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Abstract

Sphingosinel-phosphate (S1P) is a ubiquitous signaling molecule.iSfdPmed
from sphingosin@ia phosphorylation by one of its two kinases (SphK1 and SphK2). Once
produced, it can be exported out of the cell by Spinster homologue 2 (Spns2) or major
facilitator domain containing 2B (mfsd2b) whereadts as a ligand fde-protein coupled
receptors S1E. S1P has important, ubiquitous extracellulfunctions in the body
includingcellular survival, proliferation, and migratiomdeed lymphocyte traffcking is
reliant on the gradient of S1P foundhere S1P levels are high in blood and low in tissue
This makeghe S1Ppathwayan attractive target for potential immunosuppressant and
antrinflammatoryagent Disruption of the S1P gradient througknetic knockout and
small molecule basesbns2 inhibition hae bothbeen shown to provide potential treatment
in renal fibrosisThus,there is a urgentneed fordevelopingSpns2 inhibitors to explore

their therapeutic value.

Work in this dissertation discloses the design, synthesis, and activities of several
highly potent Spns2 inhibitors. Several structures were investigated and allowed for the
discoveryand developmerdf benzimidazole derivativé.13h. This structure is comprised
of a 3cyclopropylphenoxy tail, a benzimidazole core, and a piperazine head hreoitm
assays demonstrated the compound has &FIQ7 + 6 nM, making it the mospotent
Spns2 inhibitor to date. Intraperitoneal (IP) and per oral (PO) administratidri@&f
reduced circulating lymphocyte courdg 49% and 34% respectively, recapitulating the
lymphopenia observed with Spns2 knockout miiearmacokinetic studieswealed that
4.13hhas a Gax= 480 nM and a:k= 8.33 h in miceTaken together, these results suggest

that4.13 presents a novel Spns2 inhibitor that can serve as a chemical tool for exploring



Spns2 related biology and as potential immunosupprags agentfor the treatment of

diseases such as multiple sclerosis or renal fibrosis.



General Audience Abstract

Aut oi mmune diseases are caused when a per
healthy cells. In a person with multiple sclerosis, their immune system becomes sensitized
to the myelin sheath that covers their neurons in the central nervous system. Tisisresul
the degradation of the myelin sheath and irreversible degradation of the nerve cell axons.
This damage leads to the development of several neurological impairments, such as pain,
fatigue, mobility problems, and numbness. While there is no cure dtiipha sclerosis,
diseasanodifying therapies are typically taken by patients to suppress their immune

system and slow disease progression.

Sphingsoinel-phosphate (S1P) is a lipid that is important for the trafficking of
l ymphocytes into a personébés centr al nervous
natural gradient of S1P which is high levels in blood but low in tissues. Lymigsoail
follow this gradient from areas of low S1P concentration (lymphatic tissue) to areas with
higher S1P concentrations. Modulation of S1P levels is the mechanism of action for several
FDA approved drugs as they target primarily S1P1 receptors tevactawer levels of
circulating lymphocytes. However, targeting this receptor also results in cardiovascular
side effects such as firdbse bradycardia. The transporter for S1P, spinster homolog 2
(Spns2), which is upstream of the S1P receptors, is anatitde target that our lab has
recently been targeting. Spns2 inhibition decreasé&acellular S1P levels and result in
reduced lymphocytes in mice models. In this dissertation, several inhibitors were

developed and assessed for tieiitro andin vivo ability to inhibit Spns2.
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Chapter 1: S1P Modulation Through Spns2 Inhibition for Autoimmune Diseases
1.1 Contributions

Dr. Ashley Peralta synthesized compouhdthe initial hit when screening for
Spns2 inhibitors. Dr. Russell Fritzemeier synthesized lead com@ukD81851and Dr.
Ariel Burgio synthesize®LB1122168 All biological data was collected at the University

of Virginia by Dr. Yugesh Kharel, Dr. Tao Huang, and Dr. Kevin Lynch.
1.2 Abstract

Sphinsosinel-phosphate (S1P) is part of a ubiquitous class of chemotactic lipid
cellular signalers that are responsible for several functions including cell proliferation and
antrinflammation. S1P can be transported out of the cell into the extracelpdae by
one of its two transporters, Mfsd2b or Spns2. Once in the extracellular space, S1P can
interact with its receptors, S1#51 S1P1 agonism is important fofCEll egress out of the
lymph nodes. Modulation of these receptors to result in lymphapemiell known and a
mechanism of action for five FDApproved drugs for the treatment of multiple sclerosis
(MS) and ulcerative colitis. Inhibition of S1P1 also leads ttawget cardiovascular effects
including hypotension and bradycardia. S1P moduietirough targeting another node of
the pathway may be targeted to provide therapeutic benefit while avoiding these effects,
which has allowed for growing interest in novel inhibitors of Spns2 to elucidate their

therapeutic potential.
1.3 Biosynthesis of Sphingosin&-phosphate

Sphingolipids are a class of systemic lipids and have important roles in signal

transduction, cell recognition, immune response, cell proliferation, and cell apdptosis.



Sphingolipids can be broken down into four individual components: an alkyl chain

typically composed of 220 carbon atoms, @olar head group containing either an amine

or amide, a secondary alcohol, and a terminal alcohol or ether firfkeneration of

sphingosiné€l-phosphate (S1P) begins in the endoplasmic reticulum (ER)deithovo

synthesis of ceramidéd) from |-serine and palmitoyCoA through serine palmitoyCoA

transferasé. Alternatively, ceramide can be generated from sphingomyelin through

sphingomyelinas@ Once generated, ceramide can be hydrolyzed into sphing@ibg (

ceramidase. Sphingosin®) €an then go forward to be phosphorylated by the two isoforms

of sphingosine kinase: SphK1 and SpHK21P can also be irreversibly degraded into

phosphoethanolamine aneh2xadecanalia S1P lyase (Figure 1.1).
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Figure 1.1 Depiction of thébiological S1P synthesis pathway.



1.4 The Function of Intra- and Extracellular S1P

S1P can be found intrand extracellularly. Intracellularly, S1P acts in the nucleus,
mitochondria, and the ER and has been correlated with both proliferative and apoptotic
effects® SphK2 located in the nucleus produces S1P that serves to inhibit histone
deacetylase 1 and 2 (HDAC12This inhibition leads to transcription and expression of
the P21 protein, which is associated with cell cycle arrest causing cell®déatvever,

S1P is located in the nucleus and increases stabilization of human telomerase reverse
transcriptase (hTERT) by promoting phosphorylafidrhis interaction and stabilization

with hTERT increases the activity of hTERT and promotes cell proliferati®hP
produced in the ER by SphK2 has been suggested-tegupate ceramide synthase 2
activity, resulting in the production of ceramide, leading to apoptdditochondrial S1P
interacts with Bel2 homologous antagonist killer (BAK) protein productfoFhe increase

in the production of BAK results in increased mitochondrial membrane permeabilization,
which allows the prapoptotic messenger cytochrome c to be released in the cy&iel.

also can be shuttled out of the ogll spinster homolog 2 (Spns2), with the exception of
erythrocytes, which utilize major facilitator superfamily domain containing 2B (mfsd2b).
Once out of the cell, S1P has a high affinity for itgi@tein coupled receptors (GPCR)
S1P15. The interaction wit these receptors results in a cascade signaling effect that leads
to cell survival and proliferatiot’. These receptors are highly expressed in tissues,
especially S1PB, with S1P1 being the most ubiquitous of the GPE&RHe different
receptors can be found with varying localization that results in differing cellular
functionalization. S1PB tend to be found ubiquitously, while Sl localized to

lymphatic tissue and SBHs in endothelial cells within the blood brain barrier (BBB).



S1P1 is heavily involved in regulation of the immune system and vascular development
during embryogenesis. While each receptor has localized function, they are all associated
with cell survival and proliferation. S1P1 plays a key role in lymphocyte tkaific S1P

has a natural gradient that is high concentration in blood and lymyh (M) compared

to surrounding tissue (2606600 nM)*? Lymphocyte trafficking from the lymph nodes to
circulating lymph is thought to be mediated by this gradiéiice studies have been used

to suggest this correlation where deletion of S1P1 in hematopoietic stem cells led to the
marked decrease of circulating T cells in peripheral lymph, resulting in T cells not being
transported out of the thymi&s41° The importance of S1P and its receptors in regard to
the lymphatic system has been studied extensively for the development of small molecule

S1P1 agonists for inflammatory and autoimmune dise&ses.
1.5 Multiple Sclerosis

Multiple sclerosis (MS) is an inflammatory disease that leads to demyelination of the
axons in the central nervous systéhistinctive features of this disease involve axonal
damage in the brain and spinal cord accompanied with plagues and lesions that cause
scarring. Chronic inflammation leads to demyelination of the fatty sheath that covers nerve
axons, which serves to peat the axons as well as increase the rate of action potéhtials.
These action potentials are nerve impulses that result from depolarization of the membrane
potential and are trafreeuronal cell signals. Having sections of myelin covering the axons
is essential for the action potentials to propagate properly downritralggervous system
(CNS) and mediate signals from one nerve cell to another. Demyelination occurs because
of T-cell, in particular CD% and CD8, mediated autoimmune attacks. In MS, cerebral

endothelial cells have abnormalities that alloveells to cra@s the blood brain barrier



(BBB) due to compromised vascular integrity and attack the €X8Jpon entry into the
cerebrospinal fluid (CSF), lymphocytes can attack the myelin sheath resulting in
degradation and exposure of axons, thereby reducing action potentials. Action potentials
are responsible for controlling things such as motor functiomedp vision, and other
primary functions of the CNS; degradation of which can cause these controls to be impaired
or fail completely?? Additionally, this loss of motor control is accompanied with pain,

fatigue, and other physical ailments such as tremors and spinal cord weakness.
1.6 S1P Receptor Modulators for Treatment of MS

S1P exists in a concentration gradient high in the blood compared to fi$3hes.
levels of S1P in blood and plasma are in micromolar concentrations, while the levels in
tissue are found in nanomolar concentratitiithe S1P gradient is known to be a regulator
of immune system traffic, specifically that ofcEll lymphocytes® Lymphocytes follow
this gradient in a chemotactic response. Some notabledfipfoved drugs that modulate
the sphingosine pathway are fingolimod (Gilehy&TY720, Novartisy® 26 siponimod
(Mayzen®, BAF312, Novartis¥® 2’ ozanimod (Zeposfa RPC1063, Celgen®)?°, and
etrasimod (Pfizer, APE334, Velsipity) (Figure 1.23% 3! Fingolimod is a prodrug that
becomes phosphorylatéd vivo by SphK2 and acts as a functional agonist on S1P1,3,4,5
where it causes receptor internalization and degrad&tiomss of these receptors blocks
the egress of lymphocytes from the blood to secondary lymphatic tissue leading to
lymphopenig® The immunosuppressive property of S1P modulators slows the progression
of MS in patients and results in symptomatic relief. Siponimod and ozanimod are S1P1,5

agonists, etrasimod targets S1P1,4,5, and ponesimod is exclusive t& SR .these



induce lymphopenia and also cause {itsse bradycardia and depressed atrioventricular

conduction, an unavoidable target effect of S1P1 inhibitiol: 2% 32
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Figure 1.2 FDA approved drugs that target the sphingosine pathway.

1.7 S1P Correlation to MS

In patients with MS, the concentration of S1P in the CSF is significantly higher (2.2
+ 2.7 nM, p <0.01) than that of a control group (0.69 + 1.1 finowing this increase
is present, it is suggested that increased levels of S1P in the CSF are associated with the
inflammation and influx of lymphocytes in the CNS that is observed in MS patients. It is
established that lymphocytes have a chemotactionsgpto the steep gradient of S1P in
the blood, so having higher levels than usual in the CNS should cause them to traffic into

the CNS where they are not typically foulid.



1.8 Spns2 and Potential Immunosuppressant Therapeutic Use

Targeting the S1P pathway through the inhibition of Spns2 could allow for the
avoidance of cardiovascular issues seen with current S1P modulators while potentially
providing the same therapeutic benefit. The advantage of targeting this pathway has been
proven through the inhibition of other nodes in the S1P pathway, such as Spns2 and each
of S1P6¥%3Rpns2 B seeessary for maintaining levels of lymph S1P, as plasma
levels are controlled through Mfsd2bGermline knockout of th&pns2gene results in
approximately 80% reduction of lymph S1P, while there is agigmificant reduction in
blood and plasma S1P 3¢ Spns2 deletion statistically reduces circulatingfd Bcells2°
With this in formation, Spns2 inhibition is expected to result in lymphopenia similar to S1P
receptor modulators. The advantage would be avoiding the undesirataigeneffects
caused by S1P receptor modulation. Spns2 deletion has demonstratedvpreftstts in
mice experimental autoimmune encephalomyelitis (EAE), a model for°N&pns?2
inhibition also reduces levels of pfibrotic cytokines in human cell models of renal
fibrosis3™3 Our laboratory has also exhibited an Spns2 inhibitor that is protective in

kidney fibrosis models while fingolimod failed to do¥o.
1.9 Structure and Mechanism of Transport for Spns2

Recent research has shed light on the mechanism of -Bmdidted S1P export.
Spns2 acts as an AfiRdependent transporter for S1P. Specifically, Spns2 acts through an
alternatingaccess mechanism as a facilitatkéfflusion uniporter using cryelectron
microscopy>® 4° The alternatingaccess model has S1P bind intracellularly to its
transporter Spns2. Once bound on the infadeng conformation, a conformational change

occurs which shifts the opening of the protein to be facing the extracellular space. Once

8



outwardfacing, S1P can be released into the extracellular $p&te=1081851was also
subjected to molecular docking studies in which it was shown to bind inside of Spns2,
preventing it from conforming into its outwafdcing state, preventing the release of S1P

(Figure 1.3)*°
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Figure 1.3 Modeling studies d6LF1081851(16d) inside of Spns2. It is predicted to bind
in the same location as S1P &y 720, locking the transporter from conforming. Figure

adapted from referenée.

1.10 First and secondgeneration Spns2 Inhibitors

Initially, the Santos lab screened a large known library of SphK inhibitors for
activity against Spns2 in &accharomyces cerevisiassay'?*’ Screening revealed
compound 4 that had inhibitory activity against Spns2 (Figure f24Bimilar to
endogenous S1P, this compound is comprised of a long straight alkyl chain, a phenyl and
1,2,4o0xadiazole core, and a polar guanidinium head group. These regions were divided

into three distinct regions to be explored through struauatwity relationship studies.

9



C1oH21

Figure 1.4 Initial hit from SphK2 screening for Spns2 inhibitors.

Looking at endogenous S1P, phosphate head groups were initially incorporated into
structures. However, phosphate groups proved to bédewoeficial, so focus was shifted
toward positively charged moieties such as guanidine and amines. However, previous wo
from our lab has shown that guanidines have poor oral bioavailability due to their pKa
causing complete protonation in physiological 1§H.28%! The structureactivity
relationship (SAR) study that proceeded this work allowed for the discovery of
SLF1081851 the first reported Spns2 inhibittrSLF1081851comprises of a decyl tail,

a phenyl ring, oxadiazole, and propylamine head group (Figure $1991081851
displayed a 67% inhibition of Spns2 in HelLa cells at\ concentration and a dose
response assay was used to determine & =lC.93 = 0.04vM. Additional assays were
performed using published protocol to investigate whe®h€1108185linhibited SphK1

and SphK2 in which it showed no activity (SphK1d@ 30 & M; s08pBRB2 ¢ ML
(Figure 1.5)*° SAR studies around the tail length, varying heterocyclic replacements of the

oxadiazole ring, and head groups showed this compound to be the most potent.

When administereth vivo, SLF1081851displayed modest lymphopenia in mice
after a single 20 mg/kg intraperitoneal (IP) injection. Unfortunat&8liF1081851

displayed a narrow therapeutic window, as toxicity was observed at 30 mg/kg dose.

10



Toxicity and low potency necessitated further study into compounds with increased

potency and better performing pharmacokinetic properties.

Polar head group I e I I I I - l ~ . regmy
F1081851 (uM
' VI (A
1 1 o "
' .
:-IIIII| ?"IIIII
_‘”"1._‘;-1;--,-_ ‘lm.;' ' sx:'msrss: (M) R

Figure 1.5 In vitro studies of SLF1081851. (A) Doskependent assessment against

i

SLF1081851

Spns2, (B) Inhibition of mSphK2, (C) Inhibition of mSphK1. All assays performed in

duplicate. Figure is adapted from reference with modificatténs.

When investigating the core 81.F1081851 it was hypothesized that a fusion of
the phenyl ring and 1,2dxadiazole core to a 5licyclic ring system could occur to
increase conformational rigidity and polarity of the molecule. Ring fusion led to the
benzoxazole series, which identifi&lB1122168as a highly potent inhibitor of Spns2
(Figure 1.6%2 Bearing a pyrrolidine head group, this highly activity inhibitor displayed a
77 £ 4% inhibition of Spns2 at 300 nM concentration. A d@sponse assay revealed this

compound had an o= 94 + 6 nM.

When administered to miceSLB1122168 resulted in significant reduction of
lymphocytes after a single 10 mg/kg IP injection after testing blood levelsaaid416

hours postlose?? SLB1122168also displayed ideal pharmacokinetic properties with a
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half-life of 8 £ 0.2 hours and asax0of 4 MM in rats (Figure 1.7). Rats also displayed a 55%

reduction in lymphocytes after 10 mg/kg IP injection.

Ring Fusion
ﬂ *HCI
N—O>\/\/NH2 *HCI
. )
ﬁN N\>_NHﬁ<:‘\1H
C1oH21 C1oH21 ©
SLF1081851 SLB1122168

Figure 1.6 SARapproach for discovery of@minobenzoxazole structute.
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Figure 1.7. Pharmacodynamic/pharmacokinetic profiling analysiSloB1122168 Male
rats (Sprague Dawley strain, 4 weeks old, n=6) were injected (IP) with a single 10 mg/kg
dose. (A)SLB1122168levels in blood (B) Circulating lymphocytes percentage after

SLB1122168administration.

Unfortunately,SLB1122168suffers from poor oral bioavailability and did not cause
lymphopenia in mice or rats per oral (PO). This is hypothesized to be due to the high cLogP

(6.82) and large number of rotatable bonds 84#112216&has, whi ch vi ol at e

12



Rule of 5% It is hypothesized that reducing these values should help to improve oral

bioavailability.
1.11 Conclusion

S1P is a ubiquitous signaling molecule that has a pathway with multiple nodes for
manipulation for the treatment of autoimmune diseases such as multiple sclerosis, renal
fibrosis, and ulcerative colitis. Modulation of S1P activity through inhibition oflSA.B
proven to be beneficial through several FDA approved drugs. Unfortunately, unwanted on
target side effects are observed with these drugs. Immunosuppressive effects obtained
through other nodes in the S1P pathway may avoid thedarget effects. hs2, a
transporter of S1P, is beneficial for MS in mice knockout studies, as they display lower
clinical scores in EAE modef8.Our group has discovered two generations of Spns2
inhibitors, revealing lead compoundSLF1081851 and SLB1122168 While both
compounds display inhibitory activity against Spisgitro and lymphopenian vivo, they
both unfortunately suffer with unwanted pharmacokinetics such as poor oral bioavailability
and lowdose toxicity. Thus, Spns2 inhibitors could be valuable as therapeutics for

autoimmune diseases while improving the pharmacokinetic properties@ttmapounds.
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Chapter 2: Imidazole-BasedSphingosinel-phosphate Transporter Spns2 Inhibitors
2.1 Contributions

Thi s chapter i s a n -Basdda Pphirgosiniphosploate A1 mi d &
Transporter Spns2 I nhibitorso written by th
Huang, Kevin Lynch, and Webster Santos that is publisBezbg. Med. Chem. Left
2023 96, 129519). Dr. Russell Fritzemeier synthesized compound SLF1081851, the lead
compound represented for the figaneration Spns2 inhibitor. Dr. Daniel Foster
synthesized and characterized compoudsg. All other work in this chapter was
prepared and syinésized by Christopher Shrader. The biological data was carried out by
Dr. Tao Huang, Dr. Yugesh Kharel, and Dr. Kevin Lynch at the University of Virginia. Dr.

Webster Santos provided guidance and oversight throughout this project.
2.2 Abstract

Sphingosinel-phosphate (S1P) is a chemotactic lipid that influences immune cell
positioning. S1P concentration gradients are necessary for proper egress of lymphocytes
from the thymus and secondary lymphoid tissues. This trafficking is interdicted by S1P
receptor modulators, and it is expected that S1P transporter (Spns2) inhibitors, by
reshaping S1P concentration gradients, will do the same. We previously reported
SLF1081851as a prototype Spns2 inhibitor, which provided a scaffold to investigate the
importance of the oxadiazole core and the terminal amine. In this report, we disclose a
structureactivity relationship study by incorporating imidazole as both a linker and
surrogate for a positive chargeShF10818511n vitro inhibition of Spns2dependent S1P
transport in HelLa cells identifie?l7b as an inhibitor with an 1§ of 1.4 £ 0.3 uM. The

SAR studies reported herein indicate that imidazolium can be a substitute for the terminal
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amine inSLF1081851and that Spns2 inhibition is highly dependent on the lipid alky! tail

length.

2.3 Introduction

Sphindgpésiosephate (S1P) i s part of a ¢c¢l as
responsi bl e for many functions in humans.
endot hel i al barrier i ntegrity and i mmune cC ¢

intracgéhetarédg by the phosphorylation of s
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dephosphoryl ated by a | ipid phosphate phospt
S1P |l yase, or be transported into the extr
(Spns2) or major f acddrttaitmirn gslubbRtr(f démd d B/b daor!
S1P acts aspraotleiignancdo utpd e@ rec®2B)ptolrns @Pamt imaun
binding to S1P1 results i n receptor i ntern
recognition of S1P |l eading tor gretd/itemprlre.gr es:
fact , this functional antagonism is thought
clinically approved drugs for remittding rel a
Fingolimod (FTY720) was the first drug appr
as a prodrug that requir eFsTYiREBEDPHhBRGaElnat i on t
then bi bhds3,todiS$STrRupt the S1P gradient causin
sl ower progression of r efQ@ursrienrgt Irye,miftaurngS InR
modul ating drugs (Fingoli mod, Siponi mod, Oz :
by the FDA and a fifth (Etrasimfidp2)™® the su

°Drugs in this class are knowRMss h VR raadoepts
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Spns2 inhibitors might circumvent this issue while maintaining the same therapeutic
benefit. Indeed, Spns2 is expressed by endothelial cells, which provide lymphSAP
second S1P transporter, Mfsd2b, is expressed by red blood cells and is responsible for S1P
present in plasm¥. Results from studies using mouse strains rendered Spns2 deficient via
genetic manipulation implicate this transporter in the formation and maintenance of the
blood-brain barrieft” vascular integrity, and lymphocyte traffickifyGermline ablation

of the Spns2 gene results in severe lymphopenia and when mice were subjected to the
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experimental autoimmune encephalomyelitis (EAE) model, the severity of MS clinical
scores improved Furthermore, mice deficient in Spns2 are protected in two renal fibrosis

models including ischemia reperfusion injury and folic acid induced toXftity.

Our laboratories recently reported the first inhibitor of Sp8£&108185]1 which
has an 1Go=1.93 + 0.04 uM in an S1P release as$§agure 22).1° When administereih
vivo, SLF108185linduced lymphopent& (a hallmark of Spns2 inhibition) and exhibited
protective properties in kidney injury modé¥s. Structureactivity relationship
investigations on the linker region 8.F1081851generated5L.B1122168wherein the
phenyl and oxadiazole ring were fugédn continuation of our studies, we investigated
several isoterésof the 1,2,4oxadizole ring to improve both potency and pharmacokinetic

properties oSLF1081851

Hydrophobic tail SLF1081851 SLB1122168

Figr @& The reporteSLPRPpOGESH Bhi 2168 s

For example, an imidazole ring changes the polarity of the linker while affording a
hydrogen bond donor. In addition, the imidazole ring could provide additional anchor
points for functionalization that could improve binding affinity. Further, we enviditme

replacement of the terminal amine to an imidazole or imidazolium could retain potency.
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2.4 Results and Discussion

We dividedLddmMBidmBibdl, t hree di stinct sectio
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With putative Spns2 inhibitors in hand, the compounds were tested for Spns2
inhibition using an S1P release assay in HelLa &Ms. shown in Tabl@.1, introduction
of methyl and ethyl substituents on the imidazole rin@.#a and 2.7b indicated 51%
inhibition at 2 uM, suggesting the imidazole proton is not vital for activity and small alkyl
groups can be accommodated in the binding pocket. Longer substituent length with
incorporation of a propyl moiety id.7cor an ether ir2.7d for hydrogen bonding showed
a significant decrease in activity at 11% inhibition. Introduction of an isopropy@&gter
or primary amide2.7g to probe Hbond interactions and sterics displayed decreased

activity.

Next, we investigated the Spns2Z2ll@nhibitor
and i mi dazdll2igu manslad3 t &s ( s ho22n, ivnarTaobulse t ai | |

ranging from heptyl to wundescceydf fsohlodaseOd emmotdreirea

I n general, the imidazolium salts perfor med
neutr al I mi dazol e anal ogs. Il n a@l Paitoon, as
non¥l12o a corresponding increase in potency
increased to undecyl, a precipitous drop in

consistent with our previous wor k,enwghtehr e t h
for opti mt@vearcalilvi tyhese results suggest t
i midazol i u2l 2zcaamp ddienda surrogateSEBLO88h&5posi
OQur resul2ls a2®d sTapdeest t hat met hyl 2@d2ad et hyl

bare the most potent among the series tested
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Table 2.1. Spns2 inhibitory activity of various imidazole derivatives.

|
N
C1oHa1

*HCI
NH,

Z.
7/1”

Entry Cmpd R % Inh
1 27a A'¢ 51+ 3
2 27b A 51+1
3 27¢ 7 743
4 2.7d 0T g1+

(@)
5 27e Y j/ 27 +0
(@)
NH
6 279 YP 102
(@)

7 SLF1081851 671

2All compounds tested at 2 pM. Spns2 inhibition is shown as relative extracellular S1P
levels in comparison to levels in control with no inhibitor present. Cellular media extracted
and S1P levels quantified via LC/MB&ssays performeth duplicate.

Thus, we perrfeosrpmoends ea sd ausdey 2a3s. slhnocwne aisn n g
i nhi bitor c¢onaoMnttarMd 0 eosnu Iftreodn iOn. 3a correspond
transport as quant i Y gadn db y@7LhG/laMhSa | oTghse wreert eh yfl
to haore2l.82 N 0506 1OM aldo.I3C OM, 23)e.s plercdé evck,l y
et hyl i 2ibdmpobeed S1P transport i nhi bition

scaf fSUF1 008(1186 11. 9.3 OM)
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Table 22. Spns2 inhibitory activity wittdifferent tail lengths.
N
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Cmpd R % Inh Cmpd R % Inh

211a v s 12+8 2.12a A Crths 0

2.11b v Cet 22+1 2.12Db v Cat 26 +9

211c O 28 +12 212¢ Y oo 47 £0

2.11d s Crokar 33+5 2.12d Y Crofzy 41+11

211e N Cnhzs 25+9 2.12e NGtz 3+2
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log [cmpd]

Figure 2.3. Dose response curve fafr7a and2.7b in HelLa cells. I1G determined to be
2.82 +0.6 uM and 1.4 £ 0.3 pM, respectively.

2.5Conclusion

In conclusion, we performed a structaetivity profiling onSLF1081851with a
focus on imidazole as both a linker and terminal surrogate for a positive charge. An
attractive feature of this moiety is the ability to decorate thenlidazole with various
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groups to probe both steric and electronic effects. Our studies suggest that small
hydrophobic groups such as methyl and ethyl can be accommodated affording a slightly
improved compound.7b. Further, we found that a terminal positive charge in imidazolium
salts can substitute for the cationic nitrogenSbhF1081851and the S1P transport
inhibitory activity is dependent on the alkyl tail length, which is consistent with our
previous report. Overall, our studies can be used in further understanding the consequence

of inhibiting S1P transport via Spns2. These invesbiga will be reported in due course.
2.6 Future Directions

The results from the SAR study around the internal imidazole based structures show
promising activity for this heterocycle. Analysis of the substitution on the imidazole ring
suggests that there could be a strong hydrogen bond interaction driving Spres&ion.

As the size of the functional group gets larger on the imidazole, activity goes down. This
generates interest in a fusion of the two internal rings to form a benzimidazole.
Benzimidazoles are a privileged scaffold seen in many FDA approvedusasté?’
Fusion of the rings would allow for the ammonium head group to remain present and this
important hydrogen bonding interaction to help drive activity in our inhibitors. This would

also allow for increased hydrophilicity and decreased rotatable bonds.
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Chapter 3: Structure-Activity Relationship Studies of Linker and HeadRegion of

Spns2 Inhibitors
3.1 Contributions

Dr. Russell Fritemeier synthesized lead compousddF1081851 and Dr. Daniel
Foster synthesized compoudLlF80821178 All other compounds in this chapter were
synthesized andharacterizedy Christopher Shrade¥Work was completed under the
guidance of Dr. Webster Santos. All biological data aleracterize@t the University of

Virginia by Dr. Tao Huang, Dr. Yugesh Kharel, and Dr. Kevin Lynch.
3.2 Abstract

Previous work from our lab had identifi€el F80821178 a seconejjeneration
inhibitor based upo®LF1081851 asin vivo active Spns2 inhibitor. Administration of
SLF80821178to mice induced lymphopeniaafter intraperitoneal (IP)administration
While effective in mice SLF80821178had poororal bioavailability andshot drug
exposure due to metabolic liabilities in the compound. In this report, the design, synthesis,
and activity of a variety of scaffolds of Spns2 inhibitors is disclosed. These compounds
comprise of multiple scaffolds used to explore the binding pocket of S1P inside of its
transporter Spns2. The compounds consist of pkexgdiazole systems, heterocyclic
amides, and phenylureas. éllcbampaign allowed us to confirm the importance of a
nonpolar tail and a polar head group. We were also able to probe thelithezesional
space of the binding pocket with fused ring systems. The results of this study around
phenylureas were successfuldaveloping a low nanomolar #ginhibitor of Spns2 with
prdonged activityin vivo. Of particular note was analddR)-3.16k which had similar

activity to SLF808211781Cso = 53 + 4nM). With an 1Go = 128+ 9 nM, this compound
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also induced lymphopenia in migdter IP dose of 10 mg/kgOur modificatiors to
SLF80821178&elped taedu@ metabolic liabilities and allovior longerlasting reduction

of circulating lymphocytes.
3.3Introduction

While SLF1081851provided a scaffold for firsyeneration Spns2 inhibitors has
low potencyalow therapeutic window, and poor oral bioavailabilishich necessitatea

new generation of inhibitor@igure3.1).

*HCI

NH, *HCl
N’O (\NH
L N N
" T
(0]
CioHa1 C1oHa1
SLF1081851 SLF80821178
ICs0 = 1.93 £ 0.04 uM IC50 =92 nM

Maximum tolerated dose ~20 mg/kg
Poor oral bioavailability

Figure 3.1 First generation Spns2 inhibitSt. F1081851and lead Spns2 inhibitor
SLF80821178

The internal core comprising of the phenyl ring and 1gXddiazole were
investigated as well as the head region of the molecule. Previous reports have shown that
replacement of the oxadiazole riwgh other heterocycles such as imidazole, oxazole, and
pyrazolesdid not improve inhibitonactivity.: 2 However, no reports have been made on
the translocation of the rings. Relocating the rings to reverse their order couldeenhanc
interactions inside th@rotein binding pocket not seen IB8LF1081851 Our lab also
recently discovered5LF80821178 a highly potent inhibitor of SpnsgFigure 3.1).
SLF80821178consists of a decyl tail and a phenylurea with a piperazine head diroup.
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incorporates a urea into the head group to replace the oxadiazole ring and a piperazine
warheadn the pharmacophore. Amides act as bioisosteres for-&@&diazole rings and
have a high prevalence in druty$Replacement of the oxadiazole ring could also provide
metabolic stability, ametabolizingenzymes catalyze ring opening through cleavage of the
N-O bond>’ While SLF80821178nhas very potent activitin vitro (ICso = 53 + 4nM), it
exhibits issuesuch agoor oral bioavailability and metabolic liabilitiesor examplethe
piperazine rings commonly hydroxylated byytochromeP450duringmetabolisnf When
administered IPSLF80821178exhibited lymphopenia in mice after 4 hours. However,
SLF80821178vasnot effective undeoral administration in mice as well as it suffers from

a short haHife of 4 hours. Lymphopenia posthbursin vivois not observed in mice with
this compoundunfortunately It was first postulated that replacement of the phenyl ring
with a heterocycle could help improve the oral bioavailability and pharmacokinetic

properties oBSLF8082117&hrough increased polarity and electronic interactfol¥s.

We hypothesized that replacement of the internal phenyl ring could be beneficial
to our inhibitors(Figure 3) Replacement of the phenyl ringith a heterocyclecould
improve metabolic stabilityby prevening oxidation!**3 Increased hydrophilicity could
also improve oral bioavailability, as cLogP values would decreabetter match ideal
druglike propertiesdescribed by Lipinski* 1> Azoles werealso targetedas they can
potentially improvein vivo metabolic propertie¥® 7 Another approach to improve the
pharmacokinetic properties 8L.F80821178was a structuractivity relationship (SAR)
study around the head grouphe studies included derivatives such asbamates,
benzamides, and various amines in the urea scaffdlol maintain a similar overall heavy

atom length, an undecyl tail was chosen for this series.
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*HCI
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N_N_J
C10H21/©/ lr
*HCI /

(\NH H I/\NH-HC|
Cy1Has N\) NTNM"
o O
CioHa1
Heterocyclic ring analysis Head group modifications including:
-Bicyclic amines
-Spirocycles

-Substituted piperazine rings

Figure 3.2 General structures of the scaffolds explored in the stathpaigraround
SLF80821178

However, bicyclic, spiro, and substituted piperazine rings were not investigated in
the SAR study aroun8LF80821178Figure3.2). These compounds would add steric bulk
through fused rings to better understand the timeensional space of the binding pocket.
These head groups would also function to reduce potential metabolic liabilities of the
inhibitors. By reducing the possibieetabolic liabilities of our structures and increasing
hydrophilicity, our goal was to achieve increased oral bioavailability and slow down

metabolism of our structures.
3.4 Chemical Synthesis

Synthesis of the revers@dre scaffold began with reaction between commercially
available 4iodobenzonitrile and hydroxylamine hydrochloride to afford the amidoxime
3.2in 91% yield ¥ ** HCTU-mediated couplingnd cyclizatiorwith undecanoic acid was
used togeneratethe 1,2,4oxadiazole ringintermediate3.3 in 70% yield?® From this

common intermediate, a twsiep onepot hydroboration followed by Suzukiyaura
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crosscoupling was performed witN-Boc-allylamine andN-Boc-vinylamine to give3.4a
and3.4bin 64% and 89% yield, respectivelyFinally, an HCimediated Boc deprotection

was performed to afford final compound.5a and 3.5b with 85% and 80% yieklas

hydrochloride sa#t
N|/0H ,\;—o>§
—CyoH
I I I
3.2 3.3
3.1
N-Q N-Q
/N/>‘C10H21 'N/>‘C10H21
d “HCI
BocHN HoN
n n
3.4a-b

3.5a-b

Scheme3.1. (a) hydroxylamine hydrochloride (2.2 equiv.), triethylamine (3.0 equiv.),
EtOH, 80 °C, 16 h,91%; (b) Undecanoic acid (1.2 equiv.), HCTU (1.2 equiv.),
diisopropylethylamine (1.8 equiv.), DMF, 108G, 16 h 70% (c) (i) 2-decene (2.0 equiv.),
9-BBN (2.1 equiv.), 70 °C, 1 h. (ii) Aryl iodide (1.0 equiv.), Pa@ppf)-CHCI, (0.05
equiv.), 3 M ag. KOH (3.0 equiv.), THF, 70 °C, 16 h;&8%%6; d) 4 M HCI in dioxane
(10.0 equiv.), DCM, 20 °C, 16 h, &5%.

The heterocyclic core inhibitors were synthesized beginning with commercially
available heterocyclic carboxylic acids. These were subjected to Haddiated coupling
of N-Boc-piperazine tdorm theamide head groupompounds3.6ac in 40-67% vyield
The undecyl tail was then installed with a substitution usibgoinoundecan& afford
3.7acin 36-66%yield. Finally, HCtmediated Boc deprotection was performed using 4 M
HCI in dioxane to afford final produeB.8ac as hydrochloride satin 81-87% yield.
Synthesis 0f3.13 began with formation of the terminal hydroxylamiBelO with 1-

tridecanenitrile and hydroxylamine hydrochloride€2% yield Ring closure with ethyl 2
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chloro-2-oxoacetate and pyridine afforded the ethyl es2rtoxadiazole ring.11in 90%
yield. Substitution of the ethyl ether usiidgiBoc-piperazine in refluxing ethanol was
performedto generatd.12in 90% yield. Finally, HGlassisted Boc deprotection affedl

final product3.13in 97% vyieldas a hydrochloride salt.

a

- O —~ (0]

X OH Q:B X <\1:>

N

Boc NBoc
3.6a:X=C;Y=C 3.7a:X=C;Y=C
3.6b:X=N;Y=C 3.7b: X=N;Y=C

CriHzy _x O 3.6c:X=N;Y=N 3.7¢:X=N; Y =N
N
IQX N—>
Q—NH
*HCI
38a:X=C;Y=C
3.8b: X=N;Y=C
3.8c:X=N;Y=N
_OH o (
d [ e N~ O f
_CN Wand
CraHas — CiaMos™ NH2 == coHe™ N 5 =~
3.9 3.10 3.1
NBoc *HCI
Q NH
N-O N c (
B P
CiHps™ N o) )
CigHps~ N S
3.12 3.13

Scheme3.2. (a)N-Boc-piperazine (1.1 equiv.), HCTU (1.1 equiv.), diisopropylethylamine
(2.0 equiv.), DCM, 20 °C, 2,M067% (b) 1-bromoundecane (1.5 equiv.), potassium
carbonate (3.0 equiv.), DMF, 20 °C, 336:66% (c) 4 M HCI in dioxane (10.0 equiv.),
DCM, 20 °C, 16 h81-97% (d) hydroxylamine hydrochloride (3.0 equiv.), triethylamine
(3.0 equiv.), ethanol, reflux, 16 h, 62%; (e) ethytHloro-2-oxoacetate (1.5 equiv.),
pyridine (3.0 equiv.), dichloroethane, reflux, 2 h, 90%NHBoc-piperazine (2.0 equiv.),
triethylamine (3.0 equiv.), ethanol, 20 °C, 3 h, 90%.

Working to improve the bioavailability and metabolic profilesafF80821178the

head group of theoleculewas modified with polar amines. Synthesis of these derivatives
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began with commercially availabled&cylaniline.Two-step, me-pot generation of the
isocyanaten situwas performed using triphosgene and triethylarfotiewed by addition

of appropriateN-Boc protected amines were added to formghenylurea compounds
3.15an in 32-88% yield The resulting intermediate was treated with hydrochloric acid to

afford 3.16an as a hydrochloride sah 71-95% vyield
3.5HelLa cell-basedin vitro evaluation

HelLa cells were transfected with pcDNA3.1 plasmidsich encode mouse Spns2
and incubated in sphingosHieentaining media. S1P catabolic pathways were halted by the
addition of 4deoxypyridoxine (1 mM), N&/O4 (0.2 mM), and NaF (2 mM). The inhibitors
were introduced to the media and the cell s w
incubation, media was collected, an internal stsdita s added ( 5d-SIR of 0. 5
in methanol) and 150 €L of 100% trichl oroace
were chilled on ice for 460 minutes. Thenecipitat was collectedia centrifugation and
washed with water. The pellets were then r
introduced to the final pellet and mixed vig
was added to an HPLC vial and levels of S1IP&r81P were quantified by LLBIS/MS.
Inhibition is reported as a percent decrease in S1P release relative to the vehicle where no

inhibitor was introduced.
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Scheme3.3. (a) Triphosgene (0.5 equiv.), triethylamine (2.3 equN:-Boc-amine (1.5
equiv.), DCM, 20 °C, 3 h, 388%; (b) 4 M HCI in dioxane (10.0 equiv.), DCM, 20 °C, 2
h, 71:95%.

3.61n Vitro Evaluation of Inhibitors

Unfortunately, the reversetbre structures.5a and 3.5b displayed no activity

when tested in HelLa cells atiM concentration for Spns2 activity. Complete abolishment
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of activity helped to better understand the binding interactions inside the Spns2 transporter.
It was postulated that flipping the core of the molecule added too much polarity into the
tail region of the inhibitorsAs a resultthe focus was shifted away from this scaffold and

toward modification o5LF80821178

Modification of the phenyl ring to a heterocycle was deemed attractive. It has been
well established that phenyl rings pose metabolic issues as well as increase the hydrophobic
properties of a drug. Replacement to a heterocycle with varying numbers ofabates
was hypothesized to improve thgharmacokinetic/pharmacodynamprofile??* To
maintain a comparable totalom length, an undecyl tail wasstalledto replace the decyl
tail. Pyrrole compoun®.8awas found to havd8 + 44 inhibition at 1 UM concentration.
Increasing the heteroatom count to pyra&8band 1,2,4triazole ring3.8cabolished all
Spns2 inhibitory activity. Interestingly, replacement to a l¢gXkddiazole ring witt8.13

increased S1P export BY + 266 at 1 UM concentratiofTable3.1).

Focus was then shifted away from the core of the molecule and toward modification
of the head group. Initially, modification of the piperazine headgroup to other bioisosteres
was investigate® 2° 1,4-diazepane was initially tested with.16ato determine if
increased ring size would show benefit from increased steric bulk in the binding focket.
27 This showed a comparable activity of 60 + 5% inhibition at 300Mé&kt, modification
of the number and type of hydrogbond donors and acceptors were testeeveduate
their impact. Replacement of the piperazine to aathopiperidine witl8.16 exhibited
21 + 4% inhibition. The lack ofmprovementto activity led toward investigation of
additional hydrogen bonding functional groups while retaining the piperazine ring or

relatedisostereskor exampleintroduction of a primary alcohol group in th@@sition of
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the head groumwvith ( NB)16c was probed to not only test additional hydrogen bonding
potential but to also mimic endogenous sphingosine as well as FF¥#20nfortunately,

this analogcompletely abolished activity. Conversion from the piperazine ring to the
thiomorpholine 1,4dioxide heterocyclicring 3.16d to increase hydrophilicity and polar
interactions in the binding pocket was not advantageous as no statistically significant
reduction in S1P transposas observedn addition,3.16e was synthesized tdetermine

the importance of theecondary ammoniugroupin SLF80821178Since an amide will

be neutral at physiological pH, the positive charfhe amnonium head group was found

to be necessary &16e possessed no ability to inhibit Spr8Zrhus,focus was shifted
away from increasing head group polarity and towidehtifying bioisosteres of the

piperazine ring.

Bicyclic, spiro, and substituted piperazines were deemed viable tagetgid
isosteres for piperaziié3® To start, diazabicyclo head groups weymthesizedThese
fused ring systems would allow for probing of the binding pocket with rigid, three
dimensional systents: 3’ 3.16fg weresynthesizedo test diazabicycloheptane rings.-3,6
diazabicyclo[3.1.1]heptand.16 and 2,5diazabicyclo[4.1.0]heptan8.16g showed 0%
and 7 £ 5% inhibition, respectively. As thegessessedlttle to no activity, work was
shifted towardazaspirocycles.Azaspirocyclesincrease thedistance between the two
nitrogen atoms in the head group while not increasiegstericbulk.3® Piperazine has a
distance of 2.8& from each nitrogen compared to thé-liazasprio[3.3]heptangng in
3.16hwhich is 3.94A apart®* This increased distance could improve binding interactions
inside Spns2 to increase affinity for the transported. and 2,6diazasprio[3.3]heptane

rings were chosen as mimetics for piperazine. (34.6h) and 2,6 3.16), unfortunately

45



were both inactive S1P transporter inhibitorsn HelLa cels. However, 4,7
diazapsiro[2.5]octane showed modest activity with comp&ubdgl at 34 + 15% inhibition.

Oxidation by cytochrome P450 tedXopiperazine is a metabolic liability'* 12

With modest activity in substitution on thepdsiton of the piperazine ring, this
necessitated further explorationsdfuctural analogd/ith limited availability in materials
and tight tolerances on functional grougsservedn this series, derivatives were limited
to alkyl substitutionThe 2positon of the piperazingng was decorated wittR)j-methyl,
(R)-ethyl, and R)-isopropyl groups. Methysubstituted (R)-3.168 showed fantastic
activity of 74 + 6% inhibitiorat 300 nM concentratiotdnfortunatey, larger groups were
not toleratedEthyl[(R)-3.16] and isopropy[(R)-3.16m] groups were detrimental at 13 +
3% and 16 + 1%respectively.(2 R ,)-8.Bn with the S,6R-dimethylpiperazine head
group was not tolerated with 0% inhibitio concentratiordependent study was
performed with(R)-3.16k due to its excellent inhibitory activityAs shown inFigure 3.3,

a sigmoidal doseesponse curve was generatith an increasingoncentration ofR)-
3.16&k. (R)-3.16k possessed an igvalue of 128+ 9 nM. This 1Gpo value issimilar in
potency toSLF80821178(ICso = 53 + 4nM), which necessitated the need forvivo

studies

During this SAR study, the linker and head region were investigated for S1P
inhibitory activity and increased oral bioavailability comparedStd-80821178 This
work indicates that replacement of the phenyl ring with a heterocycle is not preferred.
Maintaining the sixmembered secondary amine in the head group is preferred compared
to bicyclic amines and spirocycles. Addition of &y2-methylpiperazine ring K)-3.16k)

to the phenylurea scaffold provided us with excellent inhibitory actintyvitro.
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Additionally, (R)-3.16k induced lymphopenia in mice after 16 h when administered IP. As

such, additional work will focus on modification on the tail regio®bF80821178

Table 3.1 Impact of heterocyclic replacement of aryl ring on Spns2 inhibition.

(:N)H “HCI

N

C11Ha3 0

Cmpd R % Inh | Cmpd R % Inh

—

_N
38a N/ 1 48438 ,S{N’TNH NS

= N-O
3.8b YN% NS |3.13 \(MNH -80+ 26

4nhibitory data for heterocyclic amide derivatives in HelLa cells. Spns2 inhibition is
reported as the percent decrease in S1P transport out of cell compared tongtintrol
inhibitor presentAll compounds tested at 1 UM concentration. Rostibation, cell media
was extracted and S1P concentrations were measured HYS/K2S. Assayswere
performedn triplicate NS, no significant difference relative to control.

3.7In vivo Assay

Compound3.16& (10 mg/kg) or an equal volume of vehicle (36.1% PEG400/9.1%
ethanol/4.6% Solutol/50%3@) was administered Wi injection or oral gavage into mice
(C57BL/6j strain). After 616 hours, blood samples were collected, and lymphocyte counts
were analyzed from 20 uL of mice blood using Heska HT5 Elenlead analyzer. All

animal protocols were approved prior to experimentation by the University of Virginia

School of Medicineds Ani mal Care and Use
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Table 3.2 Impact of functional group on Spns2 inhibitidn.

H
o
(0]
CioHa1

Cmpd R % | Cmpd R % 11
(\NH NH
o
3.4d6 &{NJ 60 3.16 \,(@Q ns
NH, HN
3.k16\<,©/ 21 3.6 \{% ns

XNH 34 K

( B). d g\NH ns 3.j16

N
e X
9
3.&6 E{OO ns| (R3.K 6 \{NKLJH 74 |
1
3.¢€6 NH R)-3 61 nvw 13 f
M "sl ® NN

z

H (\NH .
3.fl¢€ \{N@ ns| (R3.m6 YNJ-.,,( 16 f

NH )
3.d 6 Y,b 7 N (@R,-85sm ‘{@.H,,, ns
4nhibitory data for phenylurea derivatives in HeLa cells. Spns2 inhibition is reported as
the percent decrease in S1P transport out of cell compareddortinel with no inhibitor
present All compounds tested at 300 nM concentration. frastbation, cell media was
extracted and S1P concentrations were measured By 3M1S. Assayswereperformed
in triplicate and all compounds are hydrochloride salts unless otherwise N&gdo
significant difference relative to contré8.16iis a trifluoroacetateadt. °3.16d-eareneutral
compoung.
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H H 4
log [(R)-3.16k]

Figure 3.3 Doseresponse assessmen{i@f-3.16& in HelLa cells

3.8Biological Data

With in vitro activity being similar t&SLF80821178in vivodata was investigated
using (R)-3.1&k in cohorts of mice to determine circulating lymphocyte counts.
Administration to mice ofR)-3.1& drove statistically significant lymphopenia in mice
after 16 hours, a phenotype of Spns2 inhibitiwhich suggests that metabolism on the
piperazine at the 2 position is likely occurring®InF80821178as it lacked activity at 16
hours postdose (dose: 10 mg/kgfrigure 3.4) With this data in hand, oral administration
into mice was performedJnfortunately, when administered dyaiin mice (dose: 20
mg/kg) after 4 hours, there was no statistically significant reduction in circulating
lymphocytes (Figure 3.4) While the compound improved properties with I[P
administration, it is hypothesized thatbstitution on the piperazine ringcreasedhe

lipophilicity of the compound to inhibit absorption in the gastrointestinal tract.
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Figure 3.4. Biological evaluation ofR)-3.1& in female (C57BL/6j strain) micéa) Mice
were injected witl{R)-3.16k intraperiotoneally (10 mg/kg dose) or vehicle. Blood was then
drawn after 16 hours pedbse (b) Mice were injected witisLF80821178nd blood was
drawn after 6 h and 16 h peddse. @culating lymphocytes levels were measured. T test:
** O 0.01.

3.9Conclusions

This report entails several novel classes of Spns2 inhibitors. They comprise of
phenyloxadiazole, heterocyclic analogues of benzamides, and phenylureas scaffolds that
have significanin vitro activity against Spnséhediated S1P transport. This SAR study
shows a strong bias for endocyclic-stembered secondary amine head groups. It helps
to prove the importance of a ngolar tail region and polar head group, as the oxadiazole
core was foundat be unnecessary and increased polarity was found to belerated in
the head region. Modification of the piperazine head group with the phenylureas with alkyl
substitution in the position was found to work best with comparable data to
SLF80821178In vivo datademonstrated decrease in circulating lymphocytes with a
single 20 mg/kg IP injection in mice after 16 hours. Future work will be aimed at continuing
the SAR study aroun8LF80821178with investigations in the tail region of the compound

as well as incorporating these head structures into differenbkisaff
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Chapter 4: Development Of a Highly Active Benzimidazole Scaffold Withn Vivo

Activity Toward Spns2 Inhibition
4.1 Contributions

The compounds in this chapter were mainly synthesized and analyzed by
Christopher Shrader. Christine Tan synthesizé&@, 4.7j, and4.7k, Mario Hernandez
synthesizedt.13aand4.13h and Abigail Agner synthesized13eand4.13f Dr. Russell
Fritzemeier synthesizeslLF1081851and Dr. Ariel Burgio synthesizetl B1122168 the
two lead compounds mentioned in this chapter. Tail modification ideas were inspired by
Kyl e Dunnavantdés wor k. The work was compl et
Santos. All pesented biological data was performed and collected by Dr. Kevin Lynch,

Dr. Yugesh Kharel, and Dr. Tao Huang at the University of Virginia.
4.2 Abstract

The sphingosind-phosphate (S1P) receptor S1P1 is a-esiablished target in
FDA approved drugs for the treatment of multiple sclerosis and ulcerative colitis. Targeting
this receptor blocks the egress efyinphocytes as the Si®important in the positioning
of immune cells. Unfortunately, all S1P receptor modulators lead to unwanted
cardiovascularsideeffects specifically firstdose bradycardia. To circumvent this
shortcoming inducing lymphopenidy targeting the S1P pathwaypstreamfrom the
reeeptors could provide therapeutic benefit while avoiding unwantedesidets. A
genetic knockout othe S1P pathway at its transportepinster homolog 2Spns3
produces a lymphopenic phenotypieerefore, Spns2 inhibitors are expected to recapitulate
this phenotype but are currently underdevelof@uhs2 has a need for a high potency,

orally bioavailable inhibitor.SLF1081851 and SLB1122168 represent % and 2¢
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generation inhibitors disclosed by the Santos lab. However, these suffer from poor oral
bioavailability. This necessitates further investigation into Spns2 inhibitors that possess
better pharmacokinetic propertidsr oral administration. Studies around these two
inhibitors allowed us to discover theatnidobenzimidazole series. A structaivity
relationship study was performed on the head and tail regions of this scaffold. Various
polar head groups were tested ftbeir activity to inhibit S1P transpter. Our studies
revealeda strong preference for secondary amines such as pyrrolidine and piperazine.
Investigation of the tailegionwas performedby homologation from octyl to decyl length.

The results indicata preference for a 9 heaayom length with the nonyl taillhe most
successful inhibitors were developed from incorporating phenyl ethers at the terminal
region of the tailThe additiorof a metacyclopropyl ring to the phenoxy ether t&ll13h
showed excellent inhibitory activity at 85% retion at 300 nM concentratiom a dose
response manned,13h potently inhibited S1P transport with #0so = 27+ 6 nM. To
determinein vivo efficacy, 4.13h was administered intraperitoneally (IP) and orally to
mice, which afforded alosedependent reduction of circulating lymphocytes, a phenotype
observed with Spns2 inhibition. The discovery 4013h provides a valuable tool for
exploration of both the therapeutic value of targeting Spns2 as well as the physiological

results of S1P modulation through transporter.
4.3 Introduction

Recently, the Santos lab has discloseddiseovery of two generations of Spns2
inhibitors® 2 The first generation of inhibitors reported compoBid=1081851 which
inhibited Spns2 in am vitro HeLacell based S1P release assaydk1.93 + 0.041M)

(Figure4.1).  Administration ofSLF1081851 in mice via intraperitoneal (IP) injection
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resultedin dosedependent lymphopenia as well as exhibiting protective propertias in
mouse kidneymodel ofrenal fibrosis: 4+ SLF1081851provided a scaffold on which to
improve the PK/PD properties of the inhibitors, given its relatively poor potency and low
therapeutic window (maximum tolerated dose ~30mg7I&fyuctureactivity relationship
(SAR)studies on the fusion of the phenyl and oxadiazole rin§F108184 and various
head groups led to the discovengifB112216§Figure4.1).? Bearing a fused heterocycle
core and secondary amine head grdipB1122168exhibitedin vitro Spns2 inhibition

with an I1Go = 94 £ 6 nM.In vivoassays resulted in lymphopenia in mice and rats post IP
injection? SLB1122168also showed a favorable hdifie of 8 h in rats, where direct

correlation of drug levels with lymphopenia as a pharmacodynamic marker was oBserved.

*HCI
NH,

Yol O
N “HCI
o i
CqoH21 C1oHa o]

SLF1081851 SLB1122168
ICs0 = 1.93 + 0.04 uM ICs0 = 94 + 6 nM

Joastat,
N
H

38p
34 £ 1% Inh

CqoHazq

Figure 4.1. First generation Spns2 inhibit®LF1081851 second generation Spns2
inhibitor SLB1122168 and first benzimidazol@8p reported by the Santos I1&4B.
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However,SLB1122168suffers from poor oral bioavailabilitgs nolymphopeniais
observedwhen administered to micerally. Our studies focused omaintaining or
improving Spns2 inhibitory activity while gaining oral bioavailabilityvivo. We began
our studies byinvestigating the 5,6bicyclic core of SLB1122168" Unfortunately,
SLB1122168has a cLogP of 6.8 and 12 rotatable bonds, which vidiagéeisieal drugike
properties laid out by Lipinski and Vebgigure 4.2)1°
e 2t on
o] MW = 357.54

H-bond acceptors = 4
H-bond donors = 2

CioHzq

SLB1122168

Figure 4.2. Assessment of the drdige properties 06LB11226168as laid out by Lipinski
and Vebef?®

We envisioned that a compound with simitavitro activity, a cLogP below 5, and
rotatable bonds under 10 to fit Li pinskios
compound withattractive oral bioavailability® The SAR study performed around
SLB1122168identified 38p, a compound containing aaninobenzimidazolgFigure
4.1)? While 38p had lower inhibitory activity at 34 + 1% comparedS0B112216® s
activity of 87 + 7% at 1uM, this compound provided a promising hit from for further
development. Benzimidazole are an important privileged scatfdtiind in FDA
approved drugs andhave biological applications suchn cancer*® autoimmune
diseases®'8 and neurological disordet$?! Looking at how we could improve the PK/PD
profile of SLF1081851andSLB1122168 we hypothesizedhat increasing hydrophilicity
through introduction of additional hydrogen bonding potential could be beneficial.
Molecular docking studies &LB1122168in the binding pocket of Spns2 have revealed
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a Trp440 residue in the binding location of this inhibfigure 4.3)? The amide carbonyl
in the 2position of our scaffold could provide strohgdrogen bindingnteractions with
this residue to increase potendyerefore an SARstudyaround the head and tail region

of our 2amidobenzimidazolesas performedo evaluate its potential as an inhibitor.

Leu332

33p )J‘j/

Glu433
™
Phe437%f \g‘
= ‘ lle238
Trp440 ‘/__J | %\
Val378 Tyr235

Figure 4.3 Molecular docking studies &LB1122168show key binding interactions
in Spns2. Figure is adapted from refereftce.

4.4 Chemical Synthesis

Modification of the benzimidazole headgroup synthesis is described in Scheme

4.1. Reaction of broma1,2-phenyldiamine with dtert-butyl dicarbonate provided the
di-Boc-protected phenyldiaming2in 77% yield?® A one-pot hydroboration of -Hecene
followed by SuzukiMiyaura crosscoupling was performed to install the decyl tail
affording 4.3 in 90% yiel. Boc deprotection using 4 M hydrogen chloride in dioxane
afforded the HCI salt intermediaté4 in 88% vyield. Cyclization with methyl 2,22
trichloroacetimidate in glacial acetic acid generated common intermetiaia 73%
yield.2* 25 Diversification of4.5was possible by reaction using varidwdBoc-amines to
afford4.6a-m in 30-68% yield?% 2’ Finally, Boc deprotection using 4 M hydrogen chloride

in dioxane afforded final compounds7am as the hydrogen chloride salts in-95%

yield.
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4.6a 4.6b (R)-4.6c (S)-4.6d 4.6e 4.6f
o o o o) 0
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% Q Q=o o L0
NBoc NBoc NBoc NBoc NBoc OH
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S)-4.69 )-4.6h  (£)-4.6i (R)-4.6j 4.6k (£)-4.61 4.6m
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(S)-4.7g (R)-4.7Th  (£)-4.7i (R)-4.7j 4.7k (£)-4.71 4.7m i

Schemed 1. (a) Di-tert-butyl dicarbonaté4.0 equiv.), 2.5 M aq. NaOH (5.0 equiv.), DCM,
20°C, 16 h 77% (b) (i) 1-decene (1.2 equiv.)-BBN (1.5 equiv.), THF, 70C, 1 h. (ii)
Aryl bromide (1.0 equiv.), Pdeldppf)-CH2Cl. (0.05 equiv.), 3 M ag. KOH (3.0 equiv.),
THF, 70°C, 16 h 90% (c) 4 M HCI in dioxane (10.0 equiv.), DCM, 2C, 1 h 70-95%;
(d) Methyl 2,2,2trichloroacetimidaté1.1 equiv.), AcOH, OC to 20°C, 3 h 73% (e) N-
Boc-amine (1.2 equiv.), NaHC{10.0 equiv.), 1:2 water: THF, 5@, 2 h 30-68%.
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Tail modifications were performed following Schemmg. Cyclization of 4bromo-1,2-
phenyldiamine with methyl 2,2sRichloroacetimidate in acetic acid afforded intermediate
4.8in 92% yield. Reaction witN-Boc-piperazine in aqueous THF allowed for generation
of amide4.9 in 84% yield. To improve the reaction yield for the croesipling step, the
benzimidazole NH was protected using-@rimethylsilyl)ethoxymethyl chloride (SEM
Cl) and sodium hydride to affordt.10 in quantitative yield® Then, a onepot
hydroboration of various alkenes was performed followed by StMiydura cross
coupling to afford intermediate4.11a-l in 61-86% vyield. The SEM group was then
removed using tetrabutylammonium fluoride (TBAF) in refluxing THF to afford product
4.12a-1 in 38-93% yield?®3°Boc deprotection in 4 M hydrochloric acid in dioxane afforded
the final compoundd.13a-l in 85-95% yield as hydrogen chloride salédkene tails for
crosscoupling were synthesized through substitution of the appropribterdoalkene
using the substituted phendalsl4aj to afford alkene ether taik.15aj in 2572% yield
(Scheme 4.3)

4.5In Vitro Analysis of Inhibitors

Inhibitors were screened at 300 nM concentration in the previously described
mouse Spns2 HelLa cell based S1P release asdays(praChapter 3). To begin, we kept
the decyl tail consistent as this had the best activity in previous régovtatious alkyl
and cycloalkyl amine head groups were tested for their activities as shown in Table 4.1. To
begin,4.7awas synthesized as a mimic ®£F1081851and showed low activity at 28
9% compared t&s L F 1 0 8 138 6 MHas 300 nM. Thus, we switched to secondary
amines as they showed improved activity in our previous repdiis. effect of ring size

was explored first.
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N _f> N N
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4.8

4.12a- 4.13a-l
rFj\CgHw ef\CgHm f\c10H21 Mo@ JM\O/Q MO/EE
4.12a 412b 412 4.12d 4.12¢ 4.11a; 4.12f
MO/CW M\o/q/ MO/CW Mo&
4.12g 4.11b; 4.12h 4.12i 4.12j
M\O/QN/M\O/QO/ M\O/Qca
4.11c; 4.12k 4.11d; 4.121 4.11e; 4.12m
f\Cus f\chw ’X\CmHm MO/C MO/Q M;\O/<E
4.13a 4.13b 4.13c 4.13d 4.13e 4.13f
Mo/q f{(\%\o/q/ KM?O/@W Mo&
4.13g 4.13h 4.13i 4.13j
M\O/QN/M\O/QO/ M\O/QCH
4.13k 4.131 4.13m

Schemed4 2. (a) Methyl 2,2, 2trichloroacetimidat€1.1 equiv.), AcOH, 0C to 20°C, 3 h
92% (b) N-Boc-piperazing(1.2 equiv.), NaHC®(10.0 equiv.), 1:2 water:THF, 5C, 2
h, 84% (c) NaH (1,1 equiv.), SEMI (1.1equiv.), THF, 0 °C to 20 °C, 2 h, 98(d) (i)
Alkene (2.0 equiv.), BBN (2.3 equiv.), THF, 70C, 1 h. (ii) Aryl bromide (1.0 equiv.),
PdChk(dppf)-CH2CI2 (0.15 equiv.), 3 M adk2CO;3 (3.0 equiv.), THF, 70C, 16 h 61-86%
(e) TBAF (3.0 equiv.), THF,70 °C 3 h, 3893% (f) 4 M HCI in dioxane (10.0 equiv.),
DCM, 20°C, 1 h 8595%
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a2
R R

4.14a- 4.15a-j
4.15a 4.15b 4.15¢c 4.15d 4.15e

MO/QV M\OQT/ Mo/@? MO/Q\Cﬁ MO/QW
4.15f 4.15¢g 4.15h 4.15i 4.15j

Scheme 4.3(a) K:COz(2.0 equiv.), Ibromoalkene (1.2 equiv.), MeCN, reflux, 16 h; 25
72%.

Azetidine @.7b), pyrrolidines 4.7c-d), pyrrolidine @.7¢e), piperazine 4.7f), and 1,4
diazapane 4.7f) were evaluated. Azetidine4.fb) had low activity withl 2N % 9
i nhi kintdi-oin,a& e4$78 nes h(awendhi bi t i othere wdoavaterare r |,
preference for the fiveand sixmembered ring size. Piperazing7€) had very potent
activity at 67+ 3% inhibitory activity.4.7c and4.7d showed good activity with 68 3%
and 44+ 2%, respectively. Similar to previous reports with pyrrolidine rings on the
benzoxazole scaffold, there was a clear preference foBjisofner? To add flexibility in
the head group, an additional methylene linker was added between the amide and
pyrrolidine ring in4.7g-h, which reduced activity to 18 3% and 15t 1%, respectively.
Adding steric bulk with the substituted piperazine ridgs-j showed decreased activity
with the (R)-methyl substitution4.7j) being slightly tolerated with a 46 2% inhibition.
Removal of the positive charge by replacement of the secondary amine with an endocyclic
amide with4.7k showed the ammonium was important as activity was abolished to 0%

inhibition. Additional hydrogen bonding potential with7l bearing an alcohol group
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showed 2 3% inhibitionand extending the terminal ammonium to a primary amine with
the 4aminopiperidinet.7m abolished all activity.

With compound4.7e being the best of the series, investigation of the tail using the
piperazine head group was performed as shown in Table 4.2. Initially, a homologation
study was performed to determine ideal tail length of alkyl chains. Gtty84, nonyl
(4.13b), and decyl 4.139 tails were synthesized and these had inhibition activity af 86
0%, 86+ 0%, and 67+ 3%, respectively. Homologation studies on the tail concluded a
slight preference for octyl and nonyl length. Optimization4of3c to better match
Li pi rReldsiwdsperformed. Specifically, reducing the number of rotatable bonds and
cLogP. We designed tails that reduced these values while maintaining the lipophilicity
observed in the tail region. This led to the discovery of the phenoxy tail series, which
reduced cLogP values from 5.8%4.768 to 4.59 @.139. Initially, unsubstituted phenoxy
(4.139 was synthesized and this had#49% inhibition. Thus, expanded on substitution
on the phenyl ringmetaSubstitution has been shown to have the best activity fo
phenylurea Spns2 inhibitors, so we began our studies witmimethyl phenoxy tail
4.13d Seeing activity a8 N %3 we extended this one methylene unit longer to the ethyl
group @.13f) and it showed N %BIncreasing size to the larger isopropyl grodd8y)
showed comparable activity to ethyl wihON 9@inhibition. Next, we cyclized the
isopropyl group to a cyclopropyl ring.(L3h), and it showed excellent activity at 83%
inhibition. With this being the best inhibitor synthesiz¢d 3 was synthesized to test one
atom length shorter to determine if it followed the pattern of straigain alkyl tails.
Unfortunately, this was not tolerated as activity diminished t© 2% inhibition observed.

Other functional groups were tested for electronics effects MjNkdimethyl @ . j1 3
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met haAx¥)3( and trid4f.udor donee hypff ¢t hese outperf

inhibitor wWI.HB this series,

Table 4.1 Assessment of head groups on benzimidazoles for Spns2 inhibition.

H HCI
T
CyoH21 N

Cmpd R % | Cmpc R % |

(0]
SLF108 3MN7 | ($4). 7 HN— 1 N

C\NH
o }_/(O

- NH N - N N
(R4 . 7 FﬁN@ 48 | (R4 . S_NH 4 N
0
e " H
(94. 7¢ §—H/<N_\JH 60N | 4. 9k {1}:0 0
NH
L =
4. 7e N 6N | (N-4. " N« 9N
- W
e =

QH | QHZ

4nhibitory data for benzimidazoles with diversified polar head groups in HeLa cells. Spns2
inhibition is reported as the percent decrease in S1P transport out of cell compared to the
controlwith no inhibitor presentCompounds were tested at 300 nM concentration: Post
incubation, cell media was extracted and S1P concentrations were measured by LC

MS/MS. Assays were performed in triplicafd.7b is a trifluoroacetate salt4.7k is a
neutral compound.
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A concentratiordependent study was performed with the two most potent
inhibitors,4.13band4.13. As shown in Figure 4.4, a sigmoidal dagssponse curve was
generated as concentrations of the two inhibitors were increasedal@s ford.13band
4.1 were found to be 22 12 nMand27 = 6 nM respectively.

4.6 Biological Data

Compounds for this portion of the SAR were tested in the previously desaribed
vivoassay Vide supra Chapter 3)4.13 and4.13 displayed highn vitro efficacy, which
made them ideal candidates for further investigatiorivo. Administration of a single 10
mg/kg IP injection after 4 hours for bothl 3D (Figure 4.5) and.13 (Figure 4.6) showed
statistically significant reductions in circulating lymphocytes. Decreased circulating

lymphocyte levels are a phenotype of Spns2 inhibitida.

S1P/IS
S1PNS

~9—ali e
1 1 T T T 1
- ] 8 7 ] 5 4+

T
-8 u
log [4.13b] log [4.13h]

Figure 4.4 Doseresponse assessment 4fl3 (A) and 4.13h (B) in HelLa cells

demonstrated that.13b and 4.13h possessed Kg values of 21+ 12 and 27+ 6 nM
respectively.

Unfortunately, when administered PD13 performed poorly with no observable
lymphopenia. However, at 20 mg/kg PO after 4 hotirsh showed 34% lymphopenia
and no effect on blood and plasma S1P levels was observed (Figure 4.6). While some
studies suggest that complete knockout of $pms2gene drives modest plasma S1P

concentration decreases, often report no chihjeTo determine the safety and
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tolerability of 4.13h a 14day chronic dosing study was performed. At 20 kggho
observable sign of toxicity such as changes in fur, eyes, recurrence of secretions, changes

in gait, posture, and response to handling were observed.

Table 4.2. Assessment of tail replacement on benzimidazoles for Spns2 inhibitory
activity 2

HCI

NH

Cmp R % | mp R % |
4.d NS 8Bl [ 4.d Ay, 5 NO
4.0 X 8@ [ 4K A~ 8 N
47 e X s 6N | 40101 o 2 N

CF3

4.1 W/Q\/ 3 N8
(o}

aSpns2 inhibition is reported as the percent decrease in S1P transport out of cell compared
to thecontrolwith no inhibitor presentCompounds were tested at 300 nM concentration.
Postincubation, cell media was extracted and S1P concentrations were measured by LC
MS/MS. Assays were performed in triplicate.
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Figure 4.5. Biological evaluation o#.13 in female (C57BL/6j strain) mice. (A) Mice
were injected witl.13 administered intraperiotoneally (10 mg/kg dose) or vehicle. Blood
was then drawn after 4 hours pastse and circulating lymphocytes levels were measured.
(B) Mice were adminstered.13 per oral or vehicle and blood was drawn 4 hours-post
dose. Circulating lymphocytes levels were measured. Ttest: O 0. 0 1 .
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Figure 4.6. Biological evaluation ofl.13 in female (C57BL/6j strain) mice. Mice were
injected with4.13 administered IP (10 mg/kg), PO (20 mg/kg), or vehicle. Blood was
then drawn after 4 hours pedbse and circulating lymphocytes were measured. T t€st: *
0. 05; ** O 0.01.

Preliminary pharmacokinetic studies were conductedatigh was shown to have
maximum serum concentration levels in 2 hoursaG 480 nM) in mice. It was also
determined to have a metabolic R of 8.33 hours in mice (Figurd.7). Further

biological assessments #rLlah are currently being performed.
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Figure 4.7. Pharmacokinetic profile ef.13 in mice.

4.7 Conclusions

In this report, several novel structures of Spns2 inhibitors were disclosed. The SAR
campaign around the-@midobenzimidazole scaffold showed a strong preference for
pyrrolidine and piperazine rings in the head region. Modifications to the piperazine ring
were shown to be poorly tolerated as well as larger rings and primary amines not preferred.
The tail homologation study showed a strong preference for the nonyl length tait. Butyl
phenoxy tails were shown to be highly active and withnfe¢asubstitutedcyclopropyl
ring being best4.13 was found to be the best compound of this series showing excellent
in vitro andin vivo activity. Pharmacokinetic properties were studied and suggestive of a
highly bioavailable compound that significantly reduced lymphocyte count. Further testing
on 4.1 for diseasemodel studies will be evaluated. Future work will be aimed at
continuation of the SAR study arouddl3h investigating the tail further as well as
substitution off the benzimidazole-N.

4 8 Future Directions:

The SAR study aroundl 13h is of great interest given its successivo.Additional
work on derivatives of this compound must be developed. Of particular interest is further
exploration of the tail regio(Figure 48). Previous work has shown a sensitive tolerance

for the functional groups in this region. However, adding more rigidity to the tail to
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minimize rotatable bonds is favorable. This should help to reduce any metabolic liabilities
in the compound, as this would lead to less oxidation ¥itBing systems as well as
conformationally locked double bonds in the tail would help to lock the inhibitor into a
structure that promotes binding in the prot€iAnother location of interest for future work
would be additional functionalization on the internal benzimidazole ring. Many
modifications could be assessed with the benzimidazole ring, such as additional
functionality ortho and meta to the tail. Additidlya imidazopyridine rings should be

tested as this would lower the cLogP value even further to promote oral bioavaifdbility.

39
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Figure 4.8. Potential modifications of the tail and coredot .
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Chapter 5: Experimental and Supporting Information
5.1 General Materials and Synthetic Procedures

Unl ess otherwise specified, reactions we
under Argon or Nitrogen atdma sepdh eorvee.r nAlglhtg | oar:
dried. Chemicals were obtained from commer.
purifikassoot hber wise noted. Acetonitrile and
Technol ogy Pure SolvMD solvent puri fication
perfor med using Silicycle -2&84umplnatmesbacealdt
chromatograpdhyg wsisn@e3if-G8 a®mas®BOPHFO MBR spec
experiments were per fDO2meVR 0ws0ion gMHazn, Avaair li eamt
400 MHz, Bruker Avance |1 500 MHz, or Br uk:e
Chemical shi fitpp madfékn afredp M WMR ealnd nref erenced us
protonated solvent (Chloroform, methanol, or
are reported as follows: chemical shift, mul
guart et , dddo u=b Ideotush,| edtt o=f doubl et of triplets,
(Hz), and integration. ESI mass speMS ra wer e

or Wat e r&B2 SSIyQFa pt CMBur ity assessments were p

ultraperformance | iquid chromatography (UPL(
Water (0. 1%TFA); solvent B: acetonit¢mile (0.
2.1 1T 50mm; met hod: isocratic 60% A, 40% B f

40 to 95% B by 5 min, return to 40% B by 6mi

wavelength = 280 nm; flow rate: O0.a&sls3aymsL/ mi n

78



were assessed to hmeref Or9ban airliitguibd cHrgdamat
unl ess otherwise noted.
InvitroSpns 2 \Wrsistaatyen procedure provided by coll a

University of Virginia Department of Phar mac

HelLa cells were transfected with a pcDNA:
mouse Spns2Arg200Ser (transport dead mutant)
inclusion of geneticin (G418) in the cell me
ckel's were found to release SZPR ainmstfoe cttheed ccuwll tt
To assay test articles,-weHelL aplcaetledss awed eg rpd w
confl uence. Rel ease assay medium ( BA mL; RP!
was added to each well . The r-ééerngpy medaoximne
(to 1 mM), Na¥®Q(d.2MMMand oNaetard degradat i c
and S1P phosphatases. Putative inhieN)itors we
and plates were placed i RA20a htoiugsue cFuolltluorwei
i ncubati on, mddi anweas ndab lod&vedirblaRr di ( 5met hanol
and eL56f 100% trichloroacetic acifdor®wé&r0e adde
mi nutes. The precipitated material was <coll e
water, recentrifuged and the final pell et mi
After further centrifugatien,ad@ed5tmlL L&ECf vt a
S1P da®dP were quantified by MS/ MS.
| vi Aoi neatludi es
Inhibitors (10 or 20 mg/kg) or an equal volume of vehicle (36.1% PEG400/9.1%

ethanol/4.6% Solutol/50% 4@) was administered by intraperitoneal injection or oral
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gavage into mice (C57BL/6j strain). Afterl® hours, blood samples were collected and
lymphocyte counts were analyzed from 20 pL of mice blood using Heska HT5 Element
blood analyzer. All animal protocols were approved prior to experimentation by the

Univer sity of Virginia School of Medicineos
5.2Proceduresand Characterization for Chapter 2

General Procedure2.1: Nucleophilic aromatic substitution: To aflame-dried
roundbottom flask containing a stir bar was addeditttiazole (1.5 equiv422 mg, 6.19
mmol) and DMF(0.4 M). The mixture was then purged with Ar and cooled to 0 °C with
an ice bath. Sodium hydride (1.5 equ48 mg, 6.19 mmolk0% dispersion in mineral
oil) was added, and the reaction was allowed to stir for 10 minutes. Once hydrogen gas
evolution had ceased;fiorobenzonitrile (1.0 equiy500 mg, 4.13 mmphwas added and
the reaction was heated to 100 °C for 5 hours with reactionge®gnonitored by TLC.
Once complete, the reaction was allowed to cool to room temperature and methanol was
added to quench any remaining sodium hydride. The reaction mixture was concémtrated

vacuoand purifiedvia silica gel chromatography to afford the desired product.

General Procedure2.2: Amidoxime synthesis:To a flamedried roundbottom
flask containing a solution of 200 proof ethanol (0.3 M) and substituted benzonitrile (1.0
equiv, 651 mg, 3.85 mmplwas added hydroxylamine hydrochloride (2.2 eq&88 mg,
8.47 mmo) followed by TEA (3.0 equiv.1.17 g, 11.5 mml The reaction was heated
under reflux for 16 hours with reaction progress monitored by TLC. Once complete, the
reaction was allowed to cool to room temperature and conceninataduo Addition of
ethyl acetate formed a white precipitate that was filtered off. The precipitate was washed

with water three times to afford the desired product.
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General Procedure 2.3: 1,2,4 oxadiazole ring synthesisTo a solution of
benzamidoxime (1.0 equiv80 mg, 0.40 mmdlin DMF (0.3 M) under argon, was added
undecanoic acid (1.2 equi88 mg, 0.47 mmg)| diisopropylethylamine (1.8 equj\@2 mg,

0.71 mmo), and HCTU (1.2 equiy200 mg, 0.47 mmdl The reaction was heated to 105

°C for 16 hours and reaction progress was monitored by TLC. Once complete, the reaction
was allowed to cool to room temperature and the resulting solution was partitioned between
ethyl acetate and agueous lithium bromide solution. The aqueous layer was washed three
times with additional ethyl acetate and the combined organic layers were dried over
NaSQy, filtered, and concentrated vacuo The reaction mixture was purifieda silica

gel chromatography to afford the desired product.

General Procedure2.4: Methylation: To a solution of 4-(-1H-imidazo}1-
yl)phenyl}5-decyt1,2,40xadiazole (1.0 equiy33 mg, 94 umqlin acetonitrile (0.05 M),
was added iodomethane (1.0 equidd mg, 94 umqgl The reaction was heated to 70 °C
for 3 hours with reaction progress monitored by TLC. Once complete, the reaction was
allowed to cool to room temperature and concentriatedcuo Diethyl ether was added
to the resulting concentrate, forming a precipitate that was collected and subjected to

trituration by an appropriate solvent system to afford the desired product as an iodide salt.

General Procedure2.5: Imidazole alkylation: To an overdried roundbottom
flask containing a stir bar was added NaH (1.1 edi(96 dispersion in mineral oil) and
THF (0.1 M). The mixture was then purged with argon and cooled to 0 °C in an ice bath.
The appropriate aryl imidazole (1.0 equiv.) was added, and the mixture was allowed to stir
for 30 minutes. Either an alkyl halide {1equiv.) or anN-Boc-bromoalkylamine (3.0

equiv.) was slowly added to the flask. The reaction was allowed to slowly warmnto roo
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temperature overnight. Following completion as monitored by TLC, the reaction mixture
was concentrateth vacuoand purified with ethyl acetate and hexamwés silica gel

chromatography to afford the desired products.

General Procedure2.6: Boc Deprotection: To a 6dram vial containing ai-
Boc-protected amine (1.0 equiv.) was added:Clk(0.2 M), followed by HCI (10 equiv,
4 M in dioxane). The resulting mixture was allowed to stir until complete consumption of
starting material was observeid TLC (1-4 hours). The reaction mixture was concentrated
in vacuoand the residue was rinsed with diethyl ether until a precipitate formed. The
precipitate was subjected to trituration with an appropriate solvent system to afford pure

product as the hydrochloride salt.

0]

\/\/\/\/\/Q)J\1—(4-Decy|phenyl)ethanl—one (22: To a

pressuresealed tube containingdecene (1.2 equiv2537 mg, 18.09 mmplwas added

THF and 9BBN (1.2 equiv, 0.5 M, 2207 mg, 18.09 mmodropwise under inert
atmosphere. The resulting mixture was stirred at 70 °C for 1 hour, followed by the addition
of 4-bromoacetophenone (1.0 equi8000 mg, 15.07 mmplaqueous KOH (3.0 equiv.

3.0 M, 2537 mg, 45.21 mmpland Pd(dppf)GICH2Cl> (0.01 equiv, 110.1 mg, 150.7
pmol). The resulting mixture was stirred at 70 °C for 16 hours, and reaction progress was
monitored by TLC. The crude mixture was loaded ontdesaetoncentratesh vacuq and
purified via silica gel chromatography (5% ethyl acetate/hexanes) to gié 1
decylphenyl)ethaii-one (®%, 3.083g) as a white solidtH NMR (400 MHz, CDC4) (i
7.88 (d,J = 8.3 Hz, 2H), 7.26 (d) = 8.3 Hz, 2H), 2.66 (t) = 7.7 Hz, 2H), 2.58 (s, 3H),

1.62 (p,J = 8.8 Hz, 2H), 1.38 1.20 (m, 14H), 0.88 () = 6.7 Hz, 3H)X3C NMR (101
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MHz,CDCk) U4 198. 0, 149. 0, 32.( 31.3129.7, 297 829.4,29.51 2 8 .

29.4, 26.7, 22.8, 14.3. HRMS: (ESI) [2M+H]+ calc. foslds702, 521.4353, observed,

521.4331.

O

\/\/\/\/\/KD)J\/Br
2-Bromo-1-(4-decylphenyl)ethanr1-one @.3):

To a rounebottom flask containing a solution ¥(4-Decylphenyl)ethaii-one(1.0

equiv, 3084 mg, 11.84 mmpin MeCN (0.3 M)was added NBS (1.0 equi2108 mg,

11.84 mma) and ptoluenesulfonic acid monohydrate (1.6 equ491 mg, 18.36 mmpl
and the reaction mixture was heated to reflux for 2 hours. The flask was then removed
from the heating source and allowed to stir at room temperature for an additional 18
hours. The crude reaction mixture was concentratedcuq dissolved in CELClz, and
partitoned with brine. The organic layer was further rinsed three times with brine, dried
over sodium sulfate, filtered, loaded onto celite, and punfiagilica gel

chromatography (5% ethyl acetate/hexanes) to giveogho 1-(4-decylphenyl)etha-

one (8%, 3.289) as a light pink solidH NMR (400 MHz,CDCls) 0 7J=8.8Hz d,
2H), 7.29 (dJ = 8.2 Hz, 2H), 4.43 (s, 2H), 2.67 §t= 7.7 Hz, 2H), 1.63 (p] = 8.0 Hz,

2H), 1.29 (d,J = 23.7 Hz, 14H), 0.88 (| = 6.7 Hz, 3H)13C NMR (101 MHz,CDClL) U
191.1, 150.1, 131.8, 129.2, 129.0, 36.2, 32.0, 31.1, 31.1, 29.7, 29.7, 29.6, 29.4, 29.4, 22.8,

14.2. HRMS: (ESI) [2M+Na]+ calc. for4sHs4Br-NaQ;, 701.2362, observed, 701.2361.

)L
S200 0e SN
2-(4-Decylphenyl)2-

oxoethyl 4((tert-butoxycarbonyl)amino)butanoate e4): 2-Bromo-1-(4-
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decylphenyl)ethaii-one (1.0 equiv, 2646 mg, 7.798 mmpIN-Boc-GABA (1.1 equiv,
1743 mg, 8.578 mmpland KCOs (3.0 equiv, 3233 mg, 23.39 mmplvere added to a

roundbottom flask. The flask was purged with argon and MéQ@R M) was added. The

mixture was allowed to stir overnight at room temperature. The crude mixture was loaded

onto celite, concentratad vacuq and purifiedvia column chromatography (30% ethyl
acetate/hexanes) to give -(2decylphenyB2-oxoethyl 4((tert-
butoxycarbonyl)amino)butaate 8%, 3217 mg) as an offwhite solid.*H NMR (400
MHz, CDCk) G 7J1=82 HZ 2H), 7.28 (d] = 8.1 Hz, 2H), 5.34 (s, 2H), 4.82 &,
= 6.1 Hz,1H), 3.23 (q.J = 6.7 Hz, 2H), 2.66 (t) = 7.7 Hz, 2H), 2.54 () = 7.2 Hz, 2H),

1.91 (p,d = 7.1 Hz, 2H), 1.62 (p] = 7.6 Hz, 2H), 1.44 (s, 9H), 1.381.18 (m, 14H), 0.86

(t,J=6.8 Hz, 3H)’* C NMR (101 MHz,CDG)) 4 191.9, 172.8, 156.

128.0, 79.2, 66.0, 39.8, 36.2, 32.0, 31.3, 31.1, 29.7, 29.6, 29.5, 29.4, 29.3, 28.5, 25.4, 22.8,

14.2. HRMS: (ESI) [M+Na]+ calc. for £H4sNNaGs, 484.3033, observed, 484.3032.

HN O\é
| ':g'\/\/ «O
tert-butyl (3-(4-(4-
decylphenyl}1H-imidazol-2-yl)propyl)carbamate (2.5): To a roundbottom flask
attached to a condenser was added alpha acyl k&t8@€L.0 equiv, 3217 mg, 8.037
mmol) and ammonium acetate (20.0 equi2.39 g, 160.7 mmplTolueng(0.3 M)was
then added and the mixture heated under reflux for 5 hours. The mixture was
subsequently concentratadvacuoand diluted with ethyl acetate. The organic layer was
rinsed three times with a saturated aqueous Nat#0[Dtion. The washed organic layer

was dried over sodium sulfate, concentratedacuq and purifiedvia column
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chromatography (100% ethyl acetate) to dam-butyl (3-(4-(4-decylphenyl1H-
imidazok2-yl)propyl)carbamate as a white solitB§o, 2.610 ¢. *H NMR (400 MHz,

CDCL) © 1 1H),3.88 (g 2H), 7.46 (d,= 8.5 Hz, 2H), 7.25 (d] = 8.9 Hz,1H),

5.02 (s,1H), 3.22 (gJ = 6.2 Hz, 2H), 2.83 2.75 (m, 2H), 1.85 1.75 (m, 2H), 1.48 (s,
9H).®*C NMR (101 MHz,CDG)) G 157. 9, 148. 7, 131. 8, 126.
29.7,28.5, 24.7. HRMS: (ESI) [M+H]+ calc. forE4NsO2, 442.3428, observed,

442 .333.

/ HN O\é
| '\'}\/\/ «O
tert-butyl (3-(4-(4-
decylphenyl}1-methyl-1H-imidazol-2-yl)propyl)carbamate (2.6a): Synthesized
according to General Proced@® with methyl iodide. Purifiedia column
chromatography (100% ethgtetate). White solid (63%, 65 mdg{ NMR (400 MHz,
ds-MeOD) U 7J=B.3 Hz( aH), 7.22 (,H), 7.14 (dJ = 8.4 Hz, 2H), 3.63 (s, 3H),
3.12 (t,J= 6.7 Hz, 2H), 2.75 () = 7.6 Hz, 2H), 2.58 () = 7.6 Hz, 2H), 1.85 (n] = 7.6
Hz, 2H), 1.59 (p) = 7.3 Hz, 2H), 1.44 (s, 9H), 1.361.22 (m, 14H), 0.88 (1] = 7.0 Hz,
3H).*CNMR (101 MHz,d--MeOD) & 158. 5, 149 .,8295 123, 4, 140.
117.9, 79.9, 40.8, 36.6, 33.1, 33.1, 32.7, 30.7, 30.7, 30.6, 30.5, 30.3, 29.4, 28.8, 24.7,

23.7, 14.5. HRMS: (ESI) [M+H]+ calc. forAHsN3O2, 456.3585, observed, 456.3592.

@)
N/"' HN—( \é
D2
N
tert-butyl (3-(4-(4-
decylphenyl)}1-ethyl-1H-imidazol-2-yl)propyl)carbamate (2.6b): Synthesized
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according to General Proced@® with ethyl iodide. Purifiedia column
chromatography (8000% ethyl acetate/hexanes). Yellow oil (75%, 80 Hég)NMR
(400 MHz, CDC#) 0 7J=8.8 Hz( 2H), 7.14 (d] = 7.9 Hz, 2H), 7.06 (I H), 5.87
(t, J=5.0 Hz,1H), 3.88 (qJ = 7.3 Hz, 2H), 3.24 (q] = 6.1 Hz, 2H), 2.76 (t) = 7.1 Hz,
2H), 2.58 (tJ = 7.7 Hz, 2H), 1.97 (p] = 6.7 Hz, 2H), 1.59 (p] = 7.5 Hz, 2H), 1.47
1.37 (m, 12H), 1.35 1.17 (m, 14H), 0.87 (f] = 6.7 Hz, 3H). HRMS: (ESI) [M+H]+
calc. for GoHagN302, 470.3741, observed, 470.3741.
o~ tert-butyl  (3-(4-(4-decylphenyl)-1-propyl-

< j NA\/\’HZrO\// 1H-imidazol-2-yl)propyl)carbamate (2.6¢):
Synthesized according to General Proced@ewith propyl iodide. Purified via column
chromatography (50% ethyl acetate/hexanes). Light yellow oil (80%, 88'HidYMR
(400 MHz,CDCl;) & 7J=@84 Hz 2H), 7.14 (d] = 7.9 Hz, 2H), 7.04 (s, 1H), 5.90
(t, J=5.9 Hz, 1H), 3.79 (t) = 7.2 Hz, 2H), 3.25 (] = 6.1 Hz, 2H), 2.75 (t) = 7.1 Hz,
2H), 2.58 (tJ = 7.7 Hz, 2H), 1.98 (p] = 6.8 Hz, 2H), 1.78 (h] = 7.4 Hz, 2H), 1.60 (pJ
= 7.3 Hz, 2H), 1.44 (s, 9H), 1.371.18 (m, 14H), 0.95 (] = 7.4 Hz, 3H), 0.87 (= 6.8
Hz, 3H).2*C NMR (101 MHz,CDCls) u 156. 36, 147. 75, 141. 24,
124.70, 114.50, 78.88, 47.65, 40.68, 35.79, 32.01, 31.62, 29.73,29.69,,29.45, 29.37,
28.59, 27.69, 24.82, 24.37, 22.80, 14.23, 118BRMS: (ESI) [M+H]+ calc. for

CaoHs0N302, 484.3898, observed, 484.3895.
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\L

tert-butyl (3-(4-(4-

W

decylphenyl}1-(3-methoxypropyl)-1H-imidazol-2-yl)propyl)carbamate (2.6d):
Synthesized according to General Proce@Beavith 1-bromo3-methoxypropane.
Purifiedvia column chromatography (380% ethyl acetate/hexanes). Yellow oil (58%,
68 mg)."H NMR (400 MHz,CDCk) U 7J=6.2 Hz( 2H), 7.14 (d] = 8.2 Hz, 2H),
7.04 (s,1H), 5.91 (tJ = 5.5 Hz,1H), 3.95 (t,J = 6.9 Hz, 2H), 3.34 3.30 (m, 5H), 3.25
(9, J= 6.0 Hz, 2H), 2.76 () = 7.1 Hz, 2H), 2.58 (t) = 7.7 Hz, 2H), 1.98 (h] = 5.5 Hz,

4H), 1.59 (pJ) = 7.6 Hz, 2H), 1.44s, 9H), 1.35 1.19 (m, 14H), 0.87 (t] = 6.8 Hz, 3H).

3CNMR (101 MHz,CDCl}) U 156.4, 148.0, 141. 3, 140.

78.9, 68.5, 58.8, 42.6, 40.7, 35.8, 32.0, 31.6, 31.0, 29.7,2M,29.4, 29.4, 28.6, 27.6,
24.6, 22.8, 14.2. HRMS: (ESI) [M+H]+ calc. foeEls;NzOs, 514.4003, observed,

514.4000.

N 0’<
, />\\\\
N 0
HN{
isopropyl-2-(2-(3-((tert-

butoxycarbonyl)amino)propyl)-4-(4-decylphenyl}1H-imidazol-1- yl)acetate(2.6e):
Synthesized according to General Proce@bBavith isopropyl 2bromoacetate. Purified
via column chromatography (480% ethyl acetate/hexanes). Light yellow oil (76%, 139

mg).*H NMR (400 MHz,CDCl;) & 7J.=8.2 Hz( 2H), 7.14 (d] = 8.2 Hz, 2H),
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7.04 (s1H), 5.77 (t.J = 5.7 Hz,1H), 5.08 (hept] = 6.3 Hz,1H), 4.55 (s, 2H), 3.23 (d,

= 5.9 Hz, 2H), 2.69 (1 = 7.1 Hz, 2H), 2.57 (t = 7.9 Hz, 2H), 1.98 (p] = 7.1 Hz, 2H),

1.58 (p,J = 7.5 Hz, 2H), 1.44 (s, 9H), 1.351.21 (m, 20H), 0.86 (] = 7.0 Hz, 3H)13C

NMR (101 MHzCDCl) o 167.2, 156.3, 148.3, 141.5, 14
78.9,70.2, 47.7, 40.4, 35.8, 32.0, 31.6, 29.7, 29.7, 29.6, 29.4, 29.4, 28.6, 27.4, 24.5, 22.8,

21.8, 14.2. HRMS: (ESI) [M+H]+ calc. forsHs:N3Os, 542.3952, observed, 542.3952.

£
Ot

O  benzyl 2-(2-(3-((tert-butoxycarbonyl)amino)propyl) -
4-(4-decylphenyl}1H-imidazol-1-yl)acetate (2.6f): Purified via column
chromatography (4@85% ethyl acetate/hexanes). Clear oil (29%, 96 AyNMR (400
MHz, CDCk) U 7J=6.2 Hz( 2H), 7.42 7.29 (m, 5H), 7.15 (d] = 8.2 Hz, 2H),
7.05 (s, 1H), 5.69 (1] = 5.4 Hz, 1H), 5.21 (s, 2H), 4.64 (s, 2H), 3.20X§,5.8 Hz, 2H),
2.67 (t,J= 7.1 Hz, 2H), 2.60 () = 7.3 Hz, 2H), 1.93 (p] = 7.1 Hz, 2H), 1.60 (p] = 7.6
Hz, 2H), 1.45 (s, 9H), 1.361.20 (m, 14H), 0.88 (1] = 6.8 Hz, 3H)3C NMR (101
MHz,CDCk) U 167. 50, 1.56614(63,,134.874 B31.48,2128.92, 428.86,
128.70, 128.66, 124.91, 115.55, 78.93, 67.86, 47.48, 40.41, 35.81, 32.01, 31.60, 29.74,
29.73, 29.65, 29.45, 29.38, 28.60, 27.37, 24.49, 22.80, 14.23. HRMS: (ESI) [M+H]+

calc. for GeHs2N304, 590.3952, observed, 590.3950.
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tert-butyl (3-(1-(2-amino-2-
oxoethyl)}4-(4-decylphenyl}1H-imidazol-2-yl)propyl)carbamate (2.69): Benzyl 2(2-
(3-((tertbutoxycarbonyl)amino)propy#-(4-decylphenyh1H-imidazol 1-yl)acetate (1.0
equiv.) was dissolved in methanol and added to a pressure vial containing a stir bar. To
the solution was added ammonia (20.0 equiv, 7 N in methanol) apdetbsure vial was
sealed and purged with argon. The mixture wa
showed the complete consumption of starting material. The reaction mixture was
concentrateth vacuo and triturated with diethyl ether and hexanesgddand used
without further purification. White solid (68%, 55 mg{ NMR (400 MHz, d-Me OD)
7.59 (d,J = 8.3 Hz, 2H), 7.26 (LH), 7.15 (dJ = 8.0 Hz, 2H), 4.71 (s, 2H), 3.13 {t=
6.7 Hz, 2H), 2.72 (t) = 7.7 Hz, 2H), 2.59 () = 7.6 Hz, 2H), 1.88 (p] = 7.0 Hz, 2H),
1.60 (p,d = 7.1 Hz, 2H), 1.43 (s, 9H), 1.371.25 (m, 14H), 0.89 (f] = 6.7 Hz, 3H)1C
NMR (101 MHz, d-Me OD) a 171. 7, 158. 5, 150. 3, 142. 6,
117.8, 79.9, 49.0, 40.8, 36.6, 33.1, 32.7, 30.7, 30.8, 30.5, 30.4, 29.4, 28.8, 24.7,

23.7, 14.5. HRMS: (ESI) [M+H]+ calc. forgHaN4Os, 499.3643, observed, 499.3647.

/ NH,

’ ’\i>\/\/ H-ClI

N
3-(4-(4-Decylphenyl}1-methyl-

1H-imidazol-2-yl)propan-1-amine hydrochloride (2.7a): Synthesized according to

General Procedur26. Purifiedvia trituration with diethyl ether and ethyl acetate. White
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solid (75%, 42 mg)tH NMR (400 MHz, d-Me OD) i 1M), 78D (dJ=$8.3 Hz,

2H), 7.33 (dJ = 8.2 Hz, 2H), 3.93 (s, 3H), 3.22 {t= 7.9 Hz, 2H), 3.13 () = 7.7 Hz,

2H), 2.66 (tJ = 7.6 Hz, 2H), 2.20 (p] = 7.9 Hz, 2H), 1.64 (p] = 6.8 Hz, 2H), 1.38

1.21 (m, 14H), 0.89 (1] = 6.8 Hz, 3H):*CNMR (101 MHz, d-Me OD) U 147 .6, 146
134.0, 130.5, 126.6, 125.1, 119.9, 386.6, 35.1, 33.0, 32.5, 30.7, 30.7, 30.6, 30.4, 30.3,

26.0, 23.7, 22.7, 14.4. HRMS: (ESI) [M+H]+ calc. fors8seNs, 356.3060, observed,

356.3057.

an NH,
N
[,

\ H—CI

3-(4-(4-decylphenyl)1-ethyl-
1H-imidazol-2-yl)propan-1-amine hydrochloride (2.7b): Synthesized according to
General Procedur26. Purifiedvia trituration with ethyl acetate and diethyl ether. White
solid (56%, 35 mg)'H NMR (400 MHz, d-Me OD) U J# 8.5Hy, 2H)d7,44 (s,
1H), 7.19 (dJ = 8.0 Hz, 2H), 4.06 (q] = 7.3 Hz, 2H), 3.09 () = 7.1 Hz, 2H), 2.95 (t]
= 7.3 Hz, 2H), 2.61 () = 7.6 Hz, 2H), 2.12 (p] = 7.2 Hz, 2H), 1.62 (p] = 7.0 Hz, 2H),
1.45 (t,J = 7.3 Hz, 3H), 1.37 1.22 (m, 14H), 0.89 (f] = 6.7 Hz, 3H. 13C NMR (101
MHz, d-Me OD) 1 143.%4 ¥40.8 131.8, 129.8, 125.9, 116.4, 42.2, 40.2, 36.6, 33.1,
32.7,30.7, 30.7, 30.6, 30.5, 30.3, 26.5, 24.5, 23.7, 16.4, 14.4. HRMS: (ESI) [M+H]+

calc. for G4H4oN3, 370.3217, observed, 370.3207.

SN~ ol 3-(4-(4-decylphenyl)-1-propyl -1H-imidazol-2-
<://:/_<j>_<%\/\"“HZ yl)propan-1-amine hydrochloride (2.7c): Purified via

trituration with ethyl acetate and diethyl ether. White solid (60%, 46 IHgIMR (400

MHz,ccko d ) U J=.8.8 18z, 2HY 7.36 (s, 1H), 7.17 @z 8.4 Hz, 2H), 3.95 (1) =
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7.2 Hz, 2H), 3.09 (t) = 7.0 Hz, 2H), 2.91 () = 7.2 Hz, 2H), 2.60 (t = 7.6 Hz, 2H),

2.11 (p,J= 7.1 Hz, 2H), 1.84 (h] = 7.4 Hz, 2H), 1.61 (p] = 7.4 Hz, 2H), 1.37 1.20

(m, 14H), 0.98 (tJ = 7.4 Hz, 3H), 0.89 (1) = 6.8 Hz, 3H)13C NMR (101 MHz,cdo d ) @
148.26, 142.70, 140.83, 132.60, 129.67, 125.77, 116.85, 48.64, 40.33, 36.61, 33.06,
32.68, 30.72, 30.70, 30.59, 30.44, 30.29, 26.55, 25.21, 24.88, 23.72, 14.44, 11.33.

HRMS: (ESI) [M+H]+ calc. forCzsH42N3, 384.3373 observed, 384.3371.

T
3-(4-(4-decylphenyl)1-(3-

methoxypropyl)-1H-imidazol-2-yl)propan-1-amine hydrochloride (2.7d):

Synthesized according to General Proce@.8ePurifiedvia column chromatography

(10-15% methanol/CLCly). Off-white solid (76%, 45 mgfH NMR (400 MHz, d-

Me OD) U 1M),791(dX=.8 Hz, 2H), 7.32 (d] = 7.7 Hz, 2H), 4.34 (= 6.8

Hz, 2H), 3.49 (tJ) = 5.4 Hz, 2H), 3.34 (s, 3H), 3.25 {t= 7.9 Hz, 2H), 3.15 (¥ = 7.4

Hz, 2H), 2.65 () = 7.6 Hz, 2H), 2.29 2.14 (m, 4H), 1.62 (p] = 7.2 Hz, 2H), 1.37

1.21 (m, 14H), 0.88 (f] = 6.6 Hz, 3H)’*C NMR (101 MHz, d-Me OD) & 147. 4, 146
134.4,130.4, 126.6, 125.1, 118.5, 69.7, 59.0, 46.3, 38.8, 33.0, 32.4, 30.8, 30.7, 30.7,

30.5, 30.4, 30.2, 26.5, 23.7, 22.7, 14.4. HRMS: (ESI) [M+H]+ calc. feH.GN3O,

414.3479, observed, 414.3477.
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H,oN

e T
isopropyl 2-(2-(3-

aminopropyl)-4-(4-decylphenyl)}1H-imidazol-1-yl)acetate hydrochloride(2.7€):

Synthesized according to General Proce@.8ePurifiedvia column chromatography

(10% methanol/CECI,). Yellow solid (35%, 43 mgiH NMR (400 MHz, d-Me OD) U
7.58 (d,J = 8.1 Hz, 2H), 7.33 (sH), 7.17 (dJ = 8.0 Hz, 2H), 5.09 (hepd,= 6.3 Hz,

1H), 4.927 4.85 (m, 2H), 3.07 () = 7.0 Hz, 2H), 2.84 () = 7.0 Hz, 2H), 2.60 (1 =

7.6 Hz, 2H), 2.11 (p) = 7.0 Hz, 2H), 1.62 (p] = 7.4 Hz, 2H), 1.43 1.20 (m, 20H),

0.89 (t,J= 6.7 Hz, 3H)1*C NMR (101 MHz, d-Me OD) a 169. 3, 149. 3,
132.5, 129.7, 125.8, 118.0, 71.3, 48.4, 40.3, 36.6, 33.1, 32.7, 30.7, 30.7, 30.6, 30.5, 30.3,
26.3,24.7,23.7,22.0,14% NMRs h o ws 0 v-earbbngmtons With Water

signal. HRMS: (ESI) [M+H]+ calc. for £H44N302, 442.3428, observed, 442.3423.

0

ﬁ/<

NH,

N
[ H~-Cl
\/\/\/\/\/©/EN>\\\\
NH2  2.(2-(3-aminopropyl)-4-(4-

decylphenyl)}1H-imidazol-1-yl)acetamide hydrochloride(2.7g): Synthesized

according to General Proced@é. Purifiedvia trituration with ethyl acetate and diethyl
ether. White solid (74%, 29 mgH NMR (400 MHz, d-Me OD) U 1MH),7$%®(d,( s ,
J=7.9 Hz, 2H), 7.35 (d] = 8.0 Hz, 2H), 5.12 (s, 2H), 3.17 {t= 7.9 Hz, 2H), 3.10 (1]

= 7.7 Hz, 2H), 2.67 () = 7.6 Hz, 2H), 2.21 (p] = 7.8 Hz, 2H), 1.64 (p] = 7.4 Hz, 2H),
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1.447 1.22 (m, 14H), 0.89 (1] = 6.6 Hz, 3H)1*C NMR (101 MHz, d-Me OD) U 169 .

148.9, 146.4, 134.4, 130.5, 126.7, 125.0, 119.8, 50.5, 39.7, 36.6, 33.1, 32.5, 30.7, 30.7,
30.6, 30.4, 30.3, 26.3, 23.7, 22.9, 14.4. HRMS: (ESI) [M+H]+ calc. #gf£N4O,

399.3118, observed, 399.3114.

4-(-1H-imidazol-1-yl)benzonitrile (2.9). Synthesized according to
General Procedur21. 455mg, &%, white solid*H NMR (400 MHz,CDCl;) & i8. 02
7.94 (m, 1H), 7.85 7.79 (m, 2H), 7.62 7.51 (m, 2H), 7.38 () = 1.4 Hz, 1H), 7.30

7.21 (m, 1H)13C NMR (101 MHz,CDCl;) 140.4, 135.2, 134.0, 131.4, 121.2, 117.8,

117.5, 110.8. HRMS: (ESI) [M+Hifcalc. for GoHsNs" 170.0713, observed, 170.0720.

HO' (2)-N'-hydroxy-4-(-1H-imidazol-1-yl)benzimidamide (2.10}
Synthesized according to General Proce@2e561mg, 72%, white solidH NMR
(500 MHz, ¢-DMS O) O 1BI), 9875 (sJHy 8.34 (tJ=1.2 Hz,1H), 7.831 7.78

(m, 3H), 7.71i 7.66 (m, 2H), 7.14 7.13 (m,1H), 5.96 (s, 2H)C NMR (126 MHz, d-

DMSO) & 150.1, 137.1, 135. HRMSLE)[MH 129.

calc. for GoH11N4O" 203.0927, observed, 203.0932.

w
AT
C7H15\</ {\l
"

oxadiazole(2.11a) Synthesized according to General Proce@8e89 mg, 58%,
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yellow solid.'H NMR (500 MHz, d-Me OD) & 8. 2 & 8.43m, 2H),Hy4 8. 17
7.68 (M, 2H), 7.66 (s, 1H), 7.18 (s, 1H), 2.9599¢, 7.6 Hz, 2H), 1.84 (p] = 7.5 Hz, 2H),

1.457 1.26 (m, 9H), 0.91 0.87 (m, 3H)°C NMR (126 MHz,dMe OD) & 180. 8,
167.1, 139.1, 135.5, 129.2, 128.6, 125.9, 120.9, 118.0, 31.4, 28.7, 28.5, 26.2, 25.9, 22.3,

13.0. HRMS: (ESI) [M+H] calc. for GgH23N4O" 311.1866, observed, 311.1874.

_N
W
AT
C8H17‘</ {\l
o-

(2.11b) Synthesized according to General Proce@8e73 mg, 44%, yellow solidH

3-(4-(-1H-imidazol-1-yl)phenyl)-5-octyl-1,2,40xadiazole

NMR (500 MHz, d-Me OD) U 1#),82& 8.L7(m, 2H), 7.77 7.73 (m, 2H),

7.69 (s,1H), 7.20 (s1H), 2.99 (tJ = 7.5 Hz, 2H), 1.87 (p] = 7.5 Hz, 2H), 1.48 1.25

(m, 13H), 0.92 0.87 (M, 4H)1*C NMR (126 MHz,d-Me OD) & 182. 2, 168. 5,
136.9, 130.5, 130.0, 127.3, 122.3, 119.5, 32.9, 30.2, 30.2, 30.0, 27.6, 27.2, 23.7, 14.4.

HRMS: (ESI) [M+H] calc. for GgH2sN4O" 325.2023, observed, 325.2027.

_N
W
el
CQH19\</ {\l
o-

(2.11c) Synthesized according to General Proce@8e67 mg, 40%, yellow solidH

3-(4-(-1H-imidazol-1-yl)phenyl)-5-nonyl-1,2,40xadiazole

NMR (400 MHz, d-Me OD) U 1#),828 8.L7(m, 2H), 7.78 7.73 (m, 2H),

7.70i 7.68 (m,1H), 7.20 (s1H), 2.99 (t,J = 7.5 Hz, 2H), 1.88 (p] = 7.5 Hz, 2H), 1.48
i 1.23 (m, 14H), 0.98 0.85 (m, 3H)°C NMR (101 MHz, ¢4Me OD) U 182.3, 168.
140.5, 136.9, 130.6, 130.1, 127.3, 122.4, 119.5, 33.0, 30.5, 30.3, 30.2, 30.0, 27.6, 27.2,

23.7, 14.4. HRMS: (ESI) [M+H]calc. for GoH2/N4O* 339.2179, observed, 339.2203.
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-
AT
C10H21\</ {\l
o-

(2.11d) Synthesized according to General Proce@.8e73 mg, 52%, off white solid.

3-(4-(-1H-imidazol-1-yl)phenyl)-5-decy}t1,2,40xadiazole

IH NMR (400 MHz,CDCls) U i 8.172n8, 2H), 7.95 (s, 1H), 7.567.48 (m, 2H),

7.36 (s, 1H), 7.25 (s, 1H), 2.96 Jt= 7.6 Hz, 2H), 1.88 (p] = 7.6 Hz, 2H), 1.44 1.23

(m, 15H), 0.92 0.84 (m, 3H)**CNMR (101 MHz,CDCl) U4 180. 4, 167. 3, 13

135.4,130.9, 129.1, 126.1, 121.3, 117.8, 31.8, 29.5, 29.4, 29.3, 29.1, 29.0, 26.6, 22.6,

14.1. HRMS: (ESI) [M+H] calc. for G1H.eN4O* 353.2336, observed, 353.2349.

w
N\,/©/
C11H23“</ {\l
o-

oxadiazole (2.11e) Synthesized according to General Proce@8e65 mg, 36%,

3-(4-(-1H-imidazol-1-yl)phenyl)-5-undecyt1,2,4

yellow solid.'H NMR (500 MHz, d-Me OD) U 1), 82AB(ttJ=%.1, 3.0 Hz,
2H), 7.74 (ttJ = 7.7, 3.1 Hz, 2H), 7.69 (&H), 7.20 (s1H), 3.33 (s1H), 3.03i 2.93 (m,
2H), 1.93i 1.82 (m, 2H), 1.48 1.21 (m, 17H), 0.93 0.84 (m, 3H):3C NMR (126
MHz, &WMe OD) U 180.8, 167.1, 139.1, 135.5, 129,
29.3,29.3, 29.1, 29.1, 28.8, 28.6, 26.2, 25.9, 22.3, 13.1. HRMS: (ESI) [Mald] for

C22H31N40" 367.2492, observed, 367.2500.
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A

w
o-N 1-(4-(5-heptyl-1,2,40xadiazol3-yl)phenyl)-3-

methyl-1H-imidazol-3-ium iodide (2.12a) Synthesized according to General Procedure

2.4. 12 mg, 41%, brown solidH NMR (400 MHz,CDCls) &  91H)88026i (821,

(m, 2H), 7.84i 7.79 (m, 2H), 7.72 7.69 (m,1H), 7.63i 7.60 (m,1H), 4.16 (s, 3H), 2.94

(t,J= 7.6 Hz, 2H), 1.87 (p] = 7.6 Hz, 2H), 1.49 1.24 (m, 8H), 0.91 0.86 (m, 3H).

13CNMR (151 MHz,CDClp) G 180. 9, 166. 8, 136. 2, 135. 6,

121.0, 37.5, 31.9, 29.2, 29.2, 26.8, 26.7, 22.8, 14.2. HRMS: (ESI) [Veet]. for

C19H25N40" 325.2023, observed, 325.2029.

.
AT
C8H17\</ Ll
-

1H-imidazol-3-ium iodide (2.12b} Synthesized according to General Proce@u#el2

1-(4-(5-octyl-1,2,40xadiazol3-yl)phenyl)-3-methyl-

mg, 52%, brown solidH NMR (400 MHz,CDCkL) U 91H)68025i (848 (m, 2H),

7.817 7.73 (m, 2H), 7.68 7.64 (m,1H), 7.58i 7.52 (m,1H), 4.15i 4.08 (m, 3H), 2.92

(t, J=7.6 Hz, 2H), 1.84 (p] = 7.6 Hz, 2H), 1.46 1.20 (m, 10H), 0.90 0.82 (m, 3H).
3CNMR (151 MHz,CDCl;p) G 180.9, 166.8, 136.3, 136. 1,
120.6, 37.9, 32.0, 29.7, 29.5, 29.5, 29.2, 29.2, 26.8, 26.7, 22.8, 14.3. HRMS: (ESI)

[M+H] ™ calc. for GoH27NsO" 339.2179, observed, 339.2175.
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N/
N\,/©/
C9H19\</
(0]

’L' 1-(4-(5-nonyl-1,2,4o0xadiazol3-yl)phenyl)-3-methyl-
1H-imidazol-3-ium iodide (2.12c) Synthesized according to General Proce@utel0
mg, 41%, white solidtH NMR (500 MHz, CDCf) & 10. 38 i &2 (m, 2HY) , 8. 27
7.967 7.90 (m, 2H), 7.82 () = 1.9 Hz, 1H), 7.77 (0 = 1.8 Hz, 1H), 4.26 (s, 3H), 2.95

(t, J= 7.7 Hz, 2H), 1.87 (p] = 7.6 Hz, 2H), 1.49 1.21 (m, 13H), 0.91 0.85 (m, 3H).
3CNMR (126 MHz,CDGJ)) U 180. 8, 166. 7, 136. 1, 135. 8,
120.7, 37.7, 31.8, 29.4, 29.2, 29.1, 29.1, 26.6, 26.6, 22.7, 14.1. HRMS: (ESI)[M+H]

calc. for G1H>oN4O" 353.2336, observed, 353.2343.

{
AT
C10H21\</ {\l
o-

1H-imidazol-3-ium iodide (2.12d} Synthesized according to General Proce@u#e4l

1-(4-(5-decy}1,2,40xadiazot3-yl)phenyl)-3-methyl-

mg, 89%, yellow solid*H NMR (400 MHz, d-Me OD) i1 8.28 (n 24), 8.15 (d]
= 2.1 Hz,1H), 7.90i 7.85 (m, 2H), 7.81 (d] = 2.1 Hz,1H), 4.05 (s, 3H), 3.00 (= 7.5
Hz, 2H), 1.87 (pJ = 7.5 Hz, 2H), 1.47 1.21 (m, 15H), 0.92 0.83 (m, 3H)%%C NMR

(126 MHz, CDC}) a 180. 8, 166. 7, 136. 2, 136. 0, 129.
31.9, 29.5, 29.4, 29.3, 29.1, 29.1, 26.6, 26.6, 22.7, 14.1. HRMS: (ESI) [Matd] for

C22H31N40" 367.2492, observed, 367.2496.
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N
w
C11H23\</N\H/©/

o-N 1-(4-(5-undecy}1,2,40xadiazol3-yl) phenyl)-3-
methyl-1H-imidazol-3-ium iodide (2.12e) Synthesized according to General Procedure
2.4.7 mg, 30%, yellow solidH NMR (500 MHz,CDClz) G 1 O3 47Hz, (LH),,
8.267 8.18 (m, 2H), 7.97 7.89 (m, 2H), 7.81 (dt] = 14.2, 1.9 Hz, 2H), 2.92 1,= 7.6
Hz, 2H), 1.84 (p) = 7.6 Hz, 2H), 1.45 1.35 (m, 2H), 1.37 1.19 (m, 15H), 0.88 0.82
(m, 3H).*CNMR (126 MHz,CDCl;) 4 180. 7, 166. 7, 136. 0, 135.
122.6,120.7, 37.8, 31.9, 29.6, 29.4, 29.3, 29.1, 29.1, 26.6, 26.6, 22. HRMS: (ESI)

[M+H] ™ calc. for GsHz3N4O* 381.2649, observed, 381.2648.
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5.3Proceduresand Characterization for Chapter 3

General Procedure4.1: Amidoxime SynthesisTo a roundbottom flask with stir
bar containing a solution of 200 proof ethanol (0.2 M) and substituted benzonitrile (1.0
equiv.) was added hydroxylamine hydrochloride (2.2 equiv.) followed by TEA (3.0 equiv.).
The reaction was heated under reflux foritlurs with reaction progress monitored by
TLC. Once complete, the reaction was allowed to cool to room temperature and
concentrateth vacuo Addition of ethyl acetate formed a white precipitate that was filtered
off. The resulting mixture was thepurified by silica gel chromatography with an

appropriate ethyl acetate/hexanes solvent system to afford the pure product.

General Procedure4.2: HCTU-Assisted 1,2,40xadiazole Ring ClosureTo a
round bottom flask with stir bar containing benzamidoxime (1.0 equiv.) in DMF (0.3 M)
under argon, was added undecanoic acid (1.2 equiv.), diisopropylethylamine (1.8 equiv.),
and HCTU (1.2 equiv.). The reaction was heated to 105 °C for 16 hours auitbme
progress was monitored by TLC. Once complete, the reaction was allowed to cool to room
temperature and the resulting solution was partitioned between ethyl acetate and aqueous
lithium bromide solution. The aqueous layer was washed three times with additional ethyl
acetate and the combined organic layers were dried og8diltered, and concentrated
in vacuo The reaction mixture was purifiada silica gel chromatography to afford the

desired product.

General Procedure 4.3 One-Pot Hydroboration-Suzuki-Miyaura Cross-
Coupling To a flamedried pressure vial with stir bar under argon was added alkene (2.0
equiv.) followed by 9BBN (2.1 equiv., 0.5 M in THF). The reaction was allowed to stir

under reflux for 60 minutes. After, the reaction mixture was allowed to cool to room
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temperature. Aryl halide (1.0 equiv.) was added, followed by Rdigif)-CHCI, (0.05
equiv.), followed by dropwise addition of a 3 M K@kjsolution( 3.0 equiv.). This was

then heated back up to reflux and allowed to for an additic@élf#urs at which reaction
progress was tracked by consumption of the aryl halel€LC. The mixture was cooled,
filtered over celite, and concentrated under reduced pressure to afford the crude product.
The resulting mixture was the purified by silica gel chromatograytty an appropriate

ethyl acetate/hexanes solvent system to afford the pure product.

General Procedure 4.4 HCI-Assisted Boc Deprotection:To a 6dram vial
containing aN-Boc-protected amine (1.0 equiv.) was addedClH(0.2 M), followed by
HCI (10 equiv, 4 M in dioxane). The resulting mixture was allowed to stir until complete
consumption of starting material was observiedTLC (1-4 hours). The reaction mixture
was concentrateid vacuoand the residue was rinsed with diethyl ether until a precipitate
formed. The precipitate was subjected to trituration with an appropriate solvearhdgst

afford pure product as the hydrochloride salt.

General Procedure 4.5 HCTU -Assisted Amide Coupling To a solution of
appropriate carboxylic acid (1.0 equiv.) in DCM (0.2 M) under argon, was ddHBmt-
piperazine (1.1 equiv.), diisopropylethylamine (2.0 equiv.), and HCTU (1.1 equiv.). The
reaction was allowed to stir at room temperature for 2 hours and reaction progress was
monitored by TLC. Once complete, the reaction was concenfratextuo The reaction

mixture was purifiedvia silica gel chromatography to afford the desired product.

General Procedure4.6; Substitution of 1-Bromoundecane.To a solution of
heterocyclic amide (1.0 equiv.) in DMF (0.2 M) was adddindmoundecane (1.5 equiv.)

followed by potassium carbonate (3.0 equiv.). This was allowed to stir at room temperature
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for 3 hours or until complete. Once complete, the reaction was partitioned between ethyl
acetate and aqueous lithium bromide solution. The aqueous layer was washed three times
with additional ethyl acetate and the combined organic layers were dried o&D:Na
filtered, and concentratesh vacuo The reaction mixture was purifieda silica gel

chromatography to afford the desired product.

General Procedure4.7: Urea Coupling To a flame dried vial containing a stir bar
under argon was added triphosgene (0.5 equiv) followed by anhydrous dichloromethane
(0.2 M) and a appropriate aniline (1.0 equiv) in dichloromethane (2 mL) was added
dropwise. This mixture was stirred for 30 naihroom temperature and then treated with
triethylamine (2.3 equiv) in dichloromethane (0.2 M). After 30 niNkBoc-protected
amine (1.5 equiv) was added. The reaction mixture was stirred for 16 hours at room
temperature, evaporated to dryness, treateld water (10 mL) and extracted with DCM
(3 x 20 mL). The organic phase was dried over anhydrous sodium sulphate, filtered, and

purified via silica chromatography.

General Procedure4.8 TFA Boc DeprotectionTo a solution oN-Boc-amine in
DCM (0.2 M) was added TFA (10.0 equiv.). The resulting mixture was stirred at room
temperature for 16 hours or until complete. The reaction mixture was then triturated with

diethyl ether to afford pure product.

(2)-N'-hydroxy-4-iodobenzimidamide (3.2): Synthesized
according to General Procedure 4.1. Purified via column chromatography (30% ethyl
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acetate/hexanes). White solid (91%, 519 Hdg)NMR (400 MHz, cdd)) U 1 7.727n6
2H), 7.39i 7.35(m, 2H), 4.82(s,2H¥C NMR (126 MHz, DMSO) U 150.

127.5,953%C NMR (126 MHz, DMSO) U4 150.2, 136. 9,

5-decy}3-(4-iodophenyl}1,2,40xadiazole

(3.3): Synthesized according to General Procedure 4.2. Purified via column
chromatography (10% ethyl acetate/hexanes). White solid (70%, 2.181 gyMR (400

MHz, cdck) U i 7.778(8, 4H), 2.97 2.89 (m, 2H), 1.86 (p] = 7.5 Hz, 2H), 1.46

1.22 (m, 14H), 0.91 0.82 (m, 3H).*C NMR (101 MHz, cde) 4 180.3, 167. 7,
138.0, 133.1, 128.9, 126.5, 97.7, 31.9, 29.5, 29.4, 29.3, 29.1, 29.0, 26.6, 22HRMSL.

(ESI) [M+H]" calc. for GgH26IN2O" 413.1084, observed, 413.1061.

0] J<
Jeass
H
N
C10H21‘</ {\l
O—

3-yl)phenyl)propyl)carbamate (3.4a): Synthesized according to General Procedure 4.3.

tert-butyl (3-(4-(5-decy}t1,2,40xadiazot

Purified via column chromatography (10% ethyl acetate/hexanes). Yellow oil (89%, 144

mg).'H NMR (400 MHz, cde)) U 7 J9873, 1(4dHd, 2H), 7.207.25 (m, 2H), 2.92

(td,J=7.6, 1.4 Hz, 2H), 2.69 (§,= 7.8 Hz, 2H), 1.90 1.78 (m, 6H), 1.44 (s, 9H), 1.36

1.22 (m, 14H), 0.90 0.84 (m, 3H).*C NMR (101 MHz, cde) 4 180. 1, 168. 3,

145.1, 129.0, 127.7, 124.9, 32.2, 32.0, 31.7, 29.6, 29.5, 29.4, 29.2, 29.2, 28.5, 26.8, 26.8,
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26.4, 22.8, 22.2, 14. HRMS: (ESI) [M+H] calc. for GeHs2N303" 444.3221, observed,

444.3205.

N__o
N 0]
C10H21\</ {\l
o-

yl)phenethyl)carbamate (3.4b): Synthesized according to General Procedure 4.3.

tert-butyl (4-(5-decyt1,2,40xadiazol 3-

Purified via column chromatography (10% ethyl acetate/hexanes). Yellow solid (64%, 101
mg). 'H NMR (400 MHz, cde)) U 8J.=0.8 Hz( aH), 7.30 (d] = 7.8 Hz, 2H), 3.40

(g,J = 6.6 Hz, 2H), 2.96 2.81 (m, 4H), 1.85 (W] = 6.6 Hz, 3H), 1.43 (s, 9H), 1.28 (@,

= 13.2 Hz, 14H), 0.87 (§=6.7 Hz, 3H)’*C NMR (101 MHz,cde) U 180. 0, 168.

142.3, 129.3, 127.6, 125.2, 32.1, 31.8, 29.5, 29.4, 29.2, 29.1, 29.0, 28.4, 26.6, 26.6, 26.2,
22.6, 22.0, 14.1HRMS: (ESI) [M+H]" calc. for GsHaoN303" 430.3064, observed,

430.3048.

HCI

NH»
AT
C10H21‘“</
(0]

’{\' 2-(4-(5-decyt1,2,40xadiazol3-yl)phenyl)ethan-
1-amine hydrochloride (3.5a): Synthesized according to General Procedure 4.4. Purified
via trituration with diethyl ether. White solid (80%, 41 mgH NMR (400 MHz,cdo d ) U
8.071 8.02 (m, 2H), 7.48 7.43 (m, 2H), 3.26 3.20 (m, 2H), 3.05 (dd] = 8.9, 6.6 Hz,

2H), 2.99 (d,J = 7.5 Hz, 2H), 1.86 (d] = 7.4 Hz, 2H), 1.44 1.29 (m, 14H), 0.92 0.86

(m, 3H).®CNMR (101MHz,cdod) U0 182.1, 169.1, 141.5, 130.

33.1, 30.6, 30.5, 30.4, 30.2, 30.0, 27.6, 27.2, 23.7, HRMS: (ESI) [M+H]" calc. for
C20H32N30" 330.2540, observed, 330.2540.
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HCI

NH,
N
C10H21\</
(0]

’{\' 3-(4-(5-decy}t1,2,40xadiazol 3-
yl)phenyl)propan-1-amine hydrochloride (3.5b): Synthesized according to General
Procedure 4.4. Purifiedia trituration with diethyl ether. White solid (85%, 51 m
NMR (500 MHz, i KD 2H), #1.4287.38(R, 2H), 2.97 (td]=7.7, 3.1
Hz, 4H), 2.80 (tJ = 7.8 Hz, 2H), 2.06 1.97 (m, 2H), 1.86 (@] = 7.5 Hz, 2H), 1.43 1.25
(m, 14H), 0.92 0.87 (m, 3H)13C NMR (126 MHzMe OD) 4 182.0, 169. 2,
128.6, 126.3, 40.2, 33.4, 33.1, 30.6, 30.5, 30.4, 30.2, 30.1, 30.0, 27.6, 27.2, 23.7, 14.5.

HRMS: (ESI) [M+H] calc. for GiH3aN3O" 344.2696, observed, 344.2696.

_ 0
<:'\}30<>tert-butyl 4-(1H-pyrrole -3-carbonyl)piperazine-1-carboxylate
(3.6a): Synthesized according to General Proced®é. Purified via column
chromatography (% ethyl acetate/hexanes). Brown solid (67%, 169h&MR (500
MHz, DMSO) U 11. 293.2(1s7 Hz, 1H} .77 (di=.2.5 Bz, (H} 6.25
(td,J=2.6, 1.6 Hz, 1H), 3.58 (8,= 5.4 Hz, 4H), 3.30 (s, 4H), 1.41 (s, 9*C NMR (126

MHz,CDCk) o 171.9, 159.7, 126. HRMSI(ESS)[MAH]' 121 . 8,

calc. for G4H22N303", 280.1656pbserved, 280.1639.

H S_{
Y

NBoc tert-butyl 4-(1H-pyrazole-3-carbonyl)piperazine-1-carboxylate

(3.6b): Synthesized according to General Proce@.uBePurified via column
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chromatography (7000% ethyl acetate/hexanes). White solid (40%, 150 HHgNMR

(500MHz,CDCY) U 8.27 (s, 1HWs2.3MHz16),3063.80@H) ,

2H), 3.40i 3.33 (m, 4H), 3.14 3.07 (m, 2H)%C NMR (126 MHz,CDC)) & 165 .

154.2, 107.5, 79.5, 53.9, 28.2, 18.2, 16.8, I2RRMS: (ESI) [M+H] calc. for

C13H21N40s" 281.1608, observed, 281.1591.

Y

NBoc tert-butyl 4-(1-undecyt1H-pyrrole -3-carbonyl)piperazine-1-
carboxylate (3.7a): Synthesized according ®eneral Procedure 4.Purified via column
chromatography (7000% ethyl acetate/hexanes). Yellow solid (66%, 41 fyNMR
(400 MHz, cdcl) U T 7.02qm, 1H), 6.60 6.56 (m, 1H), 6.27 6.24 (m, 1H), 3.88
3.81 (m, 2H), 3.74 3.69 (m, 4H), 3.48 3.43 (m, 4H), 1.76 (p] = 7.0 Hz, 2H), 1.48 (d,

J=1.1 Hz, 9H), 1.27 (d] = 12.0 Hz, 17H), 0.91 0.85 (m, 3H)X3C NMR (101 MHz,

cdck) U 166. 8, 154. 8, 124. 1, 120. 7, 118.

29.5, 29.4, 29.2, 28.5, 26.8, 22.8, 1HRMS: (ESI)[M+H] " calc. for GsHaN30s",
434.3377, observed, 434.3351.

Cq1Has.
11H23 N’N\ 0]

=

N
&_'\}300 tert-butyl 4-(1-undecyt1H-pyrazole-3-carbonyl)piperazine-
1-carboxylate (3.7b): Synthesized according to General ProcedurePurified via
column chromatography (50% ethyl acetate/hexaiésijte solid (38%, 47 mg)H
NMR (400 MHz, cdef) @  7J.=2.8 Hz( 1H), 6.67 (d] = 2.3 Hz, 1H), 4.10 (t) =
7.2 Hz, 2H), 4.04 3.98 (m, 2H), 3.78 3.70 (m, 2H), 3.50 3.45 (m, 4H), 1.87 1.79
(m, 3H), 1.46 (s, 9H), 1.281.22 (m, 16H), 0.89 0.84 (m, 3H)3C NMR (126 MHz,
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CDCl) u 167. 1, 154. 8, 137. 9, 133. 9, 128.
39.2, 38.3, 29.5, 28.9, 28.6, 15HRMS: (ESI) [M+H]" calc. for GoH3sN4O", 435.3330,
observed, 438305

CiuHaso N o

N~ \>_<Z

I*N N—
—NBoc tert-butyl 4-(1-undecyt1H-1,2,4triazole-3-

carbonyl)piperazine-1-carboxylate (3.7¢): Synthesized according to General Procedure

4.7. Purified via column chromatography (B0% ethyl acetate/hexanes). White solid

(36%, 55 mg)!H NMR (500 MHz, CDC§) U 7. 87 (X=7.3Hzi3H), 3.86. 3 7

i 3.82 (m, 2H), 3.76 3.71 (m, 2H), 3.54 3.47 (m, 4H), 1.88 1.82 (m, 2H), 1.46 (s,

9H), 1.31i 1.19 (m, 18H), 0.85 (t] = 6.9 Hz, 3H)13C NMR (126 MHz, CDG)) i

158.2, 154.6, 149.6, 146.7, 80.6, 50.5, 47.1, 42.5, 32.0, 30.2, 29.7, 29.6, 29.6, 29.4, 29.2,

28.5, 26.6, 22.8, 14.HRMS: (ESI) [M+H]" calc. for GsH42Ns0s", 436.3282, observed,
436.362.

NH

() e

Ci1Ha3 0 piperazin-1-yl(1-undecyt1H-pyrrol -3-yl)methanone

hydrochloride (3.8a): Synthesized according tGeneral Procedure 4. Purified via
trituration with diethyl ether. Brown solid (80%, 32 mgH NMR (400 MHz, cdo d )
7.20 (t,J=2.0 Hz, 1H), 6.77 (dd1= 2.9, 2.1 Hz, 1H), 6.34 (dd,= 2.9, 1.8 Hz, 1H), 4.03

i 3.96 (M, 4H), 3.94 (1] = 7.1 Hz, 3H), 3.32 3.24 (m, 6H), 1.77 (gl = 7.1 Hz, 2H), 1.38

i 1.22 (m, 20H), 0.90 (§ = 6.6 Hz, 4H)3C NMR (151 MHz, Me OD)

122.8, 117.2, 110.1, 50.8, 44.6, 43.2, 33.1, 32.5, 30.7, 30.7, 30.7, 30.5, 30.3, 27.7, 23.7,

14.4. HRMS: (ESI) [M+H] calc. for GoHzeN3O", 334.2853, observed, 334.2856.

106

98

(t,

1



HCI piperazin-1-yl(1-undecykt1H-pyrazol-3-yl)methanone
hydrochloride (3.8b): Synthesized according tGeneral Procedure 4. Purified via
trituration with diethyl ether. White solid (81%, 31 mgf NMR (500 MHz, Me OC
7.70 (d,J = 2.4 Hz, 1H), 6.69 (d) = 2.3 Hz, 1H), 4.39 (s, 2H), 4.19 (= 7.0 Hz, 2H),
3.99 (s, 2H), 3.34 3.31 (m, 4H), 1.86 (p] = 7.1 Hz, 2H), 1.34 1.25 (m, 16H), 0.89 (1]
=69Hz,3H)®C NMR (126 MHz, MeOD) U 164.7, 146. 4,
33.1, 31.4, 30.7, 30.7, 30.6, 30.5, 30.2, 27.6, 23.7, 14.4. HRMS: (ESI) [Makf] or

Ci1oH35N4O", 335.2805, observed, 335.2815.

CiuHaso N 0
N~ \>_42
<~ N

NH
HCI piperazin-1-yl(1-undecyt1H-1,2,4triazol -3-yl)methanone

hydrochloride (3.8c): Synthesized according tGeneral Procedure 4. Purified via
trituration with diethyl ether. White solid (87%, 41 mt#. NMR (400 MHz, Me OL
8.05 (s, 1H), 4.42 4.35 (m, 2H), 4.16 4.08 (m, 2H), 4.07 4.00 (m, 2H), 3.41 3.32
(m, 5H), 1.89 (pJ = 7.0 Hz, 2H), 1.36 1.27 (m, 19H), 0.90 (] = 6.3 Hz, 3H)13C NMR
(126 MHz, Me OD) a 159. 2, 150. 5, 147 . 4, 51. 5
30.7, 30.6, 30.5, 30.2, 27.5, 23.7, 14.4. HRMS: (ESI) [M+&flc. for GgH3aaNs0O",

336.2758pbserved, 336.2750.
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_OH
N

|
Cr2H2s™  NHz (7). N'-hydroxytridecanimidamide (3.10): Synthesized according to

General ProcedurePurified via column chromatography (50% ethyl acetate/hexanes).
White solid (62%, 145mgjH NMR (500 MHz, DMSO) U 8. 66

1.957 1.89 (m, 2H), 1.45 () = 7.5 Hz, 2H), 1.25 1.22 (m, 18H), 0.88 0.84 (m, 3H).

% NMR (126 MHz, DMSO) o 152.8, 31.3, 30.

26.4, 22.1, 14.GHRMS: (ESI) [M+H] calc. for GaH29N2O", 229.2274, observed,

229.2263.

N-C, {)

I
CiaHps™ N O ethyl 3-dodecyt1,2,40xadiazole5-carboxylate (3.11): Synthesized
according to General Procedure . Purified via column chromatograptio@s@thyl
acetate/hexanes). solid (90%, 140 ME)NMR (400 MHz, cde)) U 4J=5.2Hz( q,

2H), 2.85 2.77 (m, 2H), 1.78 (] = 7.5 Hz, 2H), 1.45 () = 7.2 Hz, 3H), 1.37 1.22

(m, 18H), 0.87 ()= 6.8 Hz, 3H)**C NMR (151 MHz,CDG) U 171.9, 166.

63.8, 31.9, 29.6, 29.5, 29.4, 29.3, 29.1, 29.0, 28.7, 28.6, 26.0, 25.4, 22.6{HMS:

(ESI) [M+H]" calc. for G7H31N20s", 311.2329, observed, 311.2319.

@Boc

N-O N
I,
CioHos™ N 0 tert-butyl 4-(3-dodecyt1,2,40xadiazole5-
carbonyl)piperazine-1-carboxylate (3.12): Synthesized according to General Procedure
. Purified via column chromatography (50% ethyl acetate/hexanes). White solid (76%, 55
mg).*H NMR (500 MHz, CDCJ) & 7 3.73§m, 4H), 3.57 3.50 (m, 4H), 2.79 (§ =

7.6 Hz, 2H), 1.76 (p) = 7.6 Hz, 2H), 1.48 (s, 9H), 1.381.23 (m, 18H), 0.87 ({] = 6.9
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Hz, 3H).®*C NMR (126 MHz,CDC})) U4 170.8, 168.3, 154.8, 154,

32.1, 29.8, 29.8, 29.7, 29.6, 29.5, 29.3, 29.2, 28.5, 27.0, 26.1, 22.&RMS: (ESI)
[M+H] ™ calc. for GaHa3N4O4", 451.3279, observed, 45263!.

HCI

(7
N-© N
|

N
CizHas © (3-dodecyt1,2,4o0xadiazot5-yl)(piperazin-1-

yl)methanone hydrochloride (3.13): Synthesized according @eneral Procedure 4.
Purifiedvia trituration with diethyl ether. White solid (87%, 46 mt). NMR (600 MHz,
Me OD) 14.28 (m2ZH), 4.0T 4.02 (m, 2H), 3.41 3.35 (m, 4H), 4.1 Hz, 4H), 2.82

(t, J=7.5 Hz, 2H), 1.77 (p] = 7.5 Hz, 2H), 1.42 1.26 (m, 18H), 0.90 (] = 7.0 Hz, 3H).

% NMR (151 MHz, MeOD) & 170.7, 167.6, 154,

29.3, 29.2, 29.1, 28.9, 28.7, 26.5, 25.3, 22.4, 13RMS: (ESI) [M+H]" calc. for

C19H3sN402", 351.2755, observed, 351.2750.

NBoc
Y
CioH21 tert-butyl 4-((4-decylphenyl)carbamoyl)1,4-

diazepanel-carboxylate (3.15a): Synthesized according t&eneral Procedure 4.7
Purified via column chromatography (50% ethyl acetate/hexaBesyvn oil (15%, 30

mg). 'H NMR (500 MHz, CDC{) U 7J=Z5F HZ 2H), 7.13 7.04 (m, 2H), 6.41

6.24 (m, 1H), 3.62 3.45 (m, 6H), 3.40 () = 6.2 Hz, 1H), 2.54 (t) = 7.7 Hz, 2H), 2.02

i 1.93 (m, 1H), 1.94 1.82 (m, 2H), 1.76 1.64 (m, 1H), 1.49 1.40 (m, 9H), 1.33 1.20

(m, 15H), 0.88 (tJ = 6.8 Hz, 3H)3C NMR (126 MHz, CDG)) & 155. 5, 155,
154.9*, 138.0, 137.7, 136.5*%, 136.4*, 128.8, 128.7, 120.R,11280.0, 48.8, 48.3, 47.9,
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47.1, 46.1, 46.0, 45.9, 35.3, 31.9, 31.6, 29.6, 29.6, 29.5, 29.3, 29.3, 28.4, 22.7, 14.1.
Material isolated as an approximately 1:1 ratio of rotamers. HRMS: (ESI) [Medig.

for Co7H46N303" 460.3534, observed, 460.3521.

NHBoc
H
(T
/©/ ¢ _

CioHzs tert-butyl (1-((4-decylphenyl)carbamoyl)piperidin-
4-yl)carbamate (3.15b): Synthesized according to General ProcedurePurified via
column chromatography (380% ethyl acetate/hexanes). Clear oil (26%, 56 fht)).
NMR (500 MHz, CDC§) & 7J.=3.2 Hz( aH), 7.07 (d] = 8.1 Hz, 2H), 6.44 (s,
1H), 4.50 (s, 1H), 3.98 (d,= 13.5 Hz, 2H), 3.63 (s, 1H), 2.96 Jt= 12.6 Hz, 2H), 2.53
(t, J=7.8 Hz, 2H), 1.97 (d] = 12.5 Hz, 2H), 1.60 1.53 (m, 2H), 1.45 (s, 8H), 1.32
1.18 (m, 15H), 0.87 (1= 6.8 Hz, 3H)®*C NMR (126 MHz,CDG&) 4 155. 2, 138. 0
136.7,128.9, 120.3, 79.7, 47.9, 43.4, 35.4, 32.4, 32.0, 31.7, 29.7, 29.6, 29.5, 29.4, 28.5,

22.8, 14.2HRMS: (ESI) [M+H]" calc. for G7H4eN3O3*, 460.3534, observed6@.3530.

HO

H g\NBoc
N N

N

b

o)
CioH21 tert-butyl 4-((4-decylphenyl)carbamoyl)2-

(hydroxymethyl)piperazine-1-carboxylate (3.15c): Synthesized according to General
Proceduretl.7. Purified via column chromatography ¢30% ethyl acetate/hexanes).

Yellow oil (35%, 72 mg)*H NMR (500 MHz, CDCJ) U 1 7.194n8, 2H), 7.10 7.04

(m, 2H), 4.29 3.71 (m, 5H), 3.68 3.52 (m, 2H), 3.1% 2.86 (m, 3H), 2.52 (= 7.7

Hz, 2H), 1.59 1.52 (m, 2H), 1.46 (s, 9H), 1.311.23 (m, 14H), 0.87 (] = 6.9 Hz, 3H).

13C NMR (126 MHz, CDQ) a 155. 9, 155. 0, 154. 0, 137. 9,
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57.8,51.5, 43.5, 39.0, 35.3, 31.9, 31.6, 29.6, 29.5, 29.3, 29.3, 28.4, 28.3, 22.7, 14.1.

HRMS: (ESI) [M+H] calc. for G7HagN3O4*, 476.3483, observed, 476.3104.

@]
$=o

1Y
C1oH24

1,1-dioxide (3.15d): Synthesized according @eneral Procedure 4.7. Purified ei@umn

N-(4-decylphenyl)thiomorpholine-4-carboxamide

chromatography35-55% ethyl acetate/hexanes)hite solid (69%, 215 mg}H NMR

(500 MHz, CDC})  © 1 7.172m8, 2H), 7.15 7.08 (m, 2H), 6.76 (s, 1H), 3.953.87

(m, 4H), 3.061 2.98 (m, 4H), 2.56 (1 = 7.7 Hz, 2H), 1.57 (p] = 7.1 Hz, 2H), 1.27 (d]

= 16.6 Hz, 14H), 0.88 (] = 6.8 Hz, 3H)*C NMR (126 MHz, CDG)) & 154.8, 1309
135.6, 129.1, 121.1, 51.9, 43.4, 35.4, 32.0, 31.7, 29.7, 29.7, 29.6, 29.5, 29.4, 22.8, 14.3.

HRMS: (ESI) [M+H] calc. for GiHasN20sS* 395.2363, observed, 395.2369.

=
&

o
CqoHa1

(3.15e): Synthesized according tdseneral Procedure 4.7Purified via column

N-(4-decylphenyl)3-oxopiperazine 1-carboxamide

chromatography40-80% ethyl acetate/hexanes). White solid (88%, 136 fkty)NMR

(400 MHz, DMSO) U 8. 46 J=s80HZ4 PH), 7.038d]98&1 (s, 1H)
Hz, 2H), 4.00 (s, 2H), 3.683.56 (m, 2H), 3.24 3.18 (m, 2H), 2.49 2.45 (m, 2H), 1.55

i 1.47 (m, 2H), 1.29 1.19 (m, 14H), 0.89 0.81 (m, 3H)13C NMR (151 MHz, DMSO)

a 167. 1, 155. 0, 138. 2, 136. 4, 128. 5, 120. 4,
29.4, B.2, 29.1, 22.6, 14.4dRMS: (ESI) [M+H] calc. for GiHaNzO;" 360.2646,

observed, 360.2651.
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H NBoc
N\n/N
JOR.
C1oH24

3-carboxamide hydrochloride (3.15f): Synthesized according to General Procedure

N-(4-decylphenyl}3,6-diazabicyclo[3.1.1]heptane

Purified via column chromatography ¢50% ethyl acetate/hexanes). Clear oil (34%, 125
mg).'H NMR (500 MHz, CDCJ) U i 7.273n4, 2H), 7.08 7.04 (m, 2H), 6.61 (s, 1H),
4.187 3.90 (m, 4H), 3.41 (s, 2H), 2.582.47 (m, 3H), 1.58 1.52 (m, 2H), 1.41 (s, 8H),
1.36 (d,J = 8.8 Hz, 1H), 1.32 1.20 (m, 15H), 0.88 0.84 (m, 3H)13C NMR (126 MHz,
CDClk) U 156. 5, 155. 8, 137. 8, 136. 5, 128.
31.6, 29, 29.6, 29.4, 29.3, 28.5, 28.3, 22.7, 14RARMS: (ESI) [M+H] calc. for

Co7H44N303*, 458.3377, observed, 458.3367.

P\)\JBOC

NN
b

o)
CioHa1 tert-butyl 5-((4-decylphenyl)carbamoyl)2,5

diazabicyclo[4.1.0]heptane2-carboxylate (3.15g): Synthesized according to General
Procedurel.7. Purified via column chromatography (80% ethylacetate/hexanes).

Clear oil (52%, 112 mgfH NMR (500 MHz, CDC§) U i 7.303m, 2H), 7.12 7.08

(m, 2H), 6.93 6.84 (m, 1H), 4.15 4.03 (m, 1H), 3.45 (q] = 9.1 Hz, 1H), 3.33 3.12

(m, 2H), 3.07 2.84 (m, 2H), 2.59 2.51 (m, 2H), 1.61 1.55 (m, 2H), 1.49 (s, 9H), 1.31

i 1.23 (m, 14H), 0.87 (] = 6.9 Hz, 3H), 0.69 0.62 (m, 1H)13C NMR (126 MHz,

CDClk) U 156. 0, 155. 1, 138. 0, 136. 2, 128.
31.9, 31.6, 29.6, 29.6, 29.5, 29.3, 29.3, 28.4, 22.4,24.8, 14.6, 14. HRMS: (ESI)

[M+H] " calc. for G/H44Ns0s" 458.3377, observed, 458.3364.
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(:fC:”BOC
H
N N

bl

o}
C1oH21 tert-butyl 6-((4-decylphenyl)carbamoyl)2,6-

diazaspiro[3.3]heptane2-carboxylate (3.15h): Synthesized according to General
Procedurel.7. Purified via column chromatography (80% ethyl acetate/hexanes).
White solid (27%, 59 mgfH NMR (500 MHz, CDC4) & i 7.234m8, 2H), 7.09
7.05 (m, 2H), 6.38 (s, 1H), 4.04 @@= 33.4 Hz, 8H), 2.53 (] = 7.7 Hz, 2H), 1.60 1.52
(m, 2H), 1.44 (s, 9H), 1.381.22 (m, 14H), 0.88 (i = 6.8 Hz, 3H)13C NMR (126
MHz,CDCk) U 156. 7, 156. 0, 138. 1, 136. 0,
31.7,29.7, 29.6, 29.4, 29.4, 28.4, 22.8, 1HRMS: (ESI) [M+H] calc. for

Co7H44N30s3", 458.3377, observed, 458.3373.

BocN
oY
(0]
C1oH24

diazaspiro[3.3]heptane6-carboxylate (3.15i): Synthesized according to General

tert-butyl 1-((4-decylphenyl)carbamoyl}1,6-

Procedurel.7. Purified via column chromatography (80% ethyl acetate/hexanes).
Clear oil (22%, 53 mg}H NMR (500 MHz, CDCd) & i 7.273n2, 2H), 7.10 7.06
(m, 2H), 4.56 (dJ = 9.5 Hz, 2H), 3.99 (d] = 9.6 Hz, 2H), 3.89 () = 7.2 Hz, 2H), 2.55

i 2.51 (m, 2H), 2.41 () = 7.2 Hz, 2H), 1.59 1.52 (m, 2H), 1.31 1.22 (m, 15H), 0.87
(t, J=6.9 Hz, 3H)13C NMR (126 MHz,CDG) & 156.5, 154. 2,
119.6, 80.1, 63.150.5, 45.2, 35.4, 32.0, 31.7, 29.7, 29.7, 29.6, 29.4, 29.3, 28.4, 28.0,

22.8, 14.2HRMS: (ESI) [M+H]" calc. for G7H44N303*, 458.3377, observed, 458.3383.

113



N

b

o)
CoH21 tert-butyl 7-((4-decylphenyl)carbamoyl}4,7-

H XNBOC
N N

diazaspiro[2.5]octane4-carboxylate (3.15j): Synthesized following General Procedure

4.7.Purified via column chromatography555% ethyl acetate/hexanes). Clear oil (24%,

48 mg)'H NMR (500 MHz, CDCJ) & 7J=B.2 Hz 2H), 7.07 (d] = 8.1 Hz, 2H),

6.42 (s, +1H), 3.60 3.55 (m, 2H), 3.48 3.43 (m, 2H), 2.53 (t) = 7.7 Hz, 2H), 1.60

1.53 (m, 2H), 1.47 (s, 9H), 1.301.22 (m, 14H), 1.02 0.97 (m, 2H), 0.88 (tJ = 6.8 Hz,

3H), 0.85( 0.82 (m, 2H)'*C NMR (126 MHz,CD&)) & 155. 6, 155.5, 138. (
120.3, 80.3, 50.3, 45.7, 43.4, 37.9, 35.3, 31.9, 31.6, 29.6, 29.6, 29.5, 29.3, 29.3, 28.4, 22.7,

14.1, 13.8HRMS: (ESI) [M+HTJ calc. for GgHasN30s"472.3534, observed, 472.3521.

H H\NBOC
N N

N

b

o)
CioHa1 tert-butyl  (R)-4-((4-decylphenyl)carbamoyl)2-

methylpiperazine-1-carboxylate (3.15k): Synthesized according @eneral Procedure
4.7.Purified via column chromatograph50% ethyl acetate/hexanes). Clear oil (54%,
56mg).’H NMR (400 MHz, cde)) U 1 7.22(%, 2H), 7.11 7.07 (m, 2H), 6.36 (s,

1H), 4.26 (s, 1H), 3.88 (8,= 13.3 Hz, 2H), 3.74 3.67 (m, 1H), 3.31 3.23 (m, 1H), 3.23

i 3.14 (m, 1H), 3.09 2.99 (m, 1H), 2.58 2.50 (M, 2H), 1.60 1.52 (M, 2H), 1.48 (s, 9H),
1.337 1.22 (m, 15H), 1.20 (dl = 6.7 Hz, 3H), 0.90 0.84 (m, 3H)3C NMR (126 MHz,
CDClL) 0 ,1%.5,138.1,136.3,128.8, 120.3, 80.1, 47.6, 43.9, 38.3, 35.3, 31.9, 31.6,
29.6, 29.6, 29.6, 29.5, 29.3, 29.3, 28.4, 22.7, 15.9, 14.1. HRMS: (ESI) [Mald] for

Co7H4eN303" 460.3534, observed, 460.3538
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N

b

o)
C1oH21 tert-butyl (R)-4-((4-decylphenyl)carbamoyl)2-

H P\NBOC
N N

ethylpiperazine-1-carboxylate (3.15l): Synthesized according to General Procedure

Purified via column chromatography ¢50% ethyl acetate/hexanes). Clear oil (54%, 175

mg).'H NMR (500 MHz, CDC{) U 7 7.184n8, 2H), 7.02 (d] = 8.2 Hz, 2H), 6.96

(s, 1H), 4.02 3.74 (m, 4H), 3.04 2.90 (m, 2H), 2.85 (tJ = 12.2 Hz, 1H), 2.50 (] =

7.7 Hz, 2H), 1.64 1.51 (m, 3H), 1.44 (s, 9H), 1.301.21 (m, 14H), 0.85 (di = 10.1,

7.0 Hz, 6H)3C NMR (126 MHz,CDG)) U 155.8, 154.9, 137.8, 13
80.0, 70.6, 65.8, 60, 45.9, 43.8, 35.3, 31.9, 31.6, 29.6, 29.5, 29.3, 29.3, 28.4, 22.7, 22.5,

14.1, 10.5HRMS: (ESI) [M+H]" calc. for GgHagN3O3*, 474.3690, observed, 474.3682.
C10H21/©/ ° tert-butyl (R)-4-((4-decylphenyl)carbamoyl)2-
isopropylpiperazine-1-carboxylate (3.15m): Synthesized according to General

Procedurel.7. Purified via column chromatography (30% ethyl acetate/hexanes).

Clear oil (76%, 176 mgfH NMR (500 MHz, CDCY) U i 7.204nd, 2H), 7.10 7.06

(m, 2H), 6.33 (s, 1H), 4.1i74.03 (m, 2H), 3.99 3.74 (m, 2H), 3.07 2.92 (m, 3H), 2.57

i 2.50 (m, 2H), 1.59 1.53 (m, 2H), 1.47 (s, 9H), 1.311.24 (m, 14H), 1.02 (d= 6.6

Hz, 3H), 0.90' 0.85 (m, 6H)*C NMR (126 MHz,CDG)) & 155. 4, 155. 0, 13
128.9, 120.4, 80.2, 71.0, 35.4, 32,0, 31.7, 29.8, 29.7, 29.6, 29.5, 29.4, 28.5, 26.3,

22.8,22.1, 20.4, 14.BIRMS: (ESI) [M+H] calc. for GoHs0N3O3", 488.3847, observed,

488.3843.
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H H\NBOC
N \)\

N

b

o]
CioHa1 tert-butyl (2R,6S)4-((4-decylphenyl)carbamoyl)2,6-

dimethylpiperazine-1-carboxylate (3.15n): Synthesized according to General
Procedurel.7. Purified viacolumn chromatography (380% ethyl acetate/hexanes).
White solid (40%, 91 mg}H NMR (400 MHz, cde)) U 7J.=27.8 Hz( 2H), 7.10 (d,
J=8.0 Hz, 2H), 6.40 (s, 1H), 4.22 (@7 6.7 Hz, 2H), 3.84 (d] = 13.1 Hz, 2H), 3.15
(dd,J=13.2, 4.6 Hz, 2H), 2.54 (3,= 7.7 Hz, 2H), 1.57 (t) = 7.4 Hz, 2H), 1.48 (s,
10H), 1.34i 1.20 (m, 20H), 0.88 (1] = 6.7 Hz, 3H)HRMS: (ESI) [M+H]" calc. for
CogH4sN303", 474.3690, observed, 476R.

H (\\)NH HCI

N\”/N

o]
C1oHa21 N-(4-decylphenyl)}1,4-diazepanel-

carboxamide hydrochloride (3.16a): Synthesized according 8eneral Procedure 4.4.
Purifiedvia trituration with diethyl ether. Light brown solid (74%, 19 mty.NMR (600

MHz , Me ODi)7.28i(m,2H)37112 7.09 (m, 2H), 3.86 3.81 (m, 2H), 3.69 (§ =

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), 1.34 1.26 (m, 14H), 0.980.87 (m,3H)3C NMR (151 MHz, Me OD)
138.1, 136.6, 128.1, 121.7, 46.6, 45.3, 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+Hgalc. for G2H3sNsO" 360.3009, observed,

360.3018.
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CqoH21

carboxamide hydrochloride (3.16b): Synthesized according to General Procedude

4-amino-N-(4-decylphenyl)piperidine-1-

Purifiedvia trituration with diethyl ether. Brown solid (70%, 17 mtj. NMR (500
MHz , Me ODi)7.25i(m,72H)276L1 7.06 (m, 2H), 4.26 (dpl = 14.2, 2.3 Hz,
2H), 3.37 (tdJ = 11.5, 5.6 Hz, 1H), 2.98 (ddd= 14.3, 12.1, 2.4 Hz, 2H), 2.56 {t=
7.6 Hz, 2H), 2.08 2.02 (m, 2H), 1.63 1.52 (m, 4H), 1.37 1.27 (m, 14H), 0.90 (] =
6.9Hz,3H)*C NMR (126 MHz, MeOD) U 157.9,
43.6, 36.3, 33.1, 32.8, 31.1, 30.8, 30.7, 30.6, 30.5, 30.3, 23.7HRMS: (ESI) [M+H]
calc. for G2HsgN30*, 360.3009, observed, 360.3015.

HO

H K\LNH Hel
)
SR
(@]
CqoHz4

carboxamide hydrochloride (3.16c¢): Synthesized according to General Procedude

N-(4-decylphenyl)3-(hydroxymethyl)piperazine-1-

Purifiedvia trituration with diethyl ether. White solid (88%, 16 mfj. NMR (500 MHz,
Me OD) i 7.28 (n@ 2), 7.13 7.08 (m, 2H), 4.25 (dtdl = 14.5, 3.7, 1.9 Hz, 2H),
3.84 (ddJ=11.9, 4.0 Hz, 1H), 3.70 (dd=11.9, 6.1 Hz, 1H), 3.41 (di,= 12.7, 2.8 Hz,
1H), 3.38i 3.35 (m, 1H), 3.30 3.26 (m, 1H), 3.23 3.15 (M, 2H), 2.58 2.52 (m, 2H),

1.59 (q,J = 7.3 Hz, 2H), 1.30 (d] = 16.4 Hz, 14H), 0.90 (@ = 7.0 Hz, 3H)13C NMR

139.

(126 MH z MeOD) U 157. 6, 139. 5, 137. 9, 129.

33.1, 32.8, 30.7, 30.7, 30.6, 30.5, 30.3, 23.7, HRMS: (ESI) [M+H] calc. for

Ca2H3sN302*, 376.2959, observed, 376.2948.
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NH
N
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/©/ O
CioHa1 N-(4-decylphenyl)-3,6-
diazabicyclo[3.1.1]heptane3-carboxamide hydrochloride (3.16f): Synthesized
according to General Procedurd. Purifiedvia trituration with diethyl ether. Light
brown solid (50%, 54 mgjH NMR (500 MHz i7.31¢nQPH), 7.04 7. 35
7.10 (m, 2H), 4.48 (d] = 6.5 Hz, 2H), 4.07 3.98 (m, 4H), 3.04 (dt] = 10.6, 6.5 Hz,
1H), 2.62i 2.53 (m, 2H), 1.93 (d] = 10.6 Hz, 1H), 1.65 1.55 (m, 2H), 1.34 1.27 (m,
14H),0.90 (tJ=6.9Hz,3H)’*C NMR (126 MHz, MeOD) U 156. 8,
121.7,58.3, 45.8, 34.9, 31.7, 31.4, 29.4, 29.3, 29.2, 28.9, 28.3, 22.4, 13.HRMS:

(ESI) [M+H]" calc. for G2H36N30O*, 358.2853, observed, 358.2850.

H '>\)\IH HCI
N N
IO
C1oHa1

diazabicyclo[4.1.0]heptane2-carboxamide  hydrochloride (3.16g): Synthesized

N-(4-decylphenyl}2,5

according tdGeneral Procedure4t.Purifiedvia trituration with diethyl ether. White solid
(77%,20mg)H NMR (600 MHz ,i 7.82e(1®DB), 7i16 712 @8 2H),

4.1971 4.13 (m, 1H), 3.42 3.38 (m, 1H), 3.28 3.24 (m, 2H), 3.13 3.05 (m, 2H), 2.59

(t,J=7.6 Hz, 2H), 1.61 (h]= 6.9 Hz, 2H), 1.47 (] = 7.5 Hz, 1H), 1.36 1.25 (m, 16H),

0.9571 0.89 (m, 3H)3*C NMR (151 MHz, Me OD) ua 156. 5, 13E
40.8, 36.0, 34.9, 31.7,31.4,29.4, 29.3, 29.2 288.9, 28.6, 25.9, 22.3, 13.1, 10.5. HRMS:

(ESI) [M+H]" calc. for G2H3sN30O" 358.2853, observed, 358.2846.
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C1oH21 N-(4-decylphenyl)2,6-

diazaspiro[3.3]heptane2-carboxamide 2,2, 2trifluoroacetate (3.16h): Synthesized

according to General Procedur$. Purifiedvia trituration with diethyl ether. White

solid (97%, 25 mgfH NMR (500 MHz, JM&.OHr)2H)j7.07 (=8 ( d,
8.2 Hz, 2H), 4.24 (dJ = 17.3 Hz, 8H), 2.54 (] = 7.6 Hz, 2H), 1.62 1.53 (m, 2H), 1.29
(d,J=13.6 Hz, 15H), 0.89 1=6.8 Hz, 3H)}3C NMR (126 MHz, MeOD)
139.0, 137.8, 129.6, 121.6, 60.1, 56.6, 36.6, 36.3, 33.1, 32.8, 30.7, 30.7, 30.6, 30.5, 30.3,
23.7, 14.4AHRMS: (ESI) [M+H]' calc. for G2H3eN30*, 358.2853, observed, 358.2864.

0O

N

HO™ “CF;
HN
.
N\n/N

o)
CioH21 N-(4-decylphenyl)}1,6-diazaspiro[3.3]heptanel-

carboxamide 2,2,2trifluoroacetate (3.16i): Synthesized according to General

Proceduret.8. Purifiedvia trituration with diethyl ether. Yellow oil (97%, 25 mdgH

NMR (400 MHz, cdo d ) U 7.32.(8, ZH), 7.138 7.08 (m, 2H), 4.71 (d] = 12.6 Hz,

2H), 4.291 4.19 (m, 2H), 3.99 (§J = 7.2 Hz, 2H), 2.60 2.50 (M, 4H), 1.65 1.54 (m,

2H), 1.36( 1.27 (m, 14H), 0.94 0.86 (m, 3H)*C NMR (126 MHz, MeOD)
139.3, 137.4, 129.6, 122.0, 66.4, 58.2, 47.5, 36.3, 33.1, 32.8, 30.7, 30.7, 30.6, 30.5, 30.3,
28.0, 23.7, 14.44RMS: (ESI) [M+H] calc. for G2H3zeN3O*, 358.2853, observed,

358.2874.

119



H
L)
ory
C1oH24

7-carboxamide hydrochloride (3.16j): Synthesized according 6eneral Procedure4l.

N-(4-decylphenyl}4,7-diazaspiro[2.5]octane

Purifiedvia trituration with diethyl etheiwWhite solid (83%, 33 mgfH NMR (500 MHz,

Me OD) i 7.2B (n2 &), 7.12 7.08 (m, 2H), 3.87 (t) = 5.2 Hz, 2H), 3.70 (s, 2H),

3.39 (t,J = 5.3 Hz, 2H), 2.56 (1] = 7.6 Hz, 2H), 1.63 1.54 (m, 2H), 1.34 1.26 (m, 14H),

1.157 1.10 (m, 2H), 1.10 1.05 (m, 2H), 0.92 0.87 (m, 3H)13C NMR (126 MHz, MeOD)

a 157. 7, 139. 5, 137. 9, 129. 6, 122. 5, 68. 1, 4
30.5, 30.3, 23.7, 14.4, 10.HRMS: (ESI) [M+H] calc. for GsHszsN30O" 372.3009,

observed, 372.3013.

H—-CI
o
1A

N

b

0
C1oH2; (R)-N-(4-decylphenyl)3-methylpiperazine-1-

carboxamide hydrochloride (3.16k): Synthesized according t8eneral Procedure 4.
Purified via trituration with diethyl ether. Light brown solid (84%, 36 mig).NMR (400

MHz, ccko d ) @ 7.Z4.(n2, 8H), 7.12 7.08 (m, 2H), 4.30 4.23 (m, 2H), 3.46 3.40

(m, 1H), 3.40' 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), 2.60 2.52 (m, 2H), 1.63 1.54 (m, 2H), 1.37 (d] = 6.6 Hz, 3H), 1.34

1.26 (m, 14H), 0.94 0.85 (m, 3H)’3C NMR (151 MHz, MeOD) U 157.
129.6,122.452.5,48.4, 44 .3, 41.9, 36.3, 33.1, 32.8, 30.7, 30.7, 30.6, 30.4, 30.3, 23.7, 16.0,

14.4.HRMS: (ESI) [M+HT calc. for G2H3sNzO" 360.3009, observed, 360.3006.

120



CioHas (R)-N-(4-decylphenyl)}3-ethylpiperazine-1-
carboxamide hydrochloride (3.16l): Synthesized according @eneral Procedure 4.
Purifiedvia trituration with diethyl etherLight brown solid (78%, 118 mgjH NMR (500
MHz, Me ODi)7.2%(m,2H)3711 7.08 (m, 2H), 4.37 4.31 (m, 1H), 4.29 4.23
(m, 1H), 3.43 3.36 (m, 1H), 3.36 3.28 (m, 1H), 3.21 3.10 (m, 2H), 3.10 3.01 (m,
1H), 2.58i 2.51 (m, 2H), 1.80 1.67 (mJ = 7.2, 6.8 Hz, 2H), 1.62 1.54 (m, 2H), 1.36

1.21 (m, 15H), 1.08 () = 7.5 Hz, 3H), 0.90 (t) = 6.9 Hz, 3H)X*C NMR (126 MHz,

MeOD) 4 157.5, 139.3, 138. 036.3133.9 3%8,30.1,22.

30.7, 30.6, 30.5, 30.3, 24.7, 23.7, 14.5, ®1BMS: (ESI) [M+H]" calc. for GsHaNzO*

374.3166, observed, 374.3163.

C1oHa1
(R)-N-(4-decylphenyl}3-isopropylpiperazine-1-carboxamide hydrochloride (3.16m):
Synthesized according to General ProcedudePurifiedvia trituration with diethyl
ether. White solid (55%, 71mgHd NMR (500 MHz i 7.MénQPH), I
7.121 7.07 (m, 2H), 4.43 4.38 (m, 1H), 4.29 (ddfl = 14.2, 3.8, 2.1 Hz, 1H), 3.43 (dit,
= 12.5, 2.5 Hz, 1H), 3.27 (d,= 12.0, 2.7 Hz, 1H), 3.223.14 (m, 1H), 3.09 3.00 (m,
2H), 2.56 (tJ = 7.6 Hz, 2H), 1.98 (h] = 6.8 Hz, 1H), 1.59 (q] = 7.2 Hz, 2H).1.34i

1.25 (m, 14H), 1.12 (dd,= 9.8, 6.9 Hz, 6H), 0.90 (§,= 7.0 Hz, 3H)C NMR (126

MHz , Me OD) 4 157. 6, 139.5, 137.9, 129.
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30.7, 30.7, 30.6, 30.5, 30.5, 30.3, 23.7, 18.9, 18.6, HRMS: (ESI) [M+H]" calc. for

C24H12N30" 388.3322, observed, 388.3323.

NJ H-ClI
JOR
C1oHa1

dimethylpiperazine-1-carboxamide hydrochloride (3.16n): Synthesized according to

(3R,5S}N-(4-decylphenyl}3,5

General Procedu# 4. Purifiedvia trituration with diethyl ether. White solid (75%, 43
mg).'H NMR (500 MHz i 7.28¢nD2ZH), 7.2 706 (B1,12H), 4.38 4.31
(m, 2H), 3.42" 3.33 (m, 2H), 2.97 2.88 (m, 2H), 2.55 ({}= 7.6 Hz, 2H), 1.62 1.52

(m, 2H), 1.41i 1.23 (m, 23H), 0.94 0.86 (m, 3H))C NMR (126 MHz,

Me OD)

157.2, 139.4, 138.0, 129.6, 122.4, 53.2, 48.0, 36.3, 33.1, 32.8, 30.7, 30.7, 30.6, 30.4, 30.3,

23.7, 16.0, 16.0, 14.5IRMS: (ESI) [M+H] calc. forCz:H3gN30" 360.3009, observed,

360.3015.

122



5.4 Proceduresand Characterization For Chapter 4

General Procedure 4.1 Boc Protection: To a solution of 4romol,2-
phenyldiamine (1.0 equiv.) in a round bottom flask was added DCM (0.&i#&t-butyl
dicarbonate (4.0 equiv.), and 2.5 M Na@j}i(5.0 equiv.). It was allowed to stir for 16
hours at room temperature. Once complete, it was diluted with ethyl acetate and washed
with agueous NaHC&xhree times. The organic layer was then dried down and hexanes
was added. The resulting precipitate and filtered and washed with hexane to afford pure

final product.

General Procedure 4.2 One-Pot Hydroboration-Suzuki-Miyaura Cross-
coupling: To a flamedried pressure vial with stir bar under argon was added alkkede (
equiv.) followed by 9BBN (1.5equiv., 0.5 M in THF). The reaction was allowed to stir
under reflux for 60 minutes. After, the reaction mixture was allowed to cool to room
temperature. Aryl halide (1.0 equiv.) was added, followed by Rdigif)-CHCI, (0.05
equiv.), followed by dropwise addition of a 3 M K@kjsolution(3.0 equiv.). This was
then heatetback up to reflux for an additionalZ6 hours at which reaction progress was
tracked by consumption of the aryl halida TLC. The mixture was cooled, filtered over
celite, and concentrated under reduced pressure to afford the crude product. The resulting
mixture was the purified by silica gel chromatography with an appropriate ethyl

acetate/hexanes solvent system to afford the pure product.

General Procedure 4.3HCI Boc Deprotection: To a 6dram vial containing an
N-Boc-protected amine (1.0 equiv.) was addedClx(0.2 M), followed by HCI (10 equiv,
4 M in dioxane). The resulting mixture was allowed to stir until complete consumption of

starting material was observeid TLC (1-4 hours). The reaction mixture was concentrated
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in vacuoand the residue was rinsed with diethyl ether until a precipitate formed. The
precipitate was subjected to trituration with an appropriate solvent system to afford pure

product as the hydrochloride salt.

General Procedure 4.4 Ring closure: To a flamedried vial with stir bar was
added phenyldiamine (1.0 equiv.) followed by acetic acid (0.2 M). This was allowed to
cool to 0°C for 15 minutes. Next, methyl 2,2t@chloromethylacetimidate (1.1 equiv.)
was added dropwise. The reaction was allowed to warm to room temperature and react for
3 hours or until complete. Once complete, the reaction mixture was diluted with cold water
and allowed to stir for 10 minutes. The resulting precipitate was then filteredastded

with cold water to afford the desired pure product.

General Procedure 4.5 Amide Formation To a solution of &romo2-
(trichloromethyl}1H-benzo[d]imidazole (1.0 equiv) in a 2:1 mixture of water:THF (0.2
M) was added\N-Boc-piperazine (1.1 equiv), followed according to sodium bicarbonate
(10.0 equiv). The reaction was allowed to stir at room temperature for one hour and 50 °C
for 16 hours. Once complete, the reaction was allowed to cool, and the reaction was
concentratedlown. DCM was added and the organic layer was washed 3x with water.
After, the organic layer was dried over anhydrous sodium sulfate, filtered, and pugfied
silica chromatographwith an appropriate ethyl acetate/hexanes solvent sytsteffiord

the desired compound.

General Procedure 4.6 SEM Protection To a flamedried vial purged with argon
was added benzimidazole (1.0 equiv.) followed by dry THF (0.2 M). This was cooled to O
°C and allowed to stir for 10 minutes. Sodium hydride (1.1 equiv.) was added and the

reaction mixture was allowed to stir for additional 10 minutes. After, SE@I (1.1
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equiv.) was added dropwise and the reaction was allowed to warm to room temperature for
2 h. Once complete, the reaction mixture was concentrated down and water was added.
This was allowed to stir for 10 minutes to quench any remaining-SEMthyl acetat

was then added and the organic layer was collected, dried over anhydrous sodium sulfate,

and concentrated down to afford pure final product.

General Procedure 4.7 TBAF SEM Deprotection To a vial containing SEM
protected benzimidazole (1.0 equiv.) was added THF (0.2 M) followed by TBAF (3.0
equiv.). This was allowed to reflux for 16 hours until complete. Once complete, saturated
ammonium chloride and ethyl acetate were added to theaeacixture. The organic layer
was washed with water additionally twice, dried over anhydrous sodium sulfate, and
concentrated down. The resulting mixture was then purified by silica gel chromatography

with an apropriate ethyl acetate/hexanes solvent system to afford the pure product.

General Procedure 48: TFA Boc DeprotectionTo a solution oN-Boc-amine in
DCM (0.2 M) was added TFA (10.0 equiv.). The resulting mixture was stirred at room
temperature for 16 hours or until complete. The reaction mixture was then triturated with

diethyl ether to afford pure product.

General Procedure 49: Sn2 for Tails To a solution of phenol in acetonitrile (0.2
M) was added appropriate alkene (1.2 equiv.) followed by potassium carbonate (2.0 equiv.)
This was heated to reflux and allowed to stir for 16 hours. Once complete, it was diluted
with ethyl acetate. It was wasth 3 times with water and the organic layer was collected,
dried over anhydrous sodium sulfate, and concentrated down. The resulting mixture was
then purified via silica gel chromatography with an appropriate ethyatade¢xanes

solvent system to afford the pure product.
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/J:::I:NHBOC
Br (4.2):

NHBoc di-tert-butyl (4-bromo-1,2-phenylene)dicarbamate
Synthesized according tGeneral Procedure 4.Purified via column chromatography
(10% ethyl acetate/hexanes). @fhite solid (77%, 3.20 gfH NMR (400 MHz, cde)) U
7.75 (s, 1H), 7.32 (s, 1H), 7.247.17 (m, 1H), 6.77 (s, 1H), 6.59 (s, 1H), 1.51J¢, 3.4
Hz, 18Hz)*C NMR (126 MHz,CDG)) U 153. 7, 153. 3, 131. 9, 127
81.3, 28.2HRMS: (ESI) [M+H]" calc. for GeH24BrN204" 387.0914, observed, 387.0912.

NHBoc

CioHzi NHBoc gj_tert-butyl ~ (4-decyk1,2-phenylene)dicarbamate  (4.3):

Synthesized according ®&eneral Procedure 4.Burifiedvia column chromatography {5

10% ethyl acetate/hexanes). Brown solid (70%, 2.6%H). NMR ( 4 0 03)IMH7Z.,3 @ d c |
(= 17.0 Hz, J2HB, 26.880( t#Hd, 1H), 62788(s, 1t
(m, 2H)J=1349% KHd, 19H)Q.8.RHqHIH) (HRP. 98) .
NMR (101 MHz,cdal) U 218. 3, 154. 1, 153. 7, 80.5, 41.9
29.5, 29.3, 28.3, 28.2, 27.1, 26.5, 25.8, 25.6, 22.7, 22.1,HRNIS: (ESI) [M+H] calc.

for CoeHasN204" 449.3374 , observed, 449.2543.

2+HClI
NH,

C1oHa1 NH2 4-decylbenzenel, 2-diamine dihydrochloride (4.4): Synthesized
according taGeneral Procedure 4.Brown solid (88%, 1.64 g). Product pushed forward

crude without isolation.
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C1oH21 N

Synthesized according @eneral Procedure 4.Rurifiedvia column chromatography (10

5-decy}2-(trichloromethyl) -1H-benzo[d]imidazole (4.5):

20% ethyl acetate/hexanes). Yellow solid (73%, 1.76FYNMR (400 MHz,cde)) G 7. 60
(d,J=8.4 Hz, 1H), 7.45 (s, 1H), 7.18 (dbi= 8.4, 1.6 Hz, 1H), 2.74 2.67 (m, 2H), 1.67

i 1.58 (m, 2H), 1.32 1.22 (m, 14H), 0.87 (f] = 6.8 Hz, 3H)13C NMR (101 MHz, cdc))

a 176. 7, 150. 5, 140. 1, 125. 7, 88. 6, 36. 2,

HRMS: (ESI) [M+H]" calc. for GeH26ClsN2* 375.1156, observed, 373.74.

_/—NHBoc
N HN

I
C1oH21 u O

carboxamido)ethyl)carbamate(4.6a): Synthesized according teeneral Procedure 4.5

tert-butyl  (2-(5-decyt1H-benzo[d]imidazole2-

Purified via column chromatography8(-40% ethyl acetate/hexanes). Brown solid (43%,
28 mg).H NMR (500 MHz, CDCJ) & i112.53§rD, 1H), 8.78 8.56 (m,0.5H), 7.67
(d,J = 8.3 Hz,0.5H), 7.56 (s0.5H), 7.39 (dJ = 8.3 Hz 0.5H), 7.22i 7.13 (m,0.5H), 5.49
(s,0.5H), 3.80i 3.64 (m, 2H), 3.53 3.44 (m, 2H), 2.71 (t) = 7.6 Hz, 2H), 1.64 (p] =
7.5 Hz, 2H), 1.43 (s, 9H), 1.331.25 (m, 14H), 0.89 (§ = 6.8 Hz, 3H)3C NMR (126
MHz, CDCk) u *1&3, B45.0, 144.7, 143.0, 141.0, 140.4, 138.5, 134.5,
132.5, 126.3, 124.7, 119.9, 119.2, 112.Z, 111.6, 79.5, 40.2, 40.0, 36.3, 36.1, 31.9,
31.9, 29.6, 29.6, 29.6, 29.4, 28.4, 22.7, Madterial isolated as an approximately 1:1 ratio

of rotamersHRMS: (ESI) [M+H]" calc. for GsHaiN4Os* 445.3173, observed, 445.3182.
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N (0]
J PN
CqoHz4 ” dNH

BocN tert-butyl 3-(6-decyl1H-benzo[d]imidazole 2-
carboxamido)azetidinel-carboxylate (4.6b): Synthesized according tdGeneral
Procedure 4.5Purified via column chromatography4(-60% ethyl acetate/hexanes).
Yellow oil (66%, 60 mg)*H NMR (500 MHz, CDCY) & 1112.43(, 1H), 8.81
8.66 (m,0.5H), 7.66 (d,J = 8.4 Hz,0.5H), 7.55 (5 0.5H) 7.36 (d,J = 8.3 Hz 0.5H) 7.23
(s,0.5H), 7.22i 7.14 (m,0.5H), 5.01i 4.92 (m, 1H), 4.39 4.31 (m, 2H), 4.08 4.00 (m,
2H), 2.70 (tJ = 7.7 Hz, 2H), 1.62 (p] = 7.5 Hz, 2H), 1.45 (s, 9H), 1.321.23 (m, 14H),
0.907 0.83 (m, 3H)°*C NMR (126 MHz, CDC4) U *1151, 1344, 144.F, 143.6,
141.0+, 140.8, 138.8, 134.3, 132.5, 126.6, 125.0+, 120.G, 119.3, 112.Z, 111.6,
79.9, 39.6, 39.6, 36.4, 36.1, 31.9, 31.9, 29.6, 29.6, 29.6, 29.3, 29.3, 28.4, 22.7, 14.1.
Material isolated as an approximately 1:1 ratio of rotam¢RMS: (ESI) [M+H] calc.

for Co7H43N4Os* 471.3330, observed, 4714838

Boc tert-butyl (R)-3-(6-decyt1H-benzo[d]imidazole 2-
carboxamido)pyrrolidine -1-carboxylate ((R)-4.6c¢): Synthesized according General
Procedure 4.5Purified via column chromatography4(Q-60% ethyl acetate/hexanes).
Yellow oil (73%, 70 mg)*H NMR (500 MHz, CDCY) 0 111.9%(®, 1H), 8.06
7.94 (m, 1H), 7.65 (d] = 8.4 Hz,0.5H), 7.54 (s, GH), 7.42 (dJ = 8.3 Hz, 05H), 7.29 (s,
0.5H), 7.18 (ddJ = 17.2, 8.4 Hz1H), 4.761 4.66 (m, 1H), 3.84 3.72 (m, 1H), 3.61

3.35 (M, 4H), 2.71 (t) = 7.7 Hz, 2H), 2.30 2.20 (m, 1H), 2.1G 1.97 (m, 1H), 1.68

128



1.59 (m, 2H), 1.47 (s, 9H), 1.291.19 (m, 14H), 0.86 (] = 6.8 Hz, 3H)X3C NMR (126
MHz, CDCk) u *11596, @54.5, 1446, 144.3, 143.F%, 141.¥, 140.8, 138.8,
134.6, 132.6, 126.6, 125.0, 120.0, 119.4, 112.%, 111.5, 79.9, 49.9, 49.3, 44.2,
43.9, 36.5, 36.2, 32.0, 31.9, 29.7, 29.7, 29.7, 29.5, 28.6, 22.8Matetial isolated as an
approximately 1:1 ratio of rotamer$iRMS: (ESI) [M+H] calc. for G7Ha3sN4Os"

471.3330, observed, 471.3350.

N 0]
A
CioHa21 ” NH
[ z
N

Boc tert-butyl (S)-3-(6-decyt1H-benzo[d]imidazole 2-
carboxamido)pyrrolidine-1-carboxylate ((S-4.6d): Synthesized according tGeneral
Procedure 4.5Purified via column chromatography4(Q-60% ethyl acetate/hexanes).
Yellow oil (46%, 51 mg)!H NMR (500 MHz, CDCJ) 0 11121.82(®, 1H), 8.06
7.93 (m,0.5H), 7.68 (dd,J = 8.5, 2.2 Hz0.5H), 7.57 (5 0.5H), 7.45 (dd,J = 8.3, 2.3 Hz
0.5H), 7.32 (s,0.5H), 7.251 7.16 (m,0.5H), 4.76 (s, 1H), 3.80 (s, 1H), 3.663.37 (m,
3H), 2.74 (tJ= 7.9 Hz, 2H), 2.37 2.25 (m, 1H), 2.16 2.02 (m, 2H), 1.65 (g} = 7.8 Hz,
2H), 1.50 (s, 9H), 1.3%1.24 (m, 14H)0.92i 0.85 (m, 3H)3C NMR (126 MHz, CDGJ)
ad 159.5*, 159. 5*, 154. 4, 143. 0*, 141. 1~*,
112.0*, 111.4*, 79.8, 51.4, 50.8, 49.8, 49.2, 44.1, 43.8, 36.4, 36.1, 31.9, 31.8, 31.0, 29.6,
29.6, 29.5, 29.3, 29.2, 28.5, 22.7, 14Mhterial isolated as an approximately 1:1 ratio of

rotamersHRMS: (ESI) [M+H]' calc. for G7H4sN4Os" 471.3330, observed, 471.3332.
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NHO

Ci1oHa N <\L—>
NBoc tert-butyl 4-(6-decyt1H-benzo[d]imidazole2-

carbonyl)piperazine-1-carboxylate (4.6e): Synthesized according ®eneral Procedure
4.5, Purifiedvia column chromatography (380% ethyl acetate/hexanes). White solid
(47%, 21 mg)."H NMR (500 MHz, CDCJ) U i111.044r8, 1H), 7.69 (s, 1H), 7.60
(s, OH), 7.41 (s, OH), 7.29 (s, OH), 7.16d& 10.1 Hz, 1H), 4.77 (= 5.1 Hz, 2H), 3.90
i 3.84 (m, 2H), 3.63 3.57 (M, 4H), 2.73 () = 7.7 Hz, 2H), 1.69 1.61 (m, 2H), 1.50
(s, 9H), 1.34 1.23 (m, 14H), 0.87 (1= 6.9 Hz, 3H)13C NMR (126 MHz, CDCJ) U
158.9*%, 154.7, 144.7*, 148*, 141.6*, 140.8*, 138.4*, 133.1*%, 131.1*%, 126.6*, 124.7*,
120.7*, 120.0%, 111.4*, 110.9*, 80.5, 46.8, 43.3, 32.0, 29.7, 29.7, 29.7, 29.5, 29.4, 28.5,
22.8, 14.3Material isolated as an approximately 1:1 ratio of isont¢iRMS: (ESI)

[M+H] ™ calc. for G7H43BrN4Os* 471.3330 observed471.3316

N O
\>_<2
N N
C1oH21 H ’\
&NB“ tert-butyl 4-(6-decylF1H-benzo[d]imidazole 2-

carbonyl)-1,4-diazepanel-carboxylate (4.6f): Synthesized according tdGeneral
Procedure 4.5Purified via column chromatography25-50% ethyl acetate/hexanes).
White solid (48%, 31 mg}H NMR (500 MHz, CDCJ) U i111.298(1@, 1H), 7.74
7.67 (m,0.5H), 7.637 7.57 (m 0.5H) 7.45i 7.40 (m 0.5H) 7.33i 7.29 (m 0.5H) 7.21
i 7.11 (m,0.5H), 4.75i 4.63 (m,0.5H), 4.54 (dtJ = 12.8, 6.3 Hz, 1H), 3.93 (dl,= 16.1,
5.4 Hz, 1H), 3.83 (d] = 6.4 Hz, 1H), 3.79 3.62 (m, 2H), 3.54 3.39 (m, 2H), 2.73 (¥
= 7.7 Hz, 2H), 2.20 2.06 (m, 2H), 1.73 1.61 (m, 2H), 1.51 1.44 (m, 6H), 1.39 1.20

(m, 17H), 0.87 (tJ = 6.8 Hz, 3H)3C NMR (126 MHz, CDG)) U *116%5, 1554,
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144.7, 143.8, 142.0, 141.8, 140.5, 138.%, 133.4, 131.4, 126.4, 124.4, 120.8,
120.7, 111.5,110.9, 79.9, 51.3, 50.7,49.8, 49.7,48.7,47.9,47.6, 47.2, 46.3, 46.2, 45.8,
36.5, 36.2, 32.0, 29.7, 29.7, 29.7, 29.5, 28.5, 22.8, Material isolated as an
approximately 1:1 ratio of rotamer$iRMS: (ESI) [M+H] calc. for GgHasN4Os"
485.3486, observed, 485.3484.

N 0]
T
C1oHa1 N NH

H

NBoCiert-putyl  (S)3-((6-decyk1H-benzo[d]imidazole2-
carboxamido)methyl)pyrrolidine -1-carboxylate ((§-4.69): Synthesized according to
General Procedure 4.5Purified via column chromatography 20-40% ethyl
acetate/hexanesyellow oil (53%, 51 mg)!H NMR (500 MHz, CDC§) U i112.064 5
(m, 1H), 8.28 8.14 (m,0.5H), 7.66 (d,J = 8.4 Hz 0.5H), 7.55 (50.5H) 7.41 (dJ = 8.3
Hz, 0.5H) 7.28 (d,J = 8.1 Hz,0.5H), 7.18 (ddJ = 17.3, 8.4 Hz0.5H), 3.65i 3.50 (m,
3H), 3.401 3.27 (m, 1H), 3.24 3.07 (m, 1H)2.751 2.69 (m, 2H), 2.66 2.53 (m, 1H),

2.097 2.03 (m, 1H), 1.80 1.69 (m, 1H), 1.67 1.60 (m, 2H), 1.50 1.41 (m, 9H), 1.37
1.18 (m, 14H),0.910.82(m,3H)1 3C NMR (126 MHZ, 15460863 ) i
144.3, 143.%, 141.F%, 140.7, 134.Z, 132.Z, 126.5, 124.9, 120.0, 119.4, 111.8,
111.2,79.4,49.5,49.1, 45.2, 45.0, 39.2, 38.3, 36.3, 36.1, 31.9, 31.8, 29.6, 29.6, 29.5, 29.3,
28.5, 22.7, 14.MMaterial isolated as an approximately 1:1 ratio of rotantiRMS: (ESI)

[M+H] " calc. forCzgHasN4Os" 485.3486, observed, 485.3476.
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C1oH21 N NH

S

NoNBCiart putyl  (R)-3-((6-decyk1H-benzo[d]imidazole2-
carboxamido)methyl)pyrrolidine -1-carboxylate ((R)-4.6h): Synthesized according to
General Procedure 4.5Purified via column chromatography 30-50% ethyl
acetate/hexanesyellow oil (67%, 65 mg)!H NMR (500 MHz, CDC§) & i111.093 9
(m, 1H), 7.94i 7.81 (m,0.5H), 7.69 (d,J = 8.4 Hz,0.5H), 7.58 (5 0.5H) 7.45 (dJ = 8.3
Hz, 0.5H) 7.33 (s0.5H), 7.21 (ddJ = 17.8, 8.5 Hz(.5H), 3.67i 3.49 (m, 4H), 3.37 (p,
J=9.1 Hz, 1H), 3.24 3.07 (m, 1H), 2.75 () = 7.7 Hz, 2H), 2.65 2.52 (m, 1H), 2.13
2.03 (m, 1H), 1.67 (] = 7.5 Hz, 2H), 1.48 (d] = 4.8 Hz, 9H), 1.36 1.24 (m, 17H), 0.89
(t, J= 6.8 Hz, 4H)13C NMR (126 MHz, CDCJ) U *11606, 1014.9, 144.6, 143.F,
141.%, 140.6, 138.7, 134.7, 132.7, 126.5, 124.9, 120.G, 119.4, 112.2, 111.6,
79.5, 49.7, 49.3, 45.4, 45.1, 39.3, 38.4, 36.5, 36.2, 32.0, 32.0, 29.7, 29.2929.28.6,
22.8, 14.2 Material isolated as an approximately 1:1 ratio of rotamdRMS: (ESI)

[M+H] " calc. for GgH4sN4Os" 485.3486, observed, 485.3470.

N (6]
JORE
C1oH21 N {l:é

carbonyl)-3-methylpiperazine-1-carboxylate ((N)-4.6i): Synthesized according to

NBoc tert-butyl 4-(6-decyt1H-benzo[d]imidazole 2-

General Procedure 4.2Purified via column chromatography 30-40% ethyl
acetate/hexanes). Yellow oil (34%, 39 mdJ.NMR (500 MHz, CDC§) U i111.287 0
(m, 1H), 10.09 9.35 (m 0.5H) 7.70 (d,J = 8.3 Hz,0.5H), 7.61 (s0.5H) 7.41 (dJ=8.3

Hz, 0.5H) 7.29 (50.5H) 7.22i 7.12 (m,0.5H), 6.45 (s0.5H) 6.00 (d,J = 13.9 Hz 0.5H),
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5.02 (s 0.5H) 4.60 (d,J=13.5 Hz 0.5H), 4.51 (tJ = 6.3 Hz 0.5H) 4.37i 3.92 (m, 2H),

3.64 (t,J = 13.3 Hz, 1H), 3.34 3.17 (m, 1H), 2.73 (t) = 7.7 Hz, 2H), 1.7G 1.60 (m,

2H), 1.50 (s, 8H), 1.48 1.39 (m, 1H), 1.37 1.22 (m,9H), 0.87 (t,J = 6.9 Hz, 3H)13C

NMR (126 MHz, CDCY) U *11689, ¥65.1, 140.5, 133.%, 131.%, 126.4, 124.5,
111.3, 110.8, 80.2, 65.6, 44.4, 41.3, 37.4, 36.4, 36.1, 31.9, 31.8, 29.6, 29.6, 29.5, 29.3,
29.0, 28.4, 26.0, 22.7, 14.Material isolated as an approximately 1:1 ratio of rotamers.

HRMS: (ESI) [M+H]" calc. for GsHasN4O3* 485.3486, observed, 485.3470.

s

NN
AT
N O tert-butyl (R)-4-(5-decyF1H-

benzo[d]imidazole 2-carbonyl)-2-methylpiperazine-1-carboxylate ((R)-4.6j):
Synthesized according &eneral Procedure 4.Burifiedvia column chromatography
(30-50% ethyl acetate/hexanes). Clear oil (26%, 63gINMR (500 MHz, CDCJ) U
11.047 10.81 (m, 1H), 7.70 (1 = 8.8 Hz, OH), 7.60 (d] = 9.2 Hz, OH), 7.42 (d] = 8.3
Hz, OH), 7.29 (dJ = 1.5 Hz, OH), 7.21 (dt] = 8.4, 1.7 Hz, OH), 7.17 7.14 (m, OH),
6.177 5.97 (m, 1H), 4.71 4.53 (m, 1H), 4.52 4.35 (m, 1H), 4.01 (t = 12.3 Hz, 1H),
3.697 3.03 (M, 3H), 2.76 2.69 (m, 2H), 1.64 (s, 2H), 1.49 {t= 1.3 Hz, 9H), 1.37

1.23 (m, 14H), 1.22 1.15 (m, 3H), 0.87 (1] = 6.9 Hz, 3H)13C NMR (126 MHz,

CDClk) U0 159. 2*, 159.1*, 154.5, 144.9*, 144.

130.9*, 126.5*, 124.6*, 120.7*, 120.0*, 111.2*, 110.7*, 80.2, 50.2, 47.3, 46.6, 43.3, 43.3,
36.4, 36.1, 31.9, 29.6, 29.9.3, 28.4, 22.7, 15.3, 15.0, 14Material isolated as an
approximately 1:1 ratio of rotametdRMS: (ESI) [M+H]" calc. for GgHasN4Os"

485.3486, observed85.3458.
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CioHzi No© (3R,55)-N-(4-decylphenyl)3,5-dimethylpiperazine-1-
carboxamide (4.6k):Synthesized according @eneral Procedure 4.Burifiedvia

column chromatographyQ-60% ethyl acetate/hexanes). Light brown solid (70%, 17
mg).'H NMR (500 MHz, i 1B.003mM JLH),B.2418314 (in51H), 7.66
(dd,J = 16.6, 8.4 Hz, 0.5H), 7.587.51 (m, 0.5H), 7.44 (dl = 8.3 Hz, 0.5H), 7.31 (s,
0.5H), 7.18 (dJ = 8.3 Hz, 0.5H), 7.12 (ddd,= 8.6, 3.5, 1.6 Hz, 0.5H), 4.69 (@= 4.6

Hz, 1H), 3.87 ()= 5.4 Hz, 1H), 2.69 (q] = 7.0 Hz, 2H), 1.65 1.57 (m, 2H), 1.30

1.22 (m, 144),0.85 (tJ=6.7Hz,3H)*C NMR (126 MHz, DMSO)
158.0*%, 157.8*, 144.7*, 140.8*, 139.1*, 136.9*, 133.6*, 131.6*, 125.5*, 123.8*, 119.9*,
119.1*, 111.9*%, 111.2*, 49.8, 46.6, 43.0, 40.5, 35.5, 35.3, 31.5, 31.3, 29.0, 29.0, 28.9,
28.7, 28.7, 22.1, 14.0Aaterial isolated as an approximately 1:1 ratio of rotamers

HRMS: (ESI) [M+H] calc. for GzHssNsO* 360.3009, observed, 360.3015.

N O
C1oHaz1 N N OH

e

carbonyl)-2-(hydroxymethyl)piperazine-1-carboxylate (N)-4.61): Synthesized

tert-butyl 4-(6-decyt1H-benzo[d]imidazole2-

according taGeneral Procedure 4.Purifiedvia column chromatography’Q-80% ethyl
acetate/hexanes). Yellow oil (69%, 46 mdJ.NMR (500 MHz, CDC§) U il111.558 4
(m, 1H), 7.65 (dJ = 8.8 Hz,0.5H), 7.44 (d,J = 8.3 Hz,0.5H), 7.31 (s0.5H), 7.24i 7.14
(m, 0.5H), 7.031 6.60 (m,0.5H), 5.61 (d,J = 13.6 Hz,0.5H), 4.75 (d,J = 13.5 Hz, 1H),
4.327 4.12 (m, 1H), 4.06 3.92 (m, 1H), 3.69 3.54 (m, 1H), 3.30 (d] = 13.8 Hz, 1H),
3.177 3.00 (m, 1H), 2.96 (d] = 13.0 Hz, 1H), 2.71 (dl= 7.8 Hz, 2H), 1.64 (dd] = 14.1,
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6.9 Hz, 2H), 1.51 (9H), 1.32i 1.22 (m, 16H), 0.89 0.83 (m, 4H)*3C NMR (126 MHz,
CDCl) u *115488, W38 143.6, 142.¥, 141.7, 140.%, 139.F, 133.0, 131.0,
127.0, 125.2, 119.8, 119.%, 111.6, 111.G, 80.8, 57.1, 53.4, 43.4, 39.5, 36.3, 36.1,
31.9, 31.8, 29.6, 29.6, 29.5, 29.3, 29.3, 29.2, 28.4, 22.7, Wtkrial isolated as an
approximately 1:1 ratio of rotamer$iRMS: (ESI) [M+H] calc. for GgHasN4Os"
501.3435pbserved501.3421.
N\>_/<O

CioHa N N

NHBoc tert-butyl (1-(6-decyF1H-benzo[d]imidazole 2-
carbonyl)piperidin -4-yl)carbamate (4.6m): Synthesized according @eneral Procedure
4.2. Purified via column chromatography4(-60% ethyl acetate/hexanes). White solid
(73%, 83 mg)'H NMR (500 MHz, CDC}) & 1112.87@n8 1H), 7.81 7.55 (m,0.5H),
7.41 (s0.5H), 7.20i 7.11 (m,0.5H), 5.89 (s0.5H), 4.82i 4.58 (m, 2H), 3.82 (s, 1H), 3.51
(t, J=12.6 Hz, 1H), 3.06 () = 12.5 Hz, 1H), 2.77 2.68 (m, 2H), 2.11 (d] = 13.1 Hz,
2H), 1.71i 1.60 (m, 2H), 1.54 (s, 9H), 1.46 (s, 9H), 1136.19 (m, 14H), 0.87 (= 7.1
Hz, 3H).13C NMR (126 MHz, CDGJ) U *116W5, 1651, 144.7, 143.8, 142.G,
141.8, 140.5, 138.%, 133.4, 131.4, 126.4, 124.4, 120.8, 120.%, 111.5, 110.9,
79.9, 49.7, 48.7, 47.9, 46.3, 46.2, 36.5, 36.2, 32.0, 29.7, 29.7, 29.7, 29.5, 28.5, 22.8, 14.2.
Material isolated as an approximately 1:1 ratio of rotantéRMS: (ESI) [M+H]" calc.

for CogHasN4O3" 485.3486, observed, 485.3513.
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N HN HCI
C1oHa1 _\—NH
2

N-(2-aminoethyl)-5-decyt1H-benzo[d]imidazole
2-carboxamide hydrochloride (4.7a): Synthesized according teeneral Procedure 4.3
Purifiedvia trituration with diethyl ether. White solid (92%, 22 mdH{ NMR (500 MHz,
CD:OD) U 7J=8.8 Hz 1H), 7.70 (s, 1H), 7.57 (dbi= 8.6, 1.4 Hz, 1H), 3.84 (f,

= 5.9 Hz, 2H), 3.32 3.29 (m, 2H), 2.89 2.83 (m, 2H), 1.77 1.68 (m, 2H), 1.41 1.29

(m, 14H), 0.91 (tJ) = 6.9 Hz, 3H)C NMR (126 MHz,CDsOD) & 155. 0, 143.

131.9, 130.1, 128.8, 114.4, 113.3, 38.9, 37.3, 35.6, 31.7, 31.4, 29.3, 29.2, 29.0, 28.8, 22.3,

13.0.HRMS: (ESI) [M+HT] calc. for GoH33N4O" 345.2649, observed, 345.2656.

HN NH o

N\
C1oMlz1 Ho O FaCT oM etidin-3-yi)-6-decyF1H-
benzo[d]imidazole 2-carboxamide 2,2, 2trifluoroacetate (4.7b): Synthesized according
to General Procedure 4.8urified via trituration with diethyl ether. Light brown solid
(93%. 43 mg)'H NMR (500 MHz,CD:0D) U  7J=3.8 Hz( 1H), 7.45 (s, 1H), 7.22
(dd,J=8.4, 1.5 Hz, 1H), 5.00.4.97 (m, 1H), 4.42 (d] = 7.8 Hz, 4H), 2.73 () = 7.6 Hz,

2H), 1.71i 1.61 (m, 2H), 1.35 1.25 (m, 15H), 0.89 (] = 6.9 Hz, 4H)X3C NMR (126

MHz,CDsOD) u 158. 7, 143. 6, 140. 0, 137. 1, 136.

31.7, 31.6, 29.3, 29.3, 29.2, 29.18.2 22.3, 13.1HRMS: (ESI) [M+H] calc. for

Co1H33N4O" 357.2649, observed, 357.2636.
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N\>_/<o
CioHai N NH
!

N ol (R)-6-decy+N-(pyrrolidin -3-yl)-1H-benzo[d]imidazole 2-
carboxamide hydrochloride ((R)-4.7c): Synthesized according @eneral Procedure 4.3
Purifiedvia trituration with diethyl ether. Brown solid (61%, 18 mt. NMR (500 MHz,
CD:OD) U 1 7.764m8, 1H), 7.66 (s, 1H), 7.557.52 (m, 1H), 4.75 (tt) = 6.9, 4.4 Hz,
1H), 3.70i 3.63 (m, 2H), 3.56 3.46 (m, 2H), 2.86 2.81 (m, 2H), 2.51 2.43 (m, 1H),
2.387 2.29 (m, 1H), 1.74 1.67 (m, 2H), 1.39 1.25 (m, 14H), 0.91 0.87 (m, 3H)3C
NMR (126 MHz,CD30D) a4 155. 7, 144. 9, 142. 7, 133. 4, 1
50.9, 458, 37.0, 33.1, 32.8, 30.9, 30.7, 30.6, 30.4, 30.2, 23.7, HRMKIS: (ESI) [M+H]

calc. for GoH3sN4O" 371.2805, observed, 371.2806.

N 0
4
C1oH21 ” NH
Cﬁ H—Cl
N

H (S)6-decyFN-(pyrrolidin -3-yl)-1H-benzo[d]imidazole
2-carboxamide hydrochloride ((S)-4.7d): Synthesized according t8eneral Procedure
4.3, Purifiedvia trituration with diethyl ether. White solid (61%, 18 m¢t NMR (400
MHz, cko d ) © J=.8.5 Bz, XH}| 7.68 (s, 1H), 7.56 (dii= 8.6, 1.5 Hz, 1H), 4.76
(td,J= 6.8, 3.4 Hz, 1H), 3.783.64 (m, 2H), 3.58 3.44 (m, 2H), 2.84 (] = 7.7 Hz, 2H),
2.547 2.41 (m, 1H), 2.41 2.29 (m, 1H), 1.74 1.64 (m, 2H), 1.39 1.23 (m, 14H), 0.89
(t,J=6.5Hz,3H)’®C NMR (126 MHz, MeOD) U0 155. 7, 145. 0
1158, 114.7,66.9, 51.3, 50.9, 45.8, 37.0, 33.1, 32.8, 30.9, 30.7, 30.6, 30.4, 30.2, 23.7, 14.4.

HRMS: (ESI)[M+H]* calc. for G2H3sN4O" 371.2805, observed, 371.2802.
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HCI (6-decylF1H-benzo[d]imidazol2-yl)(piperazin-1-
yl)methanone hydrochloride(4.7e):Synthesized according to General Proce@ure
Purifiedvia trituration with diethyl ether. White soli®9%, 18 mg).H NMR (600 MHz,
Me OD) U J#8.4H, 1H)d7.67 (s, 1H), 7.54 (dbk 8.6, 1.5 Hz, 1H), 4.12 (8,
= 5.3 Hz, 4H), 3.44 (t) = 5.4 Hz, 4H), 2.84 () = 7.7 Hz, 2H), 1.70 (q] = 7.1 Hz, 2H),
1.37i 1.24 (m, 14H), 0.89 (1=7.0 Hz,3H)*C NMR (151 MHz, MeOD)
144.7, 142.0, 133.4, 131.6, 129.8, 115.8, 114.7, 41.4, 37.0, 33.1, 32.8, 30.7, 30.7, 30.6,
30.4, 30.2, 23.7, 14.HRMS: (ESI) [M+H] calc. for G2H3zsN4sO* 371.2805 observed,

371.2807.

@

HCl (6-decyt1H-benzo[d]imidazok2-yl)(1,4-diazepan 1-
yl)methanone hydrochloride (4.7f): Synthesized according to General ProcedBire
Purifiedvia trituration with diethyl ether. White solid (97%, 26 m#). NMR (500 MHz,
CD:OD) U 1 7.73§rd, 1H), 7.71 7.62 (m, 1H), 7.57 7.46 (m, 1H), 4.28 4.05 (m,
2H), 3.97 (tJ = 6.0 Hz, 2H), 3.64 3.49 (m, 2H), 3.47 3.40 (m, 2H), 2.84 ({ = 7.7 Hz,
2H), 2.31 (dJ = 10.0 Hz, 2H), 1.71 (pl = 7.2 Hz, 2H), 1.37 1.23 (m, 14H), 0.89 (] =
6.9 Hz, 3H).23C NMR (126 MHz,CDs0OD) a 156. 4, 143. 4, 141.
128.0, 114.3, 113.3, 45.1, 44.5, 42.1, 35.6, 31.7, 31.4, 29.3, 29.2, 29.0, 28.8, 24.9, 22.3,

13.0.HRMS: (ESI) [M+H] calc. for GsHa/N4O* 385.2962, observed, 385.2957.
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C1oHa1 O

” (S)-6-decyFN-(pyrrolidin -3-yImethyl)-1H-
benzo[d]imidazole 2-carboxamide hydrochloride ((S)-4.7g): Synthesized according to
General Procedure 4.Burifiedvia trituration with diethyl ether. Offvhite solid (71%, 40
mg).'H NMR (500 MHz,CDsOD) & 7J=83 HZ IH), 7.65 (s, 1H), 7.50 (dbi=
8.6, 1.4 Hz, 1H), 3.703.60 (m, 2H), 3.57 (ddl = 11.9, 7.9 Hz, 1H), 3.5(.3.45 (m, 1H),
3.17 (dd,J = 12.0, 8.2 Hz, 1H), 2.88 2.79 (m, 3H), 2.35 2.27 (m, 1H), 1.93 (dqg] =
13.3, 8.5 Hz, 1H), 1.71 (§,= 7.2 Hz, 2H), 1.41 1.22 (m, 16H), 0.90 (] = 6.9 Hz, 3H).
13C NMR (126 MHz,CDs0D) u 155. 1, 142. 9, 141. 9,
113.4, 45.041.0, 38.0, 35.6, 31.7, 31.4, 29.3, 29.2, 29.0, 28.9, 27.8, 22.3HRAMS:
(ESI) [M+H]" calc. for G3H37N4O* 385.2962, observed, 385.2958.

H—-CI

.

~

N HN—
\>_<
CqoH21 o

” (R)-6-decykN-(pyrrolidin -3-ylmethyl)-1H-
benzo[d]imidazole2-carboxamide hydrochloride ((R)-4.7h): Synthesized according to
General Procedure 4 Burifiedvia trituration with diethyl ether. Brown oil (45%, 20 mg).
IH NMR (500 MHz,CDsOD) U 7J=83 H4, tH), 7.62 (s, 1H), 7.47 (d#i= 8.5,
1.5 Hz, 1H), 3.62 (dd] = 6.8, 5.4 Hz, 2H), 3.53 (dd= 11.9, 7.9 Hz, 1H), 3.483.43 (m,
1H), 3.14 (ddJ = 11.9, 8.2 Hz, 1H), 2.842.78 (m, 3H), 2.33 2.23 (m, 1H), 1.95 1.84

(m, 1H), 1.69 (pJ = 7.2 Hz, 2H), 1.40 1.22 (m, 16H), 0.89 (f] = 6.8 Hz, 3H)}3C NMR
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(126 MHz,CDs0D) d 155. 5, 142. 7, 142. 2, 133.
40.9, 38.0, 35.7, 31.7, 31.4, 29.3, 29.2, 29.0, 28.9, 27.7, 22.3HRAMS: (ESI) [M+H]
calc. for G3sH37/N4O" 385.2962, observed, 385.2979.

HCI

(—NH

methylpiperazin-1-yl)methanone hydrochloride ((N)-4.7i): Synthesized according to

(6-decylk1H-benzo[d]imidazol-2-yl)(2-

General Procedure 4.Burifiedvia trituration with diethyl ether. Offvhite solid (56%, 19
mg).'H NMR (500 MHz,CD:OD) 1 7J1=85 HZ, tH), 7.64 7.62 (m, 1H), 7.48
(dd,J = 8.5, 1.5 Hz, 1H), 5.1% 5.04 (m, 1H), 4.58 4.51 (m, 1H), 3.75 (t) = 13.5 Hz,
1H), 3.54i 3.42 (m, 3H), 3.38 3.32 (m, 1H), 2.89 2.79 (m, 2H), 1.75 1.64 (m, 2H),
1.54 (d,J = 7.2 Hz, 3H), 1.38 1.27 (m, 14H), 0.89 (] = 6.9 Hz, 3H).X3C NMR (126
MHz,CD:OD) u 157. 4, 144. 0, 142. 8, 134. 3,
44.2, 37.0, 33.1, 32.9, 30.7, 30.7, 30.6, 30.4, 30.2, 23.7, 15.5HRMS: (ESI) [M+H]
calc. for GaHz7N4O* 385.2962 , observed, 385.2978.

HCI

(NH
1
AT
N 0 (R)-(5-decy}t1H-benzo[d]imidazol-2-

yl)(3-methylpiperazin-1-yl)methanone  hydrochloride ((R)-4.7]):  Synthesized
according tdGeneral Procedure 4.Burifiedvia trituration with diethyl ether. White solid
(74%, 41mg)H NMR (500 MHz,CDsOD) & 7J1=88% H{, tiH), 7.71 7.67 (m,

1H), 7.69 (s, 1H), 7.54 (dd;= 8.5, 1.5 Hz, 1H), 4.54 (br s, 2H), 3.73.51 (m, 3H), 3.42
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(s, 1H), 2.89 2.81 (m, 2H), 1.72 (p] = 7.2 Hz, 2H), 1.52 1.41 (m, 3H), 1.40 1.26 (m,

14H),0.91 (tJ=6.9Hz, 3H)*C NMR (126 MHz, MeOD) & 156. 5,
131.4, 129.8, 115.8, 114.7, 52.4, 46.6, 43.9, 41.0, 37.0, 33.0, 32.8, 30.7, 30.7, 30.6, 30.4,
30.2, 23.7, 15.9, 14.HRMS: (ESI) [M+H] calc. for GsHaN4O* 385.2962, observed,

385.2949.

HCI (6-decyt1H-benzo[d]imidazol2-yl)(3-
(hydroxymethyl)piperazin-1-yl)methanone hydrochloride ((N)-4.71): Synthesized
according tdGeneral Procedure 4.Burifiedvia trituration with diethyl ether. White solid
(90%, 36 mg)!H NMR (500 MHz,CD:OD) i  7J.=8.% Hz( 1H), 7.69 (s, 1H), 7.55
(d,J=8.4 Hz, 1H), 4.67 4.45 (m, 1H), 3.95 3.87 (m, 1H), 3.82 3.75 (m, 1H), 3.68
3.50 (m, 3H), 3.50 3.38 (M, 1H), 2.86 (t) = 7.6 Hz, 2H), 1.72 (p] = 7.2 Hz, 2H), 1.39
i 1.26 (m, 14H), 0.91 ( = 6.9 Hz, 3H)X3C NMR (126 MHz,CD:OD) & 155. 4, 143
140.7,132.2, 130.3, 128.4, 114.5,113.4, 58.7,55.9, 42.5, 35.6, 31.7, 31.4, 29.3, 29.3, 29.2,
29.0, 28.8, 22.3, 13.tHRMS: (ESI) [M+H] calc. for GsHs7N4O2" 401.2911 obseved,

401.2909.

HCI (4-aminopiperidin-1-yl)(6-decyt1H-benzo[d]imidazok

2-yl)methanone hydrochloride(4.7m): Synthesized according @eneral Procedure 4.3

Purified via trituration with diethyl ether. Offvhite solid (94%, 68 mg}H NMR (500
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MHz, CDsOD) U 7J.=18.8 Hz( 1), 7.68 (s, 1H), 7.53 (dbk 8.5, 1.5 Hz, 1H), 4.70
(s, 1H), 4.21 (s, 1H), 3.623.51 (m, 2H), 3.18 (s, 1H), 2.85 Jt= 7.7 Hz, 2H), 2.30 2.10
(m, 2H), 1.83 (s, 2H), 1.72 (p,= 7.2 Hz, 2H), 1.40 1.25 (m, 15H), 0.90 (] = 6.9 Hz,
3H). C NMR (126 MHz,CDsOD) ua 155. 0, 143. 1, 141. 5, 131.
113.3, 47.7, 45.0, 41.0, 35.6, 31.7, 31.4, 29.9, 29.3, 29.2, 29.1, 28.9, 22.3{RB\S:
(ESI) [M+H]" calc. for G3H37N4O* 385.2962, observed, 385.207

/@:N\>—CCI3
o H 6-bromo-2-(trichloromethyl) -1H-benzo[d]imidazole (4.8):
Synthesized according Beneral Procedure 4.#urified via precipitation.White solid
(92%,15.49 9. H NMR (400 MHz, cde)) T 9. 95 ( 8516HK)IH), 783 01 ( d,
(d,J=8.7 Hz, 1H), 7.68 (d] = 1.8 Hz, 1H), 7.53 7.45 (m, 1H), 7.40 (d] = 8.7 Hz, 1H).
3 NMR (126 MHz, DMSO) a 151. 7, 139. 6, 137.

HRMS: (ESI) [M+H]" calc. for GHsBrCIsN2>" 312.8696 observed, B2.8667.

NHO
geiod

NBoc tert-butyl 4-(6-bromo-1H-benzo[d]imidazole 2-
carbonyl)piperazine-1-carboxylate (4.9): Synthesized according 8eneral Procedure

4.5, Purified via column chromatography (380% ethyl acetate/hexanes). White solid
(79%, 410 mg)'H NMR (500 MHz, CDC{) G 11 . 77 7 {.67,(m, IHY Y51 7. 7 2
7.37 (m, 2H), 4.80 4.72 (m, 2H), 3.91 () = 5.2 Hz, 2H), 3.68 3.59 (m, 5H), 1.52 (s,
9H).*C NMR (126 MHz, CDGJ) U *11585, ¥54.7,145.9, 145.6, 144.5, 142.7,

134.0, 131.9, 128.4, 126.9, 124.G, 122.5, 118.7, 116.2, 115.0, 113.Z, 80.6,

46.8, 43.5, 28 Material isolated as an approximately 1:1 ratio of isom¢iRMS: (ESI)

[M+H] ™ calc. for G7H22BrN4Os" 409.0870, observed, 409.0884.
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NBoc tert-butyl 4-(5-bromo-1-((2-(trimethylsilyl)ethoxy)methyl) -
1H-benzo[d]imidazole 2-carbonyl)piperazine-1-carboxylate  (4.10): Synthesized
according toGeneral Procedure 4.Burifiedvia extraction Yellow oil (98%, 1280 mg).
IH NMR (400 MHz, cde)) U 7J=9.8 Hz(0dH) 7.77i 7.71 (m 0.5H) 7.65 (dd,]
= 8.7, 1.3 Hz, 1H), 7.50.7.43 (m, 2H), 5.75 (dd} = 6.6, 1.3 Hz, 2H), 3.903.77 (m, 4H),
3.6271 3.51 (m, 6H), 1.48 (dJ = 1.4 Hz, 9H), 0.91 0.83 (m, 2H)-0.06 (d,J = 1.3 Hz,

9H). HRMS: (ESI) [M+H] calc. for G3H3sBrN4O4Si* 539.1684, observed, 539.1686.

(AN)BOC

SOPYS RS

\

0 N (e}
SEM

((2-(trimethylsilyl)ethoxy)methyl) -1H-benzo[d]imidazole 2-carbonyl)piperazine-1-

tert-butyl 4-(6-(4-(2-ethylphenoxy)butyl)-1-

carboxylate (4.11a):Synthesized according @eneral Procedure 4.Rurifiedvia column
chromatography40-50% ethyl acetate/hexanes). Yellow oil (61%, 145 rid)NMR (500
MHz, CDCk) U 7J=B.8 Hz(0bH) 7.65 (s0.5H) 7.51 (d,J = 8.3 Hz 0.5H) 7.41
(d,J=1.6 Hz 0.5H) 7.28 (dd,J= 8.4, 1.6 Hz0.5H), 7.24 (dd,J = 8.4, 1.6 Hz0.5H), 7.20
i 7.12 (m, 3H), 6.94 6.86 (m, 1H), 6.84 (d] = 8.1 Hz, 1H), 5.80 (s, 2H), 4.053.97 (m,
3H), 3.96i 3.88 (M, 2H), 3.83 ()= 5.1 Hz, 2H), 3.63 3.53 (M, 6H), 2.88 (gl = 7.5 Hz,
2H), 2.71i 2.63 (m, 3H), 1.97 1.86 (m, 5H), 1.51 (s, 9H), 1.451.18 (m, 4H), 0.95

0.85 (m, 2H);0.03 (d,J= 1.5 Hz, 9H):*C NMR (126 MHz,CDG)) U 160 . 3,
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156.7, 154.7, 144.6, 144.2, 141.9, 140.0, 139.7, 138.0, 135.2, 133.3, 132.8, 132.8, 132.8,
129.0, 129.0, 128.9, 126.8, 126.8, 125.9, 124,.J= 271 Hz) 120.5, 120.5, 120.4, 120.4,
120.0, 111.1, 111.1, 111.0, 111.0, 110.8, 110.3, 80.5, 73.7, 73.6, 67.6, 67.5, 66.6, 66.6,
47.3, 42.4, 36.1, 35.7, 29.1, 29.0, 28.5, 28.5, 23.4, 17.9, 14.3; 1.8 3/ aterial isolated

as an approximately 1:1 ratio akgioisomers HRMS: (ESI) [M+H] calc. for

CssHs3N40sSi™ 637.3780 observed,

(4’\;300

5\ /\/\/©:N y
\>_<

0 N 0]
SEM

isopropylphenoxy)butyl)-1-((2-(trimethylsilyl)ethoxy)methyl) -1H-

tert-butyl 4-(6-(4-(3-

benzo[d]imidazole 2-carbonyl)piperazine-1-carboxylate (4.11b): Synthesized

according tdGeneral Procedure 4.Rurifiedvia column chromatographyQ-30% ethyl
acetate/hexanes). Yellow oild®, 198mg). *H NMR (500 MHz, CDCJ) 4 7J=72 ( d,
8.2 Hz, OH), 7.64 (s, OH), 7.50 @@= 8.4 Hz, OH), 7.41 (d] = 1.5 Hz, OH), 7.27 7.19

(m, 2H), 6.861 6.82 (m, 1H), 6.79 (p] = 1.3 Hz, 1H), 6.73 (ddl = 7.9, 2.4 Hz, 1H),

5.79 (d,J = 1.8 Hz, 2H), 4.03 3.97 (m, 2H), 3.94 3.89 (m, 2H), 3.86 3.79 (m, 2H),

3.607 3.53 (m, 6H), 2.87 (p] = 7.0 Hz, 3H), 1.91 1.83 (m, 4H), 1.50 (s, 9H), 1.26 @,

= 6.9 Hz, 6H), 0.94 0.88 (m, 2H);0.04 (d,J = 1.5 Hz, 9H)13C NMR (126 MHz,

CDCl3) a 160. 3, 159. 2, 159. 2, 154. 7, 150. 8,
135.2, 133.3, 129.3, 126.0, 124.8, 120.6, 12018.9, 113.1, 111.3, 110.8, 110.4, 80.5,
73.7,73.6, 67.7, 67.6, 66.6, 47.4, 42.5, 36.2, 35.8, 34.3, 32.2, 29.1, 28.5, 26.3, 24.1, 18.0,

-1.3. Material isolated as an approximately 1:1 mixture of regioisoietgrial isolated
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as an approximately 1:1 ratio @fgioisomersHRMS: (ESI) [M+H] calc. for

CssHs5N40sSi" 651.3936 observed651.3916.

(:\;BOC

\N/
\
0 N O
SEM

(dimethylamino)phenoxy)butyl)-1-((2-(trimethylsilyl)ethoxy)methyl) - 1H-

tert-butyl 4-(6-(4-(3

benzo[d]imidazole2-carbonyl)piperazine-1-carboxylate (4.11c): Synthesized
according taGeneral Procedure 4.Rurifiedvia column chromatography2Q-40% ethyl
acetate/hexanes). Yellow oil (86%, 187 migy.NMR (500 MHz, CDCJ) & 7J1=7 2
8.3 Hz,0.5H), 7.63 (50.5H) 7.50 (d,J = 8.3 Hz,0.5H), 7.40 (d,J = 1.5 Hz 0.5H), 7.29i
7.21 (m,0.5H), 7.15 (ddJ = 9.4, 7.1 Hz, 1H), 6.4D 6.35 (m, 1H), 6.32 6.28 (m, 2H),
5.82i 5.77 (m, 2H), 4.04 3.97 (m, 2H), 3.94 3.89 (m, 2H), 3.86 3.80 (m, 2H), 3.63
3.53 (M, 6H), 2.94 (s, 6H), 2.86 (¥ 7.4 Hz 2H), 1.93 1.81 (m, 4H), 1.50 (s, 9H), 1.28
(t,J=7.1 Hz, 2H), 0.90 (ddd,= 9.6, 7.5, 2.3 Hz, 2H)0.04 (d,J = 1.1 Hz, 9H)13C NMR

(126 MHz,CDC$) U0 160. 2, 160. 2, 154. 7, 152. 1,

(d,

144.

135.2, 133.3, 129.8, 126.0, 124.8, 120.5, 120.0, 110.8, 110.3, 105.8, 105.8, 102.1, 99.8,

99.8, 80.5, 73.7, 73.6, 67.6, 67.6, 66.6, 47.4, 404, 36.2, 35.8, 29.1, 29.0, 28.5, 17.9,
-1.3. Material isolated as an approximately 1:1 ratioegfioisomersMaterial isolated as
an approximately 1:1 ratio of rotameHRMS: (ESI) [M+H] calc. forC35H54N505Si+

652.3889 observeds52.3871.
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methoxyphenoxy)butyl)1-((2-(trimethylsilyl)ethoxy)methyl) -1H-benzo[d]imidazole

tert-butyl 4-(6-(4-(3-

2-carbonyl)piperazine-1-carboxylate (4.11d): Synthesized according tdseneral
Procedure 4.2Purified via column chromatography20-30% ethyl acetate/hexanes).
Yellow oil (86%, 213 mg)!H NMR (500 MHz, CDC{) & 7J=88 HZ, tH), 7.65
(s, 1H), 7.52 (dJ = 8.3 Hz, 1H), 7.41 (d] = 1.4 Hz, 1H), 7.29 7.17 (m, 2H), 6.55 6.51
(m, 2H), 6.49 (dJ = 2.4 Hz, 1H), 5.86 5.78 (m, 2H), 4.02 3.98 (m, 2H), 3.95 3.91
(m, 2H), 3.86/ 3.83 (m, 2H), 3.82 (s, 3H), 3.633.53 (m, 6H), 2.87 (q] = 7.3 Hz, 2H),

1.937 1.85 (m, 5H), 1.52 (@H), 0.91 (ddd,J = 9.5, 7.5, 2.3 Hz, 2H}0.02 (d,J = 1.5 Hz,

9H).*CNMR (126 MHz,CDCG)) & 171.2, 160.8, 160.3, 160.

139.9, 139.5, 137.8, 135.1, 133.2, 129.8, 125.9, 124.6, 120.5, 119.9, 110.7, 110.2, 106.7,
106.6, 1@.2, 106.1, 100.9, 100.9, 80.4, 73.6, 73.5, 67.7, 67.7, 66.5, 60.4, 55.3, 47.2, 42.3,
36.1, 35.6, 32.1, 28.9, 28.8, 28.4, 28.3, 26.2, 22.0, 21.1, 17.8;1.4.M)aterial isolated
as an approximately 1:1 ratio akgioisomers.HRMS: (ESI) [M+H] calc. for

Ca4Hs51N406Si" 639.3572 observed639.3560.

NBoc
CF4 Q
©\ /\/\/©iN N
\>_<
e N (@]
SEM

(trifluoromethyl)phenoxy)butyl) -1-((2-(trimethylsilyl)ethoxy)methyl) -1H-

tert-butyl 4-(6-(4-(3-

benzo[d]imidazole 2-carbonyl)piperazine-1-carboxylate (4.11e):Synthesized

according tdGeneral Procedure 4.Rurifiedvia column chromatographyL(-30% ethyl
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acetate/hexanes). Yellow o#@®6, 158mg).'H NMR (500 MHz, CDC§) G 7J=7 0
8.3 Hz, 1H), 7.61 (s, OH), 7.48 (@= 8.4 Hz, OH), 7.40 7.33 (m, 2H), 7.26 7.15 (m,
2H), 7.10 (] = 2.4 Hz, 1H), 7.04 (dd] = 8.3, 2.5 Hz, 1H), 5.77 (d,= 3.6 Hz, 2H),
4.01 (dt,J=5.9, 2.9 Hz, 2H), 3.89 (di,= 7.7, 3.0 Hz, 2H), 3.80 (§,= 5.1 Hz, 2H), 3.62
i 3.50 (m, 6H), 2.85 (g] = 7.3 Hz, 2H), 1.86 (dt] = 11.9, 6.0 Hz, 5H), 1.48 (s, 10H),

0.87 (dddJ= 9.1, 7.3, 1.8 Hz, 2H}P.07 (d,J = 2.8 Hz, 9H)13C NMR (126 MHz,

CDCl) U4 160. 3, 159. 3, 159. 3, 154.7, 144.

133.4, 130.0, 126.0, 124.7, 120.6, 120.0, 118.1, 117.4, 117.4, 117.3, 80.5, 73.7, 73.7,
71.0,68.1, 68.1, 66.7, 47.4, 42.5, 36.1, 35.7, 32.2, 28.9, 28.7, 28.5, 28.4, Z8.3226.
18.0,-1.3.Material isolated as an approximately 1:1 ratioegfioisomersHRMS: (ESI)

[M+H] ™ calc. forCsaHagFsN4OsSi* 677.3341 observed677.3320.

N N
JO RS
CgH1 o

! H tert-butyl 4-(6-octyl-1H-benzo[d]imidazole2-
carbonyl)piperazine-1-carboxylate (4.12a):Synthesized according @eneral Procedure
4.2 Purifiedvia column chromatography$-50% ethyl acetate/hexanes). Clear oil (74%,
160 mg)*H NMR (500 MHz, CDCf) G 10. 88 (Js 8.4 HzjA.FH), 7.60.(s7 O
0.5H), 7.42 (d,J = 8.3 Hz 0.5H) 7.29 (d,J = 1.5 Hz,0.5H), 7.237 7.13 (m,0.5H), 4.76
(9, J= 5.3 Hz, 2H), 3.85 (td] = 6.0, 3.3 Hz, 2H), 3.6% 3.53 (m, 4H), 2.73 (t) = 7.7 Hz,
2H), 1.66 (pJ = 7.0 Hz, 2H), 1.50 (s, 8H), 1.331.24 (m,9H), 0.87 (q,J = 4.2 Hz, 3H).
13C NMR (126 MHz, CDGJ) 0 *115%488, 8451, 144.7, 143.7, 141.7, 140.9,

138.4, 133.0, 131.0, 126.7%, 124.7, 120.7, 120.%, 111.4, 110.8, 80.5, 46.7, 43.3,
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36.5, 36.2, 32.0, 32.0, 29.6, 29.4, 29.4, 28.5, 22.8, IMAerial isolated as an
approximately 1:1 ratio of rotamer$iRMS: (ESI) [M+H] calc. for GsHzgN4Os"

443.3017, observed43.2784.

(NBOC
QNHNJ
A\
CoHy 0

o ” tert-butyl 4-(6-nonyl-1H-benzo[d]imidazole 2-
carbonyl)piperazine-1-carboxylate (4.12b): Synthesized according @eneral Procedure
4.2. Purifiedvia column chromatography(-35% ethyl acetate/hexanes). Clear oil (62%,
70 mg)."H NMR (500 MHz, CDCJ) &  1111.245rh, 1H), 7.69 (d] = 8.4 Hz 0.5H),
7.60 (5 0.5H) 7.40 (d,J = 8.2 Hz 0.5H) 7.27 (5 0.5H) 7.21i 7.12 (m,0.5H), 4.75 (g,J

= 5.1 Hz, 2H), 4.40 (t) = 5.8, 3.1 Hz, 1H), 3.85 (di,= 7.2, 4.1 Hz, 2H), 3.683.53 (m,
4H), 2.72 (tJ = 7.7 Hz, 2H), 1.65 (d] = 2.8 Hz, 2H), 1.49 (s, 9H), 1.331.20 (m, 12H),
0.86 (t,J = 6.9 Hz, 3H).13C NMR (126 MHz, CDCJ)) U *11547, T45.0, 144.6,

143.6", 141.6, 140.7, 138.3, 133.%, 131.2, 126.6, 124.6, 120.6, 120.G, 111.4,

110.9, 80.5, 46.8, 43.3, 42.0, 36.5, 36.2, 32.2, 32.0, 29.7, 28.5, 26.3, 22.8, 22.1, 14.2.

Material isolated as an approximately 1:1 ratio of rotantéRMS: (ESI) [M+H]" calc.

for CoeH41N4O3" 457.3173, observed57.3226.

("
©\O/\/\/\/©:”Ho

benzo[d]imidazole 2-carbonyl)piperazine-1-carboxylate (4.12d): Synthesized

tert-butyl 4-(6-(6-phenoxyhexyl}1H-

according tdGeneral Procedure 4.Rurifiedvia column chromatography0-40% ethyl

acetate/hexanes). Clear oil (60%, 60 Mg). NMR (500 MHz, JM&86D)
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Hz, 1H), 7.67 (dJ = 1.3 Hz, 1H), 7.52 (dd] = 8.6, 1.5 Hz, 1H), 7.267.20 (m, 2H),

6.907 6.83 (M, 3H), 4.12 () = 5.3 Hz, 4H), 3.93 () = 6.3 Hz, 2H), 3.44 (1) = 5.3 Hz,

4H), 2.85 (tJ = 7.6 Hz, 2H), 1.74 (dg] = 8.5, 6.4 Hz, 4H), 1.5561.49 (m, 2H), 1.48

141 (m,2H)*C NMR (126 MHz, MeOD) U 160.5*, 156. 7"
129.8%, 121.5%, 115.9%, 115.5%, 114.8*, 68.7, 44.2, 41.7, 36.9, 32.7, 30.3, 29.9, 27.0.

HRMS: (ESI) [M+H] calc. for GsHa7N4Os* 607.3490 observed, 607.3486.

(4’\}30(:

O

benzo[d]imidazole2-carbonyl)piperazine-1-carboxylate (4.12e): Synthesized

tert-butyl 4-(6-(4-(m-tolyloxy)butyl) -1H-

according taGeneral Procedure 4.Purifiedvia column chromatographyd$-50% ethyl
acetate/hexanes). Clear oil (93%, 287 nig)NMR (400 MHz, cda)) U 1110.832m,
1H), 7.71 (d,J = 8.4 Hz,0.5H), 7.30 (s,0.5H), 7.171 7.12 (m,0.5H), 6.761 6.68 (m,
0.5H), 3.941 3.91 (m, 2H), 3.86 (h] = 3.6 Hz, 2H), 3.59 (q] = 5.9 Hz, 4H), 2.78 (] =
7.6 Hz, 2H), 2.31 (s, 4H), 1.861.70 (m, 5H), 1.50 (s, 9H}*C NMR (151 MHz, CDGJ)
a 15 959.2,154.7,141.%, 139.6, 129.3, 126.6, 124.7, 121.5, 121.5, 121.4,
120.6, 115.4,111.4,80.5,67.8,67.7,46.7, 43.2, 36.4, 36.1, 31.8, 31.7, 29.3, 29.3, 29.2,
28.5, 25.9, 25.8, 21.Katerial isolated as an approximately 1:1 ratio of rotantiRVS:

(ESI) [M+H]" calc. for GgH37N4O4" 493.2809, observed, 493.2824.

G
Q;\/\/\/Q:HHO

1H-benzo[d]imidazole 2-carbonyl)piperazine-1-carboxylate  (4.12f): Synthesized

tert-butyl  4-(6-(4-(2-ethylphenoxy)butyl)-
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according taGeneral Procedure 4.Purifiedvia column chromatographylQ-50% ethyl
acetate/hexanes). White solid (72%, 83 mig)NMR (500 MHz, CDC§) U i112.620 1
(m, 1H), 7.74 (dJ = 8.4 Hz,0.5H), 7.66 (5 0.5H), 7.45 (d,J = 8.3 Hz 0.5H) 7.32 (s,
0.5H), 7.27i 7.22 (m,0.5H), 7.19 (dd,]) = 8.4, 1.6 Hz0.5H), 7.14 (tJ= 7.2 Hz, 2H), 6.88

(t, J=7.4 Hz, 1H), 6.81 (d] = 8.1 Hz, 1H), 4.83 4.73 (m, 2H), 3.99 (t] = 5.7 Hz, 2H),

3.91 (s, 2H), 3.63 (s, 4H), 2.84 (B= 6.6 Hz, 2H), 2.66 (qd] = 7.5, 3.7 Hz, 2H), 1.96

1.81 (m, 4H), 1.52 (s, 9H), 1.231.16 (m, 3H)13C NMR (126 MHz, CDG)) & *159 .

156.8, 154.7, 145.9, 144.F, 143.5, 141.7, 139.9, 137.3, 133.3, 132.7, 131.5,
129.0+, 129.6, 126.8, 126.4, 124.3, 120.7, 120.4, 120.0, 111.7, 111.G, 80.4,
67.5, 46.8, 43.3, 36.0, 35.7, 29.0, 28.5, 28.3, 23.4, 1Material isolated as an
approximately 1:1 ratio of rotamer$iRMS: (ESI) [M+H] calc. for GoHzgN4Os"

507.2966, observed,

("
\/@ON\/@E ”Ho

ethylphenoxy)butyl)-1H-benzo[d]imidazole 2-carbonyl)piperazine-1-carboxylate

tert-butyl 4-(6-(4-(3-

(4.129):Synthesized according ®eneral Procedure 4.PPurifiedvia column
chromatography40-50% ethyl acetate/hexane€§)lear oil(93%, 258mg). *H NMR
(600 MHz, CDC$) U 1110.517m, 1H), 7.71 (dl = 8.4 Hz, 1H), 7.62 (s, 1H), 7.43
(d,J=8.3 Hz, OH), 7.31 (s, 1H), 7.237.15 (m, 2H), 6.78 (d] = 7.5 Hz, 1H), 6.76
6.73 (m, 1H), 6.70 (dt] = 8.1, 4.2 Hz, 1H), 4.76 (§,= 6.0 Hz, 2H), 3.97 3.92 (m, 2H),
3.83 (q,J = 4.5 Hz, 2H), 3.63 3.55 (m, 4H), 2.78 () = 7.7 Hz, 2H), 2.63 2.57 (m,

2H), 1.85i 1.79 (m, 2H), 1.75 (] = 7.7 Hz, 2H), 1.51 (s, OH), 1.581.47 (m, 9H), 1.22
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(td,J=7.6, 1.3 Hz, 3H)'* C NMR (151 MHz,CD&) G 159. 2* , 146. 0~*,
140.5*, 132.8*%, 129.3*, 126.7*, 124.7*, 120.6*, 120.3*, 120.3%, 114.4*, 111.5*, 110.9*,
80.5,67.8,67.7,46.7,43.2, 36.4, 36.1, 31.8, 31.7, 29.4, 29.3, 29.1, 28.5, 25.9, 25.8, 22.1,
15.7.Material isolated as an approximately 1:1 ratio of rotamdiRMS: (ESI) [M+H]'

calc. for GgHz9N4O4" 507.2966, observe&07.2960.

(AN)BOC

5\0/\/\/(): N\>_<\(l\)l

H tert-butyl 4-(6-(4-(3-
isopropylphenoxy)butyl)-1H-benzo[d]imidazole 2-carbonyl)piperazine-1-
carboxylate (4.12h): Synthesized according ®eneral Procedure 4.PPurifiedvia
column chromatographytQ-50% ethyl acetate/hexanes). White soB&%, 155mg). H
NMR (600 MHz, i ¥M8QM PH), 7.187d] 676 Hz, 1H), 7.13 (td] =
7.9, 1.5 Hz, 1H), 6.76 (d,= 7.6 Hz, 1H), 6.72 (t) = 2.1 Hz, 1H), 6.66 (dd]= 8.1, 2.6
Hz, 1H), 4.44i 4.31 (m, 2H), 3.95 () = 5.9 Hz, 2H), 3.77 () = 5.3 Hz, 2H), 3.55 (1)

= 5.4 Hz, 4H), 2.81 (h] = 7.0 Hz, 3H), 1.89 1.76 (m, 4H), 1.46 (di] = 6.1, 3.4 Hz

14

9H), 1.19 (ddJ=6.8, 2.8 Hz,6H)}*C NMR (151 MHz, MeOD) U 160.

155.7, 151.4*, 145.3*, 129.9*, 119.5*, 113.6*, 112.1*, 81.6, 68.4, 47.5, 43.6, 36.6, 36.5,
34.9, 29.6, 29.1, 28.8, 24 Material isolated as an approximately 1:1 ratio of rotamers.

HRMS: (ESI) [M+H]" calc. for GoH41N4O4" 521.3122 observed521.3111.

(:\I)BOC

%\O/\/\/Q: :HZ

cyclopropylphenoxy)butyl)-1H-benzo[d]imidazole 2-carbonyl)piperazine-1-

tert-butyl 4-(6-(4-(3-
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carboxylate (4.12i): Synthesized according ®eneral Procedure 4.Rurifiedvia

column chromatography2Q-40% ethyl acetate/hexanes). White solid (64%, 52 fid)).
NMR (400 MHz, cdef)  § 1110.38§m, 1H), 7.72 (dl = 8.4 Hz, OH), 7.63 (s, OH),
7.457 7.41 (m, OH), 7.32 (dd] = 1.6, 0.8 Hz, OH), 7.23 (dd,= 8.3, 1.6 Hz, OH), 7.18
(dd,J = 8.4, 1.6 Hz, OH), 7.14 (8,= 7.9 Hz, 1H), 6.70 6.64 (m, 2H), 6.59 ({J = 2.2

Hz, 1H), 4.76 (dt) = 7.4, 4.2 Hz, 2H), 3.96 (td,= 6.0, 2.8 Hz, 2H), 3.83 (s, 2H), 3.59
(dt,J = 10.6, 5.5 Hz, 4H), 2.82 (1,= 7.0 Hz, 2H), 1.88 1.81 (m, 4H), 1.50 (d] = 0.6

Hz, 9H), 0.97 0.90 (m, 2H), 0.71 0.64 (m, 2H)X3C NMR (126 MHz, CDG)) U
159.3*%, 159.2*%, 154.7, 145.8*, 145.0*, 144.7*, 143.6*, 141.7*, 140.0*, 137.6*, 129.3*,
126.5*%, 124.6*, 120.7*, 120.1*, 118.1*, 112.2*, 111.2*, 80.5, 71.0, 67.6, 46.8, 43.3, 36.1,
35.8, 29.0, 28.98.5, 28.4, 28.3, 26.3, 15.5, 9.3. Material isolated as an approximately
1:1 ratio of rotamerddRMS: (ESI) [M+H]" calc. for GoH39N4O4* 519.2966, observed,

519.2987.

tert-butyl 4-(6-(3-(3-
cyclopropylphenoxy)propyl)-1H-benzo[d]imidazole-2-carbonyl)piperazine-1-
carboxylate (4.12)): Synthesized according @eneral Procedure 4.Rurifiedvia
column chromatography8Q-50% ethyl acetate/hexanes). Orange 58%, 224 my 1H
NMR (500 MHz, CDCh U 1 1 1186 (m, 1H), 7.72 (dl = 8.4 Hz,0.5H), 7.65 (s,
0.5H), 7.43 (d,J = 8.2 Hz,0.5H), 7.32 (dJ = 1.5 Hz,0.5H), 7.24i 7.11 (m, 2H), 6.70

6.59 (m, 3H), 4.76 (q] = 5.2 Hz, 2H), 3.95 (td] = 6.2, 3.7 Hz, 2H), 3.88 (d,= 5.3 Hz,
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2H), 3.61 (dg,) = 10.8, 3.5 Hz, 4H), 2.94 (td,= 7.6, 3.1 Hz, 2H), 2.192.09 (m, 2H),
1.85 (ttd,J = 8.0, 5.0, 2.3 Hz, 1H), 1.51 (s, 9H), 1.26Jd; 7.1 Hz, 1H), 0.93 (tdd] =
6.2, 4.4, 1.4 Hz, 2H), 0.68 (dddl= 6.9, 3.1, 1.5 Hz, 2H}3C NMR (126 MHz, CDCJ)
159.2, 159.%, 154.7, 1458, 145.%, 144.8, 143.6, 141.7, 139.%, 136.8, 133.3,
131.5, 129.3, 126.5, 124.5, 120.8, 120.%, 118.%, 118.%, 112.2, 112.Z, 111.3,
111.2, 80.4, 66.6, 46.8, 43.2, 32.6, 32.4, 31.2, 28.5, 15.5Material isolated as an
approximately 1:1 ratio of rotametdRMS: (ESI) [M+H]" calc. for GoHz7N4O4"

505.2809 observed505.2819.

(AN)BOC

\N/
@ 0
\
o N O

(dimethylamino)phenoxy)butyl)-1H-benzo[d]imidazole2-carbonyl)piperazine-1-

tert-butyl 4-(6-(4-(3-

carboxylate (4.12k): Synthesized according @eneral Procedure 4.Rurifiedvia column
chromatography40-60% ethyl acetate/hexanesd)hite solid (89%, 113 mg)H NMR
(500 MHz, CDC}) U i111.283(18, 1H), 7.76 7.59 (m,1H), 7.46i 7.28 (m,0.5H),
7.257 7.15 (m,0.5H), 7.12 (t,J = 8.1 Hz,1H), 6.38i 6.32 (M, 1H), 6.30 6.23 (M, 2H),
4.77 (9,d = 5.2 Hz, 2H), 4.04 3.96 (m, 2H), 3.93 3.85 (m, 2H), 3.67 3.56 (M, 4H),
2.91 (s, 6H), 2.85 2.77 (m, 2H), 1.90 1.78 (m, 4H), 1.50 (9H). 13C NMR (126 MHz,
CDCl3) U *116%0G, 254.7, 1524, 144.7, 143.5, 141.7, 139.9, 137.5, 133.Z,

131.4, 129.8, 129.8, 126.5, 124.5, 120.7, 120.G, 111.6, 111.%, 105.8, 102.¥,

u

99.87, 80.4, 80.4, 67.6, 67.6, 46.7, 43.3, 40.7, 29.0, 28.5, RE&Brial isolated as an

approximately 1:1 ratio of rotamer$iRMS: (ESI) [M+H] calc. for GgoHaoNsO4"

522.3075, observed, 522.3098.
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~o
@\ /\/\/©:N y
\>_<
o N ©

methoxyphenoxy)butyl}1H-benzo[d]imidazole 2-carbonyl)piperazine-1-carboxylate

tert-butyl 4-(6-(4-(3-

(4.12l): Synthesized according tdseneral Procedure 4.7Purified via column
chromatography30-50% ethyl acetate/hexanes). White solid (93%, 132 ritg)NMR

(500 MHz, CDC}) U 111.519n8, 1H), 7.71 (d}= 8.4 Hz,0.5H), 7.63 (5 0.5H), 7.42

(d, J=8.3 Hz 0.5H), 7.30 (s0.5H), 7.21 (d,J = 8.3 Hz 0.5H) 7.197 7.13 (m, 2H), 6.50

i 6.43 (M, 3H), 4.81 4.72 (m,2H), 3.971 3.91 (m, 2H), 3.92 3.87 (m, 2H), 3.77 (s, 3H),
3.661 3.55 (M, 4H), 2.85 2.78 (m, 2H), 1.88 1.78 (m, 4H), 1.50 (s, 9H*C NMR (126

MHz, CDCk) U *10Q4, 959.0, 154.7, 145.9, 144. 7, 143.5, 141.7, 139.8,
137.5, 133.3, 131.4, 129.9, 129.9, 126.4, 124.5, 120.7, 120.0, 111.6, 111.%,
106.7, 106.Z, 101.G, 80.4, 67.8, 55.3, 46.8, 43.3, 36.0, 35.8, 28.9, 28.8, 28.5, 28.3, 28.3.
Material isolated as an approximately 1:1 ratio of rotantéRMS: (ESI) [M+H]" calc.

for CogH37N40s5" 509.2758, observed, 509.2784.

("

CF3
\>_<
0 N ©

(trifluoromethyl)phenoxy)butyl) -1H-benzo[d]imidazole 2-carbonyl)piperazine-1-

tert-butyl 4-(6-(4-(3-

carboxylate (4.12m): Synthesized according ®eneral Procedure 4.Purifiedvia
column chromatography3(-50% ethyl acetate/hexane¥yhite solid(70%, 158 my H
NMR (500 MHz, CDC§) U 112.65Qr8, 1H), 7.72 (dl = 8.4 Hz, 05H), 7.63 (s,

0.5H), 7.43 (d,J = 8.3 Hz, 05H), 7.34 (dd, = 16.8, 8.8 Hz1.5H), 7.24i 7.19 (m,
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0.5H), 7.17 (dJ = 7.9 Hz,1.5H), 7.09 (tJ = 2.1 Hz, 1H), 7.02 (dd] = 8.4, 2.5 Hz, 1H),

4.79i1 4.73 (m, 2H), 4.01 3.96 (m, 2H), 3.94 3.87 (m, 2H), 3.64 3.57 (m, 4H), 2.85

i 2.78 (M, 2H), 1.90 1.79 (m, 4H), 1.50 (s, 9HC NMR (126 MHz, CDGJ) & *159 . 2
159.%, 154.7, 1454, 144.7, 143.6, 141.F, 139.%, 137.3, 133.3, 132.%, 131.8 (q,
J=32Hz) 130.0, 126.4, 124.4,124.1 (d,J = 271 Hz),120.8, 120.0, 1180, 117.2
(q,J=3.7 Hz),111.7%,111.2 (9J = 3.7 Hz),111.%, 80.5, 68.1, 46.8, 43.3, 36.0, 35.7,

28.5, 28.2HRMS: (ESI) [M+H] calc. forCagHzaFsN4O4* 547.2527 observed547.2521.

HCI

N N
I
CgHj o

! ” (6-octyl-1H-benzo[d]imidazol2-yl)(piperazin-1-

yl)methanone hydrochloride (4.13a): Synthesized according t8eneral Procedure 4.3

Purifiedvia trituration with diethyl ether. White solid (90%, 54 m#). NMR (500 MHz,

CD:OD) U 7J=BS8 Hz iH), 7.67 (s, 1H), 7.54 (dii= 8.6, 1.4 Hz, 1H), 4.12 (8,

= 5.3 Hz, 4H), 3.44 (t) = 5.2 Hz, 4H), 2.84 (t) = 7.6 Hz, 2H), 1.71 (t) = 7.4 Hz, 2H),

1.397 1.23 (m9H), 0.89 (tJ=6.9 Hz, 3H)3C NMR (126 MHzCD:OD) & 156. 6, 144
142.0,133.3, 131.6, 129.9, 115.8, 114.7, 44.2, 37.0, 33.0, 32.8, 30.5, 30.4, 30.2, 23.7, 14.4.

HRMS: (ESI) [M+H] calc. for GoH3iN4O" 343.2492, observed, 343.2495.

(NH

/@N NJ H—-CI
\>_<

CoH4 N 0]

° H (6-nonyl-1H-benzo[d]imidazo}2-yl)(piperazin-1-
yl)methanone hydrochloride (4.13b): Synthesized according Beneral Procedure 4.3
Purifiedvia trituration with diethyl ether. White solid (57%, 34 m#). NMR (500 MHz,
CD:OD) U 7J=8.8 Hz iH), 7.70 (s, 1H), 7.57 (dil= 8.6, 1.4 Hz, 1H), 4.12 (8,
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= 5.2 Hz, 4H), 3.47 (t) = 5.2 Hz, 4H), 3.33 (p] = 1.6 Hz, 1H), 2.86 (t) = 7.6 Hz, 2H),

1.76i 1.69 (m, 2H), 1.42 1.25 (m, 12H), 0.91 (1] = 6.8 Hz, 3H)3C NMR (126 MHz,

Ch:OD) u 155. 0, 143. 5, 140. 4, 131. 6, 129.

29.3, 29.2, 29.0, 28.8, 22.3, 13.0. HRMS: (ESI) [M*ERlc. for GiH3:N4O* 357.2654,
observed, 357.2643.

LS
©\O/\/\/\/©: ”Ho

benzo[d]imidazol2-yl)(piperazin-1-yl)methanone hydrochloride(4.13d): Synthesized

(6-(6-phenoxyhexyl}1H-

according tdGeneral Procedure 4 .Burifiedvia trituration with diethyl ether. White solid
(89%, 39 mg)!H NMR (500 MHz,CD:OD) U 7J1=78® HZ, tH), 7.67 (A= 1.3
Hz, 1H), 7.52 (ddJ = 8.6, 1.5 Hz, 1H), 7.26 7.20 (m, 2H), 6.90 6.83 (m, 3H), 4.12 (t,
J=5.3 Hz, 4H), 3.93 () = 6.3 Hz, 2H), 3.44 (t) = 5.3 Hz, 5H), 2.85 (} = 7.6 Hz, 2H),
1.75 (dtd,J = 15.1, 7.5, 5.3 Hz, 4H), 1.551.49 (m, 2H), 1.48 1.41 (m, 2H)13C NMR
(126 MHz,CDsOD) & 160.5, 156.7, 144.5, 142. 1,
68.7,44.2, 41.7, 36.9, 32.7, 30.3, 29.9, 27.0. HRMS: (ESI) [MeHE. for GaHaiN4O5*
407.2442 observed, 407.2452.

NH HCI

W S
/©\O/\/\/©: ”Ho

tolyloxy)butyl) -1H-benzo[d]imidazol2-yl)methanone hydrochloride (4.13e):

piperazin-1-yl(6-(4-(m-

Synthesized according @eneral Procedure 4.Burifiedvia trituration with diethyl ether.

White solid (89%, 222 mg}H NMR (600 MHz,CD:OD) Ui 7J.=8.8 Hz( 18H), 7.70
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(s, 1H), 7.55 (ddj = 8.6, 1.4 Hz, 1H), 7.09 (8, = 7.8 Hz, 1H), 6.71 6.61 (m, 3H), 4.10
(t, J = 5.2 Hz, 4H), 3.91 (tJ = 6.3 Hz, 2H), 3.46 (1) = 5.3 Hz, 4H), 2.86 (t) = 7.6 Hz,

2H), 2.27 (s, 3H), 1.881.73 (m, 4H), 1.57 1.49 (m, 2H):3C NMR (151 MHz,CDsOD)

ua 160.4, 156.2, 144.7, 141.6, 140.4, 132.

68.5, 44.1, 41.6, 36.9, 32.5, 30.2, 26.7, 2HBRMS: (ESI) [M+H] calc. for G3H29N4O2"
393.2285, observe893.2153.

)
©\/O\/\/\/©: NHO

benzo[d]imidazol2-yl)(piperazin-1-yl)methanone hydrochloride (4.13f): Synthesized

(6-(4-(2-ethylphenoxy)butyl)-1H-

according tdGeneral Procedure 4.Burifiedvia trituration with diethyl ether. White solid

(72%, 52 mg)*H NMR (500 MHz,CDsOD) &I  7J.=B.8 Hz( 1H), 7.70 (s, 1H), 7.58

(dd,J = 8.6, 1.5 Hz, 1H), 7.1R 7.07 (m, 2H), 6.87 6.79 (m, 2H), 4.11 (t) = 5.4 Hz,

4H), 4.01 (tJ = 6.0 Hz, 2H), 3.46 3.41 (m, 4H), 2.95 (= 7.5 Hz, 2H), 2.60 (q] = 7.5

Hz, 2H), 1.99 1.84 (m, 4H), 1.14 () = 7.5 Hz, 3H)X3C NMR (126 MHz,CD:OD) U
156.6, 155.2, 143.0, 140.7, 132.2, 132.0, 130.3, 128.6, 128.4, 126.5, 120.0, 114.5, 113.4,
110.8, 67.0, 42.8, 35.28.6, 28.0, 23.1, 13.6IRMS: (ESI) [M+HT calc. for G4Hz1N4O."

407.2442 , observed, 407.2458.

(N:l\;ﬁ HCI
\/©\O/\/\/©: ”Ho

benzo[d]imidazol2-yl)(piperazin-1-yl)methanone hydrochloride (4.13g): Synthesized

(6-(4-(3-ethylphenoxy)butyl)-1H-

according tdGeneral Procedure 4.Burifiedvia trituration with diethyl ether. White solid
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(85%, 36 mg)!H NMR (600 MHz,CDsOD) i 7J=m86 HZ, 1H), 7.66 (d) = 1.5
Hz, 1H), 7.53 (ddJ = 8.5, 1.5 Hz, 1H), 7.13 (§,= 7.8 Hz, 1H), 6.76 6.73 (m, 1H), 6.70
(t, J= 2.1 Hz, 1H), 6.69 6.65 (m, 1H), 3.94 (] = 6.3 Hz, 2H), 3.4% 3.40 (m, 4H), 2.89
(t, J=7.6 Hz, 2H), 2.58 (g] = 7.6 Hz, 2H), 1.85 1.76 (m, 4H), 1.58 1.51 (m, 2H), 1.20
(t, J = 7.6 Hz, 3H).HRMS: (ESI) [M+H]" calc. for G4H31N4O2" 407.2442, observed,
407.2458.

HCI
NH

J

Ao

benzo[d]imidazol2-yl)(piperazin-1-yl)methanone hydrochloride(4.13h): Synthesized

(6-(4-(3-isopropylphenoxy)butyl)-1H-

according tdGeneral Procedure 4.Burifiedvia trituration with diethyl etheWhite

solid (79%, 115 mg):H NMR (500 MHz,CDsOD) & 7J=8.6 Hz( 1tH), 7.72 (s,

1H), 7.59 (dd,) = 8.6, 1.5 Hz, 1H), 7.14 (§,= 7.9 Hz, 1H), 6.77 (dtJ= 7.7, 1.3 Hz,

1H), 6.75i 6.72 (m, 1H), 6.68 (ddd),= 8.2, 2.6, 0.9 Hz, 1H), 4.10 (t= 5.4 Hz, 4H),

3.99 (t,J = 6.1 Hz, 2H), 3.44 (t) = 5.3 Hz, 4H), 2.93 () = 7.5 Hz, 2H), 2.83 (p] = 6.9

Hz, 1H), 1.94i 1.79 (m, 4H), 1.21 (d] = 6.9Hz, 6H).*C NMR (126 MHz,CDsOD) Ui
160.5, 156.4, 151.7, 144.5, 141.9, 133.1, 131.3, 130.3, 130.0, 119.7, 115.8, 114.8, 113.8,
112.6, 68.5, 44.2, 36.7, 35.4, 29.9, 29.3, 24RMS: (ESI) [M+H] calc. for

C25H33N402+421.2598 observed421.2591.
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HCI
NH

/

(
éow\/@ :HcN)

cyclopropylphenoxy)butyl)-1H-benzo[d]imidazol2-yl)(piperazin-1-yl)methanone

(6-(4-(3-

hydrochloride (4.13i): Synthesized according tGeneral Procedure 4.®urified via
trituration with diethyl ether. White solid (73%, 51 m&)l NMR (500 MHz,CDsOD)

7.78 (d,J = 8.5 Hz, 1H), 7.69 (s, 1H), 7.54 (@= 8.5 Hz, 1H), 7.08 (tJ = 8.0 Hz, 1H),
6.661 6.55 (M, 3H), 4.13 (t) = 5.1 Hz, 4H), 3.96 (t) = 6.1 Hz, 2H), 3.44 () = 5.2 Hz,

4H), 2.91 (tJ = 7.5 Hz, 2H), 1.93 1.76 (m, 5H), 0.96 0.87 (m, 2H), 0.67 0.59 (m,

2H). 13C NMR (126 MHz,CDsOD) u 160. 5, 156. 7, 147.

130.2, 129.8, 118.8, 115.9, 114.9, 112.9, 112.3, 68.4, 44.2, 36.6, 29.9, 29.3, 16.2, 9.6.

HRMS: (ESI) [M+H] calc. for GsHaiN4O;* 419.2442 observed, 419.2448.

HCI

N 0 (6-(3-(3-cyclopropylphenoxy)propyl)-1H-
benzo[d]imidazol2-yl)(piperazin-1-yl)methanone(4.13j): Synthesized according to
General Procedure 4.Burifiedvia trituration with diethyl ether. White solid (8§%00
mg). 'H NMR (400 MHz, CROD) & 7J.=B.9, 0.7 Hzd1H), 7.70 (s, 1H), 7.57
(dd,J=8.6, 1.5 Hz, 1H), 7.10 (8,= 7.9 Hz, 1H), 6.68 6.57 (m, 3H), 4.11 (= 5.4
Hz, 4H), 3.95 (tJ = 6.1 Hz, 2H), 3.46 3.42 (m, 4H), 3.04 (ddl = 8.3, 6.7 Hz, 2H),

2.21i 2.11 (m, 2H), 1.84 (tt) = 8.4, 5.1 Hz, 1H), 0.960.87 (m, 2H), 0.65 0.60 (m,
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2H).*C NMR (151 MHzCD:OD) U 160. 4, 157. 3, 147. 0, 142.
130.2, 129.3, 118.9, 116.2, 115.2, 112.9, 112.2, 4.8, 41.6, 33.3, 32.2, 16.2, 9.7.

(J

SN
\
o N O

1H-benzo[d]imidazot2-yl)(piperazin-1-yl)methanone hydrochloride (4.13Kk):

(6-(4-(3-(dimethylamino)phenoxy)butyl)-

Synthesized according &eneral Procedure 4.Burifiedvia trituration with diethyl

ether). 1H NMR (400 MHz,CD:0D) U 7 J88L5, A.6cHd, 1H), 7.73 (d,= 5.3

Hz, 1H), 7.62 7.56 (m, 1H), 7.47 (td] = 8.2, 3.0 Hz, 1H), 7.27 (d,= 2.5 Hz, 1H),

7.21 (dtJ= 8.2, 2.5 Hz, 1H), 7.08 (di,= 8.5, 2.5 Hz, 1H), 4.10 4.03 (m, 6H), 3.63
3.58 (M, 2H), 3.4% 3.41 (m, 4H), 3.29 3.27 (m, 4H), 2.93 (dt] = 7.5, 3.7 Hz, 2H),

1.89 (d,J = 14.5 Hz, 4H)3C NMR (151 MHz,CDsOD) U 1 6.4, 148.0, 144.5,6
141.7, 132.8, 132.4, 130.9, 130.2, 128.8, 116.0, 1134/8, 69.4, 68.1, 47.2, 44.1, 36.5,
29.6, 29.1, 15.%RMS: (ESI) [M+H] calc. forC24H32NsO2" 422.2551 observed,
422.2573.

HCI
NH

; -
A,

benzo[d]imidazol2-yl)(piperazin-1-yl)methanone hydrochloride(4.13l): Synthesized

(6-(4-(3-methoxyphenoxy)butyl}1H-

according tdGeneral Procedure 4.Burifiedvia trituration with diethyl ether. White
solid 98%, 113 mg. *H NMR (400 MHz,CDsOD) U 7 JF &6, O.8cHd, 1H), 7.69

(s, 1H), 7.55 (ddj = 8.6, 1.5 Hz, 1H), 7.09 (8,= 8.2 Hz, 1H), 6.46 6.41 (m, 2H), 6.39
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(t, J= 2.4 Hz, 1H), 4.10 4.05 (m, 5H), 3.94 (tJ = 6.1 Hz, 2H), 3.71 (s, 3H), 3.473.38
(m, 5H), 2.90 (] = 7.4 Hz, 2H), 1.91 1.74 (m, 4H)°C NMR (151 MHz,CD:OD) i
162.3, 161.6, 156.4, 144.4, 141.9, 13331.3, 130.7, 130.6, 130.6, 130.0, 115.8, 114.8,
101.9, 68.5, 55.6, 44.2, 41.6, 36.6, 29.8, 2dRMS: (ESI) [M+H] calc. for

CaaH20N4Os" 409.2234 observed409.2222.

HCI
NH

C
A

(trifluoromethyl)phenoxy)butyl) -1H-benzo[d]imidazol-2-yl)methanone

piperazin-1-yl(6-(4-(3-

hydrochloride (4.13m): Synthesized according ®eneral Procedure 4.Burifiedvia
trituration with diethyl ether. White soli®8%, 136 m3.'H NMR (600 MHz,
7.81 (d,J = 8.6 Hz, 1H), 7.73 (s, 1H), 7.59 (db= 8.6, 1.5 Hz, 1H), 7.44 (£,8.0 Hz,
1H), 7.21i 7.10 (m, 3H), 4.10 () = 5.4 Hz, 4H), 4.06 () = 6.0 Hz, 2H), 3.45 () =

5.4 Hz, 4H), 2.94 (t) = 7.4 Hz, 2H), 1.94 1.83 (m, 4H)23C NMR (151 MHz, MeOD)

ad 160. 7, 156. 3, 144=32Hz)134.4,13.1,1308,225%Jd, 132 . 7

271 Hz), 119.2, 118.0 (d,= 3.7 Hz), 115.8, 114.8, 112.1 (& 3.7 Hz), 69.0, 68.1,
44.1, 36.6, 29.7, 29.HRMS: (ESI) [M+H]" calc. forCsH26F3N4O2" 447.2002

observed447.1979.

: 07 "N (hex5-

General Procedur@ Purifiedvia column chromatography{5% ethyl acetate/hexanes).

en-1-yloxy)benzene(4.15a): Synthesized according to

Clear oil (63%, 219 mg}H NMR (500 MHz, CDC) U i 7.273n2, 2H), 6.97 6.88

(m, 3H), 5.85 (ddt] = 16.9, 10.2, 6.6 Hz, 1H), 5.085.02 (m, 1H), 5.01 4.96 (m, 1H),
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3.98 (t,J = 6.5 Hz, 2H), 2.20 2.11 (m, 2H), 1.86 1.79 (m, 2H), 1.62 1.56 (m, 2H).

3CNMR (126 MHz,CDG) G 159.2, 138.7, 129.5, 120.

25.5.HRMS: (ESI) [M+H]" calc. for G2H170%, 177.1274, observed, 177.1282.

0T 1-(but-3-en-1-yloxy)-3-ethylbenzene(4.15d): Synthesized according

to General Proceduf Purifiedvia column chromatography{% ethyl
acetate/hexanesllear oil (63%, 219 mg}H NMR (500 MHz, CDC) U 71=2.9
Hz, 1H), 6.82 6.76 (m, 2H), 6.73 (ddd,= 8.2, 2.6, 0.9 Hz, 1H), 5.93 (ddt= 17.1,
10.3, 6.7 Hz, 1H), 5.19 (dd,= 17.2, 1.7 Hz, 1H), 5.12 (dd= 10.3, 1.3 Hz, 1H), 4.02 (t,

J=6.7 Hz, 2H), 2.63 (g] = 7.6 Hz, 2H), 2.56 (qt] = 6.7, 1.4 Hz, 2H), 1.24 (§,= 7.6

(t,

Hz, 3H).®*C NMR (126 MHz,CDCG)) G4 159.1, 146.0, 134.7,

111.6, 67.2, 33.9, 29.1, 158RMS: (ESI) [M+H]" calc. for GoH170%, 177.1274,

observed, 177.1304.

0N 1-(but-3-en-1-yloxy)-3-isopropylbenzeneg(4.15e):Synthesized

according to General Proced@.&Purifiedvia column chromatography{5% ethyl
acetate/hexanegJlear oil (48%, 130 mg}H NMR (500 MHz, CDCJ) U 7=24
Hz, 1H), 6.861 6.80 (m, 2H), 6.73 (ddd,= 8.2, 2.6, 1.0 Hz, 1H), 5.985.89 (m, 1H),
5.19 (dgJ=17.2, 1.7 Hz, 1H), 5.12 (dd,= 10.3, 1.4 Hz, 1H), 4.02 (3,= 6.8 Hz, 2H),

2.88 (hept,) = 6.9 Hz, 1H), 2.55 (qt] = 6.7, 1.4 Hz, 2H), 1.25 (d,= 6.9 Hz, 6H)13C

NMR (126 MHz,CDC}) & 159.1, 150.8, 134.7, 129.

34.3, 33.9, 24.1HRMS: (ESI) [M+H]" calc. for GasH190" 191.1430 observed191.1429
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0N 1-(but-3-en-1-yloxy)-3-cyclopropylbenzeneg(4.15f): Synthesized

according to General Proced@.ePurifiedvia column chromatography{5% ethyl
acetate/hexanegJlear oil (39%, 145 mg}H NMR (600 MHz, CDCJ) & 7W=1.% ( t ,

Hz, 1H), 6.71 6.66 (m, 2H), 6.62 () = 2.1 Hz, 1H), 5.9% 5.87 (m, 1H), 5.17 (dg]l =

17.1, 1.6 Hz, 1H), 5.11 (dd,= 10.3, 1.4 Hz, 1H), 4.00 (1,= 6.7 Hz, 2H), 2.54 (qt] =

6.7, 1.4 Hz, 2H), 1.89 1.83 (m, 1H), 0.97 0.92 (m, 2H), 0.71 0.67 (m, 2H)3C

NMR (151 MHz,CDC$) U0 159. 2, 145. 9, 134. 7, 129. 3, 11
33.8, 15.6, 9.4HRMS: (ESI) [M+H]* calc. for GsH170" 189.1274 observed]189.1279

N OF

\O/ 3-(but-3-en-1-yloxy)-N,N-dimethylaniline (4.15g):Synthesized
according to General Proced@.ePurifiedvia column chromatography{5% ethyl
acetate/hexaneslear oil (25%, 106 mg}H NMR (500 MHz, CDC§) U i 7.142,
1H), 6.42i 6.37 (m, 1H), 6.34 6.30 (m, 2H), 5.95 (ddf = 17.0, 10.2, 6.7 Hz, 1H), 5.20
(dg,J=17.3, 1.8 Hz, 1H), 5.13 (dd= 10.2, 1.4 Hz, 1H), 4.05 (1,= 6.8 Hz, 2H), 2.57
(qt,J=6.8, 1.5 Hz, 2H)**C NMR (126 MHz,CDCJ)) U4 160. 1, 152.1, 134.

117.0, 105.9, 102.1, 99.9, 67.1, 40.8, 33.9.

~o

o

according to General Proced@ePurifiedvia column chromatography{5% ethyl

0T 1-(but-3-en-1-yloxy)-3-methoxybenzeng4.15h): Synthesized

acetate/hexanesJlear oil (36%, 160 mg}H NMR (600 MHz, CDCY) U 7J=87Z (t ,

Hz, 1H), 6.51 (ddJ = 8.2, 2.4 Hz, 2H), 6.47 (§,= 2.4 Hz, 1H), 5.91 (ddd = 17.0, 10.3,
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6.7 Hz, 1H), 5.17 (dg] = 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), 2.54 (gt= 6.7, 1.4 Hz, 2H)}*C NMR (151 MHz, CDCJ)
161.0, 160.3, 134.6, 130.0, 117.2, 106.8, 106.5, 101.1, 67.3, 55.41BB/S: (ESI)

[M+H] ™ calc. for GiH150" 179.1067 observed]179.1065

o 1-(allyloxy)-3-cyclopropylbenzene(4.15)): Synthesized according to
General Procedur@ Purifiedvia column chromatography{5% ethyl acetate/hexanes).
Clear oil (54%, 119 mgfH NMR (600 MHz, CDCY) U 7J= 1.9Hz(1H), 6.72
6.68 (M, 2H), 6.65 6.63 (M, 1H), 6.07 (ddfl = 17.2, 10.6, 5.3 Hz, 1H), 5.42 (dp=
17.3, 1.7 Hz, 1H), 5.29 (dd,= 10.5, 1.4 Hz, 1H), 4.53 (d1,= 5.3, 1.5 Hz, 2H), 1.87 (tt,
J=8.4,5.1 Hz, 1H), 0.97 0.93 (m, 2H), 0.70 (dt] = 6.5, 4.7 Hz, 2H)3C NMR (126
MHz,CDCk) U4 158. 8, 145. 9, 133. 6, 129. 3,

HRMS: (ESI) [M+H]" calc. for G2H150" 175.1117 observed175.1116
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Appendix A. Spectra for Chapter 2
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'H NMR of 2.7b
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'H NMR of 2.7d
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'H NMR of 2.7e

280

260

240

220
200

180

160

140

120

100

80

60

ka0

20

F-20

I s

11/

87
Fee1e
Fet
o007,
61

F 10T
66T

Foe0

=07
=001
=981

Le

L

f1 (ppm)

13C NMR of 2.7e

28

t26
t24

22
20
18

16

t14

12

10

STTL—

20°811 \v\'

£8'52T —
89671 ~
9b°TET —

00°THT ~
£8'Z6T —

2€6rT —

82691 —

NH,

HCI

o

)N

N

130

140

110
f1 (ppm)

120

220 210 200 190 180 170 160 150

230

170



IH NMR of 2.7g
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'H NMR of 2.11a
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'H NMR of 2.11b
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'H NMR of 2.11d
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'H NMR of 2.11e
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'H NMR of 2.12a
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'H NMR of 2.12b

600
550
500
F450
F-400
350
300
250
200
k150
t100

50

x

200 -z
2.03

0.97

0.98 &
3.03 =
2021
1038]
294 =

w202 =

=
-
@
I}
-
)
©
0
~
-
o
N}

6
f1 (ppm)

13C NMR of 2.12b

180.9
166.8
136.3
136.1)

17000
16000
115000

/
Q I-14000

13000
7 ’ 12000
o—N 11000
- 10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

-1000

T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

178



'H NMR of 2.12c
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'H NMR of 2.12d

900

800

700

+600
500
400
300
200
t100
o

0y —

I

667
Fover

Fore

e

=0

= 960
A s0z
=60
=00t

Le

L

Len

f1 (ppm)

13C NMR of 2.12d

40000
35000
1-~30000
25000
1-20000
15000
10000
5000

2991 —

g08T — Y

f1 (ppm)

180



'H NMR of 2.12e
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Appendix B. Spectra for Chapter 3
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'H NMR of 3.5b

13C NMR of 3.5b
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