (t,J = 7.5 Hz, 2H), 1.85 1.78 (m, 2H), 1.72 1.65 (m, 2H), 1.55
1.47 (m, 2H)1°F NMR (376 MHz,CD:OD) -G2.96 3C NMR (126 MHz,CD:OD) i

163.3, 157.6, 139.1, 138.0, 129.7, (¢}, J = 3.8 Hz), 126l (g, J = 270.0 Hz), 124.5,
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1235 (q, J = 32.5 Hz), 122.4, 122.1, 115.7, 69.3, 44.5, 42.4, 36.1, 32.4, 30.1, 26.6
HRMS: (ESI) [M+H]" calcdfor Cz23H20FsN30s, 436.2206, observed, 436.2211.
N-(4-(4-(3-(trifluoromethoxy)phenoxy)pentyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22ae)

Ly ONHeHC Synthested according to General Procedure

NTN\)
\/\/\/© 0 4.3. Purified via trituration with ethyl acetate

FsC o
\©/ and diethyl ether. \Wte solid, 190 mg, 95%
yield.?H NMR (500 MHz,CDsOD) U 1 7.414(m, 1H), 7.28 7.25 (m, 2H), 7.21
7.16 (m, 1H), 7.15 7.10 (m, 4H), 4.01 () = 6.4 Hz, 2H), 3.80 3.75 (m, 4H), 3.30
3.25 (m, 4H), 2.61 (t) = 7.5 Hz, 2H), 1.85 1.78 (m, 2H), 1.72 1.64 (m, 2H), 1.55
1.46 (m, 2H)1%F NMR (376 MHz,CD:OD) -G#.21.13C NMR (126 MHz,CD:OD) U
160.9, 157.6, 139.2, 138.0, 132.8 Jg; 31.9 Hz), 131.4, 129.7, 126.6 (4,= 271.8 Hz),
122.4,119.2 () = 1.4 Hz), 118.0 (¢J = 4.0 Hz), 112.2 (¢) = 3.9 Hz), 69.3, 44.5, 42.4,
36.1, 32.5, 30.1, 26.64RMS: (ESI) [M+H] calcd for CasH2oFsN3Os, 436.2206,
observed, 436.2207.
N-(4-(6-(2-trifluorom ethylphenoxy)hexyl)phenyl)piperazinel-carboxamide
hydrochloride (4.22af)
LN Synthesized according to General Procedure 4.3.
QOW@NKNJ Purified via trituration with ethyl acetate and
o diethyl ether. White solid, 112 mg, 85% vyieltl
NMR (600 MHz,CD:0OD) U 1 7.518m6, 2H), 7.27i 7.24 (m, 2H), 7.14 7.09 (m,
3H), 7.02 (t,d = 7.6 Hz, 1H), 4.06 () = 6.2 Hz, 2H), 3.8G 3.75 (m,4H), 3.30i 3.25

(m, 4H), 2.58 (t,J = 7.6 Hz, 2H), 1.81 1.76 (m,2H), 1.63 (p,J = 7.6 Hz, 2H), 1.54 (1]
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= 7.5 Hz,2H), 1.39 (p,J = 7.6 Hz,2H).°F NMR (565 MHz,CD:0OD) -68.6813C NMR

(151 MHz,CDsOD) 4 158. 4, 157.6, 138(@Q4~=538Bz),.9, 134
125.3 @, J = 271.5 Hz), 122.4, 120.9, 119.6, § = 30.5 Hz), 114.1, 69.5, 44.5, 42.4,

36.1, 32.7, 30.1, 29.7, &B.HRMS: (ESI) [M+H]" calcd for CsH31FN302, 450.2363
observed450.234.

N-(4-(4-(3-(methoxy)phenoxy)butyl)phenyl)piperazine-1-carboxamide

hydrochloride (4.22ag)

4 NHeHC Synthesized according to General Procedure 4.3.
\O/©\O/\/\/©/ NTO(NJ Purified via trituration with ethyl acet and
diethyl ether. White solid, 81 mg, 93% yielth NMR (500 MHz,CDsOD) U 1 7.252 9
(m, 2H),7.167 7.13 (m, 3H), 7.12r0, 1H), 6.497 6.47 (m, 1H), 6.47 6.46 (m, 1H),

6.451 6.43 (m, 1H), 3.97 3.92 (m, 2H), 3.79 3.75 (m, 4H), 3.75 (s, 3H), D7 3.25
(m, 4H), 2.67i 2.62 (m, 2H), 1.80 1.74 (m, 4H).3C NMR (126 MHz,CD:OD) U
162.4, 161.8, 157.6, 139.0, 138.1, 130.8, 129.7, 122.4, 107.7, 107.1, 101.9, 68.8, 55.6,
445, 42.4, 35.9, 29.9, 29.2IRMS: (ESI) [M+H] calcd for CooH3oN30s, 384.2282
observed384.228.
N-(4-(4-(3-(trifluoromethoxy) phenoxy)butyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22ah)

LN Synthesized according to General Procedure
FaC\O/QOW@NTOfNJ 4.3. Purified via trituration with ethyl acetate
and diethyl ether. White solid, 55 mg, 838éld.*H NMR (600 MHz,CDsOD) &4 7. 32 (t
J=8.3 Hz, 1H), 7.29 7.26 (m, 2H), 7.16 7.13 (m, 2H), 6.92 6.87 (m, 1H), 6.84

6.79 (m, 1H), 6.80 6.75 (m, 1H), 4.01 3.97 (m, 2H), 3.80 3.76 (M,4H), 3.29i 3.26
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(m, 4H), 2.67i 2.64 (m, 2H), 1.81 1.76 (m, 4H).2%F NMR (565 MHz,CD:OD) - i
59.39. 13%C NMR (126 MHz,CDs;OD) u 161. 8, 157. 6, 151. 4, 151
131.5, 129.7, 124.5, 122(9, J = 255.3 Hz) 122.4, 122.1, 114.3, 113.6, 108.7, 69.3,
445, 42.4, 35.9, 29.7, 29.HRMS: (ESI) [M+H]* calcd for CooH27F3sN30s, 438.1999
observed4382003
N-(4-(4-(3-methoxy-5-methylphenoxy)butyl)phenyl)piperazine 1-carboxamide
hydrochloride (4.22ai)

4 ONHeHC Synthesized according to General Procedure
“ /@o N\/@ NIN\) 4.3. Purified via trituration with ethyl acetate
and di¢hyl ether. White solid, 79 mg, 91% yiefld NMR (500 MHz,CDsOD) U i7. 29
7.25 (m, 2H), 7.16 7.13 (m, 2H), 6.33 6.29 (m, 2H), 6.25 6.23 (m, 1H), 3.94 3.90
(m, 2H), 3.801 3.75 (m, 4H), 3.73 (s, 3H), 3.293.26 (M, 5H), 2.67 2.62 (m, 2H), 2.25
(s, 3H), 1.79 1.74 (m, 4H)°C NMR (126 MHz,CD:OD) & 162. 2, 161.6, 15
139.0, 138.1, 129.7, 122.4, 108.6, 107.9, 99.0, 68.7, 55.6, 44.5, 42.4, 35.9, 29.9, 29.2,
21.8.HRMS: (ESI) [M+H]' calcdfor CosHs2N3Os, 398.2438 observed398.245.
N-(4-(4-(3-cyanghenoxy)butyl)phenyl)piperazine 1-carboxamide hydrochloride
(4.22a))

NGl Synthesized according to General Procedure
H

N N
/@\ N\/@ TOT 4.3. Purified via trituration with ethyl acetate
= o

N/

and diethyl ether. White solid, 112 mg, 86%
yield. TH NMR (500 MHz,CD;OD) U i 7.404(/8, 1H), 7.30 7.24 (m, 3H), 7.2
7.19 (m, 2H), 7.16 7.13 (m, 2H), 4.03 3.99 (m, 2H), 3.80 3.76 (m, 4H), 3.31 3.25

(m, 4H), 2.68i 2.63 (m, 2H), 1.83 1.75 (m, 4H).23C NMR (126 MHz,CDsOD) i
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160.8, 157.6, 138.9, 138.2, 131.7, 129.7/5.32122.4, 121.1, 119.7, 118.4, 114.1, 69.3,
445, 42.4, 35.8, 29.6, 29.6IRMS: (ESI) [M+H] calcd for CooH27N4O,, 379.2129
observed379.210.

N-(4-(5-(3-chlorophenoxy)pentyl)phenyl)piperazinel-carboxamide hydrochloride

(4.22ak)
NG Synthesized accordinto General Procedure 4.3.
b
al 0\/\/\/© 70( Purified via trituration with ethyl acetate and
: diethyl ether. White solid, 32 mg, 81% vyielél

NMR (600 MHz,CDsOD) & i 7.252(m, 2H), 7.23 7.20 (m, 1H), 7.13 (d] = 8.5
Hz, 2H), 6.91i 6.89 (m,2H), 6.83i 6.81 (m, 1H) 3.95 (t,J = 6.4 Hz, 2H), 3.79 3.75

(m, 4H), 3.297 3.26 (m,4H), 2.61 (t,J = 7.6 Hz, 2H), 1.82 1.75 (m,2H), 1.67 (p,J =

7.6 Hz,2H), 1.537 1.46 (m,2H).®*C NMR (151 MHz,CDsOD) & 161 . 5, 157.

138.0, 135.8, 131.5, 129.7, 122.4, 121.%.81114.1, 69.2, 44.5, 42.4, 36.1, 32.5, 30.1,
26.6.HRMS: (ESI) [M+H] calcdfor C22H29CIN3Oz, 402.1943 observed402.1%1.
N-(4-(6-(pyridin -3-yloxy)hexyl)phenyl)piperazine- 1-carboxamide bis-trifluoroacetic
acid (4.22al)

! OHQTFA To a 6dram vial containingt.21al (1.0 equiv)
“@\o/\/\/\/@ I dissolved in DCM(0.2 M) was added TFA1Q
equiv). The resulting solution was allowed to stir until consumption of starting material
as monitored by TLCapproximatelyé h). Concentration in vacuo and filtration of the
resulting offwhite lid, followed by washing with diethyl ether afforded the

corresponding TFA saltvellow oil, 26 mg, 52% vyieldtH NMR (600 MHz,CDsOD) a

8.54 prs, 1H), 8.431frs, 1H), 8.18 (ddJ = 8.8, 2.1 Hz, 1H), 8.00 7.95 (m, 1H), 7.26
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7.22 (m, 2H), 7.12 7.08(m, 2H), 4.20 (t,J = 6.4 Hz,2H), 3.791 3.76 (m,4H), 3.27i

3.24 (m,4H), 2.58 (t,J = 7.6 Hz,2H), 1.88i 1.82 (m, 2H), 1.63 (p] = 7.6 Hz, 2H), 1.53

(p, J = 7.5 Hz, 2H), 1.41 (pJ = 8.2 Hz, 2H)2%C NMR (151 MHz,CD:OD) & 161 .

161.5, 161.3, 161.,59.4, 157.6, 139.2, 138.0, 134.9, 133.1, 130.5, 129.6, 129.3, 122.5,

71.4,44.4,42.3, 36.1, 32.6, 29.8, 29.7, 28RMS: (ESI) [M+H]" calcdfor C22H31N4O»,
383.2442 observed383.2460.
N-(4-(6-(4-fluorophenoxy)hexyl)phenyl)piperazinel-carboxamide  hydrochloride

(4.22am)

4 NHeHC Synthesized according to General Procedure

F NYN\)
\©\O/\/\/\/©/ 0 4.3. Purified via trituration with ethyl acetate

and diethyl ether. White solid, 138 mg, 90% yiéld. NMR (500 MHz,CDsOD) U i 7 .

7.23 (m, 2H), 7.13 7.09 (m, 2H), 7.00 6.94 (m, 2H), B9 6.83 (m, 2H), 3.91 () =
6.4 Hz, 2H), 3.79 3.75 (m, 4H), 3.29 3.26 (m, 4H), 2.59 (t) = 7.6 Hz, 2H), 1.77

1.71 (m, 2H), 1.66 1.59 (m, 2H), 1.53 1.46 (m, 2H), 1.42 1.35 (m, 2H).X°F NMR

(376 MHz,CDsOD) -126.75i -126.83 (m)3C NMR (126 MHz,CD:OD) & 158 .

= 234.3 Hz) 157.6,156.8 (d,J = 2.0 Hz), 139.3, 138.0, 129.7, 122.4, 116.6J)(¢, 4.5
Hz), 116.5 (dJ = 10.9 Hz), 69.5, 44.5, 42.4, 36.1, 32.7, 30.3, 29.9, HRMS: (ESI)
[M+H] ™" calcdfor C23H31FN3O2, 400.2395 observed4002394

N-(4-(6-(3-fluorophenoxy)hexyl)phenyl)piperazinel-carboxamide  hydrochloride

(4.22an)

Nl Synthesized according to General Procedure
H

N N\)
/@\ W@ Tof 4.3. Purified via trituration with ethyl acetate
F 9)

and diethyl ether. White solid, 169 mg, 97% yiéld. NMR (500 MHz,CDsOD) U i 7 .
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7.20 (m, 3H), 7.13 7.09 (m, 2H), 6.72 6.68 (m, 1H), 6.65 6.60 (M, 2H), 3.94 (J =
6.4 Hz, 2H), 3.81 3.74 (m, 4H), 3.30 3.25 (m, 4H), 2.58 (t) = 7.6 Hz, 2H), 1.79
1.71 (m, 2H), 1.67 1.59 (m, 2H), 1.53 1.46 (m, 2H), 437 1.35 (m, 2H)1%F NMR
(376 MHz,CDsOD) -1114.20i -114.28 (m)33C NMR (126 MHz,CD:OD) & 1(H,8 5 .
= 243.1 Hz), 162.1 (d] = 10.9 Hz), 157.6, 139.3, 138.0, 131.4 J&; 10.3 Hz), 129.6,
122.4, 1115 (d, J = 2.8 Hz), 107.9 (dJ = 21.6 Hz), 102 (d, J = 25.0 Hz) 69.2, 44.5,
42.4, 36.1, 32.7, 30.2, 29.9, 26.BRMS: (ESI) [M+H]" calcd for CasHz1FNzO,
400.2395 observed4002402
N-(4-(6-(2-fluorophenoxy)hexyl)phenyl)piperazinel-carboxamide  hydrochloride
(4.22a0)
L ONHeHC Synthesized according to GeakProcedure 4.3.

QO N\/\/@/ NTO(NJ Purified via trituration with ethyl acetate and

" diethyl ether. White solid, 133 mg, 87% vyield.
IH NMR (500 MHz,CD:OD) U 1 7.234r, 2H), 7.13 7.10 (m, 2H), 7.08 7.02 (m,
3H), 6.91i 6.86 (m, 1H), 4.02 () = 6.4 Hz, 2H), 3.79 3.74 (m, 4H), 3.29 3.25 (m,
4H), 2.59 (tJ = 7.6 Hz, 2H), 1.82 1.74 (m, 2H), 1.67 1.60 (m, 2H), 1.55 1.48 (m,
2H), 1.447 1.36 (m, 2H).2% NMR (376 MHz,CDs0D) -1B7.10i -137.20 (m).XC
NMR (126 MHz,CD:OD) & 157 . 6= 244.5 #z), 8.5 (d,J = 10.6 Hz),
139.3, 138.0, 129.7, 129.6, 125.5Jd&; 3.9 Hz), 122.4, 120(d,J= 6.9 Hz), 118 (d, J
= 18.2 Hz), 11& (d,J = 1.7 Hz), 70.3, 44.5, 42.4, 36.1, 32.7, 30.3, 29.9, 26AAVIS:

(ESI) [M+H]" calcdfor CasH31FN3O2, 400.2395 obseved, 4002402
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N-(4-(6-(3,5-difluoro phenoxyhexyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22ap)

_— Synthesized according to General Procedure

F
N N e
W@f Tof 4.3. Purified via trituration with ethyl acetate
F (6]

and diethyl ether. White solid, 197 mg, 90% yiéld NMR (600 MHz,CDsOD) G i7. 2 8
7.25 (m, 2H), 7.13 7.09 (m, 2H), 6.53 6.49 (m, 2H), 6.49 6.44 (m, 1H), 3.93 (J =

6.4 Hz, 2H), 3.80 3.76 (m, 4H), 3.29 3.24 (m, 4H), 2.58 (t) = 7.6 Hz, 2H), 1.77

1.71 (m, 2H), 1.65 1.59 (m, 2H), 1.51 1.45 (m,2H), 1.417 1.34 (m, 2H)1%F NMR

(565 MHz,CDsOD) -111.567 -111.62 (m)23C NMR (126 MHz,CD:OD) U 2 (b 5 .

J= 2445, 16.0 Hz), 162(t, J = 13.8 Hz), 157.6, 139.3, 138.0, 129.6, 122.44999.0

(m), 966 (t, J = 26.4 Hz), 69.7, 44.5, 42.4, 36.32.6, 30.0, 29.9, 26.$IRMS: (ESI)

[M+H] ™" calcdfor C23H30F2N3Oz2, 418.2301 observed418.2314

N-(4-(6-(2,3-difluoro phenoxyhexyl)phenyl)piperazine-1-carboxamide

hydrochloride (4.22aq)

NHeHOl Synthesized according to General Procedure
H

NN
/@\ N\/\/@ 70( 4.3. Purified via tturation with ethyl acetate
F (6)
F

and diethyl ether. White solid, 201 mg, 92%
yield. '1H NMR (600 MHz,CD:0D) Ui 1 7.242(1, 2H), 7.13 7.09 (m, 2H), 7.06
7.01 (m, 1H), 6.89 6.85 (m, 1H), 6.82 6.77 (m, 1H), 4.04 (tJ = 6.4 Hz, 2H), 3.8
3.76 (M, 4H)3.297 3.25 (m, 4H), 2.58 (t) = 7.6 Hz, 2H), 1.82 1.75 (m, 2H), 1.67
1.60 (m, 2H), 1.54 1.48 (m, 2H), 1.43 1.36 (M, 2H)°F NMR (565 MHz,CD:0D) - i
140.807 -140.88 (m),-162.957 -163.04 (m).23C NMR (126 MHz,CD:OD) U 157 . 6,

152.6 (dd,J = 244.6, 10.3 Hz), 150.2 (dd, = 7.8, 3.1 Hz), 143.(dd, J = 245.6, 14.2

290



Hz), 139.3, 138.0, 129.6,247 (dd,J = 8.8, 5.2 Hz)122.4,1112 (d, J = 2.9 Hz), 109
(d, J = 17.9 Hz) 70.7, 44.5, 42.4, 36.1, 32.7, 30.2, 29.9, 26IBMS: (ESI) [M+H]'
calcdfor Cz3Hz0F2N302, 418.2301 observed418.299,
N-(4-(6-(2,6-difluoro phenoxyhexyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22ar)
LG Synthesized according to General Procedure 4.3.

Q:Z/\/\/\/@ NTO(NJ Purified via trituration with ethyl acetate and

] diethyl ether White lid, 98 mg, 89% vyield‘H
NMR (500 MHz,CD:0D) U 1 7.242(8, 2H), 7.13 7.09 (m, 2H), 7.06 6.98 (m,
1H), 6.981 6.92 (m, 2H), 4.09 (t) = 6.4 Hz, 2H), 3.79 3.76 (m, 4H), 3.29 3.26 (m,
4H), 2.58 (t,J = 7.6 Hz, 2H), 1.75 1.69 (m, 2H), 1.62 (pJ = 7.6 Hz, 2H), 1.55 1.48
(m, 2H), 1.38 (pJ = 7.5 Hz, 2H)1°F NMR (376 MHz,CDsOD) -1:80.45i -130.54 (m).
13C NMR (126 MHz,CDsOD) & 1 5J~.246.9,(56 Hz), 157.6, 139.3, 138.0, 137.0
(t, J=14.3 Hz), 129.6, 124.3 3,= 9.4 Hz), 122.4113.2 (ddJ = 17.4, 5.6 Hz), 75.8 (§
= 2.9 Hz), 44.5, 42.4, 36.1, 32.7, 31.0, 29.9, 26.6. HRMS: (ESI) [M-gd]cd for
Ca3H30F2N302, 418.2301, observed, 418.2301.
N-(4-(6-(2,4,6trifluorophenoxy)hexyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22as)

F F ' @,H,Hm Synthesized according to General Procedure
\QO W@ 70( 4.3. Purified via trituration with ethyl acetate
] and diethyl ether. Wte solid, 80 mg, 9%

yield. '"H NMR (600 MHz,CD:0D) Ui 1 7.232(18, 2H), 7.14 7.09 (m, 2H), 6.92

6.83 (M, 2H), 4.04 () = 6.4 Hz, 2H), 3.83 3.72 (M, 4H), 3.30 3.25 (m, 4H), 2.58 (4
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= 7.6 Hz, 2H)1.741 1.67 (m, 2H), 1.65 1.58 (m, 2H), 1.55 1.47 (m, 2H), 1.42 1.34
(m, 2H). 2% NMR (565 MHz,CD30D) Ui -116.92i -116.97 (m)-127.167 -127.22 (m)
13C NMR (126 MHz,CD:OD) U 159.6 (t, J =151247.86Hz)Hz), 15
157.6 (t, J = 15.0, 14.5 Hz), 157.6, 156.7 (dd, J = 15.2, 7.9 Hz), 134.0 (td, J = 15.0, 14.5,
5.3 Hz), 129.6, 122.4, 10119101.5 (m), 76.1, 44.5, 42.4, 36.1, 32.7, 30.9, 29.8, 26.6.
HRMS: (ESI) [M+H]" calcdfor CogH32Ns0s, 436.2206, observed, 436.2206.
N-(4-(3-(4-cyclopropylphenoxy)propyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22at)

’ OH.HQ Synthesized according to General Procedure 4.3.

o v\/Ej/ jo( Purified via trituration with ethyl acetate and

V/© diethyl gher. White solid, 172 mg, 90% yieltH
NMR (500 MHz,CDsOD) I8 (d7 1 =38.3 Hz, 2H), 7.14 (d] = 8.3 Hz, 2H), 6.97 ()
= 8.6 Hz, 2H), 6.77 (d] = 8.5 Hz, 2H), 3.90 (t) = 6.2 Hz, 2H), 3.8 3.76 (m, 4H),
3.297 3.25 (m, 4H), 2.75 (t) = 7.5 Hz,2H), 2.02 (p,J = 6.5 Hz, 2H), 1.86 1.80 (m,
1H), 0.90i 0.84 (m, 3H), 0.59 0.54 (m, 2H)3C NMR (126 MHz,CD:OD) & 158. 4,
157.6, 138.3, 138.2, 137.1, 129.8, 127.7, 122.5, 115.4, 67.9, 44.5, 42.4, 32.5, 32.3, 15.4,
8.9.HRMS: (ESI) [M+HT calcdfor CasHzoN3Oz, 380.2333 observed380.2335
N-(4-(3-(3-cyclopropylphenoxy)propyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22au)

HTQH-HCI Synthesized according to General Procedure 4.3.
AQ/O\/\/@/ ° Purified via trituration with ethyl acetate and diethyl

ether. Whitesolid, 60 mg, 86% yielddH NMR (600

MHz, CD:OD) U i 7.262r8, 2H), 7.17 7.14 (m, 2H), 7.10 () = 7.9 Hz, 1H), 6.66
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i 6.63 (M, 1H), 6.63 6.61 (m, 1H), 6.60 6.59 (m, 1H), 3.91 (t) = 6.2 Hz, 2H), 3.79
3.76 (m, 4H), 3.29 3.26 (m, 4H), 2.77 2.74 (m, 2H), 2.06 2.00 (m, 2H), 1.88 1.82
(m, 1H), 0.94i 0.90 (m, 2H), 0.66 0.63 (m, 2H).23C NMR (151 MHz,CD:OD) U
160.6, 157.5, 147.0, 138.3, 138.2, 130.2, 129.8, 122.5, 118.8, 113.0, 112.3, 67.6, 44.5,
42.4, 32.5, 32.3, 16.2, 9.6IRMS: (ESI) [M+H" calc. for GsH3oN30,, 380.2333,
observed, 380.2340.
N-(4-(5-(3-cyclopropylphenoxy)pentyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22aV)

LNl Synthesized according to General Procedure 4.3.
A@OW\/@NINJ Purified via trituration with ethyl acetate and

diethyl etter. White solid,178 mg, 70% yield.

IH NMR (600 MHz,CD:OD) & 7J.=3.8 Hz( 2H), 7.12 (d] = 8.5 Hz, 2H), 7.10 (t,
J=7.9 Hz, 1H), 6.65 6.63 (m, 1H), 6.61 (d] = 7.7 Hz, 1H), 6.59 6.57 (m, 1H), 3.92
(t, J = 6.4 Hz, 2H), 3.79 3.76 (m, 4H), 297 3.25 (m, 5H), 2.61 (t) = 7.6 Hz, 2H),
1.887 1.82 (m, 1H), 1.80 1.74 (m, 2H), 1.67 (pJ = 7.9 Hz, 2H), 1.52 1.46 (m, 2H),
0.947 0.90 (m, 2H), 0.66 0.62 (m, 2H)}3C NMR (151 MHz,CD:OD) & 160. 8, 157
147.1, 139.4, 138.1, 130.3, 129.8, ¥218.9, 113.1, 112.4, 68.9, 44.6, 42.5, 36.3, 32.7,
30.4, 26.9, 16.3, 9.84RMS: (ESI) [M+H] calc. for GsHz4Nz05", 408.2646, observed,
408.2649.
N-(4-(4-(3-cyclopropyl-2-fluorophenoxy)butyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22aw)

4 ONHeHC Synhesized according to General Procedure 4.3.

NTN\)
V/Q W@ o Purified via trituration with ethyl acetate and
(0]
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diethyl ether. White solid, 121 mg, 86% yietth NMR (600 MHz,CDsOD) a 17. 30
7.26 (m, 2H), 7.14 (d] = 8.5 Hz,2H), 6.92 (td,J = 8.0, 1.4 Hz, 1H), 6.81 (td,= 8.1, 1.4

Hz, 1H), 6.48i 6.43 (m, 1H), 4.02 3.98 (m,2H), 3.807 3.76 (m,4H), 3.28i 3.25 (m,
4H), 2.65 (t,J = 6.9 Hz, 2H), 2.09 2.04 (m, 1H), 1.81 1.76 (m,4H), 0.977 0.93 (m,
2H), 0.691 0.66 (m, 2H)1%F NMR (565 MHz,CDsOD) -1#4.90 (tJ = 7.1 Hz).*C
NMR (151 MHz,CD:OD) & 15 T (d,6),= 24R.5 Biz), 148.2 (d) = 11.2 Hz),
139.0, 138.1, 132.(d,J = 11.9 Hz), 129.7, 128.(d,J = 4.7 Hz), 122.5, 14.0(d,J= 3.0
Hz), 112.9, 70.1, 44.5, 42.4, 35.9, 29.8, 29.1, 9.3, 9.3 HRBIS: ESI) [M+H]* calcd

for C24H31FN30O2, 412.2395 observed412.2403
N-(4-(4-(3-cyclopropyl-5-fluorophenoxy)butyl)phenyl)piperazine-1-carboxamide
hydrochloride (4.22ax)

e Synthesized according to General Procedure 4.3.
V/QO W@ NTO(NJ Purified via trituration with ethyl ace and
diethyl ether. White solid, 155 mg, 96% yieldf NMR (600 MHz, CDsOD) a 17. 30
7.27 (m, 2H), 7.15 7.12 (m, 2H), 6.44 6.43 (m, 1H), 6.40 (d) = 10.8, 2.3 Hz, 1H),
6.33 (dt,d = 10.0, 1.8 Hz, 1H), 3.983.91 (m,2H), 3.817 3.76 (M, 4H), 3.28 3.24 (m,
4H), 2.63 (t,J = 6.8 Hz, 2H), 1.88 1.83 (m, 1H), 1.78 1.72 (m, 4H), 0.97 0.92 (m,
2H), 0.677 0.63 (m, 2H)X°F NMR (565 MHz,CD:0D) -114.92 (t,J = 10.4 Hz)1C
NMR (151 MHz,CD:OD) i 1 8524241 Hz)d161.8 (dl = 12.0 Hz), 7.6, 1491

(d, J= 9.9 Hz), 138.9, 138.1, 129.7, 122.4, 108.9)(d,2.4 Hz), 16.0 (d, J = 22.4 Hz),
99.7 (d,J = 25.4 Hz), 69.0, 44.5, 42.4, 35.9, 29.8, 29.1, 16.3, 16.3, HRPIS: (ESI)

[M+H] * calcdfor C24Hz1FN3O2, 412.2395 observed412.2404
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4-((4-(7-methoxyheptyl)phenylpiperazine-1-carboxamide hydrochloride (4.22ay)
NK\NH-HCI Synthesized according to General Procedure 4.3.
/o\/\/\/\/©/ jof Purified via trituration with ethyl acetate and
diethyl ether Off-white solid,59 mg, 8294H NMR (500 MHz CD;OD) & 7J=26 ( d,
8.5 Hz,2H), 7.11 (d,J = 8.5 Hz,2H), 3.797 3.76 (m,4H), 3.38 (t,J = 6.6 Hz,2H), 3.29
i 3.26 (M,4H), 2.57 (t,J = 7.6 Hz,2H), 1.637 1.52 (m,4H), 1.367 1.31 (m,6H). 3C
NMR (126 MHz, CDsOD) a 157. 6, 139. 4, 137.9,4129. 6,
36.2, 32.7, 30.6, 30.4, 30.2, 27HRMS: (ESI) [M+H]" calcd forCioH3:N302, 334.2489
observed334.2489
4-((4-(8-methoxyoctyl)phenylpiperazine-1-carboxamide hydrochloride (4.22az)
N Synthesized according to General Procedure 4.3.
\OW\/\/@N@N\) Purified via trituation with ethyl acetate and
diethyl ether Off-white solid,50 mg, 636. *H NMR (600 MHz,CDsOD) & 7J=28 ( d,
8.4 Hz, 2H), 7.12 (dJ = 8.5 Hz, 2H), 3.82 3.78 (m, 4H), 3.39 (t) = 6.5 Hz, 2H), 3.31
i 3.27 (m, 4H), 2.58 (t) = 7.6 Hz, 2H), 1.66 1.52(m, 4H), 1.391 1.27 (m, 8H).33C
NMR (151 MHz,CDsOD) a 157. 6, 139. 4, 137. 9, 129. 6,
36.3, 32.8, 3®9, 3058, 30.5, 30.2, 27.2HdRMS: (ESI) [M+H] calcd for C2oHz4N3Oo,
348.26460bserved, 348.2654
N-(4-(6-(cyclobutyloxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride
(4.22ba)

L NHeHC Synthesized according to General Procedure 4.3.

NTN\)
Y N\/\/@ 0 Purified via trituration with ethyl acetate and
(0]

diethyl ether. White solid, 66 mg, 86% yietli NMR (500 MHz,CDsOD) U 7J=26 ( d,

295



8.3 Hz, 2H),7.11 (d,J = 8.3 Hz, 2H), 3.91 (p] = 7.4 Hz, 1H), 3.80 3.75 (m, 4H), 3.34
i 3.32 (m, 2H), 3.29 3.26 (M, 4H), 2.57 (t} = 7.6 Hz, 2H), 2.22 2.16 (m,2H), 1.92i
1.83 (m,2H), 1.68 (q,J = 10.0 Hz, 1H), 1.60 (p] = 7.7 Hz, 2H), 1.55 1.47 (m,3H),
1.407 1.30 (m,4H). °C NMR (126 MHz,CDs;OD) u 157. 6, 139. 3, 138.
74.4,68.8,44.5,42.4, 36.2, 32.7, 31.4, 30.8, 30.0, 27.1 HRM\S: (ESI) [M+H] calcd
for C21H34N302, 360.2646 observed360.2648.
N-(4-(6-(cyclopentyloxy)hexyl)pheny)piperazine-1-carboxamide hydrochloride
(4.22bb)

’ @H.HC. Synthesized according to General Procedure 4.3.

N__N
O\O W@ To( Purified via trituration with ethyl acetate and
diethyl ether. White solid, 49 mg, 82% yieldl NMR (500 MHz,CDsOD) U 1 7.242 8
(m, 2H), 7.12i 7.09 (m,2H), 3.92i 3.86 (m, 1H), 3.80 3.75 (m,4H), 3.37 (t,J = 6.6
Hz, 2H), 3.29 3.25 (m,4H), 2.57 (t,J = 7.6 Hz, 2H), 1.76 1.65 (m,4H), 1.647 1.56
(m, 4H), 1.557 1.48 (m,4H), 1.407 1.31 (m,4H). 3C NMR (126 MHz,CD:OD) U
157.6, 139.4, 138.0, 189 122.4, 82.7, 69.8, 44.5, 42.4, 36.2, 33.2, 32.7, 30.9, 30.0, 27.2,
24.4 HRMS: (ESI) [M+H]" calcdfor C22H3sN302, 374.2802 observed374.2805
4-((4-(6-(cyclohexyloxy)hexyl)phenylpiperazine-1-carboxamide hydrochloride
(4.22bc)

L NRHC Synthesized according General Procedure 4.3.
CLO W@ NTO(NJ Purified via trituration with ethyl acetate and
diethyl ether Off-white solid,82 mg, 71%H NMR (500 MHz,CDsOD) & 7J=26 ( d,
8.2 Hz, 2H), 7.11 (dJ = 8.4 Hz, 2H), 3.82 3.75 (m, 4H), 3.45 (t) = 6.5 Hz, 2H), 3.29

i 3.21(m, 5H), 2.57 (tJ = 7.6 Hz, 2H), 1.93 1.85 (m, 2H), 1.78 1.68 (m, 2H), 1.64
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1.50 (m, 5H), 1.43 1.19 (m, 9H)23C NMR (126 MHz,CD:OD) U 157 .6, 139.
129.6, 122.4, 78.9, 69.0, 44.5, 42.4, 36.2, 33.4, 32.7, 31.1, 30.0, 27.1, 26.8iRA92:
(ESI) [M+H]" calcd forCosHzsN30-, 388.2964 observed432.2100
N-(4-(5-(benzyloxy)pentyl)phenyl)piperazinel-carboxamide hydrochloride (4.22bd)

HTNJH-HO Synthesized according to General Procedure 4.3.
@VO\/\/\/@ © Purified via trituration with ethyl acetate and diethyl
ether. White solid, 61 mg, 86% vyieltH NMR (500 MHz CDs;OD) a 17.2%8(H,
4H), 7.287 7.24 (m,3H), 7.12i 7.08 (m, 2H), 4.47 (s, 2H), 3.793.75 (m,4H), 3.47 (t,
J=6.5 Hz, 2H), 3.29 3.25 (m,4H), 2.57 (tJ = 7.6 Hz, 2H), 1.66 1.57 (m, 4H), 44
1.36 (m,2H). 1*C NMR (126 MHz,CDsOD) u 157. 6, 139. 8, 139. 3,
128.9, 128.6, 122.4, 73.8, 71.3, 44.5, 42.4, 36.2, 32.5, 30.6,HR\SS: (ESI) [M+H]
calcdfor Cz3H32N302, 382.2489 observed382.2497
N-(4-(3-(3-phenylpropoxy)propyl)phenyl)piperazine-1-carboxamide hydrochloride
(4.22be)
NHeHo Synthesized according to General Procedure 4.3.
Q\No W©/ NINJ Purified via trituration with ethyl acetate and
diethyl ether. White solid, 66 mg, 87% yieldl NMR (500 MHz,CDsOD) & 7 7.233 0
(m, 4H), 7.20i 7.17 (m, 2H), 7.17 7.11 (m,3H), 3.807 3.76 (m,4H), 3.41 (t,J = 6.4
Hz, 4H), 3.29 3.25 (m,4H), 2.707 2.63 (m, 4H), 1.90 1.81 (m, 4H)3C NMR (126
MHz, CDsOD) a 157. 6, 143. 2, 138. 6, 138. 2, 129.
70.9, 44.5, 42, 33.3, 32.7, 32.6, 32.6IRMS: (ESI) [M+H] calcd for C3Hz2N30o,

382.2489 observed382.2510
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4-((4-((4-(phenoxymethyl)cyclohexyl)methyl)phenylpiperazine-1-carboxamide
hydrochloride (4.22bh)
@ ’ OH,HC, Synthesized according to General Procedure 4.3.
Om To( Purified via trituration with ethyl acetate and diethyl

ether.Off-white solid,5 mg, 30%gd.r. 88:12.'H NMR (600 MHz,CDsOD) U i 7.273 0
(m, 2H), 7.271 7.19 (m, 2H), 7.14 7.09 (m, 2H), 6.94 6.87 (m, 3H), 3.91 (d] = 6.9
Hz, 0.4H),3.817 3.78 (m,4H), 3.76(d, J = 6.3 Hz, 1.6H), 3.31 3.28 (m, 4H), 2.60 (dJ
= 7.6 Hz, 0.4H), 2.50 (d] = 7.1 Hz, 1.6H), 2.08 1.38 (m, 7H), 1.12 1.01 (m, 3H)C
NMR (151 MHz,CDz0D) 159.3, 156.2, 136.6, 136.4, 129.0, 120.8, 120.0, 114.0, 72.9,
43.1, 429, 41.0, 40.0, 3 32.1, 29.4, 28.0HRMS: (ESI) [M+H]" calcd for
Ca2sH34N302, 408.2646 observed408.2644
4-((4-((3-(phenoxymethyl)cyclohexyl)methyl)phenylpiperazine-1-carboxamide
hydrochloride (4.22bi)

L N Synthesized according to General Procedure 4.3.

NTN\)
o\/o\/@ 0 Purified via trturation with ethyl acetate and diethyl

© ether. Off-white solid,9 mg, 78%,d.r. 70:30. H
NMR (600 MHz,CD:0OD) U 1 7.252(8, 2H), 7.25 7.20 (m, 2H), 7.11 7.06 (m,
2H), 6.917 6.83 (m, 3H)3.791 3.77 (M,4H), 3.75i 3.70 (m, 2H)3.28i 3.26 (M, 4),
2.537 2.45 (m, 2H), 1.89 1.84 (m, 2H), 1.83 1.70 (m, 2H), 1.66 1.38 (m, 3H), 1.35

T 1.26 (m, 1H),1.057 0.90 (m, 2H) Observed signals of minor diastereoi2e811 2.54

(m, 2H), 2.20i 2.13 (m, 1H), 1.95 1.90 (m, 1H), 0.78 (g] = 12.1 Hz, 2H. 13C NMR
(126 MHz,CDsOD) U0 160. 7, 157. 6, 138. 0, 137. 6,

44,5, 42.4, 40.9, 39.2, 37.4, 34.2, 30.9, 26.8, 2DBserved signhals of minor
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diastereomerl60.7, 157.6, 138.0, 130.4, 130.3, 122.3, 121.5, 115.6, 725, 44.2,
36.2, 34.4, 33.8, 32.2, 29.8IRMS: (ESI) [M+H] calcd for CosH3aN302, 408.2651
observed, 408.2635
4-((4-((3-(phenoxymethyl)cyclopentyl)methyl)phenylpiperazine-1-carboxamide
hydrochloride (4.22bj)

e Synthesized according to General Proceduf®e 4.
@’ Ow TOVNJ Purified via trituration with ethyl acetate and
diethyl ether Off-white solid, 1. mg, 97%gd.r. 60:4Q *H NMR (600 MHz,DMSO-ds) U
9.23 frs, 2H), 8.72 (s, 1H), 7.36 7.31 (m, 2H), 7.29 7.21 (m, 2H), 7.08 7.03 (m,
2H), 6.92i 6.86 (m, 3H), 3.82 @ J=6.9, 2.1 Hz, 1.2Hmajor diastereom@r 3.77 (d,J

= 7.1 Hz, 0.8Hminor diastereomgr 3.66 (t,J = 4.6 Hz, 4H), 3.10 (tJ = 4.9 Hz, 4H),
2.5871 2.52 (m, 2H), 2.40 (hepd = 7.3 Hz, 0.4Hminor diastereom@r 2.29 (heptJ =
8.0 Hz, 0.6Hmajor dastereomey, 2.207 2.05 (m, 1H), 1.91 1.82 (m, 1H), 1.76 1.63
(m, 2H), 1.52i 1.40 (m, 1H), 1.32 1.17 (m, 1H), 0.98 0.91 (m, 1H)23C NMR (151
MHz, DMSO-dg) ua 158. 8, 154. 9, 137. 9, 135. 4,
42.6, 41.8, 40.940.5, 38.5, 36.2, 32.0, 28.®bserved signals for minor diastereomer
128.6, 119.7, 71.7, 42.7, 40.9, 40.6, 37.3, 34.9, 31.1, BRBIS: (ESI) [M+H]" calcd
for C2sH28N302, 394.24890bserved, 394.2488
4-((4-(4-(phenoxymethyl)benzyl)phenyl)carbamoylpiperazine-1-carboxamide

hydrochloride (4.29)

@\ 7 NHHC Synthesized according to General Procedure 4.3.
H
\)
O

N N
70( Purified via trituration with ethyl acetate and diethyl

ether.Off-white solid,11 mg, 979%¢H NMR (600 MHz,CDsOD) U 7J=37D HZ d,
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2H), 7.28 (dJ = 8.5 Hz, M), 7.261 7.23 (m, 2H), 7.20 (d] = 7.9 Hz, 2H), 7.13 (d] =

8.4 Hz, 2H), 6.97 6.95 (m, 2H), 6.93 6.89 (m, 1H), 5.02 (s, 2H), 3.93 (s, 2H), 3179

3.75 (m,4H), 3.281 3.25 (m,4H). 3C NMR (151 MHz,CD:OD) & 160. 2, 157.

138.4, 138.0, 136,5130.4, 130.1, 129.9, 128.8, 122.4, 121.8, 115.9, 70.7, 44.5, 42 .4,

41.9.HRMS: (ESI) [M+H]' calcd forCzsH2sN302, 402.21760bserved, 402.2193

N-(hex-5-en-1-yl)aniline (4.9)

@ To an overdried roundbottom flask,aniline (1.0 equiv), TEA (2.0
H/\/\/\ equiv), am alkyl halide (1.2quiv) were dissolved itMeCN (0.2 M)

at rt. A condenser was attached and the reaction mixture was heated to reflux until

complete consumption of the starting material was observed, monitored by TLC

(approximately 6 h). Upon completiothe reaction was cooled tg diluted with water

and extracted with ethyl acetate (3x). The organic layers were combined, washed with

brine (2x), dried with MgS@ filtered, and concentrated in vacuo to afford a crude

yellow oil, which was then subjectedo flash chromatography(0-10% ethyl

acetate/hexane$) afford the purified productellow oil, 180 mg, 64% vyield.*H NMR

(500 MHz, CDC#) U i 7.1621, 2H), 6.71 (t) = 7.3 Hz, 1H), 6.64 6.60 (m, 2H),

5.84 (ddtJ = 16.9, 10.2, 6.7 Hz, 1H), 5.qG8q,J = 17.1, 1.7 Hz, 1H), 4.99 (ddi= 10.1,

2.0, 1.1 Hz, 1H), 3.13 (i1 = 7.1 Hz, 2H), 2.13 (¢] = 7.2 Hz, 2H), 1.69 1.61 (m, 2H),

1.567 1.49 (m, 2H).*C NMR (126 MHz, CDG)) U4 148 . 5, 138. 7, 129.

112.8, 43.9, 33.6, 29.1, 26.5IRMS: (ESI) [M+H] calcd for G2HisN, 176.1434,

observed, 176.1438.
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tert-butyl 4-((4-(6-(phenylamino)hexyl)phenyl)carbamoyl)piperazinel-carboxylate
(4.21bg)

0 Synthesized according tBeneral Procedure
(\N)ko/k

N 4.2, yellow solid 140 mg, 63% yield.

H
N N
Q'Y

176.1434, observed, 176.1438.NMR (500 MHz, CDCJ) U i 7.222m,2H), 7.19i

HRMS: (ESI) [M+H]* calcd for GoHieN,

7.14 (m,2H), 7.08 (d,J = 8.4 Hz, 2H), 6.67 (tt) = 7.4, 1.0 Hz1H), 6.60i 6.57 (m,2H),
6.447 6.40 (m, 1H), 3.50 3.43 (m, 8H), 3.08 (i = 7.1 Hz, 2H), 2.59 2.52 (m, 2H),

1.60 (p,J = 7.3 Hz,4H), 1.48 (s9H), 1.447 1.33 (m, 6H).13C NMR (126 MHz, CDG))

ua 155. 3, 154. 7, 148. 6, 137. 9, 136. 5, 129.

31.5, 29.6, 29.1, 28.5, 27.HRMS: (ESI) [M+H] calcd for GgH4iN4O3, 481.3173
observed481.3566.

N-(4-(6-(phenylamino)hexyl)phenyl)piperazinel-carboxamide hydrogen chloride
(4.22bg)

Synthesized according to General Procedure

H (\NH-ZHCI

N N
@\ W\/@ Tof 4.3. Purified via trituration with ethyl acetate
N
H

and diethyl etherYellow solid, 55 mg, 91%
yield. '"H NMR (500 MHz,CD:0OD) & 1 7.556(1®,2H), 7.541 7.51 (m, 1H), 7.49
7.45 (m,2H), 7.29i 7.24 (m, 2H), 7.13 7.08 (m, 2H), 3.80 3.77 (m,4H), 3.39i 3.33
(m, 2H), 3.291 3.26 (m,4H), 2.58 (t,J = 7.6 Hz, 2H), 1.78 1.67 (m,2H), 1.67i 1.57
(m, 2H), 1.497 1.42 (m,2H), 1.427 1.35 (m,2H). 3C NMR (126 MHz,CD:OD) U

157.6, 139.1, 138.1, 137.2, 131.5, 130.6, 129.6, 123.4, 122.4, 68.1, 53.1, 44.5, 42.4, 36.0,
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32.4, 29.6, 27.2, 27.HRMS: (ESI) [M+H] calcdfor C3H33N4O, 381.2649 observed,
381.2655
N-phenylhex5-enamide(4.8)

. To a 6dram vial containing the hexenoic acid (1.0equivy) was
Q\HJ\/\/\ added DCM (0.2 M), aniline (1.equiv), and DMAP (10 mol%).
The resulting mixture was ¢ oodDCEdL.1eqaiv). 0
The resulting mixture was allowed warmrtand stir until complete consumption of the
starting material was observed, monitored by TLC (approximately 6 h). The resulting
mixture was concentrated in vacuo to afford a yellow solid whiak then subjected to
flash chromatographg0-10% ethyl acetate/hexanes) afford the pure produc¥ellow
solid, 320mg, 97% vyield.'H NMR (400 MHz,CDClz) & 7J=5.9 Hz( 2H), 7.31 (t,
J=7.9 Hz, 2H), 7.24k, 1H), 7.10 (t,J = 7.4 Hz, 1H), B1 (ddt,J = 16.9, 10.1, 6.7 Hz,

1H), 5.091 4.98 (m, 2H), 2.36 (1) = 7.5 Hz, 2H), 2.15 (¢] = 7.1 Hz, 2H), 1.84 (p] =

7.4 Hz, 2H)*C NMR (101 MHz,CDCl3) a 171. 3, 138. 0, 129.

115.6, 37.0, 33.2, 24. HRMS: (ESI) [M+H] calcdfor Ci12H16NO, 190.1226 observed,
190.123.

tert-butyl 4-((4-(6-oxo-6-(phenylamino)hexyl)phenyl)carbamoyl)piperazinel-
carboxylate (4.21bf)

Niok Synthesized according t&eneral Procedure

(\

H
@ WNTNJ 4.2. Purified via column chromatograph@Q
(0]
N
H

40% ethyl acetate/hexanesWhite solid 130
mg, 38% vyield.'H NMR (600 MHz, CDCJ) U bf, 1H),77.52 (d,J = 7.9 Hz, 2H),

7.29 (t,J = 7.9 Hz, 2H), 7.18 (d] = 8.3 Hz, 2H), 7.10 7.04 (m, 3H), 6.56k, 1H), 3.46
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(s,8H), 2.55 (t,d = 7.4 Hz, 2H), 2.25 (t) = 7.6 Hz, 2H), 1.8 (p,J = 7.7 Hz,2H), 1.58
(p, = 7.6 Hz,2H), 1.48 (s9H), 1.32 (pJ = 7.8 Hz,2H).3C NMR (151 MHz, CDG)) U
171.8, 155.5, 154.8, 138.2, 138.0, 136.4, 129.0, 129.0, 124.2, 121.0, 119.9, 80.5, 44.0,
37.7,35.1, 31.2, 28.6, 28.5, 25HRMS: (ESI) [M+H]" calcd forCogHz9N4O4, 495.2966
observed495.294.
N-(4-(6-oxo0-6-(phenylamino)hexyl)phenyl)piperazinel-carboxamide hydrogen
chloride (4.22bf)
4 neeHol Synthesized according to General Procedure 4.3.

s O o

N 0o Purified via trituration with ethyl acetate and
diethyl eher. White solig 44 mg, 84% yield.'H NMR (600 MHz,CDsOD) a 9.77 (s,
1H), 7.547 7.51 (m,2H), 7.311 7.27 (m, 2H), 7.26 7.23 (m, 2H), 7.11 (d] = 8.4 Hz,
2H), 7.08 (tJ = 7.4 Hz, 1H), 3.80 3.75 (m, 4H), 3.28 3.25 (m, 4H), 2.59 (t) = 7.6
Hz, 2H), 2.35 (t,J = 7.5 Hz, 2H), 1.72 (p] = 7.6 Hz, 2H), 1.65 (p] = 7.6 Hz, 2H), 1.41
(p,J = 7.7 Hz, 2H)}3C NMR (151 MHz,CD:OD) & 174. 7, 174.7, 157.
139.2, 138.0, 129.8, 129.7, 125.1, 122.4, 121.4, 121.3, 44.5, 42.4, 38.0, 37.9236.1, 3
29.8, 26.8HRMS: (ESI) [M+H]" calcdfor C23H31N4Oz2, 395.2442 observed395.2442
1-nitro -4-(nonyloxy)benzeng4.31)

NO, To an overdried roundbottom flask,4-nitrophenol(1.0 equiv),
Ci/\OO K2COz (2.0 equiv), andl-bromononane(1.2 equiy) were
dissolved inMeCN (0.2 M)atrt. A condenser was attached and the reaction mixture was
heated to reflux until complete consumption of the starting material was observed,
monitored by TLC (approximately 6 h). Upon completion, the reaction was cooféd to

diluted with water and extracted with ethyl acetate (3x). The organic layers were
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combined, washed with brine (2x), dried with MgS(iltered, and concentrated in vacuo
to afford a crude yellow oil, which was then subjected to flash chromatog(@ogo
ethyl acetatélexanes)o afford the purified producWhite solid, 461 mg, 97% yieldH
NMR (600 MHz, CDC4) 0 i 8.162rh, 2H), 6.96 6.91 (m, 2H), 4.04 () = 6.5 Hz,
2H), 1.85i 1.77 (m, 2H), 1.49 1.42 (m, 2H), 1.39 1.22 (m, DH), 0.88 (t,J = 7.0 Hz,
2H).3C NMR (151 MHz, CDQ) ua 164. 4, 141. 4, 126 40,
29.40, 29.1, 26.0, 22.8, 14.HRMS: (ESI) [M+H]" calcd for CisH24NO3, 266.1751
observed266.164.

4-(nonyloxy)aniline (4.32)

In an ovenrdried pressure viall-nitro-4-(nonyloxy)benzend1.0

NH,
<>i/\o/ﬂj/ equiv) was dissolved in ethanol (O\M) before the addition of

SnCb (5.0 equiv) and HCI (12 M, 10 equiv). Vial was then sealed and heated to reflux

until consumption of starting material was observed, monitored by TLC (approximately 6

h). The reaction was then allowed to coofttand diluted with 5 M NaOHag) until pH

114.

> 8. The product was then extracted with ethyl acetate (3x). The organic layer was

collected,washed with brine (2x), dried with MgQJiltered, and concentrated inctso
to afford a crude yellow oil, which was then subjected to flash chromatog(@i#0¢o
ethyl acetate/hexane) afford the purified productWhite solid, 174 mg, 54% vyieldH
NMR (600 MHz, CDC§) & i 6.73716, 2H), 6.65 6.62 (m, 2H), 3.88 () = 6.6 Hz,
2H), 3.28 brs, 2H), 1.777 1.71 (m, 2H), 1.46 1.40 (m,2H), 1.3671 1.25 (m, DH), 0.89
(t, J=7.0 Hz, 3H)1®*C NMR (151 MHz,CDG)) & 152. 4, 139. 9,

29.7, 29.2, 2949, 29.4, 26.2, 22.8, 14.HHRMS: (ESI) [M+H]" calcd for C15H26NO,

236.2009 observed236.2A.6.
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tert-butyl 4-((4-(nonyloxy)phenyl)carbamoyl)piperazinel-carboxylate (4.33)

Triphosgene (0.®quiV) was dissolved in anhydrous

O
(\N)ko/k
Ci/\ QHTN\) DCM (0.1 M) under argon atmosphere, add
O
© (nonyloxy)aniline(1.0 equiv) in DCM (0.3 M) was

added dropwise. This mixture was stirred for 30 minrtagnd then treated with
triethylamine (2.3equiy) in DCM (0.6 M). After 30 minN-Boc-piperazine (1.%equiv)
was added. The reaction mixture was stirred for 16 hours avaporated to dryss,
treated with water (10 mL) and extracted with DCM (3 x 20 mL). The organic phase was
dried over anhydrous MgSQfiltered, and subjected to flash chromatography4Q@%
ethyl acetate/hexanes) to afford the pure proditite solid, 164 mg, 50% yieldH
NMR (400 MHz,CDCls)  § i 7.192(18, 2H), 6.84 6.80 (m, 2H), 6.32 (s, 1H), 3.91
(t, J= 6.6 Hz, 2H), 3.50 3.42 (m,8H), 1.79i 1.70 (m,2H), 1.50i 1.39 (m, 1H), 1.37
i 1.24 (m, DH), 0.907 0.85 (m,3H).*C NMR (151 MHz, CDG)) U 1551588, 155. 6,
131.6, 122.7, 114.9, 80.4, 68.4, 44.0, 32.0, 29.7, 29.5, 29.4, 28.5, 26.2, 22 8RMS3.
(ESI) [M+H]" calcdfor CosHa2N304, 448.3170 observed448.3B3.
N-(4-(nonyloxy)phenyl)piperazine 1-carboxamide hydrochloride (4.34)

L NG Synthesized accordingto General Procedure 4.3.
Ciﬂo /©/ NTO(N\) Purified via trituration with ethyl acetate and diethyl
ether. White solid, 38 mg, 89% yiefdld NMR (600 MHz,CDsOD) ua 722/,
2H), 6.861 6.83 (M, 2H), 3.93 (tJ = 6.5 Hz, 2H), 3.78 3.76 (m,4H), 3.28i 3.25 (m,
4H), 1.787 1.71 (m,2H), 1.497 1.43 (m,2H), 1.397 1.27 (m, DH), 0.90 (t,J = 7.1 Hz,

3H).°C NMR (151 MHz,CDsOD) & 157. 8, 157. 3, 133. 0, 124.
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33.1, 30.7, 30.6, 30.4, 30.4, 27.2, 23.7, 14RMS: (ESI) [M+H] calcd for

C20H37N302, 348.2646 observed348.264.
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Appendix A. Spectra for Chapter 2.
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'H NMR of 2.4e
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'H NMR of 2.4f

13C NMR of 2.4f
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