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ABSTRACT 

 

 The sphingosine-1-phosphate (S1P) pathway is a therapeutic target for drug 

discovery due to its involvement in autoimmune diseases such as multiple sclerosis (MS) 

and ulcerative colitis (UC) as well as renal fibrosis (RF). S1P is synthesized from 

sphingosine that is phosphorylated by sphingosine kinases 1 or 2 (SphK1, SphK2). Once 

formed, it can be transported to extracellular space by one of its transporter proteins 

spinster homolog 2 (Spns2) or major facilitator superfamily domain containing 2b 

(MFSd2b) to interact with its five G-protein coupled receptors S1P1-5. Once receptor 

bound, S1P can elicit a variety of signaling responses involving cellular survival, 

migration, and proliferation. Of note, S1P-S1P1 interactions induce the egress of 

lymphocytes from lymph. As a result, the S1P pathway has been the focus of several 

successful medicinal chemistry campaigns with five S1P receptor modulators receiving 

FDA approval for the treatment of MS and/or UC. However, these S1P receptor 

modulators suffer from adverse on-target cardiovascular side effects. To circumvent these 

side effects, targeting proteins upstream of the receptors has become the focus from 

medicinal chemistry campaigns. 

In this dissertation, the design and development of Spns2 inhibitors is reported. A 

complete structure-activity relationship (SAR) studies of the head, core, and tail region of 

the Spns2 inhibitors pharmacophore was performed, resulting in several inhibitors with 

improved potency, oral bioavailability, and pharmacokinetic properties. From this SAR 

we discovered that: (i) a urea piperazine head group improves potency and oral 



ii  

 

bioavailability , (ii) additional substitution on the phenyl core was detrimental to inhibitor 

activity, and (iii) replacement of the lipid-like decyl tail with less lipophilic and more 

rigid tails were well tolerated, preventing the inhibitor from rapid metabolism while 

maintaining potency and oral bioavailability. The optimized Spns2 inhibitor, 4.22v, 

contains a urea-piperazine head group, a phenyl core, and a 3-cyclopropylphenol-

butylene tail. In vitro studies revealed that 4.22v impaired S1P transport on par with the 

transport dead mutant Spns2R200S when administered at 300 nM and an IC50 of 23 ± 1 

nM. Intraperitoneal injection (IP) and oral gavage (PO) administration of 4.22v to mice 

resulted in profound lymphopenia, a hallmark of in vivo Spns2 inhibition. Preliminary 

pharmacokinetic studies determined that 4.22v has a half-life of 6.9 hours in mice and 

chronic dosing at 20 mg/kg for 14 days did not show signs of toxicity. With these results, 

4.22v is a potential drug candidate for the treatment of MS, UC, or RF and is currently 

undergoing further biological evaluation.  
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GENERAL AUDIENCE ABSTRACT 

 

In healthy individuals, the autoimmune system is the bodyôs natural defense 

against foreign materials and organisms. The main tools utilized for this defense 

mechanism are immune cells. However, in patients suffering from autoimmune diseases, 

the autoimmune system is overactive resulting in its attack on healthy cells, which leads 

to reduced or eliminated function of the targeted organs. To suppress these overreactive 

immune responses, pharmaceutical intervention is needed.  

An integral part of autoimmune response is the lipid sphingosine-1-phosphate 

(S1P). Interactions of S1P with its response-inducing receptors prompts the release of 

immune cells, lymphocytes in particular, from lymph tissue to migrate and participate in 

the invoked immune response. The pharmaceutical industry has produced five FDA 

approved drugs that disrupt this S1P-receptor interaction by blocking the receptor to 

reduce the autoimmune response in patients suffering from autoimmune diseases such as 

multiple sclerosis and ulcerative colitis. However, these treatments had adverse side 

effects on the cardiovascular system due to the presence of S1P receptors in the heart. 

Due to this, there is attraction to target a different node of the S1P signaling pathway to 

avoid these side effects while still suppressing the immune response.  

A node that is a viable target for therapeutic target that has recently become the 

focus of medicinal chemistry campaigns is the transporter protein spinster homolog 2 

(Spns2). This protein is responsible for the transport of S1P from intracellular space to 

extracellular space to interact with its receptors and induce the immune response. 
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Recently, our group has developed several effective inhibitors of Spns2. In this 

dissertation, several improvements of previously reported inhibitors are revealed. The 

pinnacle of this work is the development of 4.22v that is optimized to have drug-like 

properties for testing in mice. Administration of 4.22v to mice resulted in reduced 

circulating lymphocytes and without showing signs of toxicity following chronic dosing 

for 14 days. These results suggest that 4.22v is a potential drug candidate and is currently 

bCompound is a trifluoroacetate salt.  

undergoing further biological evaluation.   
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Chapter 1: The Sphingosine-1-Phosphate Pathway as a Therapeutic Target 

1.1 ABSTRACT 

 Sphingosine-1-phosphate (S1P) is a sphingolipid that induces several cellular 

responses including cell survival, migration, proliferation, apoptosis, and arrest. Once 

synthesized intracellularly, S1P can be transported to the extracellular space by either 

spinster homolog 2 (Spns2) or major facilitator superfamily domain containing 2b 

(MFSd2b) to interact with one of its G-protein coupled receptors (GPCRs) S1P1-5. These 

substrate-receptor interactions induce a variety of biological responses, including cell 

proliferation and migration. There are five FDA approved drugs that inhibit these 

interactions, which validates the S1P pathway as a target for therapeutic intervention. 

However, these S1P receptor modulators suffer from adverse on-target cardiovascular 

side effects such as bradycardia, macular edema, and susceptibility to viral infections. 

Ongoing research efforts target the upstream transporter protein Spns2 to bypass these 

side effects while manipulating the S1P signaling pathway.    

1.2 SPHINGOSINE-1-PHOSPHATE BIOSYNTHESIS 

Basic biological functions rely on cellular signaling.1 Cellular signaling can be 

initiated through intracellular and extracellular interactions to induce the inherent 

response needed for basic functions within a living system.1 Sphingolipids are prominent 

tools of cellular signaling that induce a variety of responses.1 One member of the 

sphingolipid family is sphingosine-1-phosphate (S1P), which induces several vital 

cellular responses required for regular function.2-5 The synthetic pathway of S1P is 

initiated by the enzymatic transformation of ceramide (1.1) to sphingosine (1.2) by 

ceramidase (Fig. 1.1).6 Ceramide can be synthesized de novo from L-serine and 



2 

 

palmitoyl-CoA via serine palmitoyl-CoA transferase or by the catabolism of 

sphingomyelin by spingomyelinase.7 This is followed by adenosine triphosphate (ATP) 

dependent phosphorylation of sphingosine to S1P (1.3), dictated by sphingosine kinase 1 

(SphK1) or 2 (SphK2).8-10 SphK1 is localized near the cell membrane whereas SphK2 is 

found in various locations of the cell including the endoplasmic reticulum, mitochondria, 

and nucleus.11,12 Once formed, S1P can induce various cellular responses, either 

intracellularly or extracellularly. Intracellular S1P can induce cell arrest and apoptosis as 

well as proliferation and survival.2,3 S1P can induce extracellular responses following 

extracellular transport by spinster homolog 2 (Spns2) or major facilitator superfamily 

domain containing 2b (MFSd2b) before binding to the G-protein-coupled receptors 

(GPCR) S1P1-5 to promote cell survival and migration.8,13 S1P1-3 are widely expressed 

while S1P4 is expressed in lymphoid and hematopoietic tissue and S1P5 is confined to 

the central nervous system.14 In addition to inducing cellular responses, S1P can be 

dephosphorylated by S1P phosphatase to regenerate sphingosine or be irreversibly 

degraded to hexadecenal (1.4) and phosphoethanolamine (1.5) by S1P lyase.15  

 
Figure 1.1. The S1P biosynthetic pathway and transport of S1P. 
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1.3 TRANSPORT OF S1P 

 Due to the amphipathic profile of S1P, assisted secretion through cell membranes 

is required.16 This process is facilitated by two main transmembrane transporter proteins, 

Spns2 and MFSd2b.16-20 Spns2 has been reported to be primarily found in non-

hematopoietic cell types and is responsible for maintaining S1P gradients in lymph 

fluid.16,21,22 MFSd2b is exclusively expressed in erythrocytes and platelets 

(thrombocytes), functioning as the basis of plasma S1P secretion.18-20 With the 

therapeutic relevance of the S1P signaling pathway, these two proteins are both of 

interest for the target of medicinal chemistry campaigns. The development of Spns2 

inhibitors has been investigated and reported by our group.23-25    

Spns2 is a member of the spinster family along with its two siblings, Spns1 and 

Spns3, which all have been identified proteins in vertebrates.26 All members of this major 

facilitator superfamily play roles in disease pathways. Spns1 has been reported to be 

involved in Niemann-Pick disease type C, a lysosomal disorder.27 Spns3 has been 

reported to be involved in mitigating apoptosis in acute myeloid leukemia cells.28 The 

focal protein of this report, Spns2, remains the most pathologically relevant member of 

the spinster family. Studies of Spns2 deficient mice reported that the animals had 

attenuated immune responses in models of multiple sclerosis,29 renal fibrosis,30 and 

ulcerative colitis.31 In recent years, several reports have revealed significant information 

about the transporter protein, including the crystal structure and mode of transport.32-36 

The transporter protein possesses 12 transmembrane helices and transports its substrate 

through a rocker-switch mechanism.32-36 Spns2 transports S1P through an ATP-

independent mechanism which relies on the chemiosmotic gradient of its substrate to 
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induce S1P transport.32-36 Spns2 is expressed in the cellular membranes of endothelial 

cells,22,37 tenocytes,38 and chondrocytes.38 

 S1P concentrations vary by environment, as the highest concentrations are in 

whole blood and plasma (1-2 ɛM), where the sphingolipid is mostly protein-bound to 

either apolipoprotein M or albumin.4,39,40 This helps to chaperone the lipid to facilitate 

transport in the circulatory and interstitial fluids as well as S1P receptor activation with 

the receiving cell.4,39,40 While Spns2 is not expressed by red blood cells, they are the 

primary secretor of S1P into plasma via MFSd2b.23-25 Significantly lower concentrations 

of S1P are found in lymph (200-500 nM).16,41 Lymph S1P is secreted by Spns2 that is 

robustly expressed in lymphatic endothelial cells.16,41 Concentrations of S1P in tissues are 

difficult to discern, but are estimated to be 1-10 nM.40 The dramatic differences of S1P 

concentrations between environments establishes S1P gradient that is the basis of the S1P 

signaling pathway.  

 Spns2 is vital for maintaining this S1P gradient; however, it is not necessary for 

organism survival. Spns2 knockout mice are viable and fertile,21,31,42 while lymph S1P 

concentrations are significantly reduced, as Spns2 is predominantly responsible for 

lymph S1P transport.16,17,37,43 With this knowledge, targeting Spns2 as a therapeutic target 

can perturb the S1P gradient without eliminating transport of the sphingolipid entirely.  

1.4 S1P SIGNALING MECHANISMS  

 Several different signaling cascades are initiated by both intracellular and 

extracellular S1P. Intracellular S1P signaling has been reported to influence cell arrest, 

apoptosis, proliferation, and survival.3,9,44-46 Extracellular S1P initiates several responses 

once transported and binds to one of its five G-protein coupled receptors S1P1-5 on the 
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cell surface with low nM Kd values.9 Each receptor evokes essential responses, including 

proliferation, migration, and morphogenesis once bound to S1P.14 The interaction of S1P-

S1P1 has been known to induce lymphocyte trafficking and survival, making the receptor 

of significant pharmaceutical interest.29,47,48 S1P1 knockout studies have resulted in 

significantly depressed T- and B-cell levels in mice.47,48 S1P binding to S1P1 activates 

Ras-related C3 botulinum toxin substrate 1 (Rac1), in turn inducing actin polymerizations 

and cell egress from lymph tissue.49 The S1P-S1P1 signaling cascade also influences the 

survival and migration of lymphocytes by activating phosphatidylinositol 3-kinase 

(PI3K) and extracellular signal-regulated kinase (ERK).50 The circulating lymphocytes 

migrate to areas high S1P concentrations, such as inflammation sites. In these areas of 

high concentrations of S1P, S1P1 is down-regulated allowing the lymphocytes to be 

temporarily sequestered.51 Through this mechanism of lymphocyte trafficking, S1P1 

signaling is targeted for immune response manipulation as a potential for the treatment of 

autoimmune diseases. 

1.5 ROLE OF S1P IN PATHOLOGICAL PATHWAYS  

The S1P induced signaling has a significant role in immune responses. 

Specifically, multiple sclerosis (MS),52 renal fibrosis (RF),53,54 and ulcerative colitis 

(UC)55 are directly affected by the S1P pathway. As such, there is potential to utilize the 

S1P pathway through therapeutic intervention to suppress the immune responses in 

autoimmune diseases.52,56-58 There are several ongoing efforts to develop pharmaceuticals 

that target the S1P pathway. 

An autoimmune disease that is influenced by the S1P signaling pathway is MS. 

This disease is caused by the infiltration of lymphocytes into the central nervous system, 
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which in turn attack and degrade the myelin sheath of neurons.59,60 As the myelin sheath 

is progressively degraded, the nerve cells lose their ability to communicate leading to the 

symptoms of MS as the nerve impulses are disrupted before reaching their target.59,60 The 

resulting symptoms include significant loss of motor functions, visual impairment, 

fatigue, numbness of extremities, and memory loss.59-61 During the inflammation of the 

central nervous system, S1P1 and S1P3 are up-regulated in astrocytes and are responsible 

for astrocyte activation.52 Lymph S1P-S1P1 interactions are responsible for lymphocyte 

egress, mainly T- and B-cells, perpetuating the attack on the myelin sheath.52,59,62 This 

ligand-receptor interaction has been the therapeutic target for successful medicinal 

chemistry campaigns.63-65 That success solidified the S1P pathway as a viable therapeutic 

target, prompting campaigns to treat other autoimmune diseases by manipulating the S1P 

pathway. 

 RF develops following the excessive buildup of undifferentiated collagen within 

the kidney, resulting in the decrease or loss of organ function in those afflicted.66-68 While 

the deposition of collagen is a vital and necessary process for healing, an overactive 

immune system can result in the development of fibrosis. Initiation of the immune 

response can be caused by acute organ injury (renal ischemia) or prolonged exposure to 

damaging conditions (obesity, diabetes, hypertension).53,66-68 RF is directly affected by 

the S1P signaling pathway. After organ injury, S1P binds to S1P1 expressed in 

perivascular cells to upregulate proinflammatory cytokines and chemokines.30,69 This 

initiates the cascade of excessive immune cell infiltration that leads to RF.30   

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

signaling pathway.70 The trafficking of B and T lymphocytes promotes the progression of 
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the disease, which is directly influenced by the S1P signaling pathway.71 Normal 

intestinal tissue S1P levels are low due to lower expression of SphK1 and higher 

expression of S1P lyase.55,72 However, in UC patients, SphK1 is overexpressed in 

intestinal mucosa resulting in high concentrations of S1P.72 The interactions between 

S1P1 and S1P induces the egress of lymphocytes from lymph, which directly impacts the 

progression of UC, making this signaling pathway a target for therapeutic intervention for 

this disease.63,70,71 Disruption of S1P-S1P1 induced lymphocyte egress attenuates the 

inflammatory response that damages the intestinal lining, which can subsequently 

alleviate symptoms and reverse the progression of UC.70  

1.6 DRUGGING THE S1P PATHWAY  

 The S1P pathway has been the focus of several successful medicinal chemistry 

campaigns. A class of drugs has been developed with five members receiving FDA 

approval. The first-in-class S1P receptor modulator that received FDA approval in 2010 

for the treatment of relapsing remitting MS is fingolimod (FTY720), establishing 

precedence for targeting the S1P pathway as a viable therapeutic target (Fig. 1.2).58 

Fingolimod is a prodrug, as the inactive form is phosphorylated by SphK2 into its active 

form FTY720-P before being transported extracellularly by Spns2 to bind to S1P 

receptors S1P1, S1P13, S1P4, and S1P5 on the surface of lymphocytes.16,73,74 Initial 

binding of FTY720-P to S1P1 causes an agonistic effect followed by receptor 

internalization and degradation, thereby acting as a functional antagonist and preventing 

further S1P induced signaling.63,75 This disruption of S1P-S1P1 signaling reduces 

lymphocyte egress from lymph, attenuating the attack on the central nervous by the 

immune system.64,71 
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Figure 1.2. S1P receptor modulating drugs approved by the FDA. Fingolimod, which is 

phosphorylated in vivo by SphK2 to the active FTY720-P; Siponimod; Ozanimod; 

Ponesimod; Etrasimod. 

 

Following the discovery of fingolimod, four other S1P receptor modulators have 

received FDA approval. The FDA approved siponimod, ozanimod, and ponesimod for 

the treatment of relapsing remitting MS in 2019, 2020, and 2021, respectively. 

Siponimod and ozanimod selectively bind to S1P1 and S1P5 while ponesimod selectively 

binds to S1P1.64,65,76-78 Additionally, ozanimod and etrasimod (selective for S1P1, S1P4, 

and S1P5) were approved for the treatment of UC in 2021 and 2023, respectively.71,79-81 

S1P receptor modulators have proven to be a viable therapeutic approach for the 

treatment of autoimmune disease; however, they suffer on-target cardiovascular side 

effects. The functional antagonism of S1P1 can result in first-dose bradycardia, 

hypertension, macular edema, and increased susceptibility to viral infections.52,58,64,82,83 
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1.7 SMALL MOLECULE INHIBITION OF SPNS2  

Targeting the S1P pathway further upstream of the receptors could potentially 

bypass the side effects observed with current drugs. Of particular interest is Spns2, which 

is one of two known S1P transporters. Spns2 is expressed mainly in endothelial cells and 

kidney perivascular cells whereas another S1P transporter, MFSd2b, is mainly in red 

blood cells and platelets.18,30,37,84 Recent studies have shown that Spns2 is essential for 

the maintenance of lymph S1P concentrations16 and germline Spns2-knockout reduces 

lymphatic S1P, in turn mitigating lymphocyte egress that results in reduced 

concentrations of circulating lymphocytes.16,17 Lymphopenia is a phenotype observed 

with Spns2 inhibition but not observed with SphK1 inhibition,85 or SphK2 inhibition.69 

However, the effects on plasma S1P remains uncertain. Spns2-knockout studies have a 

wide range of reported effects on plasma S1P, from no significant change21,86,87 to up to a 

40% reduction in plasma S1P levels.16,17,22,37 Consequently, inhibition of Spns2 has the 

inherent advantage of reducing lymphatic S1P levels without significantly perturbing 

plasma S1P levels.16 Studies of Spns2-null or conditional knockouts indicate efficacy in 

the standard experimental encephalomyelitis (EAE) model, collagen-induced arthritis, 

unilateral kidney ischemia-reperfusion injury (IRI), and dextran sulfate sodium (DSS)-

induced colitis further highlighting the potential of this transporter as a therapeutic 

target.29-31 

Recently, our lab reported a structure-activity relationship (SAR) study of Spns2 

inhibitors that resulted in the development of SLF1081851 (IC50 = 1.93 ± 0.04 ɛM, Fig. 

1.3).24 When SLF1081851 was dosed into mice via intraperitoneal injection (IP), the 

compound induced lymphopenia and decreased plasma S1P concentrations after 16 
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hours, consistent with the phenotype observed in Spns2-knockout animals.24 Biological 

disease models demonstrated that SLF1081851 was capable of mitigating kidney fibrosis 

progression in a unilateral kidney IRI model in mice while FTY720 had no effect in the 

same study.30 However, the inhibitor displayed non-specific toxic side-effects at doses 

greater than 30 mg/kg. Consequently, additional alterations are necessary to improve both 

the pharmacokinetic and pharmacodynamic properties of the compound. Replacing the 

1,2,4-oxadiazole fragment with a 2-substituted imidazole afforded a moderately more 

potent inhibitor SLF80721166 with an IC50 = 1.4 ± 0.3 ɛM.25 Further investigations 

revealed a second generation Spns2 inhibitor SLB1122168, which has double digit 

nanomolar activity (IC50 = 94 ± 6 nM).23,25 The SAR campaign that resulted in 

SLB1122168 focused on a ring fusion of the phenyl and oxadiazole rings yielding a 

benzoxazole scaffold and a significantly more potent second-generation Spns2 

inhibitor.23 Unfortunately, SLB1122168 was not orally bioavailable.23 The toxicity of 

SLF1081851 and the poor oral bioavailability of SLB1122168 leave a need for 

pharmacokinetic and pharmacodynamic improvements to produce a viable drug 

candidate while maintaining a low nanomolar IC50 value. 

 

Figure 1.3. Structures of first generation Spns2 inhibitor SLF108185124 and second 

generation Spns2 inhibitors SLF80721166 and SLB1122168.23,25 

 

1.8 STRUCTURAL BASIS OF SPNS2 INHIBTION 

 Until recently, there was no reported crystal structure of Spns2. In late 2023 and 

early 2024, there have been several reports32-36 of the structure and basis of Spns2-
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facilitated transport of S1P. These studies share important insight into the structure and 

function of the protein that were previously unavailable during this drug-discovery 

campaign. The structure of Spns2 conforms to a classical MFS 12 transmembrane helices 

(TM1-12) and is in an inward-facing conformation in its apo state (Fig. 1.4).32-36 When 

bound to S1P, FTY720-P, or SLF1081851, the structures of Spns2 is nearly identical.32-35 

The site of S1P head group binding is discontinuous; however, the reports propose a 

ladder-like movement of the lipid through the transport channel of Spns2.32-36 

Additionally, the hydrophobic tail of S1P, FTY720-P, and SLF1081851 acts as an anchor 

in a hydrophobic pocket formed by residues from TM7-10, and 12.32-36 The residues of 

Spns2 that act as polar steps of this óladderô are Thr329, His468, Arg119, Tyr120, 

Tyr246, Tyr116, and Ser242 which the polar head group of the ligands interact with to 

climb through the transport channel.34 S1P and FTY720-P both possess a negatively 

charged phosphate as their head group, which interacts with the positively charged 

residues of the ladder to induce a conformational change that releases the ligands to 

extracellular space.34 The inhibitor SLF1081851 locks the protein in an occluded-inward 

facing conformation, as Arg119 and His468 sit above the ammonium head group 

preventing the inhibitor from climbing through the transport channel by the electrostatic 

repulsion of the positive charges.34 Similar to S1P and FTY720-P, the lipid tail of 

SLF1081851 is inserted into the hydrophobic pocket of the transport channel.32-34 The 

structure elucidation of Spns2 is valuable progress into the understanding of S1P 

transport and future development of small molecule Spns2 inhibition through rational 

drug design.  
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Figure 1.4. Structural investigation of S1P transport via human Spns2. (A) Overall 

structures of Spns2 in apo, S1P-bound, FTY720-P-bound and SLF1081851 (16d) bound 

states. Left panel, orthogonal views of the cryo-EM density map; right panel, a model of 

the complex in the same view. (B) The hydrophobic pocket for the lipophilic tail of S1P 

and FTY720-P. The yellow surface color indicates a hydrophobic region, and the blue 

color indicates a hydrophilic region. (C) The detail of the hydrophobic pocket for 

substrate binding. Figure is adapted from reference with modifications.34  

 

1.9 CONCLUSIONS 

 The S1P metabolic pathway has proven to be a viable and attractive target for 

therapeutic intervention to mitigate several diseases. Namely, inhibiting the transporter 

protein Spns2 has been the focus of our research for several years as a method to induce 

lymphopenia in vivo while bypassing the on-target side effects elicited by the FDA 

approved S1P receptor modulators.52,58,82,83 Potent Spns2 inhibitors that are active in vivo 

have been previously synthesized;23-25 however, the need to further improve both the 

pharmacodynamic and pharmacokinetic properties are necessary to progress this 

campaign towards a viable drug candidate. Previous work has been pivotal in laying the 

foundation for this medicinal chemistry campaign to proceed, allowing for further 

development of small molecule Spns2 inhibitors as drug candidates.  
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Chapter 2: Structure-Activity Relationship Study of Benzamide, Carbamate, and 

Urea Linker  Groups of Spns2 Inhibitors  

2.1 CONTRIBUTIONS  

 Dr. Russell Fritzemeier synthesized SLF1081851, Dr. Ariel Burgio synthesized 

SLB1122168, and Dr. Daniel Foster synthesized SLF80721166. Dr. Daniel Foster also 

synthesized compounds 2.4a-l, 2.8a-f, 2.11a-k, 2.13a-c, 2.15a-c, 2.17a-c, and 2.18a-b. 

Christopher Shrader synthesized compounds 2.11l and 2.11m. Kyle Dunnavant 

synthesized 2.20a-g. The biological assays were performed by our collaborators Dr. Tao 

Huang, Dr. Yugesh Kharel, and Dr. Kevin Lynch at the University of Virginia 

Department of Pharmacology. Molecular docking simulations were performed by our 

collaborators Marion LoPresti and Dr. Anne Brown at the Virginia Tech Department of 

Biochemistry. Dr. Webster Santos provided guidance and oversight for this work. 

2.2 ABSTRACT 

We previously characterized SLF1081851 as the first in vivo Spns2 inhibitor. 

Treatment of mice with SLF1081851 and analogs thereof induced lymphopenia and, in 

some cases, increased plasma S1P levels. Moreover, we observed lymphopenia and 

increased plasma S1P levels in Spns2-knockout mice, suggesting the SLF1081851 

targets Spns2. Herein, we report the design, synthesis, and inhibitory activity of a series 

of potent Spns2 inhibitors with low nanomolar IC50 values in vitro. These compounds 

comprise benzamide, phenyl urea, and phenyl carbamate scaffolds that increased the 

potency compared to SLF1081851. Results from this SAR campaign confirmed the 

necessity of hydrophilic moieties in the linker region for in vitro and in vivo Spns2 

inhibition. Additional methylation and thionation studies demonstrated the further role 
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hydrogen bond interactions play in dictating compound activity. Analog 2.11i 

(SLF80821178, IC50 51 ± 3 nM) induced profound lymphopenia in mice. As such, 2.11i 

is the most potent Spns2 inhibitor reported and shows activity in vivo following both 

intraperitoneal injection and oral gavage administration of the inhibitor. 

2.3 INTRODUCTION  

Our long-standing interest in the S1P pathway has prompted investigations on 

determining Spns2 as a viable therapeutic target. Recent work reported a structure-

activity relationship (SAR) study that identified prototypes SLF1081851 (IC50 1.93 ± 

0.04 ɛM)1 and SLF80721166 (IC50 1.4 ± 0.3 ɛM) (Fig 2.1).2 Further investigations 

revealed a second generation Spns2 inhibitor SLB1122168 (IC50 94 ± 6 nM), which 

contained a key benzoxazole scaffold.2,3 When administered in vivo, these inhibitors were 

effective in modulating the immune system resulting in a decrease in circulating 

lymphocytes,1,3 which is a hallmark of Spns2 inhibition. In a mouse model of kidney 

fibrosis (unilateral ischemia-reperfusion injury), SLF1081851 suppressed inflammatory 

signaling in perivascular cells and ameliorated kidney fibrosis.4  

 

Figure 2.1. Structures of reported Spns2 inhibitors.1-3 

Although useful as chemical biology tools to study the effects of Spns2 inhibition, 

previous inhibitors were not optimal. For example, SLF1081851 was toxic at 30 mg/Kg 
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dose while SLB1122168 was not orally bioavailable.1,3 In this study, we aimed to 

develop Spns2 inhibitors with improved toxicity and pharmacokinetic profiles. Starting 

with SLB1122168, we envisioned that breaking the C-O bond of benzoxazole will 

provide functional groups such as urea,5 carbamate,6 and benzamide7 that will allow us to 

probe both the structure-activity relationship as well as pharmacokinetic profiles (Fig. 

2.2). These functional groups can provide hydrogen bond donor-acceptor interactions, 

electronic effects, and varying conformations. Our studies revealed that each of the 

benzamide, phenyl carbamate, and phenyl urea series yielded examples of potent Spns2 

inhibitors in vitro. In particular, we discovered SLF80821178 as the most potent 

compound with an IC50 of 51 ± 3 nM and demonstrated in vivo activity in inducing Spns2 

mediated lymphopenia in mice after oral administration. In addition, molecular docking 

studies identified several residues of the transporter responsible for binding.    

 

Figure 2.2. Strategy towards new Spns2 inhibitors. 

2.4 INHIBITOR DESIGN AND SYNTHESIS  

The synthesis of benzamide derivatives is shown in Scheme 2.1. Cyclic or linear 

mono-N-Boc protected diamines were formed by condensation with 4-iodobenzoic acid 

(2.1) in 92-99% yield using HCTU.1 The corresponding N-Boc protected benzamides 

2.2a-l were coupled to 1-decene through a one-pot hydroboration and Suzuki-Miyaura 
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cross-coupling reaction in 74-98% yield. Following alkyl tail attachment, the protected 

amines 2.3a-l were treated with hydrochloric acid or trifluoroacetic acid to afford 

derivatives 2.4a-l as ammonium salts in 67-93% yield. 

 

Scheme 2.1. Synthesis of benzamide analogs 2.4a-l. (a) mono-N-Boc protected diamine, 

HCTU, DIEA, CH2Cl2, rt, 16 h, 92-99%; (b) (i) 1-decene, 9-BBN, THF, 66 °C, 2 h; (ii) 

aryl iodides 2.2a-l, Pd(dppf)Cl2ÅCH2Cl2, KOH(aq), THF, 66 °C, 4 h, 74-98%; (c) 4 M 

HCl/dioxane, CH2Cl2, rt, 2 h, 67-93%; (d) TFA, CH2Cl2, rt, 2 h, 67%. 

 

To synthesize phenyl carbamate and urea derivative, 4-iodophenyl isocyanate 2.5 

was treated with a mono-N-Boc protected amino alcohol or diamine in the presence of a 

base to generate the protected intermediates 2.6a-f and 2.9a-m in 84-99% yield (Scheme 

2.2). Hydroboration of 1-decene with 9-BBN was followed by cross-coupling with 2.6a-f 

and 2.9a-m under Suzuki-Miyaura conditions afforded 2.7a-f and 2.10a-m in 46-93% 

yield, which were then deprotected with hydrochloric acid to remove Boc protecting 

groups and yield structures 2.8a-f and 2.11a-m as hydrochloride salts in 50-57% yield. 
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Scheme 2.2. Synthesis of phenyl carbamate analogs 2.8a-f and phenyl urea analogs 

2.11a-m. (a) N-Boc protected amino alcohol or mono-N-Boc protected diamine, CH2Cl2, 

0 °C to rt, 16 h, 84-99%; (b) (i) 1-decene, 9-BBN, THF, 66 °C, 2 h; (ii) aryl iodides 2.9a-

m, Pd(dppf)Cl2ÅCH2Cl2, KOH(aq), THF, 66 °C, 4 h, 46-93%; (c) 4 M HCl/dioxane, 

CH2Cl2, rt, 2 h, 57-87%; (d) TFA, CH2Cl2, rt, 2 h, 50%. 

 

Selected benzamide and urea analogs were functionalized further through NH 

methylation and thionation of selected benzamide derivatives to thioamides (Scheme 

2.3). The N-Boc protected compounds 2.3a, (R)-2.3c, (R)-2.3e, 2.10i, 2.10j, and 2.10k 

were treated with sodium hydride and alkylated with methyl iodide to afford 
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intermediates 2.12a-c and 2.16a-c in 51-85% yield, which were then treated with 

hydrochloric acid to liberate the desired ammonium salts 2.13a-c and 2.17a-c in 46-94% 

yield. Thioamides 2.15a-c were achieved by reacting the N-Boc protected compounds 

2.3a, (R)-2.3c, and (R)-2.3e with Lawessonôs reagent to afford 2.14a-c in 68-80% yield 

and subsequent deprotection with hydrochloric acid to generate the inhibitors 2.15a-c in 

46-94% yield. 

 
Scheme 2.3. Synthesis of analogs 2.13a-c, 2.15a-c, and 2.17a-c. (a) (i) NaH, THF, 0 °C, 

0.5 h; (ii) MeI, THF, 0 °C to rt, 16 h, 51-85%; (b) Lawesson's reagent, THF, rt, 16 h, 68-

80%; (c) 4 M HCl/dioxane, CH2Cl2, rt, 2 h, 46-94%. 

 

Mono-methylation and hypermethylation of the terminal piperazine nitrogen were 

achieved from the secondary ammonium chloride 2.11i (Scheme 2.4). The tertiary amine 

derivative 2.18a was prepared using Eschweiler-Clarke reaction conditions in 50% yield.8 

The resulting intermediate was neutralized and treated with hydrochloric acid to afford 
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2.18a as a hydrochloride salt. Exposure of 2.11i to excess methyl iodide and base yielded 

the quaternary ammonium iodide 2.18b in 83% yield. 

 
Scheme 2.4. Derivatization of 2.11i through N-methylation of the piperazine nitrogen. (a) 

(i) paraformaldehyde, formic acid, MeOH, 65 °C, 6 h; (ii) 4 M HCl/dioxane, CH2Cl2, rt, 

2 h, 50%; (b) MeI, K2CO3, MeCN, rt, 4 h, 83%. 

 

Subsequent focus on the effect of alkyl tail length to activity led to the preparation 

of several phenyl urea structures with varying alkyl tail lengths bearing the piperazine 

head group 2.20a-h (Scheme 2.5). Alkyl t ail attachment was achieved through a two-step, 

one-pot hydroboration and Suzuki-Miyaura cross-coupling reaction between requisite 

terminal alkene and 2.9i in 46-93% yields. Removal of the Boc protecting groups of 

intermediates 2.19a-h with hydrochloric acid provided analogs 2.20a-h as a 

hydrochloride salt in 57-87% yield. 

 

Scheme 2.5. Synthesis of tail homologation series 2.20a-g. (a) N-Boc-piperazine, 

CH2Cl2, 0 °C to rt, 16 h, 96%; (b) (i) 1-decene, 9-BBN, THF, 66 °C, 2 h; (ii) aryl iodides 

2.9i, Pd(dppf)Cl2ÅCH2Cl2, KOH(aq), THF, 66 °C, 4 h, 46-93%; (c) 4 M HCl/dioxane, 

CH2Cl2, rt, 2 h, 57-87%. 

 

2.5 EVALUATION OF IN VITRO  BIOLOGICAL DATA  

With a library of analogs of SLB1122168 containing phenyl urea, phenyl 

carbamate, and benzamide as bioisostere of the benzoxazole, we investigated their 
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potential in inhibiting S1P transport using a HeLa cell assay.1-3,9 Briefly, in this assay, 

Spns2 is over-expressed whereas the S1P-degrading enzymes (lyase or phosphatases) 

were blocked with inhibitors. Inhibition of S1P transport is determined by measuring the 

amount of S1P in the buffer using LC-MS. As shown in Table 1, one micromolar 

benzamide inhibitors were added in the assay performed in triplicate with SLB1122168 

and SLF1081851 as controls.  

 The direct propyl amine analog 2.4a had similar inhibitory activity as 

SLF1081851. The azetidine bearing derivative 2.4b showed a significant increase in 

inhibition (77%) whereas the 5-membered ring analogs ɓ-pyrrolidine (R)-2.4c and (S)-

2.4d had similar potency at 61-66% inhibition. Expanding the ring further to a 6-

membered piperidine (R)-2.4e (73%) showed an improvement in potency and, 

interestingly, was significantly more potent that its enantiomer (S)-2.4f (20%). Moving 

the nitrogen by one carbon to form the symmetric piperidine 2.4g exhibited a drastic 

reduction in activity at 24% inhibition. To our delight, removing the nitrogen óspacerô in 

2.4g restored inhibition to 68%, attempts to induce conformational restriction by addition 

of methyl groups in 2.41-2.4j or bicyclic structures 2.4k-2.4l did not lead to improved 

inhibitory activity. To investigate the effect of the amide NH, we methylated key 

compounds 2.13a-c and found that methylation has a negative impact in the activity of 

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

encumbrance. Likewise, thioamides 2.15a-c did not show improved activity. 
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Table 2.1. Spns2 inhibition of benzamide, thiobenzamide, and N-methyl benzamide 

containing compounds.a   

 

Entry  Cmpd R %Inhib.  Entry  Cmpd R %Inhib.  

1 SLF1081851 

 

44 ± 5 11 (S)-2.4i 

 
44 ± 1 

2 SLB1122168 

 

85 ± 2 12 (±)-2.4j 

 

61 ± 2 

3 2.4a 

 

39 ± 9 13 2.4k 

 

0 ± 1 

4 2.4bb 
 

77 ± 1 14 2.4l 

 

25 ± 2 

5 (R)-2.4c 
 

66 ± 1 15 2.13a 

 

39 ± 4 

6 (S)-2.4d 

 

61 ± 5 16 (R)-2.13b 
 

21 ± 1 

7 (R)-2.4e 
 

73 ± 1 17 (R)-2.13c 

 

51 ± 2 

8 (S)-2.4f 
 

20 ± 3 18 2.15a 

 

23 ± 1 

9 2.4g 

 

24 ± 2 19 (R)-2.15b 
 

33 ± 3 

10 2.4h 

 

68 ± 5 20 (R)-2.15c 
 

47 ± 0 

aSpns2 inhibition is reported as the percent decrease in S1P secretion relative to the 

control. Compounds were assayed with 1 ɛM inhibitor. Cell media was extracted and 

S1P concentrations were measured by LC-MS/MS. Assays were performed in duplicate. 
bCompound is a trifluoroacetate salt. 
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 The results of the phenyl carbamate derivatives are shown in Table 2.2. The 

primary amine 2.8a had moderate inhibition at 44% whereas the (R)-piperidine analog 

2.8b showed increased potency (68%) relative to 2.8a as well as enantiomer (S)-2.8c. 

Further increase in ring size investigating stereochemistry and position of the nitrogen did 

not improve potency (i.e. 2.8d-f).  

Table 2.2. Spns2 inhibition of phenyl carbamate containing compounds.a  

 

Entry  Cmpd R %Inhib.  Entry  Cmpd R %Inhib.  

1 2.8a  44 ± 7 4 (R)-2.8d 

 

45 ± 3 

2 (R)-2.8b 

 

68 ± 1 5 (S)-2.8e 

 

48 ± 2 

3 (S)-2.8c 

 

46 ± 0 6 2.8f 

 

51 ± 0 

aSpns2 inhibition is reported as the percent decrease in S1P secretion relative to the 

control (no inhibitor). Compounds were assayed with 1 ɛM inhibitor. Cell media was 

extracted and S1P concentrations were measured by LC-MS/MS. Assays were performed 

in duplicate. 

  

The results of the S1P transport inhibition of the phenyl urea linker is shown in 

Table 3. The propyl amine 2.11a showed a moderate 53% Spns2 inhibition. While the 

cyclic azetidine head group exhibited a slightly increased inhibition at 59%, both 

enantiomers of the ɓ-pyrrolidine head groups (R)-2.11c and (S)-2.11d, 44% also had 

modest Spns2 inhibition. Increasing the ring size further with the ɓ-piperidine analogs 

(R)-2.11e and (S)-2.11f profoundly improved Spns2 inhibition at 86% and 78%, 

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

aminopiperidine analog 2.11g (59%) and the symmetric piperidine analog 2.11h (34%) 
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were synthesized and tested, but a decrease in inhibition was observed. Interestingly, the 

introduction of the piperazine head in 2.11i resulted in a significant decrease (91%) in 

S1P transport. Further, SAR on this key functional group where conformational 

restriction via bridged ring systems (2.11j-k), alkylation ((R)-2.11l), or ring expansion 

(2.11m) were largely unfruitful. To investigate the effect of urea N-H hydrogen bonding, 

we methylated 2.11i-k and discovered that this group likely plays a role in binding as 

2.17a-c had a corresponding decrease in potency.  

Similarly, the importance of the hydrogen-bond donor of the piperazine nitrogen 

was also probed with tertiary (2.18a) and quaternary (2.18b) amine analogs of 2.11i by 

the methylation of the amine moiety. Both analogs showed a drastic loss in activity 

suggesting that a hydrogen bond donor is important and that steric interaction within the 

protein binding site is occurring (vide supra). In summary, 2.11i was revealed to be the 

most potent analog among the benzamide, phenyl carbamate, and phenyl urea series.         
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Table 2.3. Spns2 inhibition of phenyl urea and N-methyl phenyl urea containing 

compounds.a  

 

Entry  Cmpd R %Inhib.  Entry  Cmpd R %Inh ib. 

1 2.11a 
 

53 ± 0 10 2.11j  
 

35 ± 0 

2 2.11bb 

 

59 ± 1 11 2.11k 
 

77 ± 0 

3 (R)-2.11c 

 

49 ± 0 12 (R)-2.11l 

 

80 ± 2 

4 (S)-2.11d 

 

44 ± 2 13 2.11m 
 

72 ± 1 

5 (R)-2.11e 

 

86 ± 0 14 2.17a 

 
13 ± 4 

6 (S)-2.11f 

 

78 ± 4 15 2.17b 

 
24 ± 9 

7 2.11g 
 

59 ± 2 16 2.17c 

 
18 ± 1 

8 2.11h 

 

34 ± 9 17 2.18a 
 

43 ± 4 

9 2.11i 
 

91 ± 1 18 2.18bc 
 

5 ± 3 

aInhibitory data for diversified phenyl urea analogs. Spns2 inhibition is reported as the 

percent decrease in S1P secretion relative to the control. All compounds were assayed 

with 1 ɛM inhibitor. Cell media was extracted and S1P concentrations were measured by 

LC-MS/MS. Assays were performed in duplicate. bCompound is a trifluoroacetate salt. 
cCompound is an iodide salt. 

  

2.6 MOLECULAR DYNAMICS SIMULATIONS   

To understand the intermolecular interactions of 2.11i and related analogs, we 

performed in silico docking with cryo-EM structures of Spns2. Recently, three groups 
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independently reported the cryo-EM structure of Spns2 for a total of four apo (PDB IDs: 

7YUF, 8EX5, 8EX7 and 8EX8) and three S1P bound states (PDB IDs: 7YUB, 8JHQ, 

8EX4).10-12 Three inhibitors ((R)-2.11c, 2.11i, and (R)-2.11l) bearing the phenyl urea 

linker were docked into the dominant morphology from a molecular dynamics (MD) 

simulation that involved an AlphaFold213,14 homology model simulated in the presence of 

an asymmetric membrane and S1P.15 The majority of apo crystal structures are resolved 

in the outward state, with only one structure in the inward-facing state (PDB 7YUF). Our 

structure samples an occluded inward-facing state, which is defined by the partial 

occlusion of the intracellular side caused by TM11 and TM5 moving towards each 

other.15  

When docking Spns2 inhibitors to crystal structure PDB 8EX4 (inward-facing 

S1P bound state), these inhibitors bind to only one area of the transport channel and 

predicted free energy of binding MM/GBSA calculations rank inhibitors inaccurately 

compared to experimental values. However, performing molecular docking to the 

occluded inward-facing state matches experimental data and indicates that inhibitors (R)-

2.11c, 2.11i, and (R)-2.11l target two separate binding sites within the transport channel 

of Spns2 (Fig. 2.3A). The two observed binding sites include one site proximal to the 

intracellular space (BS1) and another connected but adjacent site that is further 

sequestered within the transport channel of Spns2 (BS2). BS2 is identified as the same 

binding site targeted by S1P, fingolimod, and previously reported inhibitors as reported 

with crystal structures and cryo-EM studies of Spns2.10-12 Interestingly, predicted free 

energy of binding calculations from these docking results with our inhibitors binding at 

BS2 are less favorable (mean MM/GBSA is -30.01 kcal/mol) compared to binding at BS1 
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(mean MM/GBSA is -67.76 kcal/mol). Further investigation into inhibitor-Spns2 binding 

at the BS1 site reveal that key interactions of the secondary amine head group are 

observed with the hydrogen bonding between the inhibitor and two residues (Arg119, 

Ser211). These interactions with Arg119 and Ser211 are consistent for the most 

energetically favorable poses for all three inhibitors docked into the BS1 site. Additional 

hydrogen bonding is observed between the Asn112 side chain and the urea moiety, which 

appears to play a vital role in the orientation of the head group towards the two 

aforementioned residues (Arg119 and Ser211). Additionally, hydrophobic interactions 

are observed with Phe234 and the phenyl ring of the inhibitors that is consistent with 

these three inhibitors, while weaker hydrophobic interactions can be observed between 

the inhibitors and Ala214, Pro215, and Phe465.  

In agreement with our experimental results, these docking results parallel the 

Spns2 inhibition potency observed in HeLa cells. The in silico analysis of these inhibitors 

produced mean all poses MM/GBSA values of -44.8 kcal/mol, -64.8 kcal/mol, and -61.5 

kcal/mol for (R)-2.11c, 2.11i, and (R)-2.11l, respectively. This matches the trend 

observed for the reduction of S1P transport in HeLa cells for these inhibitors ((R)-2.11c, 

49%, (R)-2.11l, 80%, 2.11i, 91%). Upon further investigation, delineation in improved 

inhibitor fitness into BS1 demonstrates that the urea moiety of (R)-2.11c, which contains 

a pyrrolidine, engages in hydrogen bonding with Asn112 from the side-chain oxygen 

participating as the acceptor to the hydrogen-bond donating urea NH, resulting in an 

orientation of the pyrrolidine head group that causes weaker interactions and modified 

orientation with Arg119 and Ser211 (Fig. 2.3D). We predict that this orientation of the 

amine head group results in moderate inhibition of Spns2. In contrast, both 2.11i and (R)-
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2.11l share a similar interaction with Asn112 (Fig. 2.3B-C). In these hydrogen-bonding 

pairs, the side-chain arginine NH acts as the donor while the urea oxygen acts as the 

acceptor. Indeed, both (R)-2.11l and 2.11i exhibited Ó80% reduction of S1P transport in 

vitro. However, the modest difference of affinity between (R)-2.11l and 2.11i is 

hypothesized to be due to steric encumberment of the piperazine head group. The less 

potent of these inhibitors, (R)-2.11l, bearing a methyl group adjacent to the secondary 

ammonium of the piperazine, shows a weaker interaction due to the steric encumberment 

restricting its ability to freely participate in hydrogen bonding with Arg119. The 

relatively unencumbered analog 2.11i, the most potent Spns2 inhibitor reported to date, 

exhibits favorable hydrogen bonding with Arg119 as suggested by the shorter H-bond 

donor/acceptor bond distance (3.2 Å vs 3.5 Å). Docking to the occluded inward-facing 

state of Spns2 resulted in remarkable alignment between predicted inhibitor free-energy 

MM/GBSA calculations and experimental inhibitory values, leading to the suggestion 

that these inhibitors are targeting this specific occluded inward-facing state with two 

binding sites.  
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Figure 2.3. (A) Docked poses of inhibitors binding within the transport channel of Spns2. 

Comparison of the docked poses of (B) 2.11i, (C) (R)-2.11l and (D) (R)-2.11c in a 

homology model of Spns2.15 Key residues in the transporter channel are represented by 

teal sticks and labelled. Inhibitors are shown as sticks and colored by element, with the 

carbon atom indicating an inhibitor (2.11i, orange; (R)-2.11l, pink; (R)-2.11c, yellow). 

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

   

2.7 OPTIMIZATION  OF 2.11i 

With 2.11i in hand, we performed a tail homologation study to determine the 

optimal alkyl length. As shown in Fig. 2.4, compounds were tested at 0.3 mM to improve 

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

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

(Intracellular) 

(Extracellular) 

(A) (B) 

(C) 

(D) 

BS2 

BS1 
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maximum at ten to eleven carbon length. While the undecyl tail in 2.20e has comparable 

activity to decyl chain in 2.11i, the additional methylene increases both the number of 

rotatable bonds and overall lipophilicity of the compound, likely leading to an 

unfavorable profile for expected oral bioavailability desired for pharmaceuticals.16,17 

Therefore, 2.11i was selected for further investigation.  

 

 

Figure 2.4. Tail homologation study of 2.11i. Spns2 inhibition is reported as the percent 

decrease in S1P secretion relative to the control. All compounds were assayed with 0.3 

ɛM inhibitor and performed in duplicate. Cell media was extracted and S1P 

concentrations were measured by LC-MS/MS.  

 

To determine the potency of 2.11i, the compound was subjected to a dose-

response assay in HeLa cells (Fig. 2.5). As the concentration of 2.11i increased from 1 

nM to 10 mM, a dose-dependent decrease in S1P extruded into media was observed 

suggesting inhibition of Spns2. From this assay, it was determined that the 2.11i 

possessed an IC50 value of 51 ± 3 nM, a profound improvement in potency compared to 



43 

 

SLF1081851 (IC50 1.93 ± 0.04 ɛM)1 and SLB1122168 (94 ± 6 nM).3 In fact, 2.11i is the 

most potent small molecule inhibitor of Spns2 reported to date.  
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Figure 2.5. Dose-response assessment of 2.11i in HeLa cells. The assay was performed 

in triplicate. 

 

2.8 EVALUATION OF IN VIVO  BIOLOGICAL DATA   

We next investigated the potential oral bioavailability of 2.11a (SLF80821178), 

which will be a significant advantage over SLB1122168. Previous work indicated that 

SLB1122168 is not orally bioavailable.3 Thus, mice were administered a single 10 mg/kg 

oral dose of 2.11i and compound levels in plasma were quantified. As shown in Fig. 2.6, 

circulating levels of 2.11i reached a maximum four hours after treatment and remained 

elevated above 0.5 ɛM for more than 8 hours. These results suggest that 2.11i is orally 

bioavailable and has a half-life of 2.4 hours.  
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Figure 2.6. Compound concentrations in plasma of mice treated with 2.11i. Three age 

and gender matched mice were treated with a single 10 mg/kg dose of 2.11i administered 

PO. Blood samples were collected and plasma 2.11i levels were quantified via LC-

MS/MS.  

 

To determine the effect of 2.11i in vivo, mice were treated with 3, 10, and 30 

mg/Kg intraperitoneally and amounts of circulating lymphocytes were quantified. A 

hallmark of Spns2 inhibition is the decrease in lymphocytes counts, which is a 

pharmacodynamic marker of target engagement.18,19 As shown in Fig. 2.7A, a profound 

decrease in lymphocyte count was observed that reached to a maximum level of 50%, 

which is also was observed in Spns2-null mice.20,21 Encouraged by this result, we tested 

whether 2.11i is efficacious when given orally. Indeed, administration of 2.11i via oral 

gavage resulted in a dose-dependent lymphocytopenia with 100 mg/kg dose achieving 

maximum effect (Fig. 2.7C). To determine whether blood S1P levels were affected, 

plasma S1P concentrations were measured via LC-MS. As shown in Fig. 2.7B and 2.7D, 

no change in plasma S1P levels was observed when 2.11i was administered IP or PO. 

Our studies suggest that small molecule inhibition of Spns2 has minimal effect in plasma 
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S1P levels, which is corroborated with our prior work.3 In summary, our SAR study 

identified 2.11i as a potent inhibitor of Spns2 that is orally bioavailable and elicits 

lymphocytopenia upon target engagement.  
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Figure 2.7. Biological evaluation of 2.11i in five age and gendered matched C57BL/6j 

strain mice. (A) IP administration of inhibitor resulted in a decrease in circulating 

lymphocytes at 3 mg/kg, 10 mg/kg, and 30 mg/kg compared to the vehicle. Blood was 

drawn 4 h post-dose. (B) Plasma S1P concentrations in mice treated with 2.11i are shown 

relative to vehicle 6 hours following IP administration at 3 mg/kg, 10 mg/kg, and 30 

mg/kg. (C) PO administration of inhibitor resulted in decrease in circulating lymphocytes 

at 10 mg/kg, 30 mg/kg, and 100 mg/kg. Blood was drawn 4 h post-dose. (D) Plasma S1P 

concentrations in mice treated with 2.11i are shown relative to vehicle 4 hours post oral 

administration at 10 mg/kg, 30 mg/kg, and 100 mg/kg. One-way ANOVA followed by 

Sidakôs multiple comparison tests (* Ò 0.05; ** Ò 0.01; *** Ò 0.001; **** Ò 0.0001; ns = 

not statistically significant) were used. 

 

2.9 CONCLUSIONS 

 In this report, we performed a SAR study of Spns2 inhibitors using SLB1122168 

as a starting point. We envisioned benzamide, phenyl urea, and phenyl carbamate as 

A B 

C 
D 
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bioisostere of the benzoxazole scaffold. For each of these scaffolds, the nature of the head 

group that bears an amine was investigated including both linear and cyclic analogs. The 

phenyl carbamate series afforded more potent compounds. Overall, cyclic secondary 

amines were favored with the piperazine moiety being optimal for the phenyl urea and 

phenyl carbamate isosteres. Increasing the ring size from six to seven or reducing the ring 

size to five or four reduced the potency of the compounds. Our studies identified 2.11a 

(SLF80821178) as the most potent (IC50 51 ± 3 nM) Spns2 reported to date. 2.11i 

contains a 4-decylphenyl urea linked to a piperazine moiety. Analysis of 2.11i analogs 

suggest that (i) a positively charged cyclic secondary amine with hydrogen bond donor 

character is important for inhibiting S1P transport within the channel as methylation 

completely abrogated activity and (ii) the binding site for these inhibitors is sensitive to 

ring size, as deviation from the 6-membered piperazine ring was detrimental to potency. 

Inhibitor 2.11i was administered to mice where it elicited a profound decrease in 

circulating lymphocyte counts. While no changes were observed in the plasma S1P level, 

the role Spns2 exerts in modulating these concentrations remains uncertain. 

Consequently, a lack of observed changes in plasma S1P levels following administration 

does not invalidate the target of these compounds. Previous small molecule inhibitors of 

Spns2 have showcased both decreased (SLF1081851) and maintained (SLB1122168) 

concentrations of plasma S1P levels.1,3 Furthermore, the resulting lymphopenia and in 

vitro activities suggest they function as Spns2 inhibitors.  

2.10 FUTURE DIRECTIONS 

 Although 2.11i was proven to be a potent and orally bioavailable Spns2 inhibitor, 

increasing the half-life (2.4 hours in mice) is necessary to afford a more viable drug 
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candidate. Through this SAR study, the polar head group has been optimized to yield an 

inhibitor with a low nanomolar IC50 value. Optimization of the nonpolar tail region has 

been relatively underexplored. Replacement of the lipid tail is of particular interest to 

improve the pharmacokinetic and pharmacodynamic profile of our inhibitors due to its 

highly hydrophobic profile. Recent advancements of molecular dynamics simulations 

also provided insight into the configuration of these inhibitors within the transport 

channel of Spns2. Synthetic modifications of the hydrophobic tail can be utilized to 

further improve our Spns2 inhibitors.  
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Chapter 3: Structure-Activity Relationship Study of the Aryl Ring of Spns2 

Inhibitors  

3.1 CONTRIBUTIONS  

 Compounds disclosed in this chapter were prepared and synthesized by Kyle 

Dunnavant with the exception of SLF80721169, which was prepared by Dr. Daniel 

Foster, and 3.19a-d, which were prepared by Sarah Seay. The biological assays were 

performed by Dr. Tao Huang, Dr. Yugesh Kharel, and Dr. Kevin Lynch at the University 

of Virginia Department of Pharmacology. Dr. Webster Santos provided guidance and 

oversight for this work.  

3.2 ABSTRACT 

 The second-generation Spns2 inhibitor SLF80721169 (68% Spns2 inhibition at 1 

ɛM) was the first profound improvement in potency in comparison to the first-generation 

Spns2 inhibitor SLF1081851 (44% Spns2 inhibition at 1 ɛM). This prompted 

investigation into modifications of the aromatic ring region of these inhibitors. Additional 

substitution patterns and replacement of the benzylic carbon with phenyl ether, oxime, 

and 1,2,4-oxadiazole motifs were investigated. Through this campaign, it was determined 

that additional steric encumberment of the aromatic ring is detrimental to inhibitor 

potency regardless of electron donating or electron withdrawing properties. However, 

replacement of the alkyl tail with heteroatom functionalities had a wide range of 

potencies in vitro. Namely, nonyl-phenyl ether analog 3.9a (IC50 = 62 ± 4 nM) exhibited 

profound improvement in potency. However, 3.9a failed to elicit the desired response of 

in vivo Spns2 inhibition when administered to mice. 
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3.3 INTRODUCTION  

The first published work that reported a structure-activity relationship (SAR) 

study of Spns2 inhibitors led to the discovery of the moderately potent and in vivo active 

compound SLF1081851 (IC50 = 1.93 Ñ 0.04 ɛM).1 Following this report, several 

campaigns under this effort yielded the inhibitors SLB1122168 (IC50 = 94 ± 6 nM),2 

SLF80721166 (IC50 = 1.4 ± 0.3 ɛM),3 and SLF80821178 (IC50 = 51 ± 3 nM). 

Chronologically, the first significant increase of potency compared to SLF1081851 was 

SLF80721169 with an estimated IC50 of 300 nM (Fig. 3.1). This inhibitor installed a 

benzamide piperazine headgroup in place of the 1,2,4-oxadiazole-propylamine of 

SLF1081851.1 With this dramatic improvement in potency, further investigation of this 

inhibitor was pursued immediately through modification of the lipophilic tail. Originally, 

several polar headgroups were investigated in the SAR campaign that resulted in 

SLF1081851, which inhibits Spns2 in vivo and has mitigated fibrotic responses following 

unilateral kidney ischemia-reperfusion injury (IRI) compared to sham.1,4 The recent 

bioisosteric replacements of the 1,2,4-oxadiazole linker left modifications to the 

lipophilic portion of the inhibitors relatively untouched.2,3 While this originally resulted 

in more potent Spns2 inhibitors, the focus of small molecule inhibitors of Spns2 shifted 

to improving the pharmacokinetic profile while maintaining the low nanomolar potency 

observed with SLB1122168 and SLF80821178.2 In this report, the investigation of 

manipulating the steric encumberment and lipophilicity of the aromatic core of Spns2 

inhibitors is disclosed. 
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Figure 3.1. Structures of second-generation Spns2 inhibitors SLF1081851, 

SLB1122168, SLF80721166, SLF80821178, and SLF80721169 based off of the first-

generation inhibitor SLF1081851. 

 

The aim of this campaign was to improve the pharmacokinetic profile of our 

inhibitors following the profound increase in potency was observed. This was done by 

modifying our inhibitors to better fit within Lipinskiôs rule of five (Ro5) (Fig. 3.2).5-8 

According to the Ro5, SLF80721169 is lipophilic (cLogP = 6.0) and is at the maximum 

threshold for the number of rotatable bonds (NRB) for predicted oral bioavailability at 

10.5-8 The molecular weight, hydrogen bond donors, and hydrogen bond acceptors all fall 

within the parameters that predict oral bioavailability.5-8 Lipophilicity, experimentally 

quantified as LogP and LogD, can be manipulated by introducing, deleting, or 

substituting different functional groups to the scaffold.9,10 The most common method of 

predicting the LogP value is using software to determine the calculated LogP (cLogP), 

which factors functional groups, bond topology, and bond order among other variables of 

a compound.11 The modification of lipid-like motifs to improve drug-like properties is a 

common practice in medicinal chemistry.12 This practice can be observed with the 

installation of more rigid, hydrophilic tails to SRMs since the FDA approval of 
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fingolimod.13-17 Lipophilicity is a key factor for bioavailability, which is difficult to 

discern in vitro.18,19 Modifying the lipophilicity of a drug candidate is a regular practice 

for medicinal chemistry campaigns.18-20 Reducing the NRB can be performed by 

introducing unsaturation to lipid-like motifs to improve the oral bioavailability of these 

inhibitors.7  

 
Figure 3.2. Core modifications of Spns2 inhibitors along with the effects on cLogP and 

NRB for each scaffold in comparison to SLF80721169. cLogP values calculated with 

ChemDraw 18.0. NRB: number of rotatable bonds. 

 

 Initial approaches to this study were the addition of various functional groups to 

the aromatic ring (3.4a-h) and replacement of the phenyl ring with naphthalene (3.4i) and 

pyridine (3.4j, 3.4k). Several other replacements were generated to block benzylic 

oxidation, a known metabolic liablility.21-23 This series includes heteroatom containing 

moieties such as phenyl ethers (3.9a-l), oximes (3.14a-b) and phenyl 1,2,4-oxadiazoles 

(3.19a-d), all of which are relevant in medicinal chemistry and pharmaceuticals.24-26 

These motifs are also present in S1P receptor modulators14,15,17 and potent inhibitors of 

SphK2.27 The oxime derivatives were directly inspired from the structure of siponimod15 

while the phenyl 1,2,4-oxadiazole series was inspired by ozanimod14 and previously 

synthesized inhibitors of SphK1, SphK2, and Spns2.1,27,28 The phenyl ether series is 
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derived from previous work from our group in developing SphK1 and SphK2 

inhibitors.27,29 

3.4 CHEMICAL SYNTHESIS  

 Initial investigations into various substitutions on the aromatic ring of 

SLF80721169 (2.4h) were synthesized from a variety of substituted 4-halobenzoic acids 

3.1a-m (Scheme 3.1). These commercially available reagents were condensed with N-

Boc-piperazine using HCTU to yield 3.2a-m in 36-95% yield.1 The decyl tail was then 

installed with a two-step, one-pot hydroboration of 1-decene followed by Suzuki-

Miyaura cross-coupling with the aryl halides to afford the Boc-protected amines 3.3a-m 

in 63-96% yield.1 The Boc group was cleaved under acidic conditions to afford 3.4a-m in 

82-96% yield as ammonium salts.  

 

Scheme 3.1. Synthesis of 3.4a-k. (a) N-Boc-piperazine, HCTU, DIEA, DCM, rt, 16 h, 

36-95%; (b) (i) 1-decene, 9-BBN, THF, 66 °C, 1 h; (ii ) aryl halide, Pd(dppf)Cl2ÅCH2Cl2, 

3 M KOH (aq), THF, 66 °C, 5 h, 63-96%; (c) 4 M HCl/dioxane, DCM, rt, 3 h, 82-96%. 
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 The replacement of the alkyl tail was initially investigated with the installation of 

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

hydroxybenzoates were subjected to SN2 conditions with the appropriate alkyl bromide to 

afford the phenyl ethers 3.6a-l in 25-95% yield. The appropriate methyl benzoate was 

saponified using sodium hydroxide to the corresponding benzoic acids 3.7a-l in 45-94% 

yield. These benzoic acid derivatives underwent condensation with N-Boc-piperazine 

using HCTU or CDI to afford the Boc-protected benzamides 3.8a-m in 57-92% yield.1 

Removal of the Boc group under acidic conditions afforded 3.9a-m in 77-92% yield as 

ammonium salts.  

 
Scheme 3.2. Synthesis of 3.9a-l. (a) terminal alkyl bromide, K2CO3, MeCN, 82 C, 16 h, 

25-95%; (b) NaOH, water, 100 C, 45-94%; (c) N-Boc-piperazine, HCTU, DIEA, DCM, 

rt, 16 h, 57-92%; (d) N-Boc-piperazine, CDI, DCM, rt, 16 h, 57-59%; (e) 4 M 

HCl/dioxane, DCM, rt, 3 h, 77-92%. 

 

 The synthesis of oxime analogs is shown in Scheme 3.3. Commercially available 

4-acetylbenzoic acid (3.10) was condensed with N-Boc-piperazine using HCTU to afford 

the intermediate 3.11 in 88% yield. This acetophenone underwent condensation with 
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hydroxylamine to yield oxime 3.12 in 53% yield. Alkylation was performed under SN2 

conditions to install the lipid tails to yield 3.13a-b in 76-79% yield. The Boc groups were 

cleaved under acidic conditions to afford 3.14a-b in 87-91% yield as hydrochloride salts. 

 
Scheme 3.3. Synthesis of 3.14a-b. (a) N-Boc-piperazine, HCTU, DIEA, DCM, rt, 16 h, 

88%; (b) NH2OHÅHCl, NaOAc, methanol, 65 C, 16 h, 53%; (c) NaH, alkyl bromide, 

THF, 0-23 C, 16 h, 76-79%; (d) 4 M HCl/dioxane, DCM, rt, 3 h, 87-91%. 

 

 1,2,4-Oxadiazole derivatives were synthesized from the commercially available 4-

cyanobenzoic acid (3.15), which is subjected to HCTU coupling with N-Boc-piperazine 

to afford the benzamide 3.16 in 90% yield (Scheme 3.4). This was then treated with 

hydroxylamine hydrochloride and triethylamine before refluxing in ethanol to yield the 

phenyl amidoxime 3.17 in quantitative yield. The 1,2,4-oxadiazole was formed following 

CDI coupling with the appropriate carboxylic acid and subsequent ring closure at 

elevated temperatures, yielding the Boc protected inhibitors 3.18a-d in 40-74% yield. 

The ammonium salts were afforded following the treatment of 3.18a-d with hydrochloric 

acid to yield the desired products 3.19a-d in 66-69% yield.  
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Scheme 3.4. Synthesis of 3.19a-d. (a) N-Boc-piperazine, HCTU, DIEA, DCM, rt, 16 h, 

90%; (b) NH2OHÅHCl, TEA, ethanol, rt, 16 h, 99%; (c) carboxylic acid, CDI, DMF, 110 

C, 16 h, 40-74%; (d) 4 M HCl/dioxane, DCM, rt, 3 h, 66-69%. 

 

3.5 EVALUATION OF IN VITRO  BIOLOGICAL DATA  

 The evaluation of the aforementioned Spns2 inhibitors gave significant insight 

into the dependency of activity on the structure of the aromatic core of the compounds.1-

3,30 In comparison to the parent compound SLF80721169, which reduced the transport of 

S1P by 68% at 1 ɛM in HeLa cells, more potent Spn2 inhibitors were identified through 

this campaign (Table 3.1). Electron donating methyl substitution at both the 2- and 3-

positions ameliorated potency (3.4a, 19%; 3.4b, 55%). Introduction of a second methyl 

substitution yielded a similar result observed from the 2,5-dimethyl (3.4c, 15%) and the 

2,3-dimethyl (3.4d, 21%) analogs. Replacement of the methyl group with the electron 

withdrawing trifluoromethyl at the 2-position nearly eliminated potency entirely (3.4e, 

11%). Methoxy substitutions at the 2-position (3.4f) of the aromatic ring resulted in 33% 

inhibition of Spns2. Introduction of fluorine as a bioisostere of hydrogen31,32 diminished 

inhibitor activity. Fluorine substitution at the 2-position (3.4g) retarded Spns2 activity by 

53%. 2,6-difluoro substitution (3.4h, 6%) had a lackluster effect on the extracellular 

transport of S1P. The significantly more sterically encumbered analog 3.4i, replacing the 
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phenyl core with a 1,4-disubstituted naphthalene, diminished potency resulting in a 13% 

reduction of extracellular S1P. Replacement of the phenyl ring with a pyridine produced 

the first improvement of potency for an inhibitor with decreased lipophilicity. A 2,5-

disubstituted pyridine 3.4j  reduced S1P transport by 78% while the 3,6-disubstuted 

pyridine analog 3.4k inhibited Spns2 by 54%. All modifications of the phenyl core were 

poorly tolerated, resulting in decreased potency for 3.4a-k, with the exception of 3.4j 

which only a moderately increased in potency. 

Table 3.1. Spns2 inhibition of decyl tailed compounds.a 

 

Entry  Cmpd R %Inhib.  Entry  Cmpd R %Inhib.  

1 SLF80721169 

 

68 ± 5b 7 3.4f 

 

33 ± 2b 

2 3.4a 

 

19 ± 2b 8 3.4g 

 

53 ± 3b 

3 3.4b 

 

55 ± 3b 9 3.4h 

 

6 ± 4b 

4 3.4c 

 

15 ± 7b 10 3.4i 

 

13 ± 1b 

5 3.4d 

 

21 ± 1b 11 3.4j 

 

78 ± 1b 

6 3.4e 

 

11 ± 2b 12 3.4k 

 

54 ± 4b 

aInhibitory data for the assessment of inhibitor activity in HeLa cells. Spns2 inhibition is 

reported as the percent decrease in S1P secretion relative to the control. Compounds were 

administered at a concentration of 1 ˃M. Cell media was extracted and S1P 

concentrations were measured by LC-MS/MS. Assays were performed in duplicate. 
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The replacement of the benzylic carbon with oxygen was investigated as a method 

to block facile metabolism by cytochrome P450 in vivo (Table 3.2).21-23 This series of 4-

alkoxybenzamides 3.9a-f were synthesized. The first inhibitor 3.9a exhibited a 91% 

reduction of transported S1P in HeLa cells, a profound increase in potency compared to 

SLF80721169 (68%). Following a similar trend as the ñall alkaneò tail analogs, 

additional substitution on the aryl ring was detrimental to inhibitor activity in comparison 

to 3.9a regardless of electron donating or withdrawing properties. However, all 

derivatives of the phenyl ether reduced S1P transport at a similar or greater level than 

SLF80721169. In fact, all phenyl ether tail analogs out performed their alkyl tailed 

counterparts. The least potent inhibitor of this series, 3.9d with fluorine substitution at the 

2-position, matched the reduction of S1P transport of SLF80721169 at 68%. Methyl 

substitution at the 3-position of aromatic ring (3.9b) and a pyridine replacement of the 

phenyl ring (3.9f) blocked Spns2 activity by 82%. With similar potency, the 3-methoxy 

(3.9c, 78%) and 3-fluoro (3.9e, 79%) analogs significantly ameliorated S1P transport.  

Following the success of replacing the metabolic liability aryl methylene of 

SLF80721169 with a heteroatom containing motif, oxime (3.14a-b) and 1,2,4-

oxadiazoles (3.19a-d) series were investigated. Oxime derivatives 3.14a and 3.14b, 

bearing n-heptyl and n-octyl tails, inhibited the transport of S1P by 72% and 53%, 

respectively. Similarly, 1,2,4-oxadiazole derivatives exhibited moderate potency as Spns2 

inhibitors. For example, 3.19a (41%), 3.19b (46%), 3.19c (40%), and 3.19d (45%) failed 

to inhibit the transport of S1P by more than 50%. The phenyl ether analogs prevailed as 

more potent inhibitors as their alkane tail derivatives while oxime and 1,2,4-oxadizole 

analogs ameliorated potency of our Spns2 inhibitors.    
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Table 3.2. Spns2 inhibition of heteroatom containing tail compounds.a 

 

Entry  Cmpd R %Inhib.  Entry  Cmpd R %Inhib.  

1 3.9a 

 

91 ± 1 7 3.14a 

 

72 ± 2 

2 3.9b 

 

82 ± 1 8 3.14b 

 

53 ± 2 

3 3.9c 

 

78 ± 1 9 3.19a 

 

41 ± 7 

4 3.9d 

 

68 ± 3 10 3.19b 

 

46 ± 2 

5 3.9e 

 

79 ± 3 11 3.19c 

 

40 ± 8 

6 3.9f 

 

82 ± 1 12 3.19d 

 

45 ± 5 

aInhibitory data for the assessment of inhibitor activity in HeLa cells. Spns2 inhibition is 

reported as the percent decrease in S1P secretion relative to the control. Compounds were 

administered at a concentration of 1 ˃M. Cell media was extracted and S1P 

concentrations were measured by LC-MS/MS. Assays were performed in duplicate. 

 

 Due to the profound increase of potency from SLF80721169 to 3.9a, the phenyl 

ether analog was investigated further. A tail homologation study was performed to 

determine the optimal length of the lipophilic tail (Fig. 3.3). Tail modifications from n-

hexyl to n-dodecyl tails were installed and evaluated in the HeLa cell assay at a lower 

concentration of 0.3 ɛM. Following the expected bell-curve of length-dependent activity, 

3.9a remained the most potent inhibitor while shorter tail lengths (3.9g, 27%; 3.9h, 59%; 
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3.9i, 68%) and longer tail lengths (3.9j, 67%; 3.9k, 60%; 3.9l, 42%) both decreased 

potency as the lengths deviated further from the from nonyl phenyl ether tail of 3.9a.   

 

 
Figure 3.3. Tail homologation series of 3.9a. Spns2 inhibition is reported as the percent 

decrease in S1P secretion relative to the control in HeLa cells. Compounds were assayed 

at a concentration of 0.3 ɛM. Assays were performed in duplicate. 

 

 The most potent inhibitor of this SAR study, 3.9a, was subjected to an in vitro 

dose-response study to determine the potency. This experiment determined the IC50 of 

3.9a to be 62 ± 4 nM, a profound improvement from SLF80721169ôs IC50 value of 

approximately 300 nM (Fig. 3.4). The dramatic improvement of potency encouraged the 

investigation of this Spns2 inhibitor in vivo to determine the pharmacokinetic and 

pharmacodynamic properties.  
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Figure 3.4. Dose-response assessment of 3.9a in HeLa cells resulted in an IC50 value of 

62 ± 4 nM. 

 

3.6 EVALUATION OF  IN VIVO  BIOLOGICAL  DATA  

 Following the discovery of the profound potency of 3.9a as a Spns2 inhibitor, the 

compound was subsequently administered to mice to determine its ability to inhibit Spns2 

in vivo. The hallmark of in vivo Spns2 inhibition is lymphopenia, as was demonstrated by 

inhibitors SLF1081851,1 SLB1122168,2 and SLF80821178 that all significantly reduced 

circulating lymphocytes. These inhibitors have shown various effects on plasma S1P.1,2 

Previous Spns2 knockout studies have shown both reduction33-36 and no significant 

change37-39 of plasma S1P in mice. Unfortunately, lymphocyte counts were unaffected 16 

hours following intraperitoneal (IP) injection (Fig. 3.5A) as well as 4 hours post oral 

administration of 3.9a at 10 mg/kg (Fig. 3.5C). Plasma S1P concentrations were 

unaffected in both studies as well (Fig. 3.5B and 3.5D). Thus, 3.9a failed to elicit any 

significant response in mice which may have been caused by rapid metabolism.  
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Figure 3.5. Biological evaluation of 3.9a in female C57BL/6j strain mice. IP 

administration of 3.9a results in no reduction of (A) circulating lymphocytes or (B) 

plasma S1P concentration 16 h post-dose (10 mg/kg). PO administration of 3.9a results in 

no reduction of (C) circulating lymphocytes or (D) plasma S1P concentration 4 h post-

dose (10 mg/kg) following IP injection. ns = not statistically significant.  

 

3.7 CONCLUSIONS 

In this report, several derivatives of benzamide-piperazine Spns2 inhibitor 

SLF80721169 were investigated. Replacement of the phenyl ring with a pyridine ring 

(3.4j ) improved potency compared to SLF80721169 within the decyl tailed analogs and 

any substitution of the phenyl ring decreased activity. However, the phenyl ether scaffold 

yielded several potent Spns2 inhibitors. Phenyl ether 3.9a (IC50 = 62 ± 4 nM), which has 

a nonyl group, reduced S1P transport in HeLa cells on par with the transport dead mutant 

R200S of Spns2 when administered at 1 ɛM. Additional substitution on the aromatic ring 

exhibited a similar reduction of potency as the 4-decylphenyl derivatives. Replacement 

with oxime and 1,2,4-oxadiazole motifs resulted in moderate Spns2 inhibition in vitro. 

A B 

D C 
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The best inhibitor of this series 3.9a was administered to mice, which failed to elicit the 

desired response of lymphopenia following both IP and PO administration. These results 

suggest that 3.9a may have poor oral bioavailability or half-life in mice. Further studies 

are warranted to confirm this hypothesis. 

3.8 FUTURE DIRECTIONS  

 This SAR study yielded a potent Spns2 inhibitor that failed to elicit the desired 

responses in vivo. These results are promising despite the poor pharmacokinetic profile of 

this inhibitor. 3.9a is the first report of a Spns2 inhibitor without the 4-decylphenyl tail 

and core that resulted in a more potent inhibitor. In fact, the lipid tail of our inhibitors is 

relatively underexplored as the focus of previous SAR studies have been on the linker 

and head groups of Spns2 inhibitors. With the exception of fingolimod, FDA approved 

S1P receptor modulators have sterically encumbered, unsaturated, and heteroatom 

containing moieties in the lipophilic tails of the S1P receptor modulators.14-17 

Introduction of more rigid, sterically encumbered, and heteroatom containing moieties to 

the lipophilic tail could greatly improve the pharmacokinetic profile of previously 

synthesized inhibitors by reducing overall lipophilicity the number of rotatable bonds 

compared to the saturated decyl tail. 
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Chapter 4: Improving Spns2 Inhibitors through Lipophilic Tail Modifications  

4.1 CONTRIBUTIONS 

 Compounds 4.22ab, 4.22ac, 4.22ay, 4.22az, 4.22bc, 4.22bh-bj , and 4.29 were 

synthesized by Dr. Andrew Bage. Compound 4.22as was synthesized by Sarah Seay. 

Compound 4.22av was synthesized by Justin Rodgers. All remaining compounds were 

designed and synthesized by Kyle Dunnavant with oversight and guidance from Dr. 

Webster Santos. In vitro and in vivo studies were performed at the University of Virginia 

Department of Pharmacology by collaborators Dr. Kevin Lynch, Dr. Yugesh Kharel and 

Dr. Tao Huang. 

4.2 ABSTRACT 

Sphingosine-1-phosphate (S1P) is an endogenous signaling sphingolipid that 

interacts with five G-protein coupled receptors (S1P1-5) to initiate cellular signaling 

pathways. Spinster homolog 2 (Spns2) is a protein responsible for transporting S1P 

extracellularly in lymph to act as a ligand to S1P1-5 subsequently initiating an immune 

response. The inhibition of Spns2 via small molecule intervention has shown evidence to 

be a viable therapeutic pathway for autoimmune diseases by inducing lymphopenia. 

Herein, we report the improved potency and pharmacokinetic profile of a previous Spns2 

inhibitor SLF80821178 (2.11i, t½ = 2.4 h, IC50 51 ± 3 nM) through modifying the 

lipophilic tail region, a previous untapped strategy for Spns2 inhibitor design. 

SLD1072200 (4.22v), bearing a more rigid and hydrophilic substituted phenyl ether 

within the tail region, improved the half-life (t½ = 6.9 h) and potency (IC50 23 ± 1 nM) 

while maintaining oral bioavailability. 4.22v also showed no signs of toxicity following 

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

The transporter protein spinster homolog 2 (Spns2) has recently gained significant 

interest as a target for therapeutic intervention. This focus was achieved due to the role of 

Spns2 in the S1P-S1P1 interaction that induces the secretion of lymphocytes from 

lymph.33,34,36 There are five FDA approved S1P receptor modulators for treatment of 

multiple sclerosis (MS) and/or ulcerative colitis (UC) that disrupt this interaction.13-17,40-43 

However, these S1P receptor modulators suffer from adverse on-target side effects due to 

the role of S1P-S1P1 interaction in regular signaling functions.40,44-46 The S1P transporter 

Spns2 has been identified as a potential upstream target that can modulate lymphocyte 

trafficking and bypass the on-target side effects of S1P receptor modulators.33,34,36,37 

Studies of Spns2 deficient mice have shown significant protection from experimental 

autoimmune encephalomyelitis (EAE),47 collagen-induced arthritis,48 (dextran sulfate 

sodium) DSS-induced colitis,48 and unilateral kidney ischemia-reperfusion injury (IRI),4 

validating this transporter as a therapeutic target.  

Recently, our lab has synthesized a library of Spns2 inhibitors.1-3 The first 

generation Spns2 inhibitor SLF1081851 induced lymphopenia and reduced plasma S1P 

concentrations when administered to mice.1 Additionally, SLF1081851 ameliorated 

inflammatory signaling in perivascular cells following unilateral kidney IRI, a similar 

response observed in Spns2 knockout mice.4 Unfortunately, this inhibitor was toxic to 

mice at a 30 mg/kg dose.1 This work was followed by the design and synthesis of the 

second generation inhibitors SLB1122168,2 SLF80721166,3 and SLF80821178. Of these 

inhibitors, SLB1122168 and SLF80821178 both have IC50 values in the low nanomolar 

range, a stark improvement for the micromolar IC50 value of SLF1081851.1,2 Of these 
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two potent inhibitors, only one was shown to be orally bioavailable; SLF80821178. 

However, SLF80821178 suffers from a short half-life (2.4 h) in mice, presenting the 

necessity for further improvement of the pharmacokinetic profile of this inhibitor.   

Recently, the structure of Spns2 in the apo, S1P-bound, FTY720-P-bound, 

SLF1081851-bound and SLB1122168-bound states have been reported.49-53 While the 

electron density of our inhibitors in the cryo-EM structure bound to Spns2 was 

discontinuous, these inhibitors are predicted to bind the inward-open conformation of the 

transporter.49-52 Recent molecular docking studies have shown that Spns2 inhibitor 

SLF80821178 targets two different binding sites within the Spns2 transport channel. 

Previous reports have observed that the lipid tail of S1P, FTY720-P, and Spns2 inhibitors 

are sequestered in a hydrophobic pocket within the transport channel as the hydrophilic 

head groups climb a ladder of residues to initiate a conformational change for 

extracellular release for S1P and FTY720-P or locks the transporter to its occluded-

inward facing conformation by inhibitors.49-52 Molecular docking studies have shown that 

the lipid tails of our inhibitors conform to a ñfishhookò shape, potentially acting as an 

anchor as the hydrophilic head climbs the ladder of residues to block the conformational 

changes of Spns2.49-52 This hook conformation seems to play an important role for S1P 

transport and thus, the inhibition of Spns2. The saturated lipid-like tails are able to 

conform to this fishhook shape; however, the entropic penalty upon binding can be 

reduced by introducing rigidity to install this confirmation before binding to the 

protein.54,55 
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Figure 4.1. Structures of FDA approved S1P receptor modulators and SLF80821178. 

The structures of published Spns2 inhibitors can be divided into two distinct 

regions: a polar head group and a nonpolar tail. While head group optimization is an 

ongoing effort, the nonpolar tail has been relatively underexplored. In previous reports, a 

saturated decyl tail substituted at the 4-position of the inhibitorôs aromatic ring is a 

pharmacophore for Spns2 inhibition.1-3 The inspiration for this lipid-like tail sprouted 

from the saturated aliphatic tails of S1P and fingolimod, the first FDA approved drug to 

target the S1P pathway in 2010 (Fig. 4.1).41,56 While these tails have proven to be useful, 

the decyl tail significantly increases the number of rotatable bonds and lipophilicity of 

these inhibitors, both of which are detrimental to their expected oral bioavailability.5-8,10 

However, more recent FDA approved drugs that target the S1P pathway have more 

functionalized, unsaturated, and sterically encumbered tails.13-17,42,43 This suggests that a 

saturated lipid tail mimic of S1P can be replaced for rationally designing a drug that 

targets the S1P pathway. This report discloses a thorough structure-activity relationship 

(SAR) campaign that afforded several potent Spns2 inhibitors (Fig. 4.2). Of these potent 
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inhibitors, 4.22v exhibited an IC50 of 23 ± 1 nM and proved to be orally bioavailable with 

no signs of toxicity following a 14-day chronic dosing study in mice. 

 
Figure 4.2. Design of lipophilic tails for Spns2 inhibitors. 

 

4.4 INHIBITOR DESIGN AND SYNTHESIS  

To perform an SAR study, various lipophilic tails were installed in place of the 

lipid tail.1-3 The aim of this campaign is to decrease the cLogP value and/or number of 

rotatable bonds (NRB) through tail modifications to improve the oral bioavailability of 

the parent inhibitor.5-8 While SLF80821178 inhibited Spns2 in vivo following oral 

administration (PO), the inhibitor displayed a half-life (t½) of 2.4 hours in mice, 

suggesting rapid elimination. Synthetic modifications can be employed to prolong the 

half-life of this Spns2 inhibitor in vivo.57 However, with the polar head group optimized 

through a SAR study, synthetic intervention is focused on the underexplored nonpolar tail 

of SLF80821178 for further improvement. Initial investigation to tail modifications 

began with the installation of commercially available tails; however, the need for more 

complex tails quickly arose. These more complex tails needed to be synthesized in-house 

before installation (Scheme 4.1). A library of phenyl ethers (4.2a-ap) were synthesized 

by subjecting several phenols to SN2 conditions with the appropriate alkenyl bromide in 

25-97% yield.  
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Scheme 4.1. Synthesis of 4.2a-ap. (a) terminal alkyl bromide, K2CO3, MeCN, 82 C, 16 

h, 25-97%. 

In addition to phenyl ethers, a variety of alkyl ethers were synthesized (Scheme 

4.2). Methyl ethers were synthesized by adding alkyl bromides 4.3a-b to a solution of 
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sodium methoxide (25% wt. in methanol) to yield 4.4a-b in 44-91% yield. Cycloalkyl 

(4.6a-c), benzyl (4.6d), and propylene phenyl (4.6e) ethers were synthesized by 

subjecting the appropriate alcohols to SN2 conditions with sodium hydride and the 

appropriate alkenyl bromide to afford the desired products in 16-71% yield.  

 
Scheme 4.2. Synthesis of 4.4a-b and 4.6a-e. (a) sodium methoxide, methanol, rt, 16 h, 

44-91%. (b) alkyl bromide, NaH, THF, 0-23 C, 16 h, 16-71%. 

 

A brief study of changing the heteroatom from an oxygen to nitrogen in regards to 

the phenyl ethers was investigated (Scheme 4.3). Aniline (4.7) was subjected to amide 

coupling conditions with DCC, DMAP, and 1-hexenoic acid to produce 4.8 in near 

quantitative yield. Aniline (4.7) was also subjected to SN2 conditions with TEA and 6-

bromo-1-hexene to afford 4.9 in 64% yield.  

 
Scheme 4.3. Synthesis of 4.8 and 4.9. (a) DCC, DMAP, hex-5-enoic acid, DCM, 0-23 C, 

16 h, 97%; (b) 6-bromo-1-hexene, DIEA, MeCN, 82 C, 16 h, 64%. 

 

An effective method of reducing the NRB of these inhibitors is to introduce 

internal aliphatic rings to our inhibitors (Scheme 4.4). The commercially available 

primary alcohol (4.10) was condensed with 4-toluenesulfonyl chloride to yield 4.11 in 
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53% yield. This electrophile was subjected to SN2 conditions in the presence of phenol to 

afford 4.12 in moderate yield (47%). The ketone was then subjected to Wittig olefination 

to form the terminal alkene 4.13 in 27% yield.58  

 
Scheme 4.4. Synthesis of 4.13. (a) TEA, DMAP, TsCl, DCM, 0-23 C, 16 h, 53%; (b) 

phenol, K2CO3, MeCN, 82 C, 16 h, 47%; (c) methyltriphenylphosphonium bromide, 

tBuOK, THF, 0-23 C, 16 h, 27%. 

 

The synthesis of additional tails with internal aliphatic rings is shown in Scheme 

4.5. 1,3-disubstituted cyclohexyl and cyclopentyl tails were synthesized by subjecting 

methyl 3-oxocyclopentane-1-carboxylate (4.14a) and methyl 3-oxocyclohexane-1-

carboxylate (4.14b) to Wittig olefination conditions to form 4.15a-b in 27-65% yield.58 

The corresponding methyl esters were subsequently reduced to the primary alcohols 

4.16a-b in 88-99% yield. The primary alcohols were condensed with 4-toluenesulfonyl 

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

subjecting 4.17a-b to SN2 conditions with phenol to afford 4.18a-b in 31-47% yield.  

 

 
Scheme 4.5. Synthesis of 4.18a-b. (a) methyltriphenylphosphonium bromide, tBuOK, 

THF, 0-23 C, 16 h, 27-65%; (b) LiAlH 4, THF, 0-23 C, 16 h, 88-99%; (c) TEA, DMAP, 

TsCl, DCM, 0-23 C, 16 h, 53-97%; (d) phenol, K2CO3, MeCN, 82 C, 16 h, 31-47%. 
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Various analogs of inhibitors bearing the urea containing head group were 

synthesized in accordance with Scheme 4.6. 4-iodophenylisocyanate (4.19) was treated 

with mono-N-Boc protected piperazine to afford the corresponding Boc protected 4-

iodophenylurea 4.20 in near quantitative yield. Tail installment was subsequently 

achieved through a tandem one-pot hydroboration and Suzuki-Miyaura cross-coupling 

reaction between the 4-iodophenylurea intermediate and the appropriate alkene to install 

the tail of the inhibitors in 22-91% yields.1 Removal of the Boc protecting groups in 

intermediates 4.21a-bj  with hydrochloric acid provided analogs 4.22a-bj  as 

hydrochloride salts in high yield (79-98%).  

To further probe increased rigidity implemented into the tail of Spns2 inhibitors, 

the modification of a 1,4-disubstituted phenyl ring to the tail by a converging synthetic 

pathway shown in Scheme 4.7. The tail was synthesized with a substitution reaction of 

phenol (4.1a) and methyl 4-(bromomethyl)benzoate to afford 4.23 in 93% yield. The 

methyl benzoate was then reduced to the benzyl alcohol 4.24 in 93% yield. The alcohol 

was transformed to an alkyl bromide under Appel reaction conditions to yield 4.25 in 

62% yield.59 The common intermediate 4-iodophenylurea 4.20 was subjected to Miyaura 

borylation conditions to yield the phenyl boronic ester 4.26 in 71% yield.60 The boronic 

ester was then converted to the boronic acid 4.27 in moderate yield (46%).61 The benzyl 

bromide 4.25 and boronic acid 4.27 were subjected to Suzuki cross-coupling conditions 

to yield the Boc-protected analog 4.28 in 10% yield.62 The Boc group was cleaved by 

subjecting 4.21 to hydrochloric acid yielding 4.29 in 97% yield as an hydrochloride salt. 
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Scheme 4.6. Synthesis of 4.22a-bj . (a) N-Boc-piperazine, DCM, 0-23 C, 16 h, 98%; (b) 

(i) terminal alkene, 9-BBN, THF, 66 °C, 1 h; (ii ) 4.20, Pd(dppf)Cl2ÅCH2Cl2, 3 M KOH 

(aq), THF, 66 °C, 4 h, 22-91%; (c) 4 M HCl/dioxane, DCM, rt, 3 h, 79-98%. 

 

   



82 

 

 
Scheme 4.7. Synthesis of 4.29. (a) methyl 4-(bromomethyl)benzoate, K2CO3, MeCN, 82 

C, 16 h, 93%; (b) LiAlH 4, THF, 0-23 C, 16 h., 93%; (c) CBr4, PPh3, DCM, 0-23 C, 16 

h, 62%; (d) B2pin2, KOAc, Pd(dppf)Cl2ÅCH2Cl2, DMSO, 80 °C, 16 h, 71%; (e) (i) NaIO4, 

THF, H2O, 25 °C, 30 min, (ii) 1 M HCl (aq), 25 °C, 24 h, 46%; (f) benzyl bromide, 

Pd(PPh3)4, 1 M NaOH, Toluene, EtOH, 110 °C, 16 h, 10%; (g) 4 M HCl/dioxane, DCM, 

rt, 3 h, 97%. 

 

 To study the effect of replacing the aryl methylene of SLF80821178 with an 

oxygen to remove the metabolic liability for facile oxidation at that site, a phenyl ether 

motif was installed (Scheme 4.8). The likely metabolite of this inhibitor, 4-aminophenol, 

is a known hepatotoxin.63 However, due to the profound increase in potency from the 

decyl tail (2.4h, SLF80721169) to the nonyl phenyl ether tail (3.9) benzamide inhibitors, 

the urea analog was investigated nonetheless. 4-nitrophenol (4.30) was alkylated under 

SN2 conditions to form intermediate 4.31 in high yield (97%). The nitro group was 

reduced using stannous chloride to form the aniline 4.32 in 63% yield. This aniline was 

coupled with N-Boc-piperazine with triphosgene to afford the Boc-protected phenyl urea 

4.33 in 47% yield. The amine was deprotected with hydrochloric acid to afford the 

desired product 4.34 in 89% yield.  
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Scheme 4.8. Synthesis of 4.34. (a) 1-bromononane, K2CO3, MeCN, 82 C, 16 h, 97%; (b) 

SnCl2, 12 M HCl (aq), ethanol, 78 C, 16 h, 63%; (c) (i) triphosgene, DCM, rt, 30 min; 

(ii) TEA, DCM, rt, 30 min; (iii) N-Boc-piperazine, DCM, rt, 30 min, 47%; (d) 4 M 

HCl/dioxane, DCM, rt, 3 h, 89%. 

 

4.5 EVALUATION OF IN VITRO  BIOLOGICAL DATA  

To determine the respective activities of these Spns2 inhibitors, they were tested 

in a HeLa cell assay.1-3,30 In previous work, it was observed that SLF80821178 reduced 

extracellular S1P transport by 75% in a HeLa cell assay when administered at 300 nM. 

Initial attempts to reduce the NRB of these inhibitors yielded poor results. Cycloalkyl 

tails failed to match the potency of the decyl tailed analog (4.22a, 53%; 4.22b, 37%; 

4.22c, 33%). The phenyl tails exhibited similar activity. Unsubstituted phenyl derivatives 

(4.22d, 25%; 4.22e, 32%) were both less potent than the lead inhibitor SLF80821178. 

Substituted phenyl tails followed a similar trend with the 4-methoxyphenyl (4.22f, 20%), 

4-methylphenyl (4.22g, 42%), and perfluorophenyl (4.22h, 45%) analogs all restricting 

S1P transport by less than 50%.  

In an attempt to reduce both lipophilicity and rotatable bonds, phenyl ethers were 

installed to the lipophilic tail. Of the three analogs of unsubstituted phenyl ethers, 4.22j 

(58%) proved to be the most potent in comparison to two other examples (4.22i, 50%; 

4.22k, 40%). Further investigation into phenyl ether tails was initiated with alkyl 

substitutions at the 2-, 3-, and 4-positions of the phenol ring. Methyl substitutions (4.22l, 

18%; 4.22m, 31%; 4.22n, 17%; 4.22o, 41%; 4.22p, 19%) all exhibited decreased potency 
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compared to the unsubstituted phenyl ether 4.22j . Ethyl substitution of the phenol ring 

produced a comparable Spns2 inhibitor (4.22r , 68%) to the decyl tailed analog with 3-

ethyl substitution while the 4-ethyl (4.22q, 30%) and 2-ethyl (4.22s, 6%) phenyl ethers 

both are significantly less potent. Following the success of meta substitution observed 

with 4.22r , 3-propyl phenyl ether tail was synthesized and exhibited profound inhibition 

of Spns2 (77%).  

With examples of 3-alkyl phenyl ethers showing similar activity to 

SLF80821178, branched and cycloalkyl moieties were installed at the 3-position. 

Inhibitors bearing isopropyl (4.22u, 71%), cyclopropyl (4.22v, 92%), tert-butyl (4.22w, 

82%), and cyclobutyl (4.22x, 65%) at the 3-position of the phenyl ether showed profound 

inhibition of the transporting protein. The 3-phenylphenyl ether 4.22y (41%) failed to 

reach the inhibition levels of the 3-alkyl phenyl ethers. The 2-naphthol ether (4.22z, 41%) 

exhibited moderate activity while the 1-naphthol ether tail (4.22aa, 70%) regained the 

activity observed of 3-alkyl phenyl ethers. In comparison to 4.22aa, 5,6,7,8-tetrahydro-1-

naphthol ether tail (4.22ab, 44%) showed a decrease in activity while 2,3-dihydro-1H-

inden-4-ol ether tail (4.22ac, 64%) maintained a similar reduction of S1P transport.  

Investigation into heteroatom substitution of the phenyl ether produced several 

potent Spns2 inhibitors. Trifluoromethyl containing analogs failed to reduce S1P 

transport by more than 40% in any case (4.22ad, 11%; 4.22ae, 29%; 4.22af, 22%). 

Analogs decorated with a 3-methoxyphenyl ether tail (4.22ag) and a 3-

trifluoromethoxyphenyl ether tail (4.22ah) both exhibited moderate activity as Spns2 

inhibitors (49%, 46%, respectively). The 3-methoxy-5-methylphenyl ether (4.22ai, 28%) 

shows mitigated activity compared to the 3-methoxyphenyl ether analog. More 



85 

 

hydrophilic tails bearing a 3-cyanophenyl ether (4.22aj , 32%) and 3-(hexyloxy)pyridine 

tail (4.22al, 12%) both exhibited significant loss of potency as Spns2 inhibitors.  

Halogen substitution to the phenyl ether yielded several potent inhibitors. 4.22ak, 

bearing a 3-chlorophenyl ether tail, reduced extracellular S1P by 63%. Mono-fluorine 

phenyl ethers 4.22am (59%), 4.22an (67%), and 4.22ao (71%) exhibited over 50% 

reduction of S1P transport. Difluorophenyl ether analogs (4.22ap 63%; 4.22aq, 70%; 

4.22ar , 77%) performed with similar inhibition of Spns2 while a 2,4,6-trifluorophenyl 

ether analog (4.22as, 71%) also maintained inhibitory activity compared to the 

unsubstituted phenyl ether derivative 4.22j . Expanding upon the ether SAR, several alkyl 

ether derivatives were synthesized. Methyl ethers 4.22ay (63%) and 4.22az (65%) 

exhibited similar reductions of S1P transport. The introduction of cycloalkyl ether 

analogs (4.22ba, 54%; 4.22bb, 74%; 4.22bc, 62%) maintained over 50% inhibition. Two 

constitutional isomers of 4.22j  were synthesized with a benzyl ether and phenyl 

propylene ethers in place of the phenyl ether. Benzyl ether derivative 4.22bd showed 

diminished potency with a 29% reduction in extracellular S1P, while the phenyl 

propylene ether analog 4.22be exhibited a similar level of Spns2 inhibition (62%) to the 

phenyl ether analog 4.22j .  

The investigation of replacing the oxygen of the phenyl ether derivatives with a 

nitrogen with 4.22bf and 4.22bg. The N-benzamide tail 4.22bf (7%) completely 

diminished potency observed with phenyl ether analogs, while 4.22bg showed only 

moderate inhibition of Spns2 (45%).  

Further investigation into further reducing the NRB was performed by introducing 

internal cycloalkyl rings to the tail. A 1,4-disubstituted cyclohexyl ring bearing a terminal 
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phenyl ether (4.22bh) reduced extracellular S1P levels by 56%, the 1,3-disubstituted 

cyclohexyl analog (4.22bi) reduced S1P levels by 53%. The 1,3-disubstituted cyclopentyl 

ring bearing a terminal phenyl ether mitigated Spns2 inhibition (4.22bj, 27%). A 1,4-

disubstituted phenyl ring installed with the terminal phenyl ether (4.29, 63%) exhibited 

similar activity to the less rigid 4.22j  analog. Lastly, the phenyl ether moiety was 

installed more internally with a saturated alkyl tail (4.34, 37%), which showed 

diminished Spns2 inhibition compared to the decyl tailed analog SLF80821178.       

Table 4.1. Spns2 inhibition of compounds.a 

 

Entry  Cmpd R %Inhib.  Entry  Cmpd R %Inhib.  

1 SLF80821178 
 

75 ± 2 31 4.22ad 
 

11 ± 6 

2 4.22a 
 

53 ± 7 32 4.22ae 

 

29 ± 11 

3 4.22b  37 ± 6 33 4.22af 

 

22 ± 3 

4 4.22c 
 

33 ± 3 34 4.22ag 
 

49 ± 5 

5 4.22d 
 

25 ± 0 35 4.22ah 
 

46 ± 17 

6 4.22e 
 

32 ± 9 36 4.22ai 

 

28 ± 8 

7 4.22f 
 

20 ± 10 37 4.22aj 
 

32 ± 3 

8 4.22g 
 

42 ± 1 38 4.22ak 

 

63 ± 4 
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9 4.22h 

 

45 ± 0 

 
39 4.22al 

 

12 ± 9 

10 4.22i 
 

50 ± 0 40 4.22am 
 

59 ± 2 

11 4.22j 
 

58 ± 1 41 4.22an 
 

67 ± 3 

12 4.22k 

 

40 ± 4 42 4.22ao 
 

71 ± 0 

13 4.22l 

 

18 ± 9 43 4.22ap 

 

63 ± 4 

14 4.22m 
 

31 ± 12 44 4.22aq 

 

70 ± 4 

15 4.22n 
 

17 ± 1 45 4.22ar 

 

77 ± 4 

16 4.22o 
 

41 ± 8 46 4.22as 

 

71 ± 4 

17 4.22p 

 

19 ± 6 47 4.22ay 
 

63 ± 3 

18 4.22q 
 

30 ± 12 48 4.22az 
 

65 ± 3 

19 4.22r 
 

68 ± 7 49 4.22ba 

 

54 ± 4 

20 4.22s 
 

6 ± 3 50 4.22bb 

 

74 ± 1 

21 4.22t 
 

77 ± 2 51 4.22bc 

 

62 ± 4 

22 4.22u 
 

71 ± 9 52 4.22bd 
 

29 ± 1 
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23 4.22v 
 

92 ± 3 53 4.22be 

 

62 ± 1 

24 4.22w 
 

82 ± 1 54 4.22bf 

 

7 ± 8 

25 4.22x 

 

65 ± 3 55 4.22bg 

 

45 ± 8 

26 4.22y 

 

41 ± 4 56 4.22bh 

 

56 ± 4 

27 4.22z 
 

41 ± 4 57 4.22bi 

 

53 ± 13 

28 4.22aa 

 

70 ± 2 58 4.22bj 

 

27 ± 3 

29 4.22ab 

 

44 ± 8 59 4.29 

 

63 ± 1 

30 4.22ac 

 

64 ± 7 60 4.34 
 

37 ± 11 

aInhibitory data for the assessment of inhibitor activity in HeLa cells. Spns2 inhibition is 

reported as the percent decrease in S1P secretion relative to the control. Compounds were 

tested at 300 nM. Cell media was extracted and S1P concentrations were measured by 

LC-MS/MS. Assays were performed in duplicate.  

 To further investigate the activity of the lead inhibitor 4.22v, several structural 

modifications were explored to determine if the inhibitor could be further improved 

(Table 4.2). The inhibition of the transporter protein was tested at the lower concentration 

to better discern between inhibitor activity, as at a concentration of 300 nM, 4.22v 

inhibited Spns2 activity on par with the 95% decrease seen in the transport dead mutant 

Spns2Arg200Ser.35 Due to the unprecedented potency of this inhibitor, several analogs 

were synthesized and administered to the S1P release assay. To better discern inhibitor 

activity from the lead compound, analogs of 4.22v were administered at a decrease 
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concentration of 100 nM, 4.22v decreased S1P transport by 72%. Moving the 

cyclopropyl group from the 3-position to the 4-position (4.22at, 12%) while maintaining 

the overall length mitigated inhibition. A homologation study of 4.22v with a methylene 

unit removed (4.22au, 22%) and installed (4.22av, 24%). Deviation from the butylene 

linker reduced potency. Lastly, the installation of a fluorine with the 3-cyclopropyl 

moiety at the 2-position (4.22aw, 32%) and 5-position (4.22ax, 25%) of the phenyl ether 

were detrimental to Spns2 inhibitor activity.   

Table 4.2. Spns2 inhibition of analogs of lead compound 4.22v.a 

 

Entry  Cmpd R %Inhib.  Entry  Cmpd R %Inhib.  

1 4.22v 

 

72 ± 6 4 4.22av 

 

24 ± 12 

2 4.22at 

 

12 ± 7 5 4.22aw 

 

32 ± 4 

3 4.22au 

 

22 ± 3 6 4.22ax 

 

25 ± 5 

aInhibitory data for the assessment of inhibitor activity in HeLa cells. Spns2 inhibition is 

reported as the percent decrease in S1P secretion relative to the control. All compounds 

were tested at 100 nM. Cell media was extracted and S1P concentrations were measured 

by LC-MS/MS. Assays were performed in duplicate.  

 To determine the potency of 4.22v, the compound was subjected to a dose-

response assay in HeLa cells (Fig. 4.3). From this assay, it was determined that the 

compound possessed an IC50 value of 23 ± 1 nM, a notable increase in potency compared 

to SLF80821178 (IC50 value of 51 ± 3 nM). This is the first observed increase in potency 

of Spns2 inhibitors with increased rigidity of the nonpolar tail.  
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Figure 4.3. Dose-response assessment of 4.22v in HeLa cells demonstrated that the 

compound possessed an IC50 value of 23 ± 1 nM.  

 

4.6 EVALUATION OF IN VIVO  BIOLOGICAL DATA  

Following the in vitro activity of these inhibitors, the most potent Spns2 inhibitor 

4.22v was administered in vivo to investigate the pharmacokinetic and pharmacodynamic 

profile. For these studies, the hallmark in vivo inhibition of Spns2 is lymphopenia, the 

sequestering of lymphocytes within lymph nodes. This effect can be observed in Spns2 

deficient mice and in previous studies with small molecule Spns2 inhibitor.1,2,33-39 The 

effect of Spns2 inhibition on plasma S1P concentrations remains controversial. Our first-

generation Spns2 inhibitor SLF1081851 consistently reduced plasma S1P concentrations 

by 25% compared to vehicle 4 h postdose.1 There have been reports of Spns2 deficient 

mice that observe plasma S1P reductions by 23-45%33-36 while there are other reports that 

observe no significant change in Spns2 deficient mice.37-39 Second generation Spns2 

inhibitors that are significantly more potent drove lymphopenia while plasma S1P 

concentrations were unaffected.2 We do not understand the relationship between Spns2 

inhibition and plasma S1P concentrations, but these will be resolved in the future. Initial 

investigations began with determining lymphocytes counts 4 hours post-dose of 4.22v 
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following a 10 mg/kg intraperitoneal (IP) injection (Fig. 4.4A) or oral gavage (PO, Fig. 

4.4B). Profound lymphopenia is observed in both studies, establishing that 4.22v is orally 

bioavailable and inhibits Spns2 in vivo. Chronic daily dosing of 4.22v at 20 mg/kg IP for 

14 days showed the expected lymphopenia (Fig. 4.4C) while no significant change was 

observed in the plasma S1P concentrations (Fig. 4.4D). Chronic dosing for 14 days did 

not affect the weight of mice in comparison to vehicle, suggesting that 4.22v is not toxic 

at a moderate daily dose (20 mg/kg) over 14 days (Fig. 4.4E).   

Additionally, preliminary pharmacokinetic studies were conducted to compare the 

half-life of 4.22v and SLF80821178 following oral gavage at 10 mg/kg in vivo. This 

study revealed that 4.22v is longer lived (t½ = 6.9 h) than SLF80821178 (t½ = 2.4 h) in 

mice. The lead inhibitor 4.22v is currently undergoing further biological evaluation and 

molecular dynamics simulations to determine the significance of the conformation of the 

3-cyclopropylphenol tail within the Spns2 transport channel.        
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Figure 4.4. Biological evaluation of 4.22v in female mice. Dosing of 4.22v results in 

reduction of circulating lymphocytes after (A) IP injection or (B) oral gavage. Blood was 

drawn 4 h postdose (10 mg/kg). Age-matched female mice (C57BL/6j strain) were dosed 

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

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

daily dosing. (E) Weight of mice dosed daily of either 20 mg/kg of 4.22v or vehicle, IP 

injection. t-test: * Ò 0.05; ** Ò 0.01; *** Ò 0.001; ns = not statistically significant. 
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4.7 CONCLUSIONS 

Targeting the S1P transporter protein Spns2 has shown potential to be a viable 

therapeutic target and an alternative to several FDA approved S1P receptor modulators 

that suffer from on-target cardiovascular side effects. Recently, we have published 

several potent small molecule Spns2 inhibitors, including the phenyl urea piperazine 

containing SLF80821178, previously the most potent inhibitor of the transporter protein 

reported. In this report, we disclose a comprehensive SAR study of diversified lipophilic 

tails while maintaining the phenyl urea piperazine head group of the previous lead 

inhibitor. Within this study, 4.22v, with a 3-cyclopropylphenol installed into the lipid tail, 

was determined to have an IC50 = 23 ± 1 nM in HeLa cells. When administered to mice, 

4.22v exhibited an improved pharmacokinetic profile compared to the decyl tail analog 

while inducing lymphopenia, the hallmark of Spns2 inhibition. 4.22v is orally 

bioavailable, is not toxic following chronic dosing for 14 days at 20 mg/kg, and is longer 

lived than SLF80821178 in mice.  

4.8 FUTURE DIRECTIONS  

 The success of 4.22v in vivo has prompted further studies of the Spns2 inhibitor in 

animal models of multiple sclerosis, ulcerative colitis, and renal fibrosis. This SAR study 

resulted in improved potency and pharmacokinetic profile of a lead inhibitor. Further 

investigation of tail modifications could be performed by installing these tails to other 

Spns2 inhibitor scaffolds to improve the pharmacokinetic and pharmacodynamic profile 

of other lead inhibitors as an attempt to recreate the success of this campaign to afford 

more drug candidates. The ongoing molecular dynamics simulations of 4.22v could 
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reveal significant insight into the interactions of these phenyl ether tails with hydrophobic 

pockets of the Spns2 transport channel.    
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Chapter 5: Experimental and Supporting Information 

5.1 HeLa CELL ASSAY 

To determine the activity of these inhibitors, our collaborators at the University of 

Virginia Department of Pharmacology assayed compounds in this report in vitro and, if 

deemed a potent inhibitor, in vivo. Initial screening of synthesized compounds began with 

administration to a HeLa cell assay at various test concentration, primarily 1 M˃, 300 

nM, and 100 nM unless noted otherwise.1 HeLa cells were transfected with pcDNA3.1 

plasmids encoding mouse Spns2 and incubated in the presence of a sphingosine-

containing media. All S1P catabolic pathways are retarded by the addition of 4-

deoxypyridoxine (1 mM), NaF (2 mM), and Na3VO4 (0.2 mM). Inhibitors were 

introduced to the media and the cells were allowed to incubate for 18 hours at 37 C. The 

media was extracted and S1P concentrations were quantified via LC-MS/MS. Lower 

levels of S1P release into the media indicated greater degrees of Spns2 inhibition. 

Inhibition is reported as the percent decrease in S1P release relative to the control where 

no inhibitor was introduced. It is important to note that the transport dead mutant 

Spns2Arg200Ser shows 95% reduction of S1P transport compared to wildtype.2  

5.2 MOLECULAR DOCKING  SIMULATIONS  

Schrödinger Maestro version 12.4 workspace was used to run docking studies 

with inhibitors. These inhibitors were docked to the most prominent cluster from 

simulations involving an AlphaFold2 generated SPNS2 homology model that was 

simulated in the presence of a membrane for 1 us using MD simulations.3-5 The cluster 

structure from MD simulation (available on our Open Science Framework - 

https://osf.io/82n73/) was preprocessed using the protein preparation wizard to assign 

https://osf.io/82n73/
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bond orders, add any missing hydrogens, and create disulfide bonds between sulfur atoms 

in proximity. Energy minimization was not performed to maintain the structure from MD. 

Inhibitors were processed using Ligprep from Epik to generate possible ionization states 

a pH 7 and the OPLS3e forcefield was used.6,7 The receptor grid generation tool from 

Glide was used to create the glide grid file containing box information.8 The box was 

centered around the protein at 2, 0, -4 and the box sized large enough to encompass much 

of the transport channel, only cutting off the intracellular and extracellular loops (40 Å x 

40 Å x 40 Å). The box size is determined with two parameters ï the size of the center box 

and the length of ligand allowed to dock outside of that box. The allowed length of the 

ligand outside the central box was set to 20 Å and the center box size was set to 20 Å x 

20 Å x 20 Å. This ensured that at least part of the inhibitor is within the center box, but 

parts of the ligand can dock 20 Å outside of that center box. Ligand docking with 

standard precision was performed in Glide to obtain up to 9 poses for each inhibitor.8 

Interaction Fingerprints were obtained from Discovery Informatics and QSAR.9 Prime 

was used to calculate predicted free energy of binding using Molecular Mechanics with 

Generalized Born and Surface Area solvation (MM/GBSA). In Prime, the docked 

complexes were minimized utilizing a local optimization feature. The solvation model 

applied was the Variable dielectric Surface General Born (VSGB) and the force field 

employed OPLS3e.7,10  

5.3 IN VIVO  MOUSE ASSAY 

Compounds that performed well in the HeLa cell assay were subsequently 

administered to mice (C57BL/6j strain) as a more rigorous assay to test our inhibitors. 

Inhibitor (3-30 mg/kg) or an equivalent dose of vehicle (36.1% PEG400/9.1% 
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ethanol/4.6% solutol/50% H2O) was administered to animals via an intraperitoneal 

injection or oral gavage. After 6 to 16 h, blood samples were collected. Lymphocyte 

counts were obtained from 20 ɛL of mouse blood using a Heska HT5 Element blood 

analyzer. Plasma S1P concentrations were determined using LC-MS/MS. These values 

were compared to a vehicle dose of 36.1% PEG400/9.1% ethanol/4.6% solutol/50% H2O 

to identify any changes that occurred relative to baseline levels.  

5.4 MATERIALS AND EQUIPMENT   

Reactions were performed using the Schlenk technique under an argon or nitrogen 

atmosphere, unless otherwise specified. All glassware used was flame dried or oven-dried 

overnight. All materials utilized for the completion of this work were purchased from 

commercial vendors without further purification unless indicated otherwise. Anhydrous 

solvents were obtained from an Inert PureSolv MD5 system. Purification via column 

chromatography was performed on a Teledyne Isco CombiFlash Rf 200 machine with a 

SiliaFlash P60 40-63 ɛm (60 ¡) stationary phase. Thin-layer chromatography (TLC) 

analyses were performed using Silicycle aluminum-backed silica gel F-254 plates. NMR 

analysis was conducted in a Bruker Advance III 600 MHz, Bruker Advance II 500 MHz, 

or Agilent 400-MR 400 MHz spectrometer. Chemical shifts are reported in ŭ ppm and 1H, 

19F, and 13C NMR are referenced using residual protonated solvent (Chloroform, methanol, 

or DMSO) or an internal standard (TMS). Chemical shifts follow standard nomenclature. 

Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, td = triplet of 

doublets, dq = doublet of quartets, m = multiplet), coupling constants (Hz), and 

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

Synapt-G2S Q-TOF LCMS. Purity assessment of compound were performed by Waters 

UPLC analysis. UPLC conditions: Conditions for LC: Purity assessments were 

performed by Waters UPLC analysis. UPLC conditions: Solvent A: Water (0.1% TFA); 

solvent B: acetonitrile (0.1% TFA); column: Acquity BEH C18 1.7 ɛm 2.1 x 50 mm; 

method: isocratic 95% A, 5% B from 0-3.40 min then linear gradient from 5-95% B by 

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

UV wavelength = 254 nm; flow rate: 0.613 mL/min. All final materials synthesized had a 

purity Ó 95% as measured by UPLC unless otherwise noted. 

5.5 PROCEDURES AND CHARACTERIZATIONS FOR CHAPTER 2  

General Procedure 2.1: HCTU Amide Coupling. To a round-bottom flask 

containing a stir bar was added 4-iodobenzoic acid (1.0 equiv), DIEA (3.0 equiv), and 

DCM (0.2 M). The mixture was allowed to stir at rt for 15 min and HCTU (1.2 equiv) 

and a mono-N-Boc-protected diamine (1.0 equiv) were added. The solution was stirred 

for 16 h at rt at which point complete consumption of the starting material was observed. 

Upon completion, the reaction mixture was concentrated under reduced pressure to afford 

a viscous oil, which could be subjected to silica gel chromatography with an appropriate 

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

General Procedure 2.2: One-Pot Hydroboration-Suzuki Miyaura Cross-

Coupling. To an oven-dried two-neck round-bottom flask containing 1-decene (1.1 

equiv) in THF (0.2 M) was added 9-BBN (1.5 equiv, 0.5 M in THF). A condenser was 

attached and the reaction mixture was heated to reflux for 2 h. Following hydroboration, 

the mixture was cooled to rt and the appropriate aryl iodide (1.0 equiv) and 
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Pd(dppf)Cl2ÅCH2Cl2 (5 mol%) were added. A solution of 3 M KOH(aq) (3.0 equiv) was 

then slowly syringed into the reaction flask. The resulting mixture was again heated to 

reflux until complete consumption of the aryl iodide was observed as monitored by TLC 

(approximately 4 h). Once completion, the mixture was cooled to rt, filtered over celite, 

and concentrated under reduced pressure to afford a crude oil. This oil was subjected to 

silica gel chromatography with an appropriate ethyl acetate in hexanes solvent system to 

yield the desired purified material.  

General Procedure 2.3: HCl -Assisted Boc Deprotection. To a 6-dram vial 

containing an N-Boc-protected amine (1.0 equiv) dissolved in DCM (0.2 M) was added 

HCl (10.0 equiv, 4 M in dioxane). The resulting mixture was allowed to stir until the 

complete consumption of starting material was observed as monitored by TLC 

(approximately 2 h). The solvent was removed under reduced pressure and the residue 

was rinsed with diethyl ether until a thick white precipitate formed. This precipitate was 

subjected to trituration with an appropriate solvent system to afford the pure product as a 

hydrochloride salt.  

General Procedure 2.4: Carbamate Formation. To a dried round-bottom flask 

charged with a stir bar was added 4-iodophenyl isocyanate (1.0 equiv) dissolved in 

anhydrous DCM (0.2 M). The flask was purged with N2 and placed in an ice bath for 20 

min. Anhydrous DIEA (2.0 equiv) and a 0.2 M solution of an N-Boc-protected amino 

alcohol (1.0 equiv) dissolved in DCM were syringed into the sealed flask. The mixture 

was allowed to stir for 16 h while slowly warming to rt. Following reaction completion as 

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

hexanes eluent to afford the desired phenyl carbamate product.  

General Procedure 2.5: Urea Formation. To an oven-dried round-bottom flask 

was added 4-iodophenyl isocyanate (1.0 equiv) and anhydrous DCM (0.2 M). The flask 

was purged with N2 and placed in an ice bath for 20 min. A 0.2 M solution of a mono-N-

Boc-protected diamine (1.0 equiv) in anhydrous DCM was syringed into the flask and the 

reaction was stirred for 16 h while slowly warming to rt. Following reaction completion 

as monitored by TLC, the mixture was concentrated under reduced pressure to afford an 

off-white solid. The material was loaded onto celite and subjected to silica gel 

chromatography with an appropriate ethyl acetate in hexanes eluent to afford the desired 

product.  

General Procedure 2.6: Methylations of Amide and Urea Nitrogens. A round-

bottom flask containing a stir bar was flame dried and placed in a desiccator to cool. NaH 

(1.1 equiv, 60% dispersion in mineral oil) was added and the flask was purged with N2. 

Anhydrous THF was syringed into the flask and the solution was placed in an ice bath. A 

0.2 M solution of either phenyl urea (1.0 equiv) or benzamide (1.0 equiv) in THF (0.2 M) 

was prepared and added dropwise to the reaction flask. The reaction stirred for 30 min 

before MeI (1.2 equiv) was added. The mixture was allowed to slowly warm to rt 

overnight. The solvent was then removed under reduced pressure to afford a crude oil, 

which could be subjected to silica gel chromatography with an appropriate ethyl acetate 

in hexanes eluent to afford the desired methylated material. 

General Procedure 2.7: Thionation of Benzamides. To a round-bottom flask 

containing a solution of benzamide (1.0 equiv) in THF (0.2 M) was added Lawessonôs 
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reagent (1.05 equiv). The mixture was allowed to stir at rt for 16 h or until TLC indicated 

reaction completion. The resulting dispersion was concentrated under reduced pressure 

and subjected to column chromatography in an appropriate ethyl acetate/hexanes solvent 

system to afford the desired purified product. 

tert -butyl (3-(4-iodobenzamido)propyl)carbamate (2.2a) 

Synthesized according to General Procedure 2.1. Purified via 

column chromatography (55% ethyl acetate/hexanes). Off-

white solid (97%, 394 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.78 (d, J = 8.3 Hz, 2H), 7.58 

(d, J = 8.2 Hz, 2H), 7.45 (brs, 1H), 4.91 (t, J = 7.1 Hz, 1H), 3.48 (q, J = 6.2 Hz, 2H), 3.23 

(q, J = 6.4 Hz, 2H), 1.69 (p, J = 6.0 Hz, 2H), 1.44 (s, 9H). 13C NMR (101 MHz, CDCl3) ŭ 

166.7, 157.3, 137.8, 134.1, 128.8, 98.4, 79.8, 37.1, 36.1, 30.3, 28.5. HRMS: (ESI) 

[M+H] + calcd for C15H22IN2O3, 405.0670, observed, 405.0673. 

tert -butyl 3-(4-iodobenzamido)azetidine-1-carboxylate (2.2b)  

Synthesized according to General Procedure 2.1. Purified via 

column chromatography (30-40% ethyl acetate/hexanes). White 

solid (96%, 624 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.94 (d, J = 7.1 Hz, 1H), 7.66 (d, J = 

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

3.87 ï 3.79 (m, 2H), 1.36 (s, 9H). 13C NMR (101 MHz, CDCl3) ŭ 166.9, 156.1, 137.6, 

133.1, 128.9, 98.8, 79.9, 56.2, 39.9, 28.4. HRMS: (ESI) [M+H]+ calcd for C15H20IN2O3, 

403.0513, observed, 403.0516.  

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

Synthesized according to General Procedure 2.1. Purified via 

column chromatography (50% ethyl acetate/hexanes). Clear 
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oil (95%, 480 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.67 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 

8.0 Hz, 2H), 7.04 (d, J = 57.1 Hz, 1H), 4.54 (h, J = 6.3 Hz, 1H), 3.69 ï 3.53 (m, 1H), 

3.49 ï 3.17 (m, 3H), 2.20 ï 2.08 (m, 1H), 2.00 ï 1.83 (m, 1H), 1.40 (s, 9H). 13C NMR 

(101 MHz, CDCl3) ŭ 166.9, 154.5, 137.6, 133.6, 128.8, 98.6, 79.7, 51.7, 50.8*, 50.1, 

49.5*, 44.3*, 43.9, 32.0, 30.9*, 28.5. Material isolated as an approximately 1:1 ratio of 

rotamers. HRMS: (ESI) [M+Na]+ calcd for C16H21IN2NaO3, 439.0489, observed, 

439.0498. 

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

Synthesized according to General Procedure 2.1. Purified via 

column chromatography (50% ethyl acetate/hexanes). White 

solid (99%, 838 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.62 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 

8.0 Hz, 2H), 7.27 (d, J = 44.6 Hz, 1H), 4.49 (h, J = 6.1 Hz, 1H), 3.65 ï 3.48 (m, 1H), 

3.45 ï 3.14 (m, 3H), 2.17 ï 2.04 (m, 1H), 1.95 ï 1.81 (m, 1H), 1.36 (s, 9H). HRMS: 

(ESI) [M+Na]+ calcd for C16H21IN2NaO3, 439.0489, observed, 439.0499. 

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

Synthesized according to General Procedure 2.1. Purified via 

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

solid (94%, 408 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.71 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 

8.6 Hz, 2H), 6.55 (d, J = 60.8 Hz, 1H), 4.12 ï 4.01 (m, 1H), 3.63 ï 3.22 (m, 4H), 1.88 ï 

1.52 (m, 4H), 1.42 (s, 9H). 13C NMR (101 MHz, CDCl3) ŭ 166.2, 155.4, 137.7, 134.0, 

128.6, 98.5, 80.2, 48.5, 46.2, 43.9, 29.4, 28.5, 22.4. HRMS: (ESI) [M+H]+ calcd for 

C17H23IN2NaO3, 453.0646, observed, 453.0647. 
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tert -butyl (S)-3-(4-iodobenzamido)piperidine-1-carboxylate (2.2f)  

Synthesized according to General Procedure 2.1. Purified via 

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

solid (95%, 512 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.64 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 

8.5 Hz, 2H), 6.69 (brs, 1H), 4.05 ï 3.93 (m, 1H), 3.43 (d, J = 88.9 Hz, 4H), 1.88 ï 1.54 

(m, 4H), 1.37 (s, 9H). 13C NMR (101 MHz, CDCl3) ŭ 166.2, 155.4, 137.6, 133.9, 128.6, 

98.4, 80.0, 48.3, 46.2, 44.4, 29.4, 28.4, 22.5. HRMS: (ESI) [M+Na]+ calcd for 

C17H23IN2NaO3, 453.0646, observed, 453.0649. 

tert -butyl 4-(4-iodobenzamido)piperidine-1-carboxylate (2.2g)  

Synthesized according to General Procedure 2.1. Purified via 

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

solid (92%, 799 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.82 (d, J = 8.6 Hz, 2H), 7.56 (d, J 

= 8.6 Hz, 2H), 4.16 ï 3.95 (m, 3H), 2.98 ï 2.83 (m, 2H), 2.01 ï 1.84 (m, 2H), 1.56 ï 1.41 

(m, 11H). 13C NMR (101 MHz, CD3OD) ŭ 168.8, 156.4, 138.8, 135.3, 130.1, 99.1, 81.1, 

48.8, 44.0, 32.5, 28.7. HRMS: (ESI) [M+Na]+ calcd for C17H23IN2NaO3, 453.0646, 

observed, 453.0645. 

tert -butyl 4-(4-iodobenzoyl)piperazine-1-carboxylate (2.2h)  

Synthesized according to General Procedure 2.1. Purified via 

column chromatography (40-50% ethyl acetate/hexanes). White 

solid (93%, 780 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.84 (d, J = 

8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 3.79 ï 3.35 (m, 8H), 1.47 (s, 9H). 13C NMR (101 

MHz, CD3OD) ŭ 171.7, 156.2, 139.0, 136.0, 130.0, 97.1, 81.7, 44.7, 43.3, 28.6. HRMS: 

(ESI) [M+H]+ calcd for C16H22IN2O3, 417.0670, observed, 417.0672. 
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tert -butyl (S)-4-(4-iodobenzoyl)-2-methylpiperazine-1-carboxylate (2.2i)  

Synthesized according to General Procedure 2.1. Purified via 

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

(95%, 412 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.72 (d, J = 8.4 Hz, 

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

ï 0.99 (m, 3H). 13C NMR (101 MHz, CDCl3) ŭ 170.3, 154.4, 137.8, 134.9, 128.8, 96.1, 

80.2, 51.5, 46.9, 42.1, 38.1, 28.4, 15.1. HRMS: (ESI) [M+H]+ calcd for C17H24IN2O3, 

431.0826, observed, 431.0840. 

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

Synthesized according to General Procedure 2.1. Purified via 

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

(99%, 431 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.73 (d, J = 8.3 

Hz, 2H), 7.08 (d, J = 8.3 Hz, 2H), 4.91 ï 3.63 (m, 4H), 3.28 ï 2.69 (m, 3H), 1.43 (s, 9H), 

1.21 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 169.7, 155.0, 137.8, 135.4, 

128.4, 95.9, 80.3, 50.5, 48.6, 47.3*, 44.2*, 43.2, 36.9, 28.4, 15.6. Material isolated as an 

approximately 5:4 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd for C17H24IN2O3, 

431.0826, observed, 431.3267. 

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

Synthesized according to General Procedure 2.1. Purified via 

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

(90%, 482 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.76 (d, J = 8.4 

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

(m, 2H), 2.02 ï 1.71 (m, 4H), 1.45 (s, 9H). 13C NMR (101 MHz, CDCl3) ŭ 167.6, 155.8, 
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137.8, 135.2, 129.1, 96.8, 80.4, 56.6, 51.4*, 50.0, 48.9*, 28.5, 27.7, 26.2*. Material 

isolated as an approximately 1:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd for 

C18H24IN2O3, 443.0826, observed, 443.0832. 

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

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (40% ethyl 

acetate/hexanes). Off-white solid (87%, 354 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.75 (d, 

J = 8.2 Hz, 2H), 7.28 ï 7.18 (m, 3H), 5.07 (t, J = 6.9 Hz, 1H), 3.48 (q, J = 6.2 Hz, 2H), 

3.21 (q, J = 6.5 Hz, 2H), 2.62 (t, J = 7.7 Hz, 2H), 1.68 (p, J = 6.0 Hz, 2H), 1.60 (p, J = 

7.6 Hz, 2H), 1.44 (s, 9H), 1.37 ï 1.15 (m, 14H), 0.87 (t, J = 7.0 Hz, 3H). 13C NMR (101 

MHz, CDCl3) ŭ 167.7, 157.0, 146.8, 132.0, 128.6, 127.1, 79.5, 37.2, 36.2, 35.9, 32.0, 

31.3, 30.4, 29.74, 29.71, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+Na]+ calcd 

for C25H42N2NaO3, 441.3088, observed, 441.3080. 

tert -butyl 3-(4-decylbenzamido)azetidine-1-carboxylate (2.3b)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (30-40% ethyl 

acetate/hexanes). White solid (91%, 589 mg). 1H NMR 

(400 MHz, CDCl3) ŭ 7.72 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 7.1 Hz, 1H), 7.15 (d, J = 8.3 

Hz, 2H), 4.81 ï 4.69 (m, 1H), 4.23 (t, J = 8.5 Hz, 2H), 3.86 (dd, J = 9.3, 5.1 Hz, 2H), 

2.59 (t, J = 7.7 Hz, 2H), 1.57 (p, J = 6.5 Hz, 2H), 1.39 (s, 9H), 1.32 ï 1.16 (m, 14H), 0.85 

(t, J = 6.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 167.6, 156.2, 147.1, 131.1, 128.5, 

127.3, 79.7, 56.6, 39.8, 35.9, 31.9, 31.2, 29.63, 29.60, 29.5, 29.3, 29.3, 28.4, 22.7, 14.1. 

HRMS: (ESI) [M+H]+ calcd for C25H41N2O3, 417.3112, observed, 417.3122. 
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tert -butyl (R)-3-(4-decylbenzamido)pyrrolidine-1-carboxylate (2.3c)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (50% ethyl 

acetate/hexanes). White solid (98%, 490 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.65 (d, J = 

8.2 Hz, 2H), 7.16 (d, J = 8.1 Hz, 2H), 6.67 (d, J = 7.1 Hz, 1H), 4.58 (h, J = 5.3 Hz, 1H), 

3.71 ï 3.59 (m, 1H), 3.51 ï 3.18 (m, 3H), 2.59 (t, J = 7.7 Hz, 2H), 2.22 ï 2.09 (m, 1H), 

1.96 ï 1.86 (m, 1H), 1.56 (p, J = 7.1 Hz, 2H), 1.42 (s, 9H), 1.33 ï 1.15 (m, 14H), 0.84 (t, 

J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 167.6, 154.6, 147.0, 131.5, 128.5, 127.1, 

79.6, 51.8, 50.9*, 49.9, 49.3*, 44.2*, 43.9, 35.8, 32.0, 31.9, 31.3, 30.9*, 29.64, 29.61, 

29.5, 29.3, 29.3, 28.5, 22.7, 14.1. NMR shows slight residual ethyl acetate impurity peak. 

Material isolated as an approximately 1:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd 

for C26H43N2O3, 431.3268, observed, 431.3267. 

tert -butyl (S)-3-(4-decylbenzamido)pyrrolidine-1-carboxylate (2.3d)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (40% ethyl 

acetate/hexanes). White solid (80%, 691 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.65 (d, J = 

8.1 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 7.1 Hz, 1H), 4.57 (h, J = 6.1 Hz, 1H), 

3.72 ï 3.58 (m, 1H), 3.50 ï 3.17 (m, 3H), 2.58 (t, J = 7.7 Hz, 2H), 2.21 ï 2.08 (m, 1H), 

1.96 ï 1.84 (m, 1H), 1.56 (p, J = 7.2 Hz, 2H), 1.41 (s, 9H), 1.30 ï 1.14 (m, 14H), 0.84 (t, 

J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 167.6, 154.5, 147.0, 131.5, 128.5, 127.1, 

79.5, 51.7, 50.9*, 49.9, 49.3*, 44.3*, 43.9, 35.8, 32.0*, 31.9, 31.2, 30.9, 29.62, 29.59, 

29.5, 29.3, 29.2, 28.5, 22.7, 14.1. Material isolated as an approximately 1:1 ratio of 
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rotamers. NMR shows slight residual ethyl acetate impurity peak. HRMS: (ESI) [M+H]+ 

calcd for C26H43N2O3, 431.3268, observed, 431.3269. 

tert -butyl (R)-3-(4-decylbenzamido)piperidine-1-carboxylate (2.3e)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (30-40% ethyl 

acetate/hexanes). Off-white solid (90%, 379 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.65 (d, 

J = 8.2 Hz, 2H), 7.18 (d, J = 8.2 Hz, 2H), 6.40 (brs, 1H), 4.16 ï 4.05 (m, 1H), 3.62 ï 3.21 

(m, 4H), 2.60 (t, J = 7.7 Hz, 2H), 1.85 ï 1.51 (m, 6H), 1.43 (s, 9H), 1.32 ï 1.17 (m, 14H), 

0.85 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 167.0, 155.5, 146.9, 132.0, 

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

22.7, 22.4, 14.2. HRMS: (ESI) [M+H]+ calcd for C27H45N2O3, 445.3425, observed, 

445.3427. 

tert -butyl (S)-3-(4-decylbenzamido)piperidine-1-carboxylate (2.3f)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Off-white solid (83%, 439 mg). 1H 

NMR (500 MHz, CDCl3) ŭ 7.64 (d, J = 8.2 Hz, 2H), 7.16 (d, J = 8.2 Hz, 2H), 6.54 (d, J = 

91.1 Hz, 1H), 4.13 ï 4.04 (m, 1H), 3.66 ï 3.22 (m, 4H), 2.59 (t, J = 7.7 Hz, 2H), 1.86 ï 

1.48 (m, 6H), 1.41 (s, 9H), 1.29 ï 1.18 (m, 14H), 0.84 (t, J = 6.9 Hz, 3H). 13C NMR (126 

MHz, CDCl3) ŭ 167.0, 155.1, 146.8, 131.9, 128.5, 127.0, 80.0, 48.7, 45.7, 43.6, 35.8, 

31.9, 31.2, 29.64, 29.61, 29.52, 29.50, 29.3, 29.2, 28.4, 22.7, 22.4, 14.1. HRMS: (ESI) 

[M+Na]+ calcd for C27H44N2NaO3, 467.3244, observed, 467.3247. 
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tert -butyl 4-(4-decylbenzamido)piperidine-1-carboxylate (2.3g)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30% ethyl 

acetate/hexanes). Light brown solid (87%, 721 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.65 

(d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 6.59 (d, J = 7.9 Hz, 1H), 4.11 ï 3.97 (m, 

3H), 2.79 (t, J = 12.8 Hz, 2H), 2.57 (t, J = 7.7 Hz, 2H), 1.94 ï 1.86 (m, 2H), 1.54 (p, J = 

7.0 Hz, 2H), 1.41 ï 1.37 (m, 11H), 1.29 ï 1.13 (m, 14H), 0.83 (t, J = 6.9 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) ŭ 166.9, 154.6, 146.7, 131.9, 128.4, 127.1, 79.5, 47.1, 42.8, 

35.8, 32.0, 31.9, 31.2, 29.6, 29.5, 29.4, 29.3, 29.2, 28.4, 22.6, 14.1. HRMS: (ESI) [M+H]+ 

calcd for C27H45N2O3, 445.3425, observed, 445.3425. 

tert -butyl 4-(4-decylbenzoyl)piperazine-1-carboxylate (2.3h)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (40% ethyl acetate/hexanes). 

Off-white solid (92%, 740 mg). 1H NMR (400 MHz, 

CDCl3) ŭ 7.30 (d, J = 7.8 Hz, 2H), 7.20 (d, J = 7.8 Hz, 2H), 3.81 ï 3.29 (m, 8H), 2.61 (t, 

J = 7.7 Hz, 2H), 1.60 (p, J = 7.1 Hz, 2H), 1.46 (s, 9H), 1.35 ï 1.20 (m, 14H), 0.87 (t, J = 

6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 171.0, 154.7, 145.3, 132.8, 128.7, 127.3, 

80.4, 47.6*, 43.7, 42.3, 35.9, 32.0, 31.4, 29.72, 29.68, 29.6, 29.44, 29.40, 28.5, 22.8, 14.2. 

Material isolated as an approximately 2:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd 

for C26H43N2O3, 431.3268, observed, 431.3267. 

tert -butyl (S)-4-(4-decylbenzoyl)-2-methylpiperazine-1-carboxylate (2.3i)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (30-40% ethyl 
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acetate/hexanes). Brown oil (80%, 339 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.26 (d, J = 

8.0 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 4.58 ï 3.76 (m, 4H), 3.31 ï 2.82 (m, 3H), 2.57 (t, J 

= 7.7 Hz, 2H), 1.58 (p, J = 7.2 Hz, 2H), 1.41 (s, 9H), 1.30 ï 1.17 (m, 14H), 0.83 (t, J = 

6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 171.6, 154.5, 145.0, 132.8, 128.5, 127.2, 

80.1, 51.6, 47.1, 41.9, 38.3, 35.8, 31.9, 31.3, 29.64, 29.62, 29.5, 29.33, 29.30, 28.4, 22.7, 

15.2, 14.1. HRMS: (ESI) [M+H]+ calcd for C27H45N2O3, 445.3425, observed, 445.3428. 

tert -butyl 4-(4-decylbenzoyl)-3-methylpiperazine-1-carboxylate (2.3j)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (35-60% ethyl 

acetate/hexanes). Off-white solid (78%, 348 mg). 1H NMR 

(400 MHz, CDCl3) ŭ 7.28 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H), 4.93 ï 3.62 (m, 

4H), 3.29 ï 2.73 (m, 3H), 2.62 (t, J = 7.7 Hz, 2H), 1.61 (p, J = 7.5 Hz, 2H), 1.47 (s, 9H), 

1.36 ï 1.20 (m, 17H), 0.88 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 170.9, 

155.1, 145.0, 133.3, 128.7, 126.8, 80.2, 50.0, 48.7, 47.4*, 44.8, 44.4*, 43.3, 35.9, 32.0, 

31.4, 29.7, 29.6, 29.5, 29.4, 29.3, 28.4, 22.7, 15.5, 14.2. Material isolated as an 

approximately 1:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd for C27H44N2NaO3, 

467.3244, observed, 467.3250. 

tert -butyl 3-(4-decylbenzoyl)-3,8-diazabicyclo[3.2.1]octane-8-carboxylate (2.3k)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (30-40% ethyl 

acetate/hexanes). Clear oil (74%, 367 mg). 1H NMR (400 

MHz, CDCl3) ŭ 7.38 (d, J = 8.1 Hz, 2H), 7.19 (d, J = 8.0 

Hz, 2H), 4.91 ï 4.65 (m, 1H), 4.20 ï 3.66 (m, 3H), 3.29 ï 2.93 (m, 2H), 2.60 (t, J = 7.7 
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Hz, 2H), 1.99 ï 1.68 (m, 4H), 1.59 (p, J = 7.3 Hz, 2H), 1.44 (s, 9H), 1.34 ï 1.18 (m, 

14H), 0.86 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 168.7, 155.9, 145.6, 133.0, 

128.6, 127.5, 80.2, 56.5, 51.2*, 50.1, 49.0*, 35.9, 32.0, 31.3, 29.7, 29.6, 29.5, 29.4, 29.3, 

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

HRMS: (ESI) [2M+H] + calcd for C56H89N4O6, 913.6777, observed, 913.6774. 

N-(3-aminopropyl)-4-decylbenzamide hydrochloride (2.4a)  

Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid (78%, 66 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.77 (d, J = 8.2 Hz, 

2H), 7.29 (d, J = 8.3 Hz, 2H), 3.50 (t, J = 6.6 Hz, 2H), 3.00 (t, J = 7.3 Hz, 2H), 2.67 (t, J 

= 7.6 Hz, 2H), 1.97 (p, J = 6.9 Hz, 2H), 1.63 (p, J = 7.6 Hz, 2H), 1.38 ï 1.23 (m, 14H), 

0.89 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 170.9, 148.6, 132.4, 129.6, 

128.4, 38.3, 37.3, 36.7, 33.1, 32.4, 30.70, 30.68, 30.5, 30.4, 30.3, 28.9, 23.7, 14.4. 

HRMS: (ESI) [M+H]+ calcd for C20H35N2O, 319.2744, observed, 319.2752. 

N-(azetidin-3-yl)-4-decylbenzamide 2,2,2-trifluoroacetate (2.4b)  

tert-butyl 3-(4-decylbenzamido)azetidine-1-

carboxylate (2.3b) was dissolved in DCM and added 

to a 6-dram vial containing a stir bar. Trifluoroacetic 

acid (20.0 equiv) was added to the flask and the mixture was allowed to stir at rt for 2 h. 

Following completion as monitored by TLC, the material was loaded onto celite and 

subjected to silica gel chromatography. Purified via column chromatography (10-15% 

MeOH/DCM). White solid (67%, 69 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.80 (d, J = 

8.3 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 4.48 (tt, J = 7.6, 3.8 Hz, 1H), 4.14 (t, J = 11.5 Hz, 
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1H), 3.93 (dd, J = 11.4, 7.2 Hz, 1H), 3.80 (dd, J = 11.8, 3.7 Hz, 1H), 3.69 (dd, J = 11.8, 

4.4 Hz, 1H), 2.74 (t, J = 7.7 Hz, 2H), 1.66 (p, J = 7.2 Hz, 2H), 1.38 ï 1.20 (m, 14H), 0.89 

(t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 167.3, 152.3, 130.7, 129.5, 121.1, 

63.5, 60.5, 47.9, 36.9, 33.1, 32.2, 30.67, 30.66, 30.5, 30.4, 30.2, 23.7, 14.4. HRMS: (ESI) 

[M+H] + calcd for C20H33N2O, 317.2587, observed, 317.2592. 

(R)-4-decyl-N-(pyrrolidin -3-yl)benzamide hydrochloride (2.4c)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (79%, 101 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.80 (d, J = 8.3 Hz, 2H), 7.28 (d, J 

= 8.2 Hz, 2H), 4.63 (tt, J = 7.1, 5.0 Hz, 1H), 3.66 ï 3.52 (m, 2H), 3.46 ï 3.34 (m, 2H), 

2.66 (t, J = 7.7 Hz, 2H), 2.47 ï 2.34 (m, 1H), 2.27 ï 2.15 (m, 1H), 1.63 (p, J = 7.5 Hz, 

2H), 1.36 ï 1.20 (m, 14H), 0.89 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 

170.4, 148.7, 132.3, 129.6, 128.6, 51.1, 50.8, 45.8, 36.7, 33.1, 32.4, 30.9, 30.68, 30.67, 

30.5, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C21H35N2O, 331.2744, 

observed, 331.2731. 

(S)-4-decyl-N-(pyrrolidin -3-yl)benzamide hydrochloride (2.4d)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (77%, 99 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.80 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 

8.2 Hz, 2H), 4.63 (tt, J = 7.1, 5.0 Hz, 1H), 3.66 ï 3.52 (m, 2H), 3.45 ï 3.34 (m, 2H), 2.66 

(t, J = 7.7 Hz, 2H), 2.48 ï 2.34 (m, 1H), 2.29 ï 2.14 (m, 1H), 1.63 (p, J = 7.5 Hz, 2H), 

1.37 ï 1.20 (m, 14H), 0.89 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 170.5, 

148.7, 132.3, 129.6, 128.6, 51.2, 50.8, 45.8, 36.7, 33.0, 32.4, 30.9, 30.69, 30.68, 30.5, 
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30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C21H35N2O, 331.2744, observed, 

331.2731. 

(R)-4-decyl-N-(piperidin -3-yl)benzamide hydrochloride (2.4e) 

 Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid (67%, 69 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.79 (d, J = 8.3 Hz, 

2H), 7.28 (d, J = 8.3 Hz, 2H), 4.29 (tt, J = 10.5, 4.0 Hz, 1H), 3.50 (dd, J = 12.2, 4.3 Hz, 

1H), 3.35 (dt, J = 12.9, 4.0 Hz, 1H), 3.07 ï 2.95 (m, 2H), 2.66 (t, J = 7.7 Hz, 2H), 2.13 ï 

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

J = 6.8 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 169.9, 148.6, 132.4, 129.6, 128.6, 47.9, 

45.5, 44.9, 36.7, 33.0, 32.4, 30.68, 30.67, 30.5, 30.4, 30.3, 29.1, 23.7, 22.3, 14.5. HRMS: 

(ESI) [M+H]+ calcd for C22H37N2O, 345.2900, observed, 345.2894. 

(S)-4-decyl-N-(piperidin -3-yl)benzamide hydrochloride (2.4f)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (67%, 69 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.79 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 

8.3 Hz, 2H), 4.30 (tt, J = 10.4, 4.0 Hz, 1H), 3.50 (dd, J = 12.3, 4.4 Hz, 1H), 3.35 (dt, J = 

12.9, 4.1 Hz, 1H), 3.07 ï 2.96 (m, 2H), 2.65 (t, J = 7.6 Hz, 2H), 2.13 ï 2.02 (m, 2H), 1.96 

ï 1.72 (m, 2H), 1.62 (p, J = 7.1 Hz, 2H), 1.36 ï 1.21 (m, 14H), 0.89 (t, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, CD3OD) ŭ 169.9, 148.6, 132.4, 129.6, 128.6, 47.9, 45.5, 44.8, 36.7, 

33.0, 32.4, 30.68, 30.67, 30.5, 30.4, 30.3, 29.1, 23.7, 22.3, 14.5. HRMS: (ESI) [M+H]+ 

calcd for C22H37N2O, 345.2900, observed, 345.2900. 
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4-decyl-N-(piperidin -4-yl)benzamide hydrochloride (2.4g)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (84%, 72 mg). 1H NMR (400 MHz, CD3OD) ŭ 8.44 (d, J = 7.4 Hz, 1H), 7.77 (d, J = 

8.1 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 4.24 ï 4.11 (m, 1H), 3.48 (dt, J = 14.1, 4.2 Hz, 

2H), 3.15 (td, J = 12.8, 3.1 Hz, 2H), 2.65 (t, J = 7.7 Hz, 2H), 2.23 ï 2.12 (m, 2H), 2.00 ï 

1.85 (m, 2H), 1.61 (p, J = 7.4 Hz, 2H), 1.37 ï 1.20 (m, 14H), 0.89 (t, J = 6.8 Hz, 3H). 13C 

NMR (101 MHz, CD3OD) ŭ 169.9*, 169.8, 148.4, 132.8*, 132.8, 129.5, 128.5, 46.3*, 

46.2, 44.4, 36.7, 33.0, 32.4, 30.68, 30.67, 30.5, 30.4, 30.3, 29.5*, 29.5, 23.7, 14.5. 

HRMS: (ESI) [M+H]+ calcd for C22H37N2O, 345.2900, observed, 345.2904.  

(4-decylphenyl)(piperazin-1-yl)methanone hydrochloride (2.4h)  

Synthesized according to General Procedure 2.3. Purified via 

trituration with ethyl acetate and diethyl ether. White solid 

(74%, 95 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.43 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.0 

Hz, 2H), 3.88 (brs, 4H), 3.32 (brs, 4H), 2.68 (t, J = 7.7 Hz, 2H), 1.65 (p, J = 7.5 Hz, 2H), 

1.40 ï 1.23 (m, 14H), 0.91 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 172.9, 

147.3, 132.7, 129.9, 128.5, 44.4, 36.7, 33.1, 32.5, 30.72, 30.70, 30.6, 30.5, 30.3, 23.7, 

14.4. One piperazine carbon signal overlaps with CD3OD solvent peak. HRMS: (ESI) 

[M+H] + calcd for C21H35N2O, 331.2744, observed, 331.2731. 

(S)-(4-decylphenyl)(3-methylpiperazin-1-yl)methanone hydrochloride (2.4i)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (91%, 78 mg). 1H NMR (500 MHz, CD3OD) ŭ 7.41 (d, 



123 

 

J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 4.57 (brs, 1H), 3.98 (brs, 1H), 3.51 ï 3.36 (m, 

3H), 3.25 ï 3.15 (m, 2H), 2.67 (t, J = 7.7 Hz, 2H), 1.63 (p, J = 7.3 Hz, 2H), 1.43 ï 1.22 

(m, 17H), 0.90 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 172.8, 147.3, 132.8, 

129.9, 128.5, 52.4, 44.1, 36.8, 33.1, 32.5, 30.72, 30.71, 30.6, 30.5, 30.3, 23.7, 16.0, 14.5. 

HRMS: (ESI) [M+H]+ calcd for C22H37N2O, 345.2900, observed, 345.2907. 

(4-decylphenyl)(2-methylpiperazin-1-yl)methanone hydrochloride (2.4j)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (90%, 77 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.41 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 

8.2 Hz, 2H), 4.79 ï 4.65 (m, 1H), 4.22 (d, J = 12.2 Hz, 1H), 3.56 ï 3.43 (m, 1H), 3.42 ï 

3.36 (m, 3H), 3.18 (td, J = 12.9, 3.9 Hz, 1H), 2.69 (t, J = 7.7 Hz, 2H), 1.65 (p, J = 7.2 Hz, 

2H), 1.45 (d, J = 7.2 Hz, 3H), 1.40 ï 1.26 (m, 14H), 0.92 (t, J = 6.9 Hz, 3H). 13C NMR 

(126 MHz, CD3OD) ŭ 173.1, 147.1, 133.2, 129.9, 128.1, 47.9, 46.6, 44.3, 37.9, 36.7, 

33.1, 32.5, 30.72, 30.71, 30.6, 30.5, 30.3, 23.7, 15.4, 14.4. HRMS: (ESI) [M+H]+ calcd 

for C22H37N2O, 345.2900, observed, 345.2900. 

(3,8-diazabicyclo[3.2.1]octan-3-yl)(4-decylphenyl)methanone hydrochloride (2.4k)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (93%, 80 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.50 (d, 

J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 4.80 ï 4.19 (m, 2H), 3.43 ï 3.26 (m, 4H), 2.67 

(t, J = 7.7 Hz, 2H), 2.27 ï 2.18 (m, 2H), 2.11 ï 1.99 (m, 2H), 1.64 (p, J = 7.3 Hz, 2H), 

1.42 ï 1.22 (m, 14H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 171.0, 

147.9, 132.9, 129.9, 128.7, 56.5, 51.4*, 49.9, 36.8, 33.1, 32.5, 30.71, 30.69, 30.6, 30.5, 
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30.3, 27.6, 26.3*, 23.7, 14.4. Material isolated as an approximately 1:1 ratio of rotamers. 

HRMS: (ESI) [M+H]+ calcd for C23H37N2O, 357.2900, observed, 357.2911.  

(2,5-diazabicyclo[2.2.1]heptan-2-yl)(4-decylphenyl)methanone hydrochloride (2.4l)  

Synthesized according to General Procedure 2.3. Purified via 

trituration with ethyl acetate and diethyl ether. White solid 

(65%, 56 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.57 ï 7.42 (m, 2H), 7.36 ï 7.23 (m, 2H), 

5.01 ï 4.42 (m, 2H), 3.86 ï 3.79 (m, 1H), 3.74 ï 3.52 (m, 2H), 3.46 ï 3.38 (m, 1H), 2.67 

(t, J = 7.8 Hz, 2H), 2.25 (dd, J = 45.0, 11.8 Hz, 1H), 2.05 (dd, J = 34.3, 11.4 Hz, 1H)*, 

1.63 (p, J = 6.7 Hz, 2H), 1.40 ï 1.21 (m, 14H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR (101 

MHz, CD3OD) ŭ 172.6, 171.3*, 147.9*, 147.6, 133.5, 133.3*, 129.9, 129.7*, 128.8*, 

128.5, 59.9, 59.7*, 58.9, 56.3*, 54.1, 53.8*, 52.9, 50.4*, 37.4, 36.8, 35.8*, 33.0, 32.5, 

30.71, 30.70, 30.6, 30.4, 30.3, 23.7, 14.5. Material isolated as an approximately 1:1 ratio 

of rotamers. HRMS: (ESI) [M+H]+ calcd for C22H35N2O, 343.2744, observed, 343.2738. 

2-((tert -butoxycarbonyl)amino)ethyl (4-iodophenyl)carbamate (2.6a)  

Synthesized according to General Procedure 2.4. Purified via 

column chromatography (20-30% ethyl acetate/hexanes). 

White solid (67%, 223 mg). 1H NMR (400 MHz, CD3OD) ŭ 

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

Hz, 2H), 1.45 (s, 9H). 13C NMR (101 MHz, CD3OD) ŭ 158.4, 155.4, 140.2, 138.8, 121.7, 

86.1, 80.2, 64.8, 40.7, 28.7. HRMS: (ESI) [M+Na]+ calcd for C14H19IN2NaO4, 429.0282, 

observed, 429.0293. 
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tert -butyl (R)-3-(((4-iodophenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate (2.6b)  

Synthesized according to General Procedure 2.4. Purified via 

column chromatography (40-50% ethyl acetate/hexanes). 

White solid (40%, 210 mg). 1H NMR (400 MHz, CDCl3) ŭ 

7.91 ï 7.49 (m, 3H), 7.24 (d, J = 8.3 Hz, 2H), 5.33 ï 5.26 (m, 1H), 3.61 ï 3.31 (m, 4H), 

2.13 ï 2.00 (m, 2H), 1.46 (d, J = 5.9 Hz, 9H). 13C NMR (101 MHz, CDCl3) ŭ 154.7*, 

154.6, 152.9, 138.2*, 138.0, 137.9*, 137.9, 120.6, 86.3*, 86.2, 79.9, 74.9, 73.8*, 52.2, 

51.5*, 44.1*, 43.8, 32.0*, 31.0, 28.6. Material isolated as an approximately 1:1 ratio of 

rotamers. HRMS: (ESI) [M+H]+ calcd for C16H22IN2O4, 433.0619, observed, 433.0617. 

tert -butyl (S)-3-(((4-iodophenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate (2.6c)  

Synthesized according to General Procedure 2.4. Purified via 

column chromatography (40-50% ethyl acetate/hexanes). 

White solid (47%, 247 mg). 1H NMR (400 MHz, CDCl3) ŭ 

8.19 (d, J = 130.7 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.2 Hz, 1H), 5.36 ï 5.29 

(m, 1H), 3.63 ï 3.45 (m, 3H), 3.44 ï 3.30 (m, 1H), 2.12 ï 2.02 (m, 2H), 1.48 (d, J = 7.9 

Hz, 9H). 13C NMR (101 MHz, CDCl3) ŭ 154.7*, 154.5, 152.9*, 152.9, 138.3, 138.2*, 

137.8*, 137.7, 120.6, 86.1*, 86.0, 79.8, 74.6*, 73.6, 52.1*, 51.4, 44.0, 43.7*, 31.9, 30.9*, 

28.5, 28.5*. Material isolated as an approximately 1:1 ratio of rotamers. HRMS: (ESI) 

[M+H] + calcd for C16H22IN2O4, 433.0619, observed, 433.0619. 

tert -butyl (R)-3-(((4-iodophenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.6d)  

Synthesized according to General Procedure 2.4. Purified via 

column chromatography (20-40% ethyl acetate/hexanes). White 

solid (21%, 151 mg). 1H NMR (500 MHz, CD3OD) ŭ 7.60 (d, J = 8.9 Hz, 2H), 7.28 (brs, 
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2H), 4.79 ï 4.65 (m, 1H), 4.14 ï 2.91 (m, 4H), 1.98 ï 1.77 (m, 3H), 1.61 ï 1.26 (m, 10H). 

13C NMR (126 MHz, CD3OD) ŭ 156.8, 154.9, 140.3, 138.8, 121.5, 86.1, 81.2, 70.0, 47.9 

45.4*, 44.6, 30.1*, 29.9, 28.6, 22.9*, 22.1. One piperidine carbon signal overlaps with 

CD3OD solvent signal. Material isolated as an approximately 7:1 ratio of rotamers. 

HRMS: (ESI) [M+H]+ calcd for C17H23IN2NaO4, 469.0595, observed, 469.0600. 

tert -butyl (S)-3-(((4-iodophenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.6e)  

Synthesized according to General Procedure 2.4. Purified via 

column chromatography (15-40% ethyl acetate/hexanes). White 

solid (9%, 60 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.58 (d, J = 8.9 Hz, 2H), 7.27 (d, J = 

6.8 Hz, 2H), 4.77 ï 4.68 (m, 1H), 4.08 ï 3.00 (m, 4H), 1.94 ï 1.76 (m, 3H), 1.57 ï 1.28 

(m, 10H). 13C NMR (126 MHz, CD3OD) ŭ 156.8, 154.9, 140.4, 138.8, 121.5, 86.1, 81.2, 

70.0, 47.9, 45.4*, 44.6, 30.1*, 29.9, 28.6, 22.9*, 22.1. One piperidine carbon signal 

overlaps with CD3OD solvent signal. Material isolated as an approximately 7:1 ratio of 

rotamers. HRMS: (ESI) [M+Na]+ calcd for C17H23IN2NaO4, 469.0595, observed, 

469.0602. 

tert -butyl 4-(((4-iodophenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.6f)  

Synthesized according to General Procedure 2.4. Purified via 

column chromatography (20-40% ethyl acetate/hexanes). 

White solid (30%, 162 mg). 1H NMR (400 MHz, CDCl3) ŭ 

7.57 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 8.7 Hz, 2H), 7.09 (brs, 1H), 4.96 ï 4.85 (m, 1H), 

3.77 ï 3.66 (m, 2H), 3.22 (ddd, J = 13.4, 8.8, 3.7 Hz, 2H), 1.95 ï 1.84 (m, 2H), 1.68 ï 

1.53 (m, 2H), 1.45 (s, 9H). 13C NMR (101 MHz, CDCl3) ŭ 154.9, 152.7, 138.02, 138.00, 
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120.6, 86.3, 80.0, 70.9, 41.0, 30.9, 28.5. HRMS: (ESI) [M+Na]+ calcd for 

C17H23IN2NaO4, 469.0595, observed, 469.0596. 

2-((tert -butoxycarbonyl)amino)ethyl (4-decylphenyl)carbamate (2.7a)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-50% ethyl 

acetate/hexanes). Yellow solid (97%, 225 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.28 (d, J = 7.4 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 7.04 (brs, 

1H), 5.04 ï 4.93 (m, 1H), 4.20 (t, J = 5.3 Hz, 2H), 3.41 (q, J = 5.6 Hz, 2H), 2.56 ï 2.51 

(m, 2H), 1.55 (p, J = 7.1 Hz, 2H), 1.44 (s, 9H), 1.32 ï 1.21 (m, 14H), 0.87 (t, J = 6.8 Hz, 

3H). 13C NMR (101 MHz, CDCl3) ŭ 156.1, 153.7, 138.3, 135.4, 129.0, 118.9, 79.7, 64.2, 

40.2, 35.4, 32.0, 31.6, 29.72, 29.71, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) 

[M+Na]+ calcd for C24H40N2NaO4, 443.2880, observed, 443.2868.  

tert -butyl (R)-3-(((4-decylphenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate (2.7b)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-30% ethyl 

acetate/hexanes). Off-white solid (92%, 200 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.29 (d, J = 7.9 Hz, 2H), 7.10 (d, J = 8.1 Hz, 2H), 7.06 ï 6.85 

(m, 1H), 5.35 ï 5.26 (m, 1H), 3.60 ï 3.35 (m, 4H), 2.54 (t, J = 7.7 Hz, 2H), 2.12 ï 2.06 

(m, 2H) , 1.55 (p, J = 7.3 Hz, 2H), 1.46 (s, 9H), 1.34 ï 1.22 (m, 14H), 0.87 (t, J = 6.8 Hz, 

3H). 13C NMR (101 MHz, CDCl3) ŭ 154.6, 153.1, 138.4, 135.5, 129.0, 118.8, 79.7, 74.7, 

73.8*, 52.2, 51.7*, 44.1*, 43.8, 35.4, 32.1, 32.0*, 31.7, 31.1, 29.72, 29.71, 29.6, 29.4, 

29.3, 28.6, 22.8, 14.2. NMR shows residual dichloromethane and ethyl acetate solvent 
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peaks. Material isolated as an approximately 1:1 ratio of rotamers. HRMS: (ESI) 

[M+Na]+ calcd for C26H42N2NaO4, 469.3037, observed, 469.3036. 

tert -butyl (S)-3-(((4-decylphenyl)carbamoyl)oxy)pyrrolidine-1-carboxylate (2.7c)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-30% ethyl 

acetate/hexanes). Off-white solid (79%, 201 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.30 (d, J = 7.9 Hz, 2H), 7.17 ï 6.95 (m, 3H), 5.29 (s, 1H), 

3.61 ï 3.35 (m, 4H), 2.54 (t, J = 7.7 Hz, 2H), 2.12 ï 2.06 (m, 2H), 1.55 (p, J = 7.3 Hz, 

2H), 1.46 (s, 9H), 1.33 ï 1.20 (m, 14H), 0.87 (t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) ŭ 154.6, 153.1, 138.4, 135.4, 129.0, 118.8, 79.7, 74.6, 73.7*, 52.2, 51.6*, 44.1*, 

43.8, 35.4, 32.0, 31.9*, 31.6, 31.0, 29.73, 29.72, 29.6, 29.4, 29.3, 28.6, 22.8, 14.2. NMR 

shows residual ethyl acetate impurity. Material isolated as an approximately 1:1 ratio of 

rotamers. HRMS: (ESI) [M+Na]+ calcd for C26H42N2NaO4, 469.3037, observed, 

469.3040. 

tert -butyl (R)-3-(((4-decylphenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.7d)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (10-30% ethyl 

acetate/hexanes). Amber solid (76%, 118 mg). 1H 

NMR (500 MHz, CDCl3) ŭ 7.28 (d, J = 6.6 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 6.70 (s, 

1H), 4.78 (s, 1H), 3.81 ï 3.18 (m, 4H), 2.54 (t, J = 7.7 Hz, 2H), 1.97 ï 1.70 (m, 3H), 1.61 

ï 1.48 (m, 3H), 1.42 (s, 9H), 1.34 ï 1.18 (m, 14H), 0.87 (t, J = 6.9 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) ŭ 155.1, 152.9, 138.2, 135.5, 129.0, 118.7, 79.8, 68.8, 48.0, 47.3*, 

44.3*, 43.5, 35.4, 32.0, 31.6, 29.72, 29.70, 29.6, 29.5, 29.4, 29.3, 28.5, 22.8, 22.0*, 21.7, 
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14.2. Material isolated as an approximately 5:1 ratio of rotamers. HRMS: (ESI) [M+H]+ 

calcd for C27H45N2O4, 461.3374, observed, 461.3366. 

tert -butyl (S)-3-(((4-decylphenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.7e)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (10-30% ethyl 

acetate/hexanes). White solid (87%, 54 mg). 1H NMR 

(500 MHz, CDCl3) ŭ 7.28 (d, J = 7.3 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 6.64 (brs, 1H), 

4.84 ï 4.72 (m, 1H), 3.78 ï 3.18 (m, 4H), 2.54 (t, J = 7.8 Hz, 2H), 1.99 ï 1.72 (m, 3H), 

1.62 ï 1.48 (m, 3H), 1.42 (s, 9H), 1.34 ï 1.18 (m, 14H), 0.87 (t, J = 7.0 Hz, 3H). 13C 

NMR (126 MHz, CDCl3) ŭ 155.1, 152.9, 138.2, 135.5, 129.0, 118.7, 79.8, 68.9, 48.0, 

47.3*, 44.3*, 43.5, 35.4, 32.0, 31.6, 29.72, 29.71, 29.6, 29.5, 29.44, 29.42, 28.5, 22.8, 

22.1*, 21.7, 14.2. Material isolated as an approximately 5:1 ratio of rotamers. HRMS: 

(ESI) [M+H] + calcd for C27H45N2O4, 461.3374, observed, 461.3364. 

tert -butyl 4-(((4-decylphenyl)carbamoyl)oxy)piperidine-1-carboxylate (2.7f)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30% ethyl 

acetate/hexanes). Yellow oil (87%, 145 mg). 1H 

NMR (500 MHz, CDCl3) ŭ 7.29 (d, J = 6.9 Hz, 2H), 

7.10 (d, J = 8.5 Hz, 2H), 6.89 (brs, 1H), 4.95 ï 4.87 (m, 1H), 3.76 ï 3.69 (m, 2H), 3.22 

(ddd, J = 13.7, 9.1, 4.4 Hz, 2H), 2.54 (t, J = 7.7 Hz, 2H), 1.94 ï 1.85 (m, 2H), 1.70 ï 1.53 

(m, 4H), 1.46 (s, 9H), 1.33 ï 1.21 (m, 14H), 0.87 (t, J = 7.0 Hz, 3H). 13C NMR (126 

MHz, CDCl3) ŭ 154.9, 153.1, 138.2, 135.6, 129.0, 118.8, 79.8, 70.5, 41.2, 35.3, 32.0, 
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31.6, 31.0, 29.72, 29.71, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+Na]+ calcd 

for C27H44N2NaO4, 483.3193, observed, 483.3195. 

2-aminoethyl (4-decylphenyl)carbamate hydrochloride (2.8a)  

Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid (78%, 33 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.35 (d, J = 8.1 Hz, 

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

= 7.6 Hz, 2H), 1.58 (p, J = 6.7 Hz, 2H), 1.38 ï 1.26 (m, 14H), 0.89 (t, J = 6.7 Hz, 3H). 

13C NMR (101 MHz, CD3OD) ŭ 155.2, 139.2, 137.3, 129.8, 120.1, 62.2, 40.4, 36.2, 33.1, 

32.8, 30.72, 30.70, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C19H33N2O2, 321.2537, observed, 321.2537. 

(R)-pyrrolidin -3-yl (4-decylphenyl)carbamate hydrochloride (2.8b)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (82%, 53 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.33 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 

8.5 Hz, 2H), 5.43 ï 5.35 (m, 1H), 3.57 ï 3.40 (m, 4H), 2.55 (t, J = 7.7 Hz, 2H), 2.33 ï 

2.26 (m, 2H), 1.58 (p, J = 6.7 Hz, 2H), 1.36 ï 1.23 (m, 14H), 0.89 (t, J = 6.8 Hz, 3H). 13C 

NMR (101 MHz, CD3OD) ŭ 154.6, 139.2, 137.3, 129.8, 120.0, 74.5, 52.2, 45.4, 36.2, 

33.1, 32.8, 31.9, 30.72, 30.70, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd 

for C21H35N2O2, 347.2693, observed, 347.2693.  

(S)-pyrrolidin -3-yl (4-decylphenyl)carbamate hydrochloride (2.8c)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 
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solid (81%, 52 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.33 (d, J = 7.7 Hz, 2H), 7.09 (d, J = 

8.5 Hz, 2H), 5.43 ï 5.35 (m, 1H), 3.58 ï 3.40 (m, 4H), 2.55 (t, J = 7.6 Hz, 2H), 2.35 ï 

2.25 (m, 2H), 1.58 (p, J = 7.5 Hz, 2H), 1.39 ï 1.20 (m, 14H), 0.89 (t, J = 6.6 Hz, 3H). 13C 

NMR (101 MHz, CD3OD) ŭ 154.6, 139.2, 137.3, 129.8, 120.0, 74.5, 52.1, 45.4, 36.2, 

33.1, 32.8, 31.9, 30.72, 30.70, 30.6, 30.4, 30.3, 23.7, 14.5. HRMS: (ESI) [M+H]+ calcd 

for C21H35N2O2, 347.2693, observed, 347.2699.  

(S)-piperidin -3-yl (4-decylphenyl)carbamate hydrochloride (2.8e)  

Synthesized according to General Procedure 3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (82%, 38 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.36 

(d, J = 8.3 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 5.06 (p, J = 4.3 Hz, 1H), 3.37 ï 3.12 (m, 

4H), 2.57 (t, J = 7.6 Hz, 2H), 2.19 ï 1.80 (m, 4H), 1.60 (p, J = 7.1 Hz, 2H), 1.39 ï 1.21 

(m, 14H), 0.91 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 154.3, 139.2, 137.3, 

129.8, 120.1, 67.1, 47.6, 44.9, 36.2, 33.1, 32.8, 30.72, 30.70, 30.6, 30.4, 30.3, 27.9, 23.7, 

19.6, 14.4. HRMS: (ESI) [M+H]+ calcd for C22H37N2O2, 361.2850, observed, 361.2851.  

(R)-piperidin -3-yl (4-decylphenyl)carbamate hydrochloride (2.8d)  

Synthesized according to General Procedure 3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (87%, 88 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.36 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 

8.5 Hz, 2H), 5.05 (p, J = 4.2 Hz, 1H), 3.39 ï 3.34 (m, 2H), 3.29 ï 3.23 (m, 1H), 3.19 ï 

3.08 (m, 1H), 2.55 (t, J = 7.6 Hz, 2H), 2.16 ï 2.03 (m, 1H), 2.02 ï 1.89 (m, 2H), 1.82 (dp, 

J = 13.6, 4.8 Hz, 1H), 1.57 (p, J = 7.0 Hz, 2H), 1.37 ï 1.20 (m, 14H), 0.88 (t, J = 7.0 Hz, 

3H). 13C NMR (101 MHz, CD3OD) ŭ 154.3, 139.1, 137.3, 129.7, 120.1, 67.0, 47.6, 44.9, 
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36.2, 33.1, 32.8, 30.71, 30.70, 30.6, 30.4, 30.3, 27.8, 23.7, 19.5, 14.5. HRMS: (ESI) 

[M+H] + calcd for C22H37N2O2, 361.2850, observed, 361.2851.  

piperidin -4-yl (4-decylphenyl)carbamate hydrochloride (2.8f)  

Synthesized according to General Procedure 2.3. Purified via 

trituration with ethyl acetate and diethyl ether. White solid 

(80%, 100 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.33 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.6 

Hz, 2H), 5.04 ï 4.95 (m, 1H), 3.42 ï 3.31 (m, 2H), 3.28 ï 3.18 (m, 2H), 2.55 (t, J = 7.6 

Hz, 2H), 2.22 ï 2.10 (m, 2H), 2.06 ï 1.93 (m, 2H), 1.58 (p, J = 7.1 Hz, 2H), 1.37 ï 1.20 

(m, 14H), 0.89 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 154.7, 139.0, 137.5, 

129.7, 120.0, 67.4, 42.1, 36.2, 33.1, 32.8, 30.72, 30.70, 30.6, 30.4, 30.3, 28.7, 23.7, 14.4. 

HRMS: (ESI) [M+H]+ calcd for C22H37N2O2, 361.2850, observed, 361.2851.  

tert -butyl (3-(3-(4-iodophenyl)ureido)propyl)carbamate (2.9a) 

 Synthesized according to General Procedure 2.5. Purified 

via column chromatography (40-60% ethyl 

acetate/hexanes). White solid (92%, 316 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.53 (d, J 

= 8.8 Hz, 2H), 7.18 (d, J = 8.9 Hz, 2H), 3.21 (t, J = 6.7 Hz, 2H), 3.14 ï 3.06 (m, 2H), 

1.65 (p, J = 6.7 Hz, 2H), 1.43 (s, 9H). 13C NMR (101 MHz, CD3OD) ŭ 158.6, 157.9, 

141.0, 138.7, 121.9, 85.4, 79.9, 38.6, 38.0, 31.5, 28.8. HRMS: (ESI) [M+H]+ calcd for 

C15H23IN3O3, 420.0779, observed, 420.0776. 

tert -butyl 3-(3-(4-iodophenyl)ureido)azetidine-1-carboxylate (2.9b)  

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (70% ethyl acetate/hexanes). White 

solid (96%, 326 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.67 (brs, 
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1H), 7.51 (d, J = 8.8 Hz, 2H), 7.06 (d, J = 8.9 Hz, 2H), 6.19 (d, J = 7.1 Hz, 1H), 4.53 ï 

4.44 (m, 1H), 4.22 (t, J = 8.4 Hz, 2H), 3.65 (dd, J = 9.4, 5.0 Hz, 2H), 1.44 (s, 9H). 13C 

NMR (101 MHz, CDCl3) ŭ 156.8, 155.1, 138.6, 138.0, 121.3, 86.0, 80.7, 56.8, 40.0, 28.5. 

HRMS: (ESI) [M+Na]+ calcd for C15H20IN3NaO3, 440.0442, observed, 440.0434. 

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

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (60-70% ethyl acetate/hexanes). 

White solid (84%, 445 mg). 1H NMR (400 MHz, CDCl3) ŭ 

7.87 (d, J = 35.2 Hz, 1H), 7.48 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 8.8 Hz, 2H), 6.07 (dd, J = 

37.2, 7.1 Hz, 1H), 4.38 ï 4.27 (m, 1H), 3.54 ï 3.27 (m, 3H), 3.20 ï 3.13 (m, 1H), 2.10 ï 

1.76 (m, 2H), 1.47 (s, 4.5H), 1.44 (s, 4.5H)*. 13C NMR (101 MHz, CDCl3) ŭ 155.3, 

155.3, 139.2, 137.8, 120.8, 85.0, 80.5*, 80.4, 52.5*, 51.8, 49.9*, 49.2, 44.1, 43.9*, 32.4, 

31.3*, 28.6. Material isolated as an approximately 1:1 mixture of rotamers. HRMS: (ESI) 

[M+H] + calcd for C16H23IN3O3, 432.0779, observed, 432.0783. 

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

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (50-70% ethyl acetate/hexanes). 

White solid (95%, 670 mg). 1H NMR (400 MHz, CDCl3) ŭ 

7.88 (d, J = 35.1 Hz, 1H), 7.47 (d, J = 8.9 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.07 (dd, J = 

38.0, 7.0 Hz, 1H), 4.38 ï 4.27 (m, 1H), 3.50 (dd, J = 11.5, 5.6 Hz, 1H), 3.46 ï 3.26 (m, 

2H), 3.15 (dd, J = 11.5, 2.2 Hz, 1H), 2.12 ï 1.95 (m, 1H), 1.94 ï 1.73 (m, 1H), 1.45 (d, J 

= 12.5 Hz, 9H). 13C NMR (101 MHz, CDCl3) ŭ 155.3, 155.2, 139.2, 137.7, 120.8, 85.0, 
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80.4, 80.3*, 52.4, 51.7*, 49.8*, 49.1, 44.1, 43.9*, 32.3, 31.3*, 28.6. HRMS: (ESI) 

[M+H] + calcd for C16H23IN3O3, 432.0779, observed, 432.0784. 

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

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (50-70% ethyl acetate/hexanes). White 

solid (92%, 418 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.95 (brs, 

1H), 7.46 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 5.82 (d, J = 7.7 Hz, 1H), 3.80 ï 

3.68 (m, 1H), 3.58 (dd, J = 12.9, 3.8 Hz, 1H), 3.43 ï 3.33 (m, 1H), 3.24 ï 3.13 (m, 1H), 

3.07 (dd, J = 13.0, 7.1 Hz, 1H), 1.81 ï 1.70 (m, 1H), 1.64 ï 1.53 (m, 1H), 1.48 ï 1.36 (m, 

11H). 13C NMR (101 MHz, CDCl3) ŭ 171.4, 155.3, 139.2, 137.8, 121.3, 85.3, 80.4, 48.6, 

45.5, 44.4, 30.2, 28.5, 22.4. HRMS: (ESI) [2M+H]+ calcd for C34H49I2N6O6, 891.1797, 

observed, 891.1777. 

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

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (30-50% ethyl acetate/hexanes). Off-

white solid (73%, 333 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.88 (brs, 1H), 7.48 (d, J = 8.6 

Hz, 2H), 7.06 (d, J = 8.7 Hz, 2H), 5.76 (d, J = 7.6 Hz, 1H), 3.84 ï 3.72 (m, 1H), 3.52 (dd, 

J = 13.1, 3.6 Hz, 1H), 3.36 ï 3.24 (m, 2H), 3.18 (dd, J = 13.0, 6.6 Hz, 1H), 1.82 ï 1.68 

(m, 1H), 1.64 ï 1.35 (m, 12H). 13C NMR (101 MHz, CDCl3) ŭ 171.4, 155.2, 139.2, 

137.9, 121.3, 85.3, 80.5, 48.7, 45.4, 44.5, 30.1, 28.5, 22.3. HRMS: (ESI) [M+H]+ calcd 

for C17H25IN3O3, 446.0935, observed, 446.0941. 
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tert -butyl (1-((4-iodophenyl)carbamoyl)piperidin-4-yl)carbamate (2.9g)  

Synthesized according to General Procedure 2.5. During the 

course of the reaction a thick white precipitated formed. 

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

white solid was carried forward crude with no additional purification. 

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

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (40-50% ethyl acetate/hexanes). 

White solid (96%, 347 mg). 1H NMR (400 MHz, CDCl3) ŭ 

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

1H), 3.98 ï 3.87 (m, 2H), 3.81 ï 3.69 (m, 1H), 2.83 (t, J = 12.2 Hz, 1H), 1.85 (dd, J = 

13.3, 4.3 Hz, 1H), 1.45 (s, 9H), 1.21 ï 1.09 (m, 2H). 13C NMR (101 MHz, CDCl3) ŭ 

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

[M+H] + calcd for C17H25IN3O3, 446.0935, observed, 446.0945. 

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

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (40-50% ethyl acetate/hexanes). 

White solid (97%, 512 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.47 (d, J = 8.7 Hz, 2H), 7.17 

(brs, 1H), 7.07 (d, J = 8.8 Hz, 2H), 3.43 ï 3.32 (m, 8H), 1.44 (s, 9H). 13C NMR (101 

MHz, CDCl3) ŭ 155.0, 154.6, 139.0, 137.6, 122.3, 86.2, 80.4, 43.8, 42.9, 28.4. HRMS: 

(ESI) [M+H]+ calcd for C16H23IN3O3, 432.0779, observed, 432.0771. 
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tert -butyl 5-((4-iodophenyl)carbamoyl)-2,5-diazabicyclo[2.2.1]heptane-2-

carboxylate (2.9j)  

Synthesized according to General Procedure 2.5. Purified 

via column chromatography (60-70% ethyl 

acetate/hexanes). White solid (95%, 518 mg). 1H NMR 

(400 MHz, CDCl3) ŭ 7.53 (d, J = 8.8 Hz, 2H), 7.22 ï 7.13 (m, 2H), 6.55 ï 6.39 (m, 1H), 

4.69 ï 4.46 (m, 2H), 3.51 ï 3.29 (m, 4H), 1.90 ï 1.76 (m, 2H), 1.47 ï 1.41 (m, 9H). 13C 

NMR (101 MHz, CDCl3) ŭ 154.3, 154.2*, 153.5, 138.8, 137.7, 121.72*, 121.74, 85.9, 

80.2*, 80.2, 57.5*, 56.84, 56.82, 56.5*, 54.0, 53.7, 53.6*, 37.4*, 36.8, 28.6*, 28.5. 

Material isolated as an approximately 2:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd 

for C17H23IN3O3, 444.0779, observed, 444.0770. 

tert -butyl 3-((4-iodophenyl)carbamoyl)-3,8-diazabicyclo[3.2.1]octane-8-carboxylate 

(2.9k)  

Synthesized according to General Procedure 2.5. Purified 

via column chromatography (30-40% ethyl 

acetate/hexanes). White solid (99%, 745 mg). 1H NMR 

(400 MHz, CDCl3) ŭ 7.53 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.80 (s, 1H), 4.31 

ï 4.23 (m, 2H), 3.78 (dd, J = 55.8, 13.2 Hz, 2H), 3.07 (dd, J = 45.4, 13.2 Hz, 2H), 2.00 ï 

1.66 (m, 4H), 1.45 (s, 9H). 13C NMR (101 MHz, CDCl3) ŭ 156.0, 153.3, 138.9, 137.8, 

121.8, 86.1, 80.3, 54.2*, 53.5, 49.8, 48.6*, 28.5, 27.3*, 27.0. HRMS: (ESI) [M+H]+ calcd 

for C18H25IN3O3, 458.0935, observed, 458.0945. 
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tert -butyl (R)-4-((4-iodophenyl)carbamoyl)-2-methylpiperazine-1-carboxylate (2.9l)  

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (30-50% ethyl acetate/hexanes). 

White solid (98%, 434 mg). 1H NMR (400 MHz, CDCl3) ŭ 

7.57 ï 7.53 (m, 2H), 7.16 ï 7.12 (m, 2H), 6.67 (s, 1H), 4.25 (s, 1H), 3.92 ï 3.82 (m, 2H), 

3.77 ï 3.68 (m, 1H), 3.27 ï 3.11 (m, 2H), 3.07 ï 2.98 (m, 1H), 1.48 (s, 9H), 1.17 (d, J = 

6.7 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 155.1, 154.7, 138.9, 137.8, 122.0, 86.2, 80.4, 

47.6, 47.4, 44.0, 38.3, 28.5, 16.0. HRMS: (ESI) [M+H]+ calcd for C17H25IN3O3
+ 

446.0935, observed, 446.0935.  

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

Synthesized according to General Procedure 2.5. Purified via 

column chromatography (40-50% ethyl acetate/hexanes). 

White solid (83%, 303 mg). 1H NMR (500 MHz, CDCl3) ŭ 

7.58 ï 7.54 (m, 2H), 7.18 ï 7.14 (m, 2H), 6.44 (s, 0.65H), 6.27 (s, 0.35H)*, 3.61 ï 3.44 

(m, 7H), 3.40 (t, J = 6.0 Hz, 1H), 2.00 ï 1.94 (m, 0.7H)*, 1.87 ï 1.82 (m, 1.3H), 1.61 ï 

1.56 (m, 2H), 1.45 (s, 3H)*, 1.43 (s, 6H). 13C NMR (126 MHz, CDCl3) ŭ 155.8, 154.8, 

139.2, 137.9*, 137.8, 121.9*, 121.7, 80.3, 48.7, 48.3, 47.6, 46.3, 28.5, 27.0. Material 

isolated as an approximately 2:1 mixture of rotamers.  

tert -butyl (3-(3-(4-decylphenyl)ureido)propyl)carbamate (2.10a)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (35-55% ethyl 

acetate/hexanes). White solid (68%, 224 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.36 (brs, 

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

1.62 ï 1.49 (m, 4H), 1.41 (s, 9H), 1.34 ï 1.20 (m, 14H), 0.87 (t, J = 6.7 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) ŭ 156.9, 156.7, 138.0, 136.6, 129.0, 120.7, 79.4, 37.4, 36.8, 

35.4, 32.0, 31.7, 30.8, 29.72, 29.70, 29.6, 29.5, 29.4, 28.5, 22.8, 14.2. HRMS: (ESI) 

[M+H] + calcd for C25H44N3O3, 434.3377, observed, 434.3372. 

tert -butyl 3-(3-(4-decylphenyl)ureido)azetidine-1-carboxylate (2.10b)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-50% ethyl 

acetate/hexanes). Light brown solid (78%, 264 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.53 (brs, 1H), 7.17 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.5 Hz, 

2H), 6.18 (d, J = 7.2 Hz, 1H), 4.57 ï 4.44 (m, 1H), 4.18 (t, J = 8.5 Hz, 2H), 3.65 (dd, J = 

9.3, 5.2 Hz, 2H), 2.50 (t, J = 7.8 Hz, 2H), 1.54 (p, J = 7.1 Hz, 2H), 1.43 (s, 9H), 1.34 ï 

1.19 (m, 14H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 156.5, 155.8, 

138.2, 136.2, 129.0, 120.3, 80.2, 57.0, 40.0, 35.4, 32.0, 31.7, 29.72, 29.70, 29.6, 29.42, 

29.41, 28.5, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for C25H42N3O3, 432.3221, observed, 

432.3222. 

tert -butyl (R)-3-(3-(4-decylphenyl)ureido)pyrrolidi ne-1-carboxylate (2.10c)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Light brown solid (88%, 402 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.40 (d, J = 6.3 Hz, 1H), 7.21 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 

8.4 Hz, 2H), 5.78 (dd, J = 55.6, 7.1 Hz, 1H), 4.43 ï 4.32 (m, J = 3.9 Hz, 1H), 3.57 ï 3.30 

(m, 3H), 3.23 ï 3.16 (m, 1H), 2.52 (t, J = 7.7 Hz, 2H), 2.13 ï 1.76 (m, 2H), 1.55 (p, J = 
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7.5 Hz, 2H), 1.48 (s, 4.5H), 1.46 (s, 4.5H)*, 1.34 ï 1.22 (m, 14H), 0.87 (t, J = 6.9 Hz, 

3H). 13C NMR (101 MHz, CDCl3) ŭ 155.8, 155.2, 137.9, 137.7*, 136.7, 129.1, 120.0, 

119.8*, 80.1, 52.6, 51.7*, 50.1, 49.4*, 44.2*, 44.0, 35.4, 32.6, 32.0, 31.7, 31.4*, 29.8, 

29.7, 29.6, 29.5, 29.4, 28.7, 22.8, 14.2. Material isolated as an approximately 1:1 mixture 

of rotamers. HRMS: (ESI) [M+H]+ calcd for C26H44N3O3, 446.3377, observed, 446.3371. 

tert -butyl (S)-3-(3-(4-decylphenyl)ureido)pyrrolidine-1-carboxylate (2.10d)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Off-white solid (73%, 505 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.63 (d, J = 24.8 Hz, 1H), 7.20 (d, J = 6.3 Hz, 2H), 7.03 (d, J 

= 8.5 Hz, 2H), 5.98 (dd, J = 38.9, 7.1 Hz, 1H), 4.41 ï 4.29 (m, 1H), 3.53 (dd, J = 11.4, 

5.8 Hz, 1H), 3.46 ï 3.29 (m, 2H), 3.16 (dd, J = 11.2, 3.6 Hz, 1H), 2.50 (t, J = 7.7 Hz, 

2H), 2.12 ï 1.95 (m, 1H), 1.93 ï 1.70 (m, 1H), 1.60 ï 1.43 (m, 11H), 1.35 ï 1.17 (m, 

14H), 0.87 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 156.0, 155.2, 137.5, 136.8, 

128.9, 119.6, 80.1*, 80.0, 52.5, 51.7*, 50.0*, 49.3, 44.2*, 44.0, 35.4, 32.5*, 32.0, 31.7, 

31.3, 29.72, 29.70, 29.6, 29.42, 29.41, 28.6, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for 

C26H44N3O3, 446.3377, observed, 446.3371. 

tert -butyl (R)-3-(3-(4-decylphenyl)ureido)piperidine-1-carboxylate (2.10e)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (30-40% ethyl 

acetate/hexanes). Light brown solid (93%, 400 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.65 (brs, 1H), 7.17 (d, J = 8.6 Hz, 2H), 7.02 (d, J = 8.6 Hz, 

2H), 5.75 (d, J = 7.7 Hz, 1H), 3.84 ï 3.72 (m, 1H), 3.61 (dd, J = 12.9, 3.7 Hz, 1H), 3.44 ï 
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3.35 (m, 1H), 3.22 ï 3.04 (m, 2H), 2.49 (t, J = 7.7 Hz, 2H), 1.84 ï 1.75 (m, 1H), 1.65 ï 

1.47 (m, 3H), 1.48 ï 1.36 (m, 11H), 1.31 ï 1.23 (m, 14H), 0.88 (t, J = 6.7 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) ŭ 155.8, 155.4, 137.6, 136.7, 129.0, 120.2, 80.1, 49.0, 45.6, 

43.9, 35.3, 32.0, 31.6, 30.4, 29.72, 29.70, 29.6, 29.42, 29.41, 28.5, 22.7, 22.6, 14.2. 

HRMS: (ESI) [M+H]+ calcd for C27H45N3NaO3, 482.3353, observed, 482.3344. 

tert -butyl (S)-3-(3-(4-decylphenyl)ureido)piperidine-1-carboxylate (2.10f)  

Synthesized according to General Procedure 2.2. Purified 

via column chromatography (20-50% ethyl 

acetate/hexanes). Light brown oil (79%, 270 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.51 (brs, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 

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

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

1.18 (m, 14H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 155.8, 155.5, 

137.9, 136.7, 129.1, 120.5, 80.1, 49.0, 45.6, 44.1, 35.4, 32.0, 31.7, 30.3, 29.72, 29.70, 

29.6, 29.42, 29.41, 28.5, 22.8, 22.5, 14.2. HRMS: (ESI) [M+H]+ calcd for C27H46N3O3, 

460.3534, observed, 460.3533. 

tert -butyl (1-((4-decylphenyl)carbamoyl)piperidin-4-yl)carbamate (2.10g)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (35-50% 

ethyl acetate/hexanes). White solid (53%, 190 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.23 

(d, J = 8.4 Hz, 1H), 7.09 (d, J = 8.4 Hz, 1H), 4.14 ï 4.06 (m, 2H), 3.62 ï 3.53 (m, 1H), 

3.06 ï 2.96 (m, 2H), 2.57 (t, J = 7.6 Hz, 1H), 1.96 ï 1.87 (m, 2H), 1.60 (p, J = 7.5 Hz, 

2H), 1.47 (s, 9H), 1.38 ï 1.25 (m, 17H), 0.91 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, 
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CD3OD) ŭ 160.7, 138.9, 138.4, 129.5, 122.5, 54.7, 49.6, 44.3, 36.3, 33.2, 33.1, 32.8, 30.7, 

30.7, 30.6, 30.5, 30.3, 28.8, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C27H46N3O3, 

460.3534, observed, 482.3394.   

tert -butyl 4-(3-(4-decylphenyl)ureido)piperidine-1-carboxylate (2.10h)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Off-white solid (82%, 295 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.48 (s, 1H), 7.15 (d, J = 8.2 Hz, 2H), 7.03 (d, J = 8.2 Hz, 

2H), 5.58 (d, J = 7.8 Hz, 1H), 3.99 ï 3.83 (m, 2H), 3.82 ï 3.70 (m, 1H), 2.79 (t, J = 11.1 

Hz, 1H), 2.50 (t, J = 7.5 Hz, 2H), 1.84 (dd, J = 13.2, 4.3 Hz, 2H), 1.53 (p, J = 7.5 Hz, 

2H), 1.44 (s, 9H), 1.33 ï 1.13 (m, 16H), 0.87 (t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) ŭ 155.9, 154.9, 137.9, 136.5, 129.0, 120.3, 79.9, 47.0, 42.6, 35.4, 32.6, 32.0, 31.7, 

29.72, 29.70, 29.6, 29.42, 29.41, 28.5, 22.7, 14.2. HRMS: (ESI) [M+H]+ calcd for 

C27H46N3O3, 460.3534, observed, 460.3523. 

tert -butyl 4-((4-decylphenyl)carbamoyl)piperazine-1-carboxylate (2.10i)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid (22%, 122 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.22 (d, J = 

8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 6.48 (brs, 1H), 3.49 ï 3.41 (m, 8H), 2.53 (t, J = 7.7 

Hz, 2H), 1.56 (p, J = 7.6 Hz, 2H), 1.47 (s, 9H), 1.33 ï 1.22 (m, 14H), 0.87 (t, J = 6.8 Hz, 

3H). 13C NMR (101 MHz, CDCl3) ŭ 155.4, 154.8, 138.2, 136.4, 128.9, 120.5, 80.4, 44.0, 

43.0, 35.4, 32.0, 31.7, 29.72, 29.70, 29.6, 29.42, 29.41, 28.5, 22.8, 14.2. HRMS: (ESI) 

[M+H] + calcd for C26H44N3O3, 446.3377, observed, 446.3382. 
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tert -butyl 5-((4-decylphenyl)carbamoyl)-2,5-diazabicyclo[2.2.1]heptane-2-

carboxylate (2.10j)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (35-60% ethyl 

acetate/hexanes). Off-white solid (77%, 401 mg). 1H NMR (500 MHz, CDCl3) ŭ 7.31 ï 

7.24 (m, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.22 ï 6.12 (m, 1H), 4.73 ï 4.47 (m, 2H), 3.55 ï 

3.31 (m, 4H), 2.53 (t, J = 7.5 Hz, 2H), 1.90 ï 1.80 (m, 2H), 1.56 (p, J = 7.2 Hz, 2H), 1.49 

ï 1.42 (m, 9H), 1.33 ï 1.20 (m, 14H), 0.87 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, 

CDCl3) ŭ 154.4, 154.2*, 154.0, 153.9*, 138.0, 136.4, 128.9, 120.1*, 119.9, 80.1*, 80.1, 

57.7*, 56.9, 56.8, 56.4*, 54.1, 53.9*, 53.7, 53.6*, 37.4*, 36.8, 35.4, 32.0, 31.7, 29.72, 

29.70, 29.6, 29.42, 29.41, 28.6*, 28.5, 22.8, 14.2. Material isolated as an approximately 

2:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd for C27H44N3O3, 458.3377, observed, 

458.3376. 

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

(2.10k)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). White solid (60%, 483 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.28 (d, J = 

8.4 Hz, 2H), 7.22 (s, 1H), 7.04 (d, J = 8.4 Hz, 2H), 4.33 ï 4.25 (m, 2H), 3.72 (dd, J = 

57.3, 13.2 Hz, 2H), 3.06 (dd, J = 43.5, 12.7 Hz, 2H), 2.52 (t, J = 7.7 Hz, 2H), 1.89 ï 1.80 

(m, 2H), 1.71 ï 1.51 (m, 4H), 1.45 (s, 9H), 1.34 ï 1.23 (m, 14H), 0.88 (t, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) ŭ 155.9, 154.1, 137.7, 136.6, 128.6, 120.3, 80.0, 53.8*, 
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53.2, 49.7*, 48.5, 35.3, 31.9, 31.6, 29.64, 29.63, 29.5, 29.32, 29.30, 28.4, 27.2, 26.9*, 

22.7, 14.1. HRMS: (ESI) [M+H]+ calcd for C28H46N3O3, 472.3534, observed, 472.3530. 

tert -butyl (R)-4-((4-decylphenyl)carbamoyl)-2-methylpiperazine-1-carboxylate 

(2.10l)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Clear oil (54%, 56 mg). 1H NMR (400 

MHz, CDCl3) ŭ 7.26 ï 7.22 (m, 2H), 7.11 ï 7.07 (m, 2H), 6.36 (brs, 1H), 4.26 (s, 1H), 

3.88 (t, J = 13.3 Hz, 2H), 3.74 ï 3.67 (m, 1H), 3.31 ï 3.23 (m, 1H), 3.23 ï 3.14 (m, 1H), 

3.09 ï 2.99 (m, 1H), 2.58 ï 2.50 (m, 2H), 1.60 ï 1.52 (m, 2H), 1.48 (s, 9H), 1.33 ï 1.22 

(m, 14H), 1.20 (d, J = 6.7 Hz, 3H), 0.90 ï 0.84 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 

155.5, 154.6, 138.1, 136.3, 128.8, 120.3, 80.1, 47.6, 43.9, 38.3, 35.3, 31.9, 31.6, 29.64, 

29.62, 29.64, 29.5, 29.33, 29.30, 28.4, 22.7, 15.9, 14.1. HRMS: (ESI) [M+H]+ calcd for 

C27H46N3O3+ 460.3534, observed, 460.3538 

tert -butyl 4-((4-decylphenyl)carbamoyl)-1,4-diazepane-1-carboxylate (2.10m)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Clear oil (54%, 56 mg). Brown oil 

(15%, 30 mg). 1H NMR (500 MHz, CDCl3) ŭ 7.25 (d, J = 7.7 Hz, 2H), 7.13 ï 7.04 (m, 

2H), 6.41 ï 6.24 (m, 1H), 3.62 ï 3.45 (m, 6H), 3.40 (t, J = 6.2 Hz, 1H), 2.54 (t, J = 7.7 

Hz, 2H), 2.02 ï 1.93 (m, 1H), 1.94 ï 1.82 (m, 2H), 1.76 ï 1.64 (m, 1H), 1.49 ï 1.40 (m, 

9H), 1.33 ï 1.20 (m, 15H), 0.88 (t, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 

155.5, 155.04*, 155.03, 154.9*, 138.0, 137.7, 136.5*, 136.4*, 128.8, 128.7, 120.2, 120.1, 
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80.0, 48.8, 48.3, 47.9, 47.1, 46.1, 46.0, 45.9, 35.3, 31.9, 31.6, 29.64, 29.62, 29.5, 29.32, 

29.30, 28.4, 22.7, 14.1. Material isolated as an approximately 1:1 ratio of rotamers. 

HRMS: (ESI) [M+H]+ calcd for C27H46N3O3
+ 460.3534, observed, 460.3521. 

1-(3-aminopropyl)-3-(4-decylphenyl)urea hydrochloride (2.11a)  

Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid (84%, 160 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.28 (d, J = 8.4 Hz, 

2H), 7.09 (d, J = 8.5 Hz, 2H), 3.33 (t, J = 6.4 Hz, 2H), 3.02 (t, J = 7.1 Hz, 2H), 2.56 (t, J 

= 7.6 Hz, 2H), 1.88 (p, J = 6.9 Hz, 2H), 1.60 (p, J = 7.4 Hz, 2H), 1.37 ï 1.28 (m, 14H), 

0.92 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 159.1, 138.5, 138.2, 129.7, 

120.8, 38.1, 37.1, 36.2, 33.1, 32.8, 30.73, 30.71, 30.6, 30.4, 30.3, 29.5, 23.7, 14.4. 

HRMS: (ESI) [M+H]+ calcd for C20H36N3O, 334.2853, observed, 334.2843. 

1-(azetidin-3-yl)-3-(4-decylphenyl)urea 2,2,2-trifluoroacetate (2.11b)  

tert-butyl 3-(3-(4-iodophenyl)ureido)azetidine-1-

carboxylate (2.10b) was dissolved in DCM and 

added to a 6-dram vial containing a stir bar. 

Trifluoroacetic acid (20.0 equiv) was added to the flask and the mixture was allowed to 

stir at rt for 2 h. Following completion as monitored by TLC, the material was loaded 

onto celite and subjected to silica gel chromatography. Purified via column 

chromatography (10-15% methanol/dichloromethane). White solid (50%, 52 mg). 1H 

NMR (400 MHz, CD3OD) ŭ 7.26 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 4.65 (p, J 

= 7.8 Hz, 1H), 4.32 ï 4.17 (m, 4H), 2.55 (t, J = 7.6 Hz, 2H), 1.57 (p, J = 7.3 Hz, 2H), 

1.38 ï 1.21 (m, 14H), 0.89 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 157.4, 
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138.8, 137.8, 129.7, 120.9, 54.5, 44.0, 36.2, 33.1, 32.8, 30.73, 30.70, 30.6, 30.4, 30.3, 

23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C20H34N3O, 332.2696, observed, 332.2701.  

(R)-1-(4-decylphenyl)-3-(pyrrolidin -3-yl)urea hydrochloride (2.11c)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (76%, 65 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.27 

(d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 4.38 (tt, J = 6.8, 3.5 Hz, 1H), 3.57 ï 3.45 

(m, 2H), 3.40 ï 3.29 (m, 2H), 2.55 (t, J = 7.6 Hz, 2H), 2.43 ï 2.29 (m, 1H), 2.12 ï 2.00 

(m, 1H), 1.59 (p, J = 7.6 Hz, 2H), 1.37 ï 1.25 (m, 14H), 0.91 (t, J = 6.9 Hz, 3H). 13C 

NMR (101 MHz, CD3OD) ŭ 158.0, 138.6, 138.0, 129.7, 120.6, 51.8, 50.8, 45.6, 36.2, 

33.1, 32.8, 31.4, 30.72, 30.70, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd 

for C21H36N3O, 346.2853, observed, 346.2854. 

(S)-1-(4-decylphenyl)-3-(pyrrolidin -3-yl)urea hydrochloride (2.11d)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (77%, 66 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.27 

(d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.6 Hz, 2H), 4.44 ï 4.33 (m, 1H), 3.57 ï 3.45 (m, 2H), 

3.40 ï 3.28 (m, 2H), 2.55 (t, J = 7.6 Hz, 2H), 2.43 ï 2.29 (m, 1H), 2.14 ï 1.99 (m, 1H), 

1.59 (p, J = 7.5 Hz, 2H), 1.36 ï 1.26 (m, 14H), 0.91 (t, J = 6.8 Hz, 3H). 13C NMR (101 

MHz, CD3OD) ŭ 157.9, 138.6, 138.0, 129.7, 120.7, 51.8, 50.8, 45.6, 36.2, 33.1, 32.8, 

31.4, 30.73, 30.71, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C21H36N3O, 346.2853, observed, 346.2867.  
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(R)-1-(4-decylphenyl)-3-(piperidin -3-yl)urea hydrochloride (2.11e)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (57%, 49 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.26 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 

8.5 Hz, 2H), 3.95 (tt, J = 9.9, 3.9 Hz, 1H), 3.42 (dd, J = 12.2, 4.1 Hz, 1H), 3.25 (dt, J = 

12.9, 4.5 Hz, 1H), 3.04 ï 2.87 (m, 2H), 2.53 (t, J = 7.6 Hz, 2H), 2.09 ï 1.95 (m, 2H), 1.90 

ï 1.76 (m, 1H), 1.68 ï 1.51 (m, 3H), 1.36 ï 1.21 (m, 14H), 0.89 (t, J = 6.8 Hz, 3H). 13C 

NMR (101 MHz, CD3OD) ŭ 157.5, 138.5, 138.0, 129.7, 120.6, 48.7, 45.3, 44.8, 36.2, 

33.0, 32.8, 30.72, 30.70, 30.6, 30.4, 30.3, 29.4, 23.7, 22.0, 14.5. HRMS: (ESI) [M+H]+ 

calcd for C22H38N3O, 360.3009, observed, 360.2998.  

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

Synthesized according to General Procedure 2.3. Purified 

via trituration with hexane. Off-white solid (73%, 63 

mg). 1H NMR (400 MHz, CD3OD) ŭ 7.25 (d, J = 8.4 Hz, 

2H), 7.07 (d, J = 8.5 Hz, 2H), 3.94 (tt, J = 9.9, 3.8 Hz, 1H), 3.43 (dd, J = 12.2, 3.9 Hz, 

1H), 3.26 (dt, J = 12.9, 4.3 Hz, 1H), 3.04 ï 2.87 (m, 2H), 2.53 (t, J = 7.6 Hz, 2H), 2.07 ï 

1.96 (m, 2H), 1.90 ï 1.74 (m, 1H), 1.68 ï 1.51 (m, 3H), 1.37 ï 1.22 (m, 14H), 0.89 (t, J = 

6.8 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 157.5, 138.6, 138.0, 129.7, 120.7, 48.7, 

45.3, 44.8, 36.2, 33.0, 32.8, 30.72, 30.70, 30.6, 30.4, 30.3, 29.4, 23.7, 22.0, 14.4. HRMS: 

(ESI) [M+H]+ calcd for C22H38N3O, 360.3009, observed, 360.3005. 

4-amino-N-(4-decylphenyl)piperidine-1-carboxamide hydrochloride (2.11g)  

Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 
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ether. White solid (86%, 140 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.23 (d, J = 8.5 Hz, 

2H), 7.09 (d, J = 8.4 Hz, 2H), 4.26 (dp, J = 14.2, 2.2 Hz, 2H), 3.36 (tt, J = 11.3, 4.1 Hz, 

1H), 2.98 (ddd, J = 14.4, 12.3, 2.5 Hz, 2H), 2.56 (t, J = 7.6 Hz, 2H), 2.10 ï 1.99 (m, 2H), 

1.65 ï 1.50 (m, 4H), 1.38 ï 1.23 (m, 14H), 0.90 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, 

CD3OD) ŭ 157.9, 139.2, 138.2, 129.5, 122.5, 49.8, 43.6, 36.3, 33.1, 32.8, 31.1, 30.74, 

30.72, 30.6, 30.5, 30.3, 23.7, 14.4. HRMS: (ESI) [M+Na]+ calcd for C22H38N3NaO, 

382.2829, observed, 382.2827. 

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

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (82%, 71 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.25 

(d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 3.85 (tt, J = 10.2, 3.9 Hz, 1H), 3.41 (dt, J = 

13.3, 4.1 Hz, 2H), 3.11 (td, J = 12.2, 3.2 Hz, 2H), 2.53 (t, J = 7.6 Hz, 2H), 2.15 (dq, J = 

14.3, 3.9 Hz, 2H), 1.82 ï 1.67 (m, 2H), 1.56 (p, J = 6.9 Hz, 2H), 1.37 ï 1.17 (m, 14H), 

0.89 (t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 157.6, 138.3, 138.2, 129.7, 

120.5, 45.6, 44.0, 36.2, 33.1, 32.8, 30.73, 30.71, 30.6, 30.4, 30.3, 30.1, 23.7, 14.5. 

HRMS: (ESI) [M+H]+ calcd for C22H38N3O, 360.3009, observed, 360.3013.  

N-(4-decylphenyl)piperazine-1-carboxamide hydrochloride (2.11i)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (63%, 27 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.26 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 

8.5 Hz, 2H), 3.81 ï 3.74 (m, 4H), 3.29 ï 3.24 (m, 4H), 2.56 (t, J = 7.6 Hz, 2H), 1.59 (p, J 

= 7.1 Hz, 2H), 1.37 ï 1.22 (m, 14H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, 
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CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 33.1, 32.8, 30.74, 30.71, 

30.6, 30.5, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C21H36N3O, 346.2853, 

observed, 346.2852. 

N-(4-decylphenyl)-2,5-diazabicyclo[2.2.1]heptane-2-carboxamide hydrochloride 

(2.11j)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (81%, 70 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.30 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 

8.1 Hz, 2H), 4.76 (brs, 1H), 4.39 (brs, 1H), 3.64 (brs, 2H), 3.43 ï 3.27 (m, 2H), 2.53 (t, J 

= 7.6 Hz, 2H), 2.16 ï 1.92 (m, 2H), 1.56 (p, J = 7.4 Hz, 2H), 1.37 ï 1.16 (m, 14H), 0.88 

(t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 156.5, 139.3, 137.8, 129.5, 122.4, 

59.4, 56.5, 53.5, 51.7, 36.8, 36.3, 33.0, 32.8, 30.73, 30.71, 30.6, 30.4, 30.3, 23.7, 14.5. 

HRMS: (ESI) [M+H]+ calcd for C22H36N3O, 358.2853, observed, 358.2861.  

N-(4-decylphenyl)-3,8-diazabicyclo[3.2.1]octane-3-carboxamide hydrochloride 

(2.11k)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (87%, 75 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.34 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 

8.5 Hz, 2H), 4.67 ï 4.59 (m, 2H), 3.38 ï 3.22 (m, 4H), 2.57 (t, J = 7.6 Hz, 2H), 2.26 ï 

2.20 (m, 2H), 2.12 ï 2.03 (m, 2H), 1.60 (p, J = 7.1 Hz, 2H), 1.39 ï 1.22 (m, 14H), 0.91 (t, 

J = 6.7 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 156.2, 139.4, 137.8, 129.6, 122.1, 53.4, 

36.3, 33.1, 32.8, 30.73, 30.71, 30.6, 30.5, 30.3, 27.1, 23.7, 14.5. HRMS: (ESI) [M+H]+ 

calcd for C23H38N3O, 372.3009, observed, 372.3010. 
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(R)-N-(4-decylphenyl)-3-methylpiperazine-1-carboxamide hydrochloride (2.11l)  

Synthesized according to General Procedure 2.3. Purified via 

trituration with ethyl acetate and diethyl ether. Light brown 

solid, 117 mg, 59% yield. 1H NMR (400 MHz, CD3OD) ŭ 

7.28 ï 7.24 (m, 2H), 7.12 ï 7.08 (m, 2H), 4.30 ï 4.23 (m, 2H), 3.46 ï 3.40 (m, 1H), 3.40 

ï 3.34 (m, 1H), 3.29 ï 3.23 (m, 1H), 3.20 ï 3.11 (m, 1H), 3.04 (dd, J = 14.5, 10.6 Hz, 

1H), 2.60 ï 2.52 (m, 2H), 1.63 ï 1.54 (m, 2H), 1.37 (d, J = 6.6 Hz, 3H), 1.34 ï 1.26 (m, 

14H), 0.94 ï 0.85 (m, 3H). 13C NMR (151 MHz, CD3OD) ŭ 157.4, 139.4, 137.9, 129.6, 

122.4, 52.5, 48.4, 44.3, 41.9, 36.3, 33.1, 32.8, 30.72, 30.70, 30.6, 30.4, 30.3, 23.7, 16.0, 

14.4. HRMS: (ESI) [M+H]+ calcd for C22H38N3O
+ 360.3009, observed, 360.3006. 

N-(4-decylphenyl)-1,4-diazepane-1-carboxamide hydrochloride (2.11m)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. Light 

brown solid, 19 mg, 74% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.29 ï 7.27 (m, 2H), 7.12 

ï 7.09 (m, 2H), 3.86 ï 3.81 (m, 2H), 3.69 (t, J = 6.1 Hz, 2H), 3.37 ï 3.33 (m, 4H), 2.59 ï 

2.54 (m, 2H), 2.17 (p, J = 6.0 Hz, 2H), 1.63 ï 1.55 (m, 2H), 1.32 ï 1.28 (m, 14H), 0.93 ï 

0.87 (m, 3H). 13C NMR (151 MHz, CD3OD) ŭ 156.6, 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+H]+ calcd for C22H38N3O
+ 360.3009, observed, 360.3018. 

tert -butyl (3-(4-decyl-N-methylbenzamido)propyl)carbamate (2.12a)  

Synthesized according to General Procedure 2.6. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Clear oil (72%, 74 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.75 (d, J = 8.2 
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Hz, 2H), 7.28 ï 7.18 (m, 3H), 5.07 (t, J = 6.9 Hz, 1H), 3.48 (q, J = 6.2 Hz, 2H), 3.21 (q, J 

= 6.5 Hz, 2H), 2.62 (t, J = 7.7 Hz, 2H), 1.68 (p, J = 6.0 Hz, 2H), 1.60 (p, J = 7.6 Hz, 2H), 

1.44 (s, 9H), 1.37 ï 1.15 (m, 14H), 0.87 (t, J = 7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

ŭ 167.7, 157.0, 146.8, 132.0, 128.6, 127.1, 79.5, 37.2, 36.2, 35.9, 32.0, 31.3, 30.4, 29.7, 

29.7, 29.6, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+Na]+ calcd for C25H42N2NaO3, 

441.3088, observed, 441.3080. 

tert -butyl  (R)-3-(4-decyl-N-methylbenzamido)pyrrolidine-1-carboxylate (2.12b)  

Synthesized according to General Procedure 2.6. 

Purified via column chromatography (40-60% ethyl 

acetate/hexanes). Yellow (67%, 103 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.29 (d, J = 8.1 

Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H), 5.30 ï 4.33 (m, 1H), 3.68 ï 3.46 (m, 2H), 3.42 ï 3.17 

(m, 2H), 2.94 (s, 3H), 2.62 (t, J = 7.5 Hz, 2H), 2.12 ï 1.98 (m, 2H), 1.60 (p, J = 7.6 Hz, 

2H), 1.44 (s, 9H), 1.37 ï 1.19 (m, 14H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) ŭ 172.5, 154.5, 145.0, 133.7, 128.7, 126.9, 79.8, 47.2, 46.8*, 44.6*, 44.2, 35.9, 

32.0, 31.4, 29.72, 29.70, 29.6, 29.44, 29.41, 28.6, 28.4, 27.9*, 22.8, 14.2. Some carbon 

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

[M+H] + calcd for C27H45N2O3, 445.3425, observed, 445.3419. 

tert -butyl (R)-3-(4-decyl-N-methylbenzamido)piperidine-1-carboxylate (2.12c)  

Synthesized according to General Procedure 2.6. 

Purified via column chromatography (30-50% ethyl 

acetate/hexanes). Clear oil (85%, 88 mg). 1H NMR (500 MHz, CDCl3) ŭ 7.28 (d, J = 8.1 

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

(m, 3H), 1.97 ï 1.54 (m, 6H), 1.40 (s, 9H), 1.32 ï 1.21 (m, 14H), 0.86 (t, J = 7.0 Hz, 3H). 
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13C NMR (126 MHz, CDCl3) ŭ 172.4, 154.7, 144.7, 133.9, 128.6, 126.5, 79.9, 55.5, 

50.82*, 47.7, 46.3*, 44.1*, 43.2, 35.9, 33.3, 32.0, 31.4, 29.72, 29.70, 29.6, 29.44, 29.42, 

28.9, 28.4, 24.6, 22.8, 14.2. HRMS: (ESI) [M+Na]+ calcd for C28H46N2NaO3, 481.3401, 

observed, 481.3394. 

N-(3-aminopropyl)-4-decyl-N-methylbenzamide hydrochloride (2.13a)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (78%, 66 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.41 ï 7.37 (m, 2H), 7.31 ï 7.27 (m, 

2H), 3.68 ï 3.62 (m, 2H), 3.08 ï 3.02 (m, 4H), 2.66 (t, J = 7.7 Hz, 2H), 2.09 ï 2.04 (m, 

2H), 1.68 ï 1.58 (m, 2H), 1.39 ï 1.22 (m, 14H), 0.89 (t, J = 6.8 Hz, 3H). 13C NMR (101 

MHz, CD3OD) ŭ 174.8, 146.7, 134.0, 129.6, 128.3, 47.8, 45.4, 38.2, 36.7, 33.6, 33.0, 

32.5, 30.7, 30.6, 30.4, 30.3, 24.7, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C21H37N2O, 

333.2900, observed, 333.2897. 

(R)-4-decyl-N-methyl-N-(pyrrolidin -3-yl)benzamide hydrochloride (2.13b)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (46%, 41 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.38 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 

8.2 Hz, 2H), 4.68 (p, J = 7.5 Hz, 1H), 3.73 ï 3.45 (m, 3H), 3.30 ï 3.20 (m, 1H), 3.04 (s, 

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

(m, 14H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 174.7, 146.9, 134.4, 

129.7, 128.2, 58.3, 46.7, 36.7, 33.0, 32.5, 30.7, 30.7, 30.6, 30.4, 30.3, 28.5, 23.7, 14.4. 

Some carbon signals not observed due to peak broadening from adjacent heteroatoms. 

HRMS: (ESI) [M+H]+ calcd for C22H37N2O, 345.2900, observed, 345.2911. 
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(R)-4-decyl-N-methyl-N-(piperidin -3-yl)benzamide hydrochloride (2.13c)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (80%, 61 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.37 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 

8.2 Hz, 2H), 4.74 ï 3.91 (m, 1H), 3.49 ï 3.19 (m, 3H), 3.03 ï 2.88 (m, 4H), 2.66 (t, J = 

7.7 Hz, 2H), 2.20 ï 1.80 (m, 4H), 1.64 (p, J = 7.3 Hz, 2H), 1.42 ï 1.22 (m, 14H), 0.90 (t, 

J = 6.6 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 174.5, 146.8, 134.3, 129.7, 128.2, 50.7, 

45.5, 44.7, 36.7, 34.0, 33.1, 32.5, 30.72, 30.70, 30.6, 30.5, 30.3, 26.5, 23.7, 23.0, 14.5. 

HRMS: (ESI) [M+H]+ calcd for C23H39N2O, 359.3057, observed, 359.3057.  

tert -butyl (3-(4-decylphenylthioamido)propyl)carbamate (2.14a)  

Synthesized according to General Procedure 2.7. 

Purified via column chromatography (15-35% ethyl 

acetate/hexanes). Yellow oil (72%, 75 mg). 1H NMR (500 MHz, CDCl3) ŭ 8.95 (brs, 1H), 

7.81 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.5 Hz, 2H), 4.84 (t, J = 6.7 Hz, 1H), 3.95 (q, J = 

6.0 Hz, 2H), 3.24 (q, J = 6.6 Hz, 2H), 2.62 (t, J = 7.7 Hz, 2H), 1.86 (p, J = 6.0 Hz, 2H), 

1.60 (p, J = 7.6 Hz, 2H), 1.45 (s, 9H), 1.33 ï 1.22 (m, 14H), 0.88 (t, J = 6.9 Hz, 3H). 13C 

NMR (126 MHz, CDCl3) ŭ 198.5, 157.5, 146.7, 138.9, 128.6, 127.1, 80.1, 42.8, 37.4, 

35.9, 32.0, 31.4, 29.8, 29.7, 29.6, 29.5, 29.4, 28.8, 28.5, 22.8, 14.3. HRMS: (ESI) [M+H]+ 

calcd for C25H43N2O2S, 435.3040, observed, 435.3048. 

tert -butyl (R)-3-(4-decylphenylthioamido)pyrrolidine-1-carboxylate (2.14b)  

Synthesized according to General Procedure 2.7. 

Purified via column chromatography (30% ethyl 

acetate/hexanes). Yellow oil (68%, 151 mg). 1H NMR 
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(400 MHz, CDCl3) ŭ 7.86 (d, J = 38.3 Hz, 1H), 7.63 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.2 

Hz, 2H), 5.17 ï 5.03 (m, 1H), 3.80 ï 3.63 (m, 1H), 3.53 ï 3.30 (m, 3H), 2.60 (t, J = 7.7 

Hz, 2H), 2.35 ï 2.22 (m, 1H), 2.19 ï 2.00 (m, 1H), 1.58 (p, J = 7.2 Hz, 2H), 1.43 (s, 9H), 

1.34 ï 1.20 (m, 14H), 0.86 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 199.3, 

154.5, 146.9, 139.1, 128.5, 126.9, 79.9, 56.0, 55.4*, 51.0, 50.5*, 44.3*, 44.0, 35.8, 31.9, 

31.3, 31.1*, 30.3, 29.7, 29.6, 29.5, 29.4, 29.3, 28.5, 22.7, 14.2. Material isolated as an 

approximately 1:1 ratio of rotamers. HRMS: (ESI) [M+Na]+ calcd for C26H42N2NaO2S, 

469.2859, observed, 469.2830.  

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

Synthesized according to General Procedure 2.7. 

Purified via column chromatography (30% ethyl 

acetate/hexanes). Yellow (80%, 83 mg). 1H NMR (500 MHz, CDCl3) ŭ 7.68 ï 7.61 (m, 

3H), 7.16 (d, J = 8.2 Hz, 2H), 4.71 ï 4.62 (m, 1H), 4.02 ï 3.08 (m, 4H), 2.61 (t, J = 7.6 

Hz, 2H), 2.39 ï 1.76 (m, 2H), 1.65 ï 1.53 (m, 4H), 1.44 (s, 9H), 1.35 ï 1.18 (m, 14H), 

0.87 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 198.3, 155.1, 146.8, 139.3, 

128.6, 126.7, 80.4, 51.4, 47.8, 45.2*, 43.8, 35.8, 32.0, 31.3, 29.72, 29.70, 29.5, 29.4, 29.3, 

28.4, 27.7, 22.8, 22.3, 14.2. Carbon signal peak broadening observed due to the presence 

of rotamers. HRMS: (ESI) [M+H]+ calcd for C27H45N2O2S, 461.3196, observed, 

461.3192. 

N-(3-aminopropyl)-4-decylbenzothioamide hydrochloride (2.15a)  

Synthesized according to General Procedure 2.3. 

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

58 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.73 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.2 Hz, 
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2H), 3.95 (t, J = 6.7 Hz, 2H), 3.04 (t, J = 7.5 Hz, 2H), 2.65 (t, J = 7.6 Hz, 2H), 2.13 (p, J 

= 6.9 Hz, 2H), 1.63 (p, J = 7.1 Hz, 2H), 1.37 ï 1.21 (m, 14H), 0.89 (t, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, CD3OD) ŭ 201.0, 147.7, 140.3, 129.2, 128.3, 43.8, 38.5, 36.6, 33.0, 

32.4, 30.71, 30.70, 30.6, 30.4, 30.3, 27.5, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C20H35N2S, 335.2515, observed, 335.2514 

(R)-4-decyl-N-(pyrrolidin -3-yl)benzothioamide hydrochloride (2.15b)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with hexanes. Yellow solid (94%, 122 mg). 

1H NMR (400 MHz, CD3OD) ŭ 7.77 (d, J = 8.2 Hz, 2H), 7.23 (d, J = 8.3 Hz, 2H), 5.22 

(tt, J = 7.2, 4.9 Hz, 1H), 3.77 (dd, J = 12.5, 7.1 Hz, 1H), 3.63 ï 3.39 (m, 3H), 2.66 (t, J = 

7.6 Hz, 2H), 2.50 (dq, J = 13.7, 7.5 Hz, 1H), 2.40 ï 2.27 (m, 1H), 1.64 (p, J = 7.1 Hz, 

2H), 1.39 ï 1.22 (m, 14H), 0.91 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 

201.8, 147.8, 140.1, 129.2, 128.6, 56.2, 50.6, 45.9, 36.6, 33.0, 32.4, 30.71, 30.69, 30.6, 

30.4, 23.7, 14.5. HRMS: (ESI) [M+H]+ calcd for C21H35N2S, 347.2515, observed, 

347.2526.  

(R)-4-decyl-N-(piperidin -3-yl)benzothioamide hydrochloride (2.15c)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with diethyl ether. White solid (88%, 60 mg). 

1H NMR (400 MHz, CD3OD) ŭ 7.72 (d, J = 6.7 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 4.98 

(dt, J = 10.8, 5.5 Hz, 1H), 3.75 (dd, J = 12.1, 4.4 Hz, 1H), 3.39 (d, J = 12.8 Hz, 1H), 3.01 

(q, J = 12.4 Hz, 2H), 2.65 (t, J = 7.6 Hz, 2H), 2.29 ï 2.03 (m, 2H), 1.94 ï 1.79 (m, 2H), 

1.64 (p, J = 7.1 Hz, 2H), 1.38 ï 1.26 (m, 14H), 0.91 (t, J = 6.9 Hz, 3H). 13C NMR (101 

MHz, CD3OD) ŭ 201.4, 147.8, 140.4, 129.2, 128.6, 51.1, 46.4, 44.9, 36.6, 33.0, 32.4, 
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30.70, 30.69, 30.6, 30.4, 30.3, 28.1, 23.7, 22.4, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C22H37N2S, 361.2672, observed, 361.2678.  

tert -butyl 4-((4-decylphenyl)(methyl)carbamoyl)piperazine-1-carboxylate (2.16a)  

Synthesized according to General Procedure 2.6. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). Clear oil (51%, 53 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.12 (d, J = 8.4 

Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 3.23 ï 3.10 (m, 11H), 2.55 (t, J = 7.8 Hz, 2H), 1.58 (p, 

J = 7.6 Hz, 2H), 1.40 (s, 9H), 1.34 ï 1.22 (m, 14H), 0.86 (t, J = 6.5 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) ŭ 161.4, 154.7, 144.3, 140.0, 129.5, 124.2, 80.0, 45.6, 43.1, 39.9, 

35.4, 32.0, 31.5, 29.72, 29.70, 29.6, 29.44, 29.42, 28.5, 22.8, 14.2. HRMS: (ESI) 

[M+Na]+ calcd for C27H45N3NaO3, 482.3353, observed, 482.3361. 

tert -butyl 5-((4-decylphenyl)(methyl)carbamoyl)-2,5-diazabicyclo[2.2.1]heptane-2-

carboxylate (2.16b)  

Synthesized according to General Procedure 2.6. 

Purified via column chromatography (30-40% ethyl 

acetate/hexanes). White solid (67%, 69 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.13 ï 7.04 

(m, 2H), 7.04 ï 6.97 (m, 2H), 4.47 ï 4.12 (m, 2H), 3.48 ï 3.35 (m, 1H), 3.23 ï 3.11 (m, 

4H), 2.88 ï 2.39 (m, 4H), 1.68 ï 1.49 (m, 4H), 1.39 (s, 9H), 1.32 ï 1.17 (m, 17H), 0.84 

(t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 159.8, 159.5*, 154.2, 143.2*, 142.9, 

140.6, 140.4*, 129.4, 126.0, 125.7*, 79.6, 58.4, 57.9*, 57.4*, 56.5, 56.3, 56.0*, 53.0, 

52.6*, 39.8*, 39.7, 36.6*, 36.0, 35.4, 31.9, 31.4, 29.64, 29.62, 29.5, 29.4, 29.3, 28.5, 22.7, 

14.2. Material isolated as an approximately 2:1 ratio of rotamers. HRMS: (ESI) [M+H]+ 

calcd for C28H46N3O3, 472.3525. 
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tert -butyl 3-((4-decylphenyl)(methyl)carbamoyl)-3,8-diazabicyclo[3.2.1]octane-8- 

carboxylate (2.16c)  

Synthesized according to General Procedure 2.6. 

Purified via column chromatography (30-50% ethyl 

acetate/hexanes). Clear oil (82%, 84 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.17 ï 7.05 (m, 

4H), 3.96 ï 3.88 (m, 2H), 3.52 (dd, J = 37.7, 11.6 Hz, 2H), 3.21 (s, 3H), 2.79 (dd, J = 

57.1, 12.4 Hz, 2H), 2.56 (t, J = 7.8 Hz, 2H), 1.76 ï 1.65 (m, 2H), 1.64 ï 1.49 (m, 4H), 

1.40 (s, 9H), 1.34 ï 1.17 (m, 14H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

ŭ 159.8, 156.0, 144.1, 140.5, 129.5, 125.2, 79.7, 54.9, 54.4*, 49.6*, 48.4, 39.7, 35.5, 32.0, 

31.5, 29.72, 29.70, 29.6, 29.4, 29.3, 28.5, 26.8, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd 

for C29H48N3O3, 486.3690, observed, 486.3696. 

N-(4-decylphenyl)-N-methylpiperazine-1-carboxamide hydrochloride (2.17a)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with diethyl ether and ethyl acetate. White 

solid (85%, 39 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.24 (d, J = 8.5 Hz, 2H), 7.13 (d, J = 

8.5 Hz, 2H), 3.45 ï 3.38 (m, 4H), 3.20 (s, 3H), 3.05 ï 2.98 (m, 4H), 2.61 (t, J = 7.7 Hz, 

2H), 1.61 (p, J = 7.1 Hz, 2H), 1.38 ï 1.23 (m, 14H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR 

(101 MHz, CD3OD) ŭ 162.4, 144.6, 142.1, 130.9, 125.6, 44.0, 43.8, 40.2, 36.3, 33.1, 

32.7, 30.7, 30.7, 30.6, 30.4, 30.3, 23.7, 14.5. HRMS: (ESI) [M+H]+ calcd for C22H38N3O, 

360.3009, observed, 360.3014.  
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N-(4-decylphenyl)-N-methyl-2,5-diazabicyclo[2.2.1]heptane-2-carboxamide 

hydrochloride (2.17b)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with diethyl ether and ethyl acetate. White 

solid (50%, 43 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.24 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 

8.4 Hz, 2H), 4.46 (s, 1H), 4.09 (t, J = 2.3 Hz, 1H), 3.35 (dd, J = 11.1, 1.9 Hz, 1H), 3.20 

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

11.2, 2.5 Hz, 1H), 2.61 (t, J = 7.7 Hz, 2H), 1.93 ï 1.75 (m, 2H), 1.61 (p, J = 7.5 Hz, 2H), 

1.38 ï 1.23 (m, 14H), 0.90 (t, J = 6.7 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 161.1, 

143.4, 142.7, 130.9, 127.2, 59.3, 58.1, 53.6, 52.4, 40.0, 36.3, 35.9, 33.1, 32.7, 30.73, 

30.71, 30.6, 30.5, 30.3, 23.7, 14.5. HRMS: (ESI) [M+H]+ calcd for C23H36N3O, 

372.3009, observed, 372.3002.  

N-(4-decylphenyl)-N-methyl-3,8-diazabicyclo[3.2.1]octane-3-carboxamide 

hydrochloride (2.17c)  

Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid (92%, 67 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.30 ï 7.18 (m, 4H), 

4.10 ï 4.03 (m, 2H), 3.23 (s, 3H), 3.06 ï 2.98 (m, 4H), 2.62 (t, J = 7.7 Hz, 2H), 2.03 ï 

1.81 (m, 4H), 1.61 (p, J = 7.1 Hz, 2H), 1.38 ï 1.24 (m, 14H), 0.90 (t, J = 6.9 Hz, 3H). 13C 

NMR (101 MHz, CD3OD) ŭ 160.6, 144.3, 142.7, 130.9, 126.5, 54.5, 48.6, 39.9, 36.3, 

33.1, 32.6, 30.72, 30.70, 30.6, 30.4, 30.3, 26.8, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd 

for C24H40N3O, 386.3166, observed, 386.3164. 
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N-(4-decylphenyl)-4-methylpiperazine-1-carboxamide hydrochloride (2.18a)  

A solution of 2.11i in MeOH (0.2 M) was added to a 

pressure vial charged with a stir bar. Paraformaldehyde 

(10.0 equiv) and formic acid (10.0 equiv) were added. The vial was sealed, purged with 

N2, and heated to 65 C for 6 h. Upon complete consumption of starting material as 

monitored by TLC, the mixture was cooled to rt. The reaction was concentrated under 

reduced pressure and the residue was dissolved in ethyl acetate. The solution was 

partitioned with saturated sodium carbonate and the aqueous layer was rinsed three times 

with ethyl acetate. The combined organic layers were further rinsed twice with saturated 

sodium carbonate and thrice with brine. The organic layer was concentrated under 

reduced pressure to yield the free amine base, which was subjected to column 

chromatography (5-15% methanol/dichloromethane). The resulting white solid free 

amine base was treated with hydrochloric acid to yield the tertiary ammonium chloride 

salt. The material was purified via trituration with ethyl acetate and diethyl ether. White 

solid (50%, 33 mg). 1H NMR (400 MHz, CD3OD) ŭ 7.27 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 

8.6 Hz, 2H), 4.44 ï 4.25 (m, 2H), 3.61 ï 3.47 (m, 2H), 3.38 ï 3.25 (m, 2H), 3.20 ï 3.06 

(m, 2H), 2.94 (s, 3H), 2.56 (t, J = 7.6 Hz, 2H), 1.58 (p, J = 7.6 Hz, 2H), 1.38 ï 1.21 (m, 

14H), 0.90 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CD3OD) ŭ 157.4, 139.5, 137.9, 

129.6, 122.4, 54.3, 43.6, 42.7, 36.3, 33.1, 32.8, 30.74, 30.71, 30.6, 30.4, 30.3, 23.7, 14.4. 

HRMS: (ESI) [M+H]+ calcd for C22H38N3O, 360.3009, observed, 360.3017. 

4-((4-decylphenyl)carbamoyl)-1,1-dimethylpiperazin-1-ium iodide (2.18b)  

An oven-dried round-bottom flask containing a stir bar, 

K2CO3 (4.0 equiv), and MeI (10.0 equiv) was purged with 
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N2. A dispersion of 2.11i (1.0 equiv) in anhydrous MeCN (0.2 M) was syringed into the 

flask and the solution was allowed to stir at rt for 16 h. The crude material was 

concentrated under reduced pressure and subjected to silica gel chromatography. Purified 

via column chromatography (10-15% MeOH/DCM). Purified via column 

chromatography (10-15% methanol/dichloromethane). White solid (83%, 65 mg). 1H 

NMR (400 MHz, CD3OD) ŭ 7.28 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.6 Hz, 2H), 3.92 (t, J 

= 5.3 Hz, 4H), 3.55 (t, J = 4.7 Hz, 4H), 3.29 (s, 6H), 2.56 (t, J = 7.5 Hz, 2H), 1.59 (p, J = 

7.4 Hz, 2H), 1.36 ï 1.23 (m, 14H), 0.90 (t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, 

CD3OD) ŭ 157.4, 139.5, 137.9, 129.6, 122.5, 62.3, 52.0, 39.5, 36.2, 33.0, 32.8, 30.72, 

30.69, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C23H40N3O, 

374.3166, observed, 374.3170.  

tert -butyl 4-((4-hexylphenyl)carbamoyl)piperazine-1-carboxylate (2.19a)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid (84%, 57 mg). 1H NMR 

(500 MHz, CDCl3) ŭ 7.23 (d, J = 8.1 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.39 (brs, 1H), 

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

1.23 (m, 6H), 0.92 ï 0.82 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 155.3, 154.8, 138.3, 

136.4, 128.9, 120.4, 80.4, 35.4, 31.8, 31.6, 29.0, 28.5, 22.7, 14.2. HRMS: (ESI) 

[M+NH4]
+ calcd for C22H40N4O3, 407.3017, observed, 407.3028. 

tert -butyl 4-((4-heptylphenyl)carbamoyl)piperazine-1-carboxylate (2.19b)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 
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acetate/hexanes). White solid (48%, 82 mg). 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 7.19 

(m, 2H), 7.14 ï 7.05 (m, 2H), 6.31 (brs, 1H), 3.54 ï 3.37 (m, 8H), 2.54 (dd, J = 8.6, 6.8 

Hz, 2H), 1.68 ï 1.52 (m, 2H), 1.48 (s, 9H), 1.35 ï 1.18 (m, 8H), 0.93 ï 0.82 (m, 3H). 13C 

NMR (126 MHz, CDCl3) ŭ 155.3, 154.8, 138.3, 136.3, 129.0, 120.4, 80.4, 35.4, 32.0, 

31.7, 29.33, 29.31, 28.5, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for C23H38N3O3, 

404.2908, observed, 402.2902. 

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

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid (60%, 87 mg). 1H NMR (600 MHz, CDCl3) ŭ 7.25 ï 7.20 

(m, 2H), 7.15 ï 7.01 (m, 2H), 6.33 (brs, 1H), 3.55 ï 3.40 (m, 8H), 2.58 ï 2.49 (m, 2H), 

1.60 ï 1.52 (m, 2H), 1.48 (s, 9H), 1.34 ï 1.19 (m, 10H), 0.87 (t, J = 7.0 Hz, 3H).13C 

NMR (151 MHz, CDCl3) ŭ 155.3, 154.8, 138.3, 136.3, 129.0, 120.4, 80.4, 35.4, 32.0, 

31.7, 29.6, 29.42, 29.40, 28.5, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C24H40N3O3, 

418.3064, observed, 418.3073 

tert -butyl 4-((4-nonylphenyl)carbamoyl)piperazine-1-carboxylate (2.19d)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid (59%, 88 mg). 1H NMR (600 MHz, CDCl3) ŭ 7.23 (d, J = 

8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.37 (brs, 1H), 3.47 (d, J = 5.3 Hz, 8H), 2.58 ï 2.49 

(m, 2H), 1.60 ï 1.53 (m, 2H), 1.47 (s, 9H), 1.30 ï 1.25 (m, 12H), 0.87 (t, J = 7.0 Hz, 3H). 

13C NMR (151 MHz, CDCl3) ŭ 155.3, 154.8, 138.3, 136.3, 128.9, 120.4, 80.4, 35.4, 32.0, 
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31.7, 29.7, 29.6, 29.5, 29.4, 28.5, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for 

C25H42N3O3, 432.3221, observed, 432.3221. 

tert -butyl 4-((4-undecylphenyl)carbamoyl)piperazine-1-carboxylate (2.19e)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid (92%, 117 mg). 1H NMR (600 MHz, CDCl3) ŭ 7.25 ï 7.19 

(m, 2H), 7.15 ï 7.05 (m, 2H), 6.34 (brs, 1H), 3.52 ï 3.40 (m, 8H), 2.54 (dd, J = 8.7, 6.8 

Hz, 2H), 1.61 ï 1.51 (m, 2H), 1.48 (s, 9H), 1.33 ï 1.18 (m, 16H), 0.87 (t, J = 7.0 Hz, 3H). 

13C NMR (151 MHz, CDCl3) ŭ 155.3, 154.8, 138.3, 136.3, 129.0, 120.4, 80.4, 35.4, 32.1, 

31.7, 29.84, 29.80, 29.72, 29.70, 29.5, 29.4, 28.5, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd 

for C27H46N3O3, 460.3534, observed, 460.3529. 

tert -butyl 4-((4-dodecylphenyl)carbamoyl)piperazine-1-carboxylate (2.19f)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid (67%, 146 mg). 1H NMR (600 MHz, CDCl3) ŭ 7.26 ï 7.20 

(m, 2H), 7.15 ï 7.05 (m, 2H), 6.30 (brs, 1H), 3.48 (q, J = 5.1, 4.6 Hz, 8H), 2.59 ï 2.48 

(m, 2H), 1.56 (td, J = 9.9, 8.9, 5.5 Hz, 2H), 1.48 (s, 9H), 1.33 ï 1.18 (m, 18H), 0.87 (t, J 

= 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 155.3, 154.8, 138.3, 136.3, 129.0, 120.3, 

80.4, 77.4, 77.2, 76.9, 35.4, 32.1, 31.7, 29.84, 29.83, 29.80, 29.79, 29.7, 29.5, 29.4, 28.5, 

22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C28H48N3O3, 474.3690, observed, 474.3677. 

tert -butyl 4-((4-tridecylphenyl)carbamoyl)piperazine-1-carboxylate (2.19g)  

Synthesized according to General Procedure 2.2. 

Purified via column chromatography (20-40% ethyl 



162 

 

acetate/hexanes). White solid (67%, 151 mg). 1H NMR (600 MHz, CDCl3) ŭ 7.26 ï 7.19 

(m, 2H), 7.14 ï 7.05 (m, 2H), 6.30 (brs, 1H), 3.48 (p, J = 6.3, 4.9 Hz, 8H), 2.54 (dd, J = 

8.6, 6.8 Hz, 2H), 1.56 (dt, J = 14.8, 6.7 Hz, 2H), 1.48 (s, 9H), 1.33 ï 1.18 (m, 20H), 0.87 

(t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 155.2, 154.8, 138.3, 136.3, 129.0, 

120.3, 80.4, 35.4, 32.1, 31.7, 29.84, 29.83, 29.80, 29.79, 29.77, 29.7, 29.5, 29.4, 28.5, 

22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C29H50N3O3, 488.3847, observed, 488.3863. 

N-(4-hexylphenyl)piperazine-1-carboxamide hydrogen chloride (2.20a)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (90%, 15 mg). 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 7.21 (m, 2H), 7.16 ï 7.05 (m, 

2H), 3.83 ï 3.72 (m, 4H), 3.30 ï 3.24 (m, 4H), 2.60 ï 2.52 (m, 2H), 1.59 (p, J = 7.6 Hz, 

2H), 1.38 ï 1.26 (m, 6H), 0.89 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 

157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 32.9, 32.8, 30.0, 23.7, 14.4. HRMS: 

(ESI) [M+H]+ calcd for C17H28N3O, 290.2227, observed, 290.2214. 

N-(4-heptylphenyl)piperazine-1-carboxamide hydrogen chloride (2.20b)  

Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid (88%, 59 mg). 1H NMR (500 MHz, CD3OD) ŭ 7.31 ï 7.20 (m, 2H), 

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

(p, J = 7.1 Hz, 2H), 1.37 ï 1.23 (m, 8H), 0.89 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, 

CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 33.0, 32.8, 30.3, 30.2, 23.7, 

14.4. HRMS: (ESI) [M+H]+ calcd for C18H30N3O, 304.2383, observed, 304.2390. 
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N-(4-octylphenyl)piperazine-1-carboxamide hydrogen chloride (2.20c)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (83%, 49 mg). 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 7.23 (m, 2H), 7.16 ï 7.06 (m, 

2H), 3.78 (dd, J = 6.1, 4.6 Hz, 4H), 3.30 ï 3.24 (m, 4H), 2.60 ï 2.52 (m, 2H), 1.59 (p, J = 

7.3 Hz, 2H), 1.39 ï 1.19 (m, 10H), 0.89 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, 

CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 33.0, 32.8, 30.6, 30.4, 30.3, 

23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C19H32N3O, 318.2540, observed, 318.2532. 

N-(4-nonylphenyl)piperazine-1-carboxamide hydrogen chloride (2.20d)  

Synthesized according to General Procedure 2.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid (86%, 22 mg). 1H NMR (500 MHz, CD3OD) ŭ 7.25 (d, J = 8.4 Hz, 

2H), 7.11 (d, J = 8.4 Hz, 2H), 3.84 ï 3.66 (m, 4H), 3.29 ï 3.24 (m, 4H), 2.56 (t, J = 7.6 

Hz, 2H), 1.63 ï 1.55 (m, 2H), 1.34 ï 1.26 (m, 12H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR 

(126 MHz, CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 33.1, 32.8, 

30.7, 30.6, 30.4, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C20H34N3O, 332.2696, 

observed, 332.9708. 

N-(4-undecylphenyl)piperazine-1-carboxamide hydrogen chloride (2.20e)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (91%, 92 mg). 1H NMR (500 MHz, CD3OD) ŭ 7.31 ï 7.20 (m, 2H), 7.16 ï 7.04 (m, 

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

2H), 1.38 ï 1.21 (m, 16H), 0.90 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 
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157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 33.1, 32.8, 30.8, 30.74, 30.73, 30.6, 

30.5, 30.3, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C22H38N3O, 360.3009, observed, 

360.3010. 

N-(4-dodecylphenyl)piperazine-1-carboxamide hydrogen chloride (2.20f)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (94%, 122 mg). 1H NMR (600 MHz, CD3OD) ŭ 7.29 ï 7.21 (m, 2H), 7.10 (d, J = 

8.4 Hz, 2H), 3.77 (dd, J = 6.1, 4.5 Hz, 4H), 3.30 ï 3.25 (m, 4H), 2.60 ï 2.52 (m, 2H), 

1.58 (p, J = 7.4 Hz, 2H), 1.36 ï 1.22 (m, 18H), 0.90 (t, J = 7.0 Hz, 3H). 13C NMR (151 

MHz, CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 33.1, 32.9, 30.81, 

30.79, 30.78, 30.77, 30.6, 30.5, 30.3, 23.8, 14.5. HRMS: (ESI) [M+H]+ calcd for 

C23H40N3O, 374.3166, observed, 374.3173. 

N-(4-tridecylphenyl)piperazine-1-carboxamide hydrogen chloride (2.20g)  

Synthesized according to General Procedure 2.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid (91%, 119 mg). 1H NMR (600 MHz, CD3OD) ŭ 

7.31 ï 7.19 (m, 2H), 7.15 ï 7.06 (m, 2H), 3.82 ï 3.72 (m, 4H), 3.30 ï 3.24 (m, 4H), 2.56 

(t, J = 7.6 Hz, 2H), 1.59 (p, J = 7.3 Hz, 2H), 1.37 ï 1.21 (m, 20H), 0.90 (t, J = 7.0 Hz, 

3H). 13C NMR (151 MHz, CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 36.3, 

33.1, 32.9, 30.82, 30.79, 30.77, 30.76, 30.6, 30.5, 30.3, 23.8, 14.5. HRMS: (ESI) [M+H]+ 

calcd for C24H42N3O, 388.3322, observed, 388.3322. 
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5.6 PROCEDURES AND CHARACTERIZATIONS FOR CHAPTER 3  

General Procedure 3.1: HCTU Amide Coupling. To a round-bottom flask 

containing a stir bar was added the appropriate benzoic acid (1.0 equiv), DIEA (3.0 

equiv), and DCM (0.2 M). The mixture was allowed to stir at rt for 15 min and HCTU 

(1.2 equiv) and a N-Boc-piperazine (1.0 equiv) were added. The solution was stirred for 

16 h at rt at which point complete consumption of the starting material was observed. 

Upon completion, the reaction mixture was concentrated under reduced pressure to afford 

a crude oil. This oil was subjected to flash chromatography with an appropriate ethyl 

acetate in hexanes solvent system to yield the desired purified product. 

General Procedure 3.2: One-Pot Hydroboration-Suzuki Miyaura Cross-

Coupling. To an oven-dried two-neck round-bottom flask containing 1-decene (1.1 

equiv) in THF (0.2 M) was added 9-BBN (1.5 equiv, 0.5 M in THF). A condenser was 

attached and the reaction mixture was heated to reflux for 2 h. Following hydroboration, 

the mixture was cooled to rt and the appropriate aryl halide (1.0 equiv) and 

Pd(dppf)Cl2ÅCH2Cl2 (5 mol%) were added. A solution of 3 M KOH(aq) (3.0 equiv) was 

then slowly syringed into the reaction flask. The resulting mixture was again heated to 

reflux until complete consumption of the aryl iodide was observed as monitored by TLC 

(approximately 4 h). Upon completion, the mixture was cooled to rt, filtered over celite, 

and concentrated under reduced pressure to afford a crude oil. This oil was subjected to 

flash chromatography with an appropriate ethyl acetate in hexanes solvent system to yield 

the desired purified product. 

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

containing an N-Boc-protected amine (1.0 equiv) dissolved in DCM (0.2 M) was added 
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HCl (10.0 equiv, 4 M in dioxane). The resulting mixture was allowed to stir until the 

complete consumption of starting material was observed as monitored by TLC 

(approximately 2 h). The reaction mixture was then concentrated under reduced pressure 

and the residue was rinsed with diethyl ether until a thick White precipitate formed. This 

precipitate was subjected to trituration with an appropriate solvent system to afford the 

pure product as a hydrochloride salt.  

General Procedure 3.4: Nucleophilic Substitution A. To an oven-dried round-

bottom flask, the appropriate 4-hydroxymethylbenzoate (1.0 equiv), K2CO3 (2.0 equiv), 

and alkyl halide (1.2 equiv) were added at rt followed by MeCN (0.2 M). A condenser 

was attached and the reaction mixture was heated to a reflux until consumption of the 

starting material was observed by TLC (approximately 6 h). Upon completion, the 

reaction mixture was cooled to rt and partitioned between ethyl acetate and water. The 

organic layer was collected and washed with brine (x3) and dried of Na2SO4. The dried 

organic layer was vacuum filtered before concentration of the filtrate in vacuo to afford a 

crude yellow oil, which was then subjected to flash chromatography with an appropriate 

ethyl acetate and hexane solvent system to afford the purified product.  

General Procedure 3.5: Saponification of Methyl Benzoates. To an oven-dried 

round-bottom flask containing the appropriate methyl benzoate (1.0 equiv) dissolved in 

water (0.2 M) was added NaOH (4.0 equiv). A condenser was attached and the reaction 

mixture was heated to a reflux until consumption of the methyl benzoate starting material 

was observed as monitored by TLC (approximately 6 h). Upon completion, the mixture 

was cooled to rt, acidified to pH < 2 using 4 M HCl(aq). Product was then extracted with 
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ethyl acetate, which was then isolated and dried with Na2SO4 and vacuum filtered. The 

solution was then concentrated in vacuo to afford the crude product as a yellow oil.   

General Procedure 3.6: Nucleophilic Substitution B. To an oven-dried round-

bottom flask, tert-butyl 4-(4-(1-(hydroxyimino)ethyl)benzoyl)piperazine-1-carboxylate 

(1.0 equiv) was dissolved in dry THF (0.2 M) and cooled to 0 C. To this stirring 

solution, sodium hydride (60% wt., dispersion in Paraffin Liquid, 1.0 equiv) was slowly 

added and the mixture was allowed to stir for 10 minutes. Then, the appropriate alkyl 

bromide (1.1 equiv) was added dropwise to the reaction. The resulting solution was 

allowed to warm to rt and stir for 16 hours or until complete consumption of the starting 

material was observed on TLC. Upon completion, the reaction mixture was cooled to rt 

and partitioned between ethyl acetate and water. The organic layer was collected and 

washed with brine (x3) and dried of Na2SO4. The dried organic layer was vacuum filtered 

before concentration of the filtrate in vacuo to afford a crude yellow oil, which was then 

subjected to flash chromatography with an appropriate ethyl acetate and hexane solvent 

system to afford the purified product.  

General Procedure 3.7: 1,2,4-Oxadiazole Synthesis. In a round-bottom flask, 

CDI (1.1) and the appropriate carboxylic acid (1.1 equiv) were dissolved in DMF (0.2 M) 

at rt and the solution was allowed to stir for 10 minutes followed by the addition of tert-

butyl 4-(4-(N'-hydroxycarbamimidoyl)benzoyl)piperazine-1-carboxylate (1.0 equiv). A 

condenser was attached and the reaction mixture was heated to 110 C until consumption 

of the starting material was observed by TLC (approximately 6 h). Upon completion, the 

reaction mixture was cooled to rt and partitioned between ethyl acetate and water. The 

organic layer was collected and washed with sat. LiBr (aq) (x3) and dried of Na2SO4. The 
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dried organic layer was vacuum filtered before concentration of the filtrate in vacuo to 

afford a crude yellow oil, which was then subjected to flash chromatography with an 

appropriate ethyl acetate and hexane solvent system to afford the purified product. 

tert -butyl 4-(4-bromo-2-methylbenzoyl)piperazine-1-carboxylate (3.2a)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 438 mg, 98% yield. 1H NMR (600 MHz, CDCl3) 

ŭ 7.38 ï 7.36 (m, 1H), 7.34 ï 7.32 (m, 1H), 7.00 (d, J = 8.1 Hz, 1H), 3.78 ï 3.68 (m, 2H), 

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

13C NMR (151 MHz, CDCl3) ŭ 169.3, 154.5, 136.7, 134.7, 133.5, 129.3, 127.4, 123.1, 

80.5, 46.7, 41.5, 28.4, 19.0. HRMS: (ESI) [M+H]+ calcd for C17H24BrN2O3, 383.0965, 

observed, 383.0975. 

tert -butyl 4-(4-iodo-3-methylbenzoyl)piperazine-1-carboxylate (3.2b)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). White 

solid, 409 mg, 99% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.82 

(d, J = 8.0 Hz, 1H), 7.24 (d, J = 2.0 Hz, 1H), 6.85 (dd, J = 8.0, 2.1 Hz, 1H), 3.71 (brs, 

2H), 3.53 ï 3.35 (m, 6H), 2.43 (s, 3H), 1.46 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 

170.0, 154.7, 142.4, 139.3, 135.4, 128.2, 125.7, 103.1, 80.6, 28.5, 28.3.  

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

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 416 mg, 96% yield. 1H NMR (600 MHz, 
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CDCl3) ŭ 7.36 (s, 1H), 6.96 (s, 1H), 3.82 ï 3.68 (m, 2H), 3.55 ï 3.45 (m, 2H), 3.37 ï 3.29 

(m, 2H), 3.21 ï 3.16 (m, 2H), 2.31 (s, 3H), 2.20 (s, 3H), 1.45 (s, 9H). 13C NMR (151 

MHz, CDCl3) ŭ 169.7, 154.6, 135.9, 134.7, 134.2, 133.4, 127.8, 125.7, 80.6, 46.8, 41.6, 

28.4, 22.5, 18.4. HRMS: (ESI) [M+H]+ calcd for C18H26BrN2O3, 397.1121, observed, 

397.1120. 

tert -butyl 4-(4-bromo-2,3-dimethylbenzoyl)piperazine-1-carboxylate (3.2d)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 401 mg, 93% yield. 1H NMR (600 MHz, 

CDCl3) ŭ 7.45 (d, J = 8.1 Hz, 1H), 6.86 (d, J = 8.1 Hz, 1H), 3.82 ï 3.73 (m, 2H), 3.55 ï 

3.46 (m, 2H), 3.34 ï 3.31 (m, 2H), 3.21 ï 3.16 (m, 2H), 2.39 (s, 3H), 2.26 (s, 3H), 1.46 

(s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 169.9, 154.6, 137.7, 135.5, 134.6, 130.6, 126.4, 

124.4, 80.6, 46.8, 41.5, 28.5, 19.9, 18.0. HRMS: (ESI) [M+H]+ calcd for C18H26BrN2O3, 

397.1121, observed, 397.1123. 

tert -butyl 4-(4-iodo-2-(trifluoromethyl)benzoyl)piperazine-1-carboxylate (3.2e)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 370 mg, 97% yield. 1H NMR (600 MHz, CDCl3) ŭ 

8.03 (s, 1H), 7.94 ï 7.92 (m, 1H), 7.05 (d, J = 8.0 Hz, 1H), 3.82 ï 3.76 (m, 1H), 3.71 ï 

3.66 (m, 1H), 3.54 ï 3.44 (m, 2H), 3.35 ï 3.30 (m, 2H), 3.15 ï 3.11 (m, 2H), 1.44 (s, 9H). 

19F NMR (565 MHz, CDCl3) ŭ -60.07. 13C NMR (151 MHz, CDCl3) ŭ 166.8, 154.5, 

141.4, 135.8 (q, J = 4.6 Hz), 134.0, 128.8, 128.6 (q, J = 32.3 Hz), 122.6 (q, J = 274.6 
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Hz), 94.4, 80.6, 47.0, 41.8, 28.4. HRMS: (ESI) [M+H]+ calcd for C17H21F3IN2O3, 

485.0543, observed, 485.0540. 

tert -butyl 4-(4-iodo-2-methoxybenzoyl)piperazine-1-carboxylate (3.2f)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 299 mg, 75% yield. 1H NMR (600 MHz, CDCl3) 

ŭ 7.31 ï 7.26 (m, 1H), 7.20 ï 7.17 (m, 1H), 6.91 ï 6.86 (m, 1H), 3.79 ï 3.71 (m, 4H), 

3.65 ï 3.58 (m, 1H), 3.49 ï 3.42 (m, 1H), 3.33 ï 3.29 (m, 2H), 3.22 ï 3.09 (m, 2H), 1.41 

(s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 167.6, 155.5, 154.7, 130.4, 129.3, 126.2, 120.5, 

120.1, 95.9, 80.7, 55.9, 46.8, 41.7, 28.3. HRMS: (ESI) [M+H]+ calcd for C17H24IN2O4, 

447.0775, observed, 447.0764. 

tert -butyl 4-(2-fluoro-4-iodobenzoyl)piperazine-1-carboxylate (3.2g)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 384 mg, 94% yield. 1H NMR (500 MHz, CDCl3) 

ŭ 7.58 (dd, J = 8.0, 1.5 Hz, 1H), 7.50 (dd, J = 8.7, 1.5 Hz, 1H), 7.12 (dd, J = 8.0, 7.0 Hz, 

1H), 3.75 (brs, 2H), 3.53 ï 3.49 (m, 2H), 3.42 ï 3.39 (m, 2H), 3.28 (brs, 2H), 1.47 (s, 

9H). 19F NMR (376 MHz, CDCl3) ŭ -112.51 (t, J = 8.1 Hz). 13C NMR (126 MHz, CDCl3) 

ŭ 164.7, 157.6 (d, J = 253.4 Hz), 154.6, 134.4 (d, J = 3.6 Hz), 130.6 (d, J = 3.8 Hz), 125.4 

(d, J = 24.0 Hz), 123.6 (d, J = 17.8 Hz), 95.5 (d, J = 7.5 Hz), 80.6, 47.1, 42.2, 28.5. 

HRMS: (ESI) [M+H]+ calcd for C16H21FIN2O3, 435.0575, observed, 435.0580. 
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tert -butyl 4-(2,6-difluoro -4-bromobenzoyl)piperazine-1-carboxylate (3.2h)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 404 mg, 95% yield. 1H NMR (600 MHz, CDCl3) 

ŭ 7.15 ï 7.12 (m, 2H), 3.75 ï 3.72 (m, 2H), 3.50 ï 3.46 (m, 2H), 3.40 ï 3.37 (m, 2H), 

3.26 ï 3.23 (m, 2H), 1.42 (s, 9H). 19F NMR (565 MHz, CDCl3) ŭ -111.06. 13C NMR (151 

MHz, CDCl3) ŭ 159.4, 158.8 (dd, J = 254.1, 9.0 Hz), 154.4, 123.6 (t, J = 11.7 Hz), 116.2 

ï 115.9 (m), 112.8 (t, J = 23.1 Hz), 80.5, 46.7, 41.9, 28.4. HRMS: (ESI) [M+H]+ calcd for 

C16H20BrF2N2O3, 405.0620, observed, 405.0650. 

tert -butyl 4-(4-bromo-1-naphthoyl)piperazine-1-carboxylate (3.2i)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 370 mg, 88% yield. 1H NMR (600 MHz, CDCl3) 

ŭ 8.26 (d, J = 8.5 Hz, 1H), 7.79 ï 7.73 (m, 3H), 7.61 (t, J = 7.6 Hz, 1H), 7.56 (t, J = 7.5 

Hz, 1H), 7.21 (d, J = 7.3 Hz, 1H), 3.94 ï 3.76 (m, 2H), 3.60 ï 3.52 (m, 2H), 3.30 ï 3.18 

(m, 2H), 3.14 ï 3.08 (m, 2H), 1.41 (s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 169.2, 154.7, 

133.6, 133.5, 132.1, 130.6, 129.4, 128.2, 127.9, 124.9, 124.5, 124.1, 80.8, 47.1, 41.9, 

28.3. HRMS: (ESI) [M+H]+ calcd for C20H24BrN2O3, 419.0965, observed, 419.0950. 

tert -butyl 4-(4-iodobenzoyl)piperazine-1-carboxylate (3.2j)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 150 mg, 36% yield. 1H NMR (500 MHz, CDCl3) 

ŭ 8.78 (s, 1H), 8.12 (dd, J = 8.2, 2.1 Hz, 1H), 7.47 (d, J = 8.1 Hz, 1H), 3.75 ï 3.71 (m, 
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2H), 3.61 ï 3.57 (m, 2H), 3.55 ï 3.50 (m, 2H), 3.47 ï 3.42 (m, 2H), 1.45 (s, 9H). 13C 

NMR (126 MHz, CDCl3) ŭ 166.8, 154.7, 154.3, 152.3, 145.7, 126.1, 95.1, 80.4, 47.2, 

42.6, 28.5. HRMS: (ESI) [M+H]+ calcd for C15H21IN3O3, 418.0622, observed, 418.0629. 

tert -butyl 4-(6-iodonicotinoyl)piperazine-1-carboxylate (3.2k)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (10-30% ethyl acetate/hexanes). 

White solid, 150 mg, 36% yield. 1H NMR (600 MHz, CDCl3) 

ŭ 8.37 (dd, J = 2.5, 0.8 Hz, 1H), 7.78 (dd, J = 8.0, 0.8 Hz, 1H), 7.36 (dd, J = 8.1, 2.5 Hz, 

1H), 3.69 (s, 2H), 3.43 (d, J = 68.8 Hz, 6H), 1.43 (s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 

167.1, 154.4, 148.7, 136.5, 135.0, 130.7, 119.6, 80.6, 47.6, 42.3, 28.4. HRMS: (ESI) 

[M+H] + calcd for C15H21IN3O3, 418.0622, observed, 418.0629. 

tert -butyl 4-(4-decyl-2-methylbenzoyl)piperazine-1-carboxylate (3.3a)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 452 mg, 97% yield. 

1H NMR (500 MHz, CDCl3) ŭ 7.04 ï 6.97 (m, 3H), 3.81 ï 3.69 (m, 2H), 3.48 (brs, 2H), 

3.31 (brs, 2H), 3.20 (brs, 2H), 2.55 ï 2.51 (m, 2H), 2.25 (s, 3H), 1.58 ï 1.49 (m, 2H), 

1.43 (s, 9H), 1.30 ï 1.21 (m, 14H), 0.85 (t, J = 6.9 Hz, 3H). HRMS: (ESI) [M+K]+ calcd 

for C27H45N2O3, 445.3425, observed, 445.3411. 

tert -butyl 4-(4-decyl-3-methylbenzoyl)piperazine-1-carboxylate (3.3b)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 383 mg, 91% yield. 
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1H NMR (600 MHz, CDCl3) ŭ 7.18 ï 7.11 (m, 3H), 3.76 ï 3.68 (m, 2H), 3.52 ï 3.37 (m, 

6H), 2.64 ï 2.53 (m, 2H), 2.31 (s, 3H), 1.57 ï 1.51 (m, 2H), 1.46 (s, 9H), 1.37 ï 1.23 (m, 

14H), 0.87 (t, J = 7.0 Hz, 3H). HRMS: (ESI) [M+H]+ calcd for C27H45N2O3, 445.3425, 

observed, 445.3421. 

tert -butyl 4-(4-decyl-2,5-dimethylbenzoyl)piperazine-1-carboxylate (3.3c)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 354 mg, 77% yield. 

1H NMR (500 MHz, CDCl3) ŭ 6.95 (s, 1H), 6.89 (s, 1H), 3.83 ï 3.68 (m, 2H), 3.55 ï 3.45 

(m, 2H), 3.33 (s, 2H), 3.25 ï 3.19 (m, 2H), 2.24 (s, 3H), 2.22 (s, 3H), 1.55 ï 1.46 (m, 

2H), 1.45 (s, 9H), 1.37 ï 1.22 (m, 14H), 0.90 ï 0.85 (m, 3H). 13C NMR (126 MHz, 

CDCl3) ŭ 170.8, 154.7, 142.3, 133.7, 133.2, 131.3, 131.0, 127.5, 80.4, 71.0, 46.8, 41.5, 

33.3, 32.0, 30.4, 29.84, 29.82, 29.72, 29.70, 29.5, 28.5, 22.8, 18.9, 18.7, 14.3. HRMS: 

(ESI) [M+H]+ calcd for C28H47N2O3, 459.3581, observed, 459.3578. 

tert -butyl 4-(4-decyl-2,3-dimethylbenzoyl)piperazine-1-carboxylate (3.3d)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 292 mg, 63% yield. 

1H NMR (500 MHz, CDCl3) ŭ 6.99 (d, J = 7.7 Hz, 1H), 6.89 (d, J = 7.7 Hz, 1H), 3.81 ï 

3.73 (m, 2H), 3.52 ï 3.47 (m, 2H), 3.33 ï 3.29 (m, 2H), 3.22 ï 3.17 (m, 2H), 2.66 ï 2.51 

(m, 2H), 2.21 ï 2.16 (m, 6H), 1.56 ï 1.48 (m, 2H), 1.45 (s, 9H), 1.30 ï 1.21 (m, 14H), 

0.90 ï 0.83 (m, 3H). HRMS: (ESI) [M+K]+ calcd for C28H46KN2O3, 497.3140, observed, 

497.3130. 
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tert -butyl 4-(4-decyl-2-(trifluoromethyl)benzoyl)piperazine-1-carboxylate (3.3e)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 340 mg, 89% yield. 

1H NMR (400 MHz, CDCl3) ŭ 7.48 (s, 1H), 7.38 (dd, J = 7.8, 1.7 Hz, 1H), 7.20 (d, J = 

7.8 Hz, 1H), 3.84 ï 3.77 (m, 1H), 3.73 ï 3.66 (m, 1H), 3.53 ï 3.46 (m, 2H), 3.35 ï 3.30 

(m, 2H), 3.16 ï 3.12 (m, 2H), 2.68 ï 2.63 (m, 2H), 1.66 ï 1.57 (m, 2H), 1.44 (s, 9H), 1.32 

ï 1.21 (m, 14H), 0.91 ï 0.80 (m, 3H). 19F NMR (376 MHz, CDCl3) ŭ -59.75. HRMS: 

(ESI) [M+H]+ calcd for C27H42F3N2O3, 499.3142, observed, 499.3150. 

tert -butyl 4-(4-decyl-2-methoxybenzoyl)piperazine-1-carboxylate (3.3f)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 202 mg, 82% yield. 

1H NMR (400 MHz, CDCl3) ŭ 7.12 (d, J = 7.6 Hz, 1H), 6.79 (dd, J = 7.7, 1.4 Hz, 1H), 

6.69 (d, J = 1.4 Hz, 1H), 3.84 ï 3.76 (m, 4H), 3.73 ï 3.64 (m, 1H), 3.51 ï 3.46 (m, 2H), 

3.38 ï 3.33 (m, 2H), 3.27 ï 3.14 (m, 2H), 2.60 ï 2.55 (m, 2H), 1.68 ï 1.55 (m, 2H), 1.45 

(s, 9H), 1.32 ï 1.22 (m, 14H), 0.90 ï 0.82 (m, 3H). 13C NMR (101 MHz, CDCl3) ŭ 168.5, 

155.3, 154.7, 146.3, 128.1, 122.7, 121.1, 111.1, 80.3, 55.6, 46.9, 42.0, 41.7, 36.3, 32.1, 

32.0, 29.72, 29.70, 29.4, 28.5, 26.3, 22.8, 22.1, 14.2. HRMS: (ESI) [M+H]+ calcd for 

C27H45N2O4, 461.3374, observed, 461.3375. 

tert -butyl 4-(4-decyl-2-fluorobenzoyl)piperazine-1-carboxylate (3.3g)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 433 mg, 92% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.28 (t, 

J = 7.5 Hz, 1H), 7.01 (dd, J = 7.8, 1.5 Hz, 1H), 6.91 ï 6.88 (m, 1H), 3.75 (brs, 2H), 3.53 

ï 3.48 (m, 2H), 3.43 ï 3.39 (m, 2H), 3.30 (brs, 2H), 2.66 ï 2.53 (m, 2H), 1.61 ï 1.56 (m, 

2H), 1.46 (s, 9H), 1.31 ï 1.22 (m, 14H), 0.87 (t, J = 7.0 Hz, 3H). 19F NMR (376 MHz, 

CDCl3) ŭ -115.61 (t, J = 8.9 Hz). 13C NMR (151 MHz, CDCl3) ŭ 165.8, 158.1 (d, J = 

247.5 Hz), 154.7, 147.8 (d, J = 7.3 Hz), 129.2 (d, J = 3.8 Hz), 125.0 (d, J = 3.1 Hz), 

120.9 (d, J = 17.0 Hz), 115.6 (d, J = 20.8 Hz), 80.5, 47.1, 42.1, 35.7, 32.1, 31.1, 29.7, 

29.6, 29.4, 29.3, 28.5, 22.8, 14.3.HRMS: (ESI) [M+H]+ calcd for C26H42FN2O3, 

449.3174, observed, 449.3170. 

tert -butyl 4-(4-decyl-2,6-difluorobenzoyl)piperazine-1-carboxylate (3.3h)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 401 mg, 87% yield. 1H NMR (600 MHz, CDCl3) ŭ 6.76 (d, 

J = 8.4 Hz, 2H), 3.80 ï 3.76 (m, 2H), 3.54 ï 3.49 (m, 2H), 3.44 ï 3.41 (m, 2H), 3.32 ï 

3.28 (m, 2H), 2.61 ï 2.57 (m, 2H), 1.61 ï 1.56 (m, 2H), 1.46 (s, 9H), 1.32 ï 1.21 (m, 

14H), 0.87 (t, J = 7.0 Hz, 3H). 19F NMR (565 MHz, CDCl3) ŭ -113.79 ï -113.95 (m). 13C 

NMR (151 MHz, CDCl3) ŭ 160.8, 158.8 (dd, J = 249.7, 8.4 Hz), 154.6, 148.1 (t, J = 9.2 

Hz), 111.9 ï 111.7 (m), 110.5 (t, J = 23.1 Hz), 80.5, 71.0, 46.9, 42.1, 41.9, 32.1, 32.0, 

30.8, 29.7, 29.6, 29.5, 29.4, 29.2, 28.5, 22.8, 14.3. HRMS: (ESI) [M+H] + calcd for 

C26H41F2N2O3, 467.3080, observed, 467.3089. 

tert -butyl 4-(4-decyl-1-naphthoyl)piperazine-1-carboxylate (3.3i)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 266 mg, 63% yield. 1H NMR (400 MHz, CDCl3) ŭ 8.09 ï 

8.05 (m, 1H), 7.84 ï 7.81 (m, 1H), 7.55 ï 7.47 (m, 2H), 7.31 (s, 2H), 4.03 ï 3.74 (m, 2H), 

3.65 ï 3.52 (m, 2H), 3.32 ï 3.23 (m, 2H), 3.19 ï 3.15 (m, 2H), 3.11 ï 2.99 (m, 2H), 1.75 

ï 1.61 (m, 2H), 1.44 (s, 9H), 1.34 ï 1.22 (m, 14H), 0.89 ï 0.85 (m, 3H). 13C NMR (101 

MHz, CDCl3) ŭ 170.1, 154.6, 140.9, 132.2, 132.1, 130.0, 126.7, 126.4, 125.5, 125.2, 

124.6, 123.7, 80.4, 47.1, 41.8, 33.3, 32.0, 30.9, 29.9, 29.7, 29.6, 29.4, 28.5, 22.8, 14.2. 

HRMS: (ESI) [M+H]+ calcd for C30H45N2O3, 481.3425, observed, 481.3426. 

tert -butyl 4-(4-decylbenzoyl)piperazine-1-carboxylate (3.3j)  

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 81 mg, 52% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 8.38 (s, 1H), 7.61 ï 7.58 (m, 2H), 3.77 ï 3.74 (m, 2H), 3.63 ï 

3.60 (m, 2H), 3.55 ï 3.52 (m, 2H), 3.47 ï 3.44 (m, 2H), 2.67 ï 2.58 (m, 2H), 1.65 ï 1.57 

(m, 2H), 1.46 (s, 9H), 1.35 ï 1.21 (m, 14H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (151 

MHz, CDCl3) ŭ 168.0, 154.8, 151.1, 148.4, 139.7, 137.1, 124.0, 80.4, 47.2, 42.5, 33.1, 

32.0, 31.1, 29.7, 29.6, 29.5, 29.4, 29.3, 28.5, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for 

C25H42N3O3, 432.3221, observed, 432.3221. 

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

Synthesized according to General Procedure 3.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 81 mg, 52% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 8.57 (d, J = 2.2 Hz, 1H), 7.66 (dd, J = 8.0, 2.3 Hz, 1H), 7.21 

(d, J = 7.9 Hz, 1H), 3.73 (s, 2H), 3.56 ï 3.38 (m, 6H), 2.83 ï 2.78 (m, 2H), 1.75 ï 1.69 
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(m, 2H), 1.46 (s, 9H), 1.37 ï 1.22 (m, 14H), 0.87 (t, J = 7.0 Hz, 3H). 13C NMR (151 

MHz, CDCl3) ŭ 168.5, 164.6, 154.6, 147.6, 135.7, 128.5, 122.7, 80.6, 38.5, 32.0, 29.9, 

29.72, 29.70, 29.6, 29.5, 29.4, 28.5, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for 

C25H42N3O3, 432.3221, observed, 432.3216. 

(4-decyl-2,5-dimethylphenyl)(piperazin-1-yl)methanone hydrochloride (3.4a)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 310 mg, 80% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.18 ï 7.16 (m, 1H), 7.15 ï 7.14 (m, 1H), 7.12 ï 7.10 (m, 1H), 4.17 ï 3.88 (m, 2H), 3.54 

(brs, 2H), 3.35 (brs, 2H), 3.18 (brs, 2H), 2.63 ï 2.59 (m, 2H), 2.29 (s, 3H), 1.64 ï 1.57 

(m, 2H), 1.35 ï 1.27 (m, 14H), 0.90 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 

172.7, 146.2, 135.8, 133.0, 131.9, 127.3, 127.1, 44.8, 44.6, 44.4, 39.4, 36.7, 33.1, 32.6, 

30.7, 30.6, 30.5, 30.3, 23.7, 19.1, 14.4. HRMS: (ESI) [M+H]+ calcd for C22H37N2O, 

345.2900, observed, 345.2899. 

(4-decyl-3-methylphenyl)(piperazin-1-yl)methanone hydrochloride (3.4b)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 390 mg, 94% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.27 ï 7.23 (m, 3H), 3.86 (brs, 4H), 3.30 ï 3.26 (m, 4H), 2.71 ï 2.60 (m, 2H), 2.35 (s, 

3H), 1.58 (p, J = 7.6 Hz, 2H), 1.46 ï 1.22 (m, 14H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR 

(126 MHz, CD3OD) ŭ 173.1, 145.4, 137.9, 132.8, 130.3, 129.9, 125.9, 44.4, 34.1, 33.1, 

31.3, 30.73, 30.66, 30.6, 30.5, 23.7, 19.3, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C22H37N2O, 345.2900, observed, 345.2911. 
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(4-decyl-2,5-dimethylphenyl)(piperazin-1-yl)methanone hydrochloride (3.4c)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 102 mg, 90% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.06 (s, 1H), 7.03 (s, 1H), 4.13 (brs, 1H), 3.92 (brs, 1H), 3.58 ï 3.53 (m, 2H), 3.37 ï 3.33 

(m, 2H), 3.18 (brs, 2H), 2.63 ï 2.57 (m, 2H), 2.29 (s, 3H), 2.24 (s, 3H), 1.59 ï 1.51 (m, 

2H), 1.41 ï 1.26 (m, 14H), 0.90 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 

172.8, 144.2, 135.0, 133.1, 133.0, 132.3, 128.5, 44.8, 44.6, 44.4, 39.4, 34.1, 33.1, 31.5, 

30.73, 30.67, 30.6, 30.5, 23.7, 18.8, 18.6, 14.5. HRMS: (ESI) [M+H]+ calcd for 

C23H39N2O, 359.3057, observed, 359.3069. 

(4-decyl-2,5-dimethylphenyl)(piperazin-1-yl)methanone hydrochloride (3.4d)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 220 mg, 88% yield. 1H NMR (500 MHz, CD3OD) ŭ 

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

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

Hz, 2H), 2.26 (s, 3H), 2.22 (s, 3H), 1.60 ï 1.48 (m, 2H), 1.42 ï 1.26 (m, 14H), 0.94 ï 

0.86 (m, 3H). 13C NMR (126 MHz, CD3OD) ŭ 173.3, 144.0, 137.0, 134.2, 133.8, 128.4, 

124.0, 44.8, 44.6, 44.4, 39.3, 35.2, 33.1, 31.8, 30.74, 30.73, 30.67, 30.6, 30.5, 23.7, 17.2, 

15.3, 14.4. HRMS: (ESI) [M+H]+ calcd for C23H39N2O, 359.3057, observed, 359.3055. 

(4-decyl-2-(trifluoromethyl)phenyl )(piperazin-1-yl)methanone hydrochloride (3.4e)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 
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solid, 254 mg, 85% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.64 (s, 1H), 7.59 (d, J = 7.8 

Hz, 1H), 7.45 (d, J = 7.7 Hz, 1H), 4.13 ï 4.07 (m, 1H), 3.96 ï 3.90 (m, 1H), 3.55 ï 3.35 

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

(m, 14H), 0.92 ï 0.87 (m, 3H). 19F NMR (565 MHz, CD3OD) ŭ -60.91. 13C NMR (151 

MHz, CD3OD) ŭ 169.9, 147.2, 133.9, 131.7, 128.7, 127.9 (q, J = 31.3 Hz), 127.8 (q, J = 

4.6 Hz), 125.2 (q, J = 273.2 Hz), 45.1, 44.2, 39.5, 36.4, 33.1, 32.3, 30.70, 30.69, 30.5, 

30.5, 30.2, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C22H34F3N2O, 399.2618, 

observed, 399.2619. 

(4-decyl-2-methoxyphenyl)(piperazin-1-yl)methanone hydrochloride (3.4f)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 254 mg, 85% yield. 1H NMR (600 MHz, CD3OD) ŭ 

7.21 ï 7.18 (m, 1H), 6.93 (s, 1H), 6.90 ï 6.88 (m, 1H), 4.12 ï 4.04 (m, 1H), 3.97 ï 3.90 

(m, 1H), 3.88 (s, 3H), 3.60 ï 3.47 (m, 2H), 3.36 ï 3.32 (m, 2H), 3.22 ï 3.18 (m, 2H), 2.66 

(t, J = 7.9 Hz, 2H), 1.66 ï 1.61 (m, 2H), 1.36 ï 1.26 (m, 14H), 0.92 ï 0.88 (m, 3H). 13C 

NMR (151 MHz, CD3OD) ŭ 170.5, 156.8, 148.7, 129.3, 122.3, 112.5, 56.2, 44.9, 44.8, 

44.4, 39.6, 37.1, 33.1, 32.6, 30.7, 30.6, 30.5, 30.4, 23.7, 14.4. HRMS: (ESI) [M+H]+ 

calcd for C22H37N2O2, 361.2850, observed, 361.2850. 

(4-decyl-2-fluorophenyl)(piperazin-1-yl)methanone hydrochloride (3.4g)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 362 mg, 97% yield. 1H NMR (600 MHz, CD3OD) ŭ 

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

ï 2.65 (m, 2H), 1.67 ï 1.60 (m, 2H), 1.36 ï 1.26 (m, 14H), 0.90 (t, J = 7.0 Hz, 3H). 19F 

NMR (565 MHz, CD3OD) ŭ -117.84 ï -117.88 (m). 13C NMR (151 MHz, CD3OD) ŭ 

167.7, 159.6 (d, J = 246.6 Hz), 150.2 (d, J = 7.4 Hz), 130.3 (d, J = 3.5 Hz), 126.4 (d, J = 

2.9 Hz), 120.8 (d, J = 17.2 Hz), 116.7 (d, J = 21.1 Hz), 45.1, 44.7, 44.3, 39.8, 36.5, 33.1, 

32.3, 30.74, 30.72, 30.6, 30.5, 30.3, 23.8, 14.5. HRMS: (ESI) [M+H]+ calcd for 

C21H34FN2O, 349.2650, observed, 349.2659. 

(4-decyl-2,6-difluorophenyl)(piperazin -1-yl)methanone hydrochloride (3.4h)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 35 mg, 82% yield. 1H NMR (600 MHz, CD3OD) ŭ 

6.99 (d, J = 9.1 Hz, 2H), 4.07 ï 4.04 (m, 2H), 3.69 ï 3.66 (m, 2H), 3.36 ï 3.33 (m, 2H), 

3.25 ï 3.22 (m, 2H), 2.70 ï 2.65 (m, 2H), 1.66 ï 1.60 (m, 2H), 1.36 ï 1.25 (m, 14H), 0.90 

(t, J = 6.9 Hz, 3H). 19F NMR (565 MHz, CD3OD) ŭ -115.84 (d, J = 9.1 Hz). 13C NMR 

(151 MHz, CD3OD) ŭ 162.5, 160.1 (dd, J = 248.8, 8.3 Hz), 150.8 (t, J = 9.0 Hz), 113.0 

(dd, J = 20.5, 3.4 Hz), 110.4 (t, J = 22.7 Hz), 44.8, 44.7, 44.4, 39.6, 36.6, 33.1, 32.0, 

30.72, 30.69, 30.53, 30.46, 30.2, 23.7, 14.5. HRMS: (ESI) [M+H]+ calcd for 

C21H33F2N2O, 367.2555, observed, 367.2561. 

(4-decylnaphthalen-1-yl)(piperazin-1-yl)methanone hydrochloride (3.4i)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 211 mg, 91% yield. 1H NMR (600 MHz, CD3OD) ŭ 

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

1.42 (m, 2H), 1.40 ï 1.26 (m, 14H), 0.91 ï 0.87 (m, 3H). 13C NMR (151 MHz, CD3OD) ŭ 

172.1, 142.9, 133.2, 132.0, 131.1, 128.1, 127.7, 126.4, 126.1, 125.7, 125.2, 45.1, 44.7, 

44.4, 39.6, 34.1, 33.1, 32.1, 30.8, 30.74, 30.72, 30.6, 30.5, 23.7, 14.5. HRMS: (ESI) 

[M+H] + calcd for C25H37N2O, 381.2900, observed, 381.2907. 

(5-decylpyridin -2-yl)(piperazin-1-yl)methanone hydrochloride (3.4j)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 35 mg, 82% yield. 1H NMR (500 MHz, CD3OD) ŭ 

8.79 (s, 1H), 8.43 (dd, J = 8.1, 1.9 Hz, 1H), 8.10 (d, J = 8.1 Hz, 1H), 3.96 (brs, 4H), 3.38 

(brs, 4H), 2.91 ï 2.87 (m, 2H), 1.77 ï 1.70 (m, 2H), 1.45 ï 1.27 (m, 14H), 0.92 ï 0.88 (m, 

3H). 13C NMR (126 MHz, CD3OD) ŭ 163.9, 146.0, 145.6, 145.3, 144.9, 126.7, 44.2, 33.6, 

33.1, 31.7, 30.71, 30.66, 30.47, 30.45, 30.2, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C20H34N3O, 332.2696, observed, 332.2704. 

(6-decylpyridin -3-yl)(piperazin-1-yl)methanone hydrochloride (3.4k)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 35 mg, 82% yield. 1H NMR (500 MHz, CD3OD) ŭ 

8.99 (d, J = 1.9 Hz, 1H), 8.67 (dd, J = 8.3, 2.0 Hz, 1H), 8.10 (d, J = 8.3 Hz, 1H), 4.06 ï 

3.77 (m, 4H), 3.38 (brs, 4H), 3.16 ï 3.12 (m, 2H), 1.85 (p, J = 7.7 Hz, 2H), 1.49 ï 1.25 

(m, 14H), 0.92 ï 0.88 (m, 3H). 13C NMR (126 MHz, CD3OD) ŭ 165.7, 160.6, 146.4, 

141.7, 133.3, 128.8, 44.1, 34.5, 33.0, 30.7, 30.5, 30.4, 30.31, 30.28, 30.2, 23.7, 14.4. 

HRMS: (ESI) [M+H]+ calcd for C20H34N3O, 332.2696, observed, 332.2702. 
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methyl 4-(nonyloxy)benzoate (3.6a)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 305 mg, 67% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.99 ï 7.96 (m, 2H), 6.91 

ï 6.88 (m, 2H), 4.00 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.83 ï 1.75 (m, 2H), 1.44 (tdd, J = 

17.8, 7.3, 4.5 Hz, 3H), 1.39 ï 1.20 (m, 10H), 0.89 (d, J = 6.6 Hz, 3H). 13C NMR (151 

MHz, CDCl3) ŭ 167.1, 163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 32.0, 29.7, 29.5, 29.4, 29.3, 

26.1, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C17H27O3, 279.1955, observed, 

279.1961. 

methyl 3-methyl-4-(nonyloxy)benzoate (3.6b)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 430 mg, 98% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.86 (dd, J = 8.5, 2.2 Hz, 

1H), 7.82 (dd, J = 2.2, 0.9 Hz, 1H), 6.80 (d, J = 8.5 Hz, 1H), 4.00 (t, J = 6.4 Hz, 2H), 

3.87 (s, 3H), 3.40 (t, J = 6.9 Hz, 1H), 2.23 (s, 3H), 1.88 ï 1.77 (m, 2H), 1.51 ï 1.43 (m, 

2H), 1.37 ï 1.24 (m, 10H), 0.95 ï 0.81 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 167.3, 

161.2, 132.0, 129.4, 126.8, 121.7, 110.0, 68.2, 51.8, 32.0, 29.7, 29.5, 29.4, 29.3, 26.2, 

22.8, 16.3, 14.2. HRMS: (ESI) [M+H]+ calcd for C18H29O3, 293.2111, observed, 

293.2117. 

methyl 3-methoxy-4-(nonyloxy)benzoate (3.6c)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 521 mg, 99% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.65 (dd, J = 8.4, 2.0 Hz, 
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1H), 7.54 (d, J = 2.0 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 4.06 (t, J = 6.9 Hz, 2H), 3.91 (s, 

3H), 3.89 (s, 3H), 1.89 ï 1.83 (m, 2H), 1.48 ï 1.42 (m, 2H), 1.38 ï 1.22 (m, 10H), 0.88 (t, 

J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 167.1, 152.7, 148.9, 123.7, 122.5, 112.4, 

111.5, 69.1, 56.2, 52.1, 32.0, 29.6, 29.5, 29.4, 29.1, 26.0, 22.8, 14.2. HRMS: (ESI) 

[M+H] + calcd for C18H29O4, 309.2060, observed, 309.2061. 

methyl 2-fluoro-4-(nonyloxy)benzoate (3.6d)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 410 mg, 94% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.87 (t, J = 8.7 Hz, 1H), 

6.69 (dd, J = 8.8, 2.4 Hz, 1H), 6.60 (dd, J = 12.8, 2.4 Hz, 1H), 3.96 (t, J = 6.6 Hz, 2H), 

3.88 (s, 3H), 1.80 ï 1.74 (m, 2H), 1.46 ï 1.38 (m, 2H), 1.36 ï 1.21 (m, 10H), 0.89 ï 0.85 

(m, 3H). 19F NMR (565 MHz, CDCl3) ŭ -106.21 ï -106.26 (m). 13C NMR (126 MHz, 

CDCl3) ŭ 164.8 (d, J = 4.1 Hz), 164.3 (d, J = 11.4 Hz), 163.6 (d, J = 259.8 Hz), 133.5 (d, 

J = 2.7 Hz), 110.7 (d, J = 3.0 Hz), 110.6 (d, J = 9.9 Hz), 102.7 (d, J = 25.9 Hz), 68.8, 

52.1, 32.0, 29.6, 29.42, 29.40, 29.1, 26.0, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for 

C17H26FO3, 297.1860, observed, 297.1862. 

methyl 3-fluoro-4-(nonyloxy)benzoate (3.6e)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 349 mg, 80% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.80 ï 7.77 (m, 1H), 7.73 

(dd, J = 11.7, 2.1 Hz, 1H), 6.95 (t, J = 8.4 Hz, 1H), 4.07 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 

1.88 ï 1.80 (m, 2H), 1.50 ï 1.39 (m, 2H), 1.38 ï 1.23 (m, 10H), 0.90 ï 0.86 (m, 3H). 19F 

NMR (565 MHz, CDCl3) ŭ -134.20 ï -134.24 (m). 13C NMR (126 MHz, CDCl3) ŭ 166.2 
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(d, J = 2.7 Hz), 151.9 (d, J = 246.7 Hz), 151.5 (d, J = 10.5 Hz), 126.7 (d, J = 3.3 Hz), 

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

29.5, 29.4, 29.1, 26.0, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for C17H26FO3, 297.1860, 

observed, 297.1867. 

methyl 6-(nonyloxy)nicotinate (3.6f)  

Synthesized according to General Procedure 3.4. The material 

was partitioned between ethyl acetate and water. The organic 

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

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

additional purification. 

methyl 4-(hexyloxy)benzoate (3.6g)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). White 

solid, 220 mg, 57% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.99 ï 7.96 (m, 2H), 6.91 ï 6.88 

(m, 2H), 4.00 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.82 ï 1.76 (m, 2H), 1.49 ï 1.42 (m, 2H), 

1.36 ï 1.31 (m, 4H), 0.93 ï 0.89 (m, 3H). 13C NMR (151 MHz, CDCl3) ŭ 167.1, 163.1, 

131.7, 122.4, 114.2, 68.3, 51.9, 31.7, 29.2, 25.8, 22.7, 14.2. HRMS: (ESI) [M+H]+ calcd 

for C14H21O3, 237.1485, observed, 237.1487. 

methyl 4-(heptyloxy)benzoate (3.6h)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). White 

solid, 343 mg, 83% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.99 ï 7.95 (m, 2H), 6.91 ï 6.87 

(m, 2H), 3.99 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.82 ï 1.75 (m, 2H), 1.49 ï 1.41 (m, 2H), 
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1.39 ï 1.28 (m, 6H), 0.91 ï 0.87 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 167.0, 163.1, 

131.7, 122.4, 114.2, 68.3, 51.9, 31.9, 29.22, 29.20, 26.1, 22.7, 14.2. HRMS: (ESI) 

[M+H] + calcd for C15H23O3, 251.1642, observed, 251.1640. 

methyl 4-(octyloxy)benzoate (3.6i)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 403 mg, 93% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.99 ï 7.96 (m, 2H), 6.92 

ï 6.88 (m, 2H), 4.00 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.82 ï 1.75 (m, 2H), 1.49 ï 1.42 

(m, 2H), 1.38 ï 1.24 (m, 8jH), 0.91 ï 0.87 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 167.1, 

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

(ESI) [M+H]+ calcd for C16H25O3, 265.1798, observed, 265.1799. 

methyl 4-(decyloxy)benzoate (3.6j)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 468 mg, 97% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.99 ï 7.96 (m, 2H), 6.92 

ï 6.88 (m, 2H), 4.00 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.83 ï 1.75 (m, 2H), 1.48 ï 1.40 

(m, 2H), 1.39 ï 1.23 (m, 12H), 0.88 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 

167.1, 163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 32.0, 29.72, 29.70, 29.53, 29.51, 29.3, 26.1, 

22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C18H29O3, 293.2111, observed, 293.2118. 

methyl 4-(undecyloxy)benzoate (3.6k)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 445 mg, 88% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.99 ï 7.96 (m, 2H), 6.92 
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ï 6.88 (m, 2H), 4.00 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.83 ï 1.76 (m, 2H), 1.49 ï 1.41 

(m, 2H), 1.38 ï 1.24 (m, 14H), 0.88 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 

167.1, 163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 32.1, 29.8, 29.72, 29.70, 29.53, 29.51, 29.3, 

26.1, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C19H31O3, 307.2268, observed, 

307.2271. 

methyl 4-(dodecyloxy)benzoate (3.6l)  

Synthesized according to General Procedure 3.4. Purified via 

column chromatography (10-20% ethyl acetate/hexanes). 

White solid, 300 mg, 57% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.99 ï 7.96 (m, 2H), 6.91 

ï 6.88 (m, 2H), 4.00 (t, J = 6.6 Hz, 2H), 3.88 (s, 3H), 1.82 ï 1.76 (m, 2H), 1.48 ï 1.42 

(m, 2H), 1.38 ï 1.22 (m, 16H), 0.88 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 

167.1, 163.1, 131.7, 122.4, 114.2, 68.3, 52.0, 32.1, 29.83, 29.79, 29.72, 29.70, 29.5, 29.3, 

26.1, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C20H33O3, 321.2424, observed, 

321.2430. 

4-(nonyloxy)benzoic acid (3.7a)  

Synthesized according to General Procedure 3.5. White solid, 

267 mg, 94% yield. 1H NMR (600 MHz, CDCl3) ŭ 8.07 ï 8.03 

(m, 2H), 6.95 ï 6.91 (m, 2H), 4.02 (t, J = 6.6 Hz, 2H), 1.83 ï 1.77 (m, 2H), 1.49 ï 1.43 

(m, 2H), 1.38 ï 1.24 (m, 10H), 0.89 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 

171.8, 163.8, 132.5, 121.4, 114.3, 68.4, 32.0, 29.7, 29.5, 29.4, 29.2, 26.1, 22.8, 14.3. 

HRMS: (ESI) [M-H]- calcd for C16H23O3, 263.1653, observed, 263.1662. 

3-methyl-4-(nonyloxy)benzoic acid (3.7b)  
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Synthesized according to General Procedure 3.5. White solid, 

350 mg, 88% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.96 ï 7.93 

(m, 1H), 7.89 (d, J = 2.2 Hz, 1H), 6.83 (d, J = 8.6 Hz, 1H), 4.03 (t, J = 6.4 Hz, 2H), 2.25 

(s, 3H), 1.86 ï 1.79 (m, 2H), 1.52 ï 1.45 (m, 2H), 1.39 ï 1.24 (m, 10H), 0.90 ï 0.86 (m, 

3H). 13C NMR (126 MHz, CDCl3) ŭ 172.4, 162.0, 132.7, 130.3, 127.0, 120.8, 110.1, 68.3, 

32.0, 29.7, 29.5, 29.4, 29.3, 26.2, 22.8, 16.3, 14.3.  

3-methoxy-4-(nonyloxy)benzoic acid (3.7c)  

Synthesized according to General Procedure 3.5. White solid, 

215 mg, 45% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.75 (dd, J 

= 8.4, 2.0 Hz, 1H), 7.59 (d, J = 2.0 Hz, 1H), 6.91 (d, J = 8.5 Hz, 1H), 4.09 (t, J = 6.9 Hz, 

2H), 3.93 (s, 3H), 1.91 ï 1.85 (m, 2H), 1.49 ï 1.43 (m, 2H), 1.39 ï 1.24 (m, 10H), 0.88 (t, 

J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 171.8, 153.5, 149.0, 124.7, 121.4, 112.7, 

111.5, 69.2, 56.2, 32.0, 29.6, 29.5, 29.4, 29.1, 26.0, 22.8, 14.3.  

2-fluoro-4-(nonyloxy)benzoic acid (3.7d)  

Synthesized according to General Procedure 3.5. White solid, 

263 mg, 73% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.97 (t, J = 

8.7 Hz, 1H), 6.73 (dd, J = 8.8, 2.4 Hz, 1H), 6.64 (dd, J = 12.8, 2.4 Hz, 1H), 4.00 (t, J = 

6.6 Hz, 2H), 1.82 ï 1.77 (m, 2H), 1.48 ï 1.42 (m, 2H), 1.38 ï 1.24 (m, 10H), 0.88 (t, J = 

7.0 Hz, 3H). 19F NMR (565 MHz, CDCl3) ŭ -104.92 ï -104.96 (m). 13C NMR (151 MHz, 

CDCl3) ŭ 169.3 (d, J = 3.6 Hz), 165.2, 164.3 (d, J = 249.0 Hz), 134.2 (d, J = 2.2 Hz), 

111.0 (d, J = 2.8 Hz), 109.5 (d, J = 9.0 Hz), 102.9 (d, J = 25.6 Hz), 68.9, 32.0, 29.6, 29.5, 

29.4, 29.0, 26.0, 22.8, 14.3.  
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3-fluoro-4-(nonyloxy)benzoic acid (3.7e)  

Synthesized according to General Procedure 3.5. White solid, 

311 mg, 94% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.89 ï 7.85 

(m, 1H), 7.80 (dd, J = 11.5, 2.1 Hz, 1H), 6.99 (t, J = 8.3 Hz, 1H), 4.10 (t, J = 6.6 Hz, 2H), 

1.89 ï 1.82 (m, 2H), 1.51 ï 1.44 (m, 2H), 1.39 ï 1.23 (m, 10H), 0.90 ï 0.86 (m, 3H). 19F 

NMR (376 MHz, CDCl3) ŭ -133.83 ï -133.89 (m). 13C NMR (126 MHz, CDCl3) ŭ 171.0 

(d, J = 2.4 Hz), 152.3 (d, J = 10.8 Hz), 152.0 (d, J = 247.1 Hz), 127.6 (d, J = 3.2 Hz), 

121.7 (d, J = 6.4 Hz), 117.9 (d, J = 19.9 Hz), 113.4 (d, J = 1.9 Hz), 69.5, 32.0, 29.6, 29.5, 

29.4, 29.1, 26.0, 22.8, 14.3.  

6-(nonyloxy)nicotinic acid (3.7f)  

Synthesized according to General Procedure 3.5. White solid, 

54 mg, 57% yield. 1H NMR (600 MHz, CDCl3) ŭ 8.91 (d, J = 

2.3 Hz, 1H), 8.19 (dd, J = 8.7, 2.4 Hz, 1H), 6.77 (d, J = 8.7 Hz, 1H), 4.36 (t, J = 6.8 Hz, 

2H), 1.78 (p, J = 6.9 Hz, 2H), 1.50 ï 1.38 (m, 2H), 1.36 ï 1.23 (m, 12H), 0.87 (t, J = 6.9 

Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 171.2, 167.4, 151.2, 140.1, 118.7, 111.1, 67.3, 

32.0, 29.7, 29.5, 29.4, 29.0, 26.1, 22.8, 14.3.  

4-(hexyloxy)benzoic acid (3.7g)  

Synthesized according to General Procedure 3.5. White solid, 

169 mg, 82% yield. 1H NMR (600 MHz, DMSO-d6) ŭ 12.60 (s, 

1H), 7.87 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 2H), 4.03 (t, J = 6.5 Hz, 2H), 1.75 ï 

1.69 (m, 2H), 1.44 ï 1.38 (m, 2H), 1.33 ï 1.27 (m, 4H), 0.90 ï 0.85 (m, 3H). 13C NMR 

(151 MHz, DMSO-d6) ŭ 167.0, 162.3, 131.4, 122.8, 114.2, 67.8, 31.0, 28.5, 25.1, 22.1, 

13.9. HRMS: (ESI) [M+H]+ calcd for C13H19O3, 223.1329, observed, 223.1336. 
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4-(heptyloxy)benzoic acid (3.7h)  

Synthesized according to General Procedure 3.5. White solid, 

209 mg, 65% yield. 1H NMR (500 MHz, DMSO-d6) ŭ 12.60 (s, 

1H), 7.89 ï 7.84 (m, 2H), 7.02 ï 6.97 (m, 2H), 4.02 (t, J = 6.5 Hz, 2H), 1.77 ï 1.63 (m, 

2H), 1.43 ï 1.36 (m, 2H), 1.35 ï 1.24 (m, 6H), 0.88 ï 0.84 (m, 2H). 13C NMR (126 MHz, 

DMSO-d6) ŭ 167.0, 162.3, 131.3, 122.8, 114.2, 67.8, 31.2, 28.6, 28.4, 25.4, 22.1, 14.0. 

HRMS: (ESI) [M-H]- calcd for C14H19O3, 235.1340, observed, 235.1341. 

4-(octyloxy)benzoic acid (3.7i)  

Synthesized according to General Procedure 3.5. White solid, 

363 mg, 96% yield. 1H NMR (500 MHz, CDCl3) ŭ 8.05 ï 8.02 

(m, 2H), 6.95 ï 6.91 (m, 2H), 4.02 (t, J = 6.6 Hz, 2H), 1.80 (p, J = 6.8 Hz, 2H), 1.49 ï 

1.43 (m, 2H), 1.39 ï 1.24 (m, 8H), 0.98 ï 0.78 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 

171.4, 163.8, 132.5, 121.4, 114.3, 68.4, 31.9, 29.5, 29.4, 29.2, 26.1, 22.8, 14.3. HRMS: 

(ESI) [M-H]- calcd for C15H21O3, 249.1496, observed, 249.1496. 

4-(decyloxy)benzoic acid (3.7j)  

Synthesized according to General Procedure 3.5. White solid, 

335 mg, 70% yield. 1H NMR (500 MHz, CDCl3) ŭ 8.03 ï 8.00 

(m, 2H), 6.93 ï 6.89 (m, 2H), 4.01 (t, J = 6.6 Hz, 2H), 1.83 ï 1.76 (m, 2H), 1.48 ï 1.41 

(m, 2H), 1.38 ï 1.23 (m, 16H), 0.90 ï 0.85 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 

177.6, 172.0, 163.9, 132.5, 121.3, 114.3, 68.4, 32.0, 29.7, 29.5, 29.4, 29.2, 26.1, 22.8, 

20.9, 14.2. HRMS: (ESI) [M-H]- calcd for C17H25O3, 277.1809, observed, 277.1801. 
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4-(undecyloxy)benzoic acid (3.7k)  

Synthesized according to General Procedure 3.5. White solid, 

388 mg, 91% yield. 1H NMR (500 MHz, DMSO-d6) ŭ 12.59 (s, 

1H), 7.89 ï 7.84 (m, 2H), 7.01 ï 6.97 (m, 2H), 4.02 (t, J = 6.5 Hz, 2H), 1.76 ï 1.68 (m, 

2H), 1.43 ï 1.35 (m, 2H), 1.33 ï 1.21 (m, 14H), 0.87 ï 0.83 (m, 3H). 13C NMR (126 

MHz, DMSO-d6) ŭ 167.0, 162.3, 131.3, 122.8, 114.2, 67.7, 31.3, 29.0, 28.7, 28.5, 25.4, 

22.1, 14.0. HRMS: (ESI) [M-H]- calcd for C18H27O3, 291.1966, observed, 291.1964. 

4-(dodecyloxy)benzoic acid (3.7l)  

Synthesized according to General Procedure 3.5. White solid, 

153 mg, 53% yield. 1H NMR (600 MHz, DMSO-d6) ŭ 12.59 (s, 

1H), 7.88 ï 7.85 (m, 2H), 7.01 ï 6.97 (m, 2H), 4.02 (t, J = 6.5 Hz, 2H), 1.74 ï 1.68 (m, 

2H), 1.43 ï 1.37 (m, 2H), 1.33 ï 1.19 (m, 16H), 0.85 (t, J = 6.9 Hz, 3H). 13C NMR (151 

MHz, DMSO-d6) ŭ 167.0, 162.3, 131.3, 122.8, 114.2, 67.7, 31.3, 29.03, 29.01, 28.98, 

28.7, 28.5, 25.4, 22.1, 14.0.  

tert -butyl 4-(4-(nonyloxy)benzoyl)piperazine-1-carboxylate (3.8a)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 314 mg, 72% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 7.38 ï 7.34 (m, 2H), 6.91 ï 6.88 (m, 2H), 3.96 (t, J = 6.6 Hz, 

2H), 3.70 ï 3.37 (m, 8H), 1.81 ï 1.74 (m, 2H), 1.48 ï 1.40 (m, 11H), 1.37 ï 1.22 (m, 9H), 

0.87 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 170.8, 160.6, 154.7, 129.3, 127.2, 

114.4, 80.4, 68.2, 32.0, 29.7, 29.5, 29.4, 29.2, 28.5, 26.1, 22.8, 14.3. HRMS: (ESI) 

[M+H] + calcd for C25H41N2O4, 433.3061, observed, 433.3060. 
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tert -butyl 4-(3-methyl-4-(nonyloxy)benzoyl)piperazine-1-carboxylate (3.8b)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 140 mg, 87% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 7.21 ï 7.17 (m, 2H), 6.77 (d, J = 8.1 Hz, 1H), 3.95 (t, J = 6.4 

Hz, 2H), 3.69 ï 3.35 (m, 8H), 2.20 (s, 3H), 1.82 ï 1.74 (m, 2H), 1.48 ï 1.42 (m, 11H), 

1.37 ï 1.21 (m, 10H), 0.86 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 171.0, 

158.7, 154.7, 130.0, 127.1, 126.7, 126.5, 110.2, 80.3, 68.1, 31.9, 29.6, 29.4, 29.3, 29.2, 

28.4, 26.1, 22.7, 16.3, 14.2. HRMS: (ESI) [M+H]+ calcd for C26H43N2O4, 447.3217, 

observed, 447.3215. 

tert -butyl 4-(3-methoxy-4-(nonyloxy)benzoyl)piperazine-1-carboxylate (3.8c)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 52 mg, 59% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 6.98 (d, J = 1.9 Hz, 1H), 6.94 (dd, J = 8.2, 1.9 Hz, 1H), 6.85 

(d, J = 8.2 Hz, 1H), 4.02 (t, J = 6.9 Hz, 2H), 3.87 (s, 3H), 3.72 ï 3.38 (m, 8H), 1.84 (p, J 

= 7.1 Hz, 2H), 1.49 ï 1.41 (m, 11H), 1.37 ï 1.23 (m, 10H), 0.87 (t, J = 6.9 Hz, 3H). 13C 

NMR (151 MHz, CDCl3) ŭ 170.7, 154.7, 150.1, 149.4, 127.4, 120.2, 111.8, 111.2, 80.5, 

69.1, 56.1, 32.0, 29.6, 29.5, 29.4, 29.1, 28.5, 26.0, 22.8, 14.3. HRMS: (ESI) [M+H]+ 

calcd for C26H43N2O5, 463.3166, observed, 463.3154. 

tert -butyl 4-(2-fluoro-4-(nonyloxy)benzoyl)piperazine-1-carboxylate (3.8d)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 340 mg, 85% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.31 (t, 

J = 8.3 Hz, 1H), 6.73 (dd, J = 8.6, 2.4 Hz, 1H), 6.59 (dd, J = 11.7, 2.4 Hz, 1H), 3.94 (t, J 

= 6.5 Hz, 2H), 3.75 ï 3.71 (m, 2H), 3.52 ï 3.47 (m, 2H), 3.42 ï 3.38 (m, 2H), 3.32 (brs, 

2H), 1.80 ï 1.73 (m, 2H), 1.46 (s, 11H), 1.36 ï 1.22 (m, 10H), 0.89 ï 0.85 (m, 3H). 19F 

NMR (565 MHz, CDCl3) ŭ -112.11 ï -112.16 (m). 13C NMR (126 MHz, CDCl3) ŭ 165.8, 

162.0 (d, J = 11.0 Hz), 159.2 (d, J = 247.5 Hz), 154.7, 130.5 (d, J = 5.4 Hz), 115.6 (d, J = 

17.3 Hz), 111.4 (d, J = 2.7 Hz), 102.0 (d, J = 25.4 Hz), 80.4, 68.7, 47.2, 42.2, 32.0, 29.6, 

29.44, 29.41, 29.1, 28.5, 26.1, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for C25H40FN2O4, 

451.2967, observed, 451.2980. 

tert -butyl 4-(3-fluoro-4-(nonyloxy)benzoyl)piperazine-1-carboxylate (3.8e)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 204 mg, 85% yield. 

1H NMR (500 MHz, CDCl3) ŭ 7.21 ï 7.10 (m, 2H), 6.96 (t, J = 8.2 Hz, 1H), 4.04 (t, J = 

6.6 Hz, 2H), 3.67 ï 3.40 (m, 8H), 1.85 ï 1.78 (m, 2H), 1.49 ï 1.42 (m, 11H), 1.38 ï 1.22 

(m, 10H), 0.87 (t, J = 6.9 Hz, 3H). 19F NMR (376 MHz, CDCl3) ŭ -133.36 ï -133.41 (m). 

13C NMR (126 MHz, CDCl3) ŭ 169.5 (d, J = 1.9 Hz), 154.7, 152.2 (d, J = 248.1 Hz), 

148.9 (d, J = 10.5 Hz), 127.7 (d, J = 5.6 Hz), 124.0 (d, J = 3.7 Hz), 115.8 (d, J = 19.8 

Hz), 114.3 (d, J = 2.2 Hz), 80.5, 69.6, 32.0, 29.6, 29.44, 29.41, 29.2, 28.5, 26.0, 22.8, 

14.2. HRMS: (ESI) [M+H]+ calcd for C25H40FN2O4, 451.2967, observed, 451.2975. 

tert -butyl 4-(6-(nonyloxy)nicotinoyl)piperazine-1-carboxylate (3.8f)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 52 mg, 59% yield. 1H NMR (600 MHz, CDCl3) ŭ 8.22 (d, J 

= 2.4 Hz, 1H), 7.64 (dd, J = 8.6, 2.4 Hz, 1H), 6.74 (d, J = 8.5 Hz, 1H), 4.28 (t, J = 6.7 Hz, 

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

10H), 0.85 (t, J = 6.9 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 168.6, 165.0, 154.6, 146.5, 

138.4, 123.9, 111.2, 80.5, 66.7, 32.0, 29.6, 29.5, 29.4, 29.0, 28.4, 26.1, 22.8, 14.2. 

HRMS: (ESI) [M+H]+ calcd for C24H40N3O4, 434.3013, observed, 434.3010. 

tert -butyl 4-(4-(hexyloxy)benzoyl)piperazine-1-carboxylate (3.8g)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 111 mg, 37% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 7.37 ï 7.34 (m, 2H), 6.91 ï 6.88 (m, 2H), 3.97 (t, J = 6.6 Hz, 

2H), 3.76 ï 3.39 (m, 8H), 1.81 ï 1.75 (m, 2H), 1.51 ï 1.42 (m, 11H), 1.36 ï 1.31 (m, 4H), 

0.92 ï 0.88 (m, 3H). 13C NMR (151 MHz, CDCl3) ŭ 170.8, 160.7, 154.7, 129.3, 127.3, 

114.4, 80.4, 68.3, 31.7, 29.2, 28.5, 25.8, 22.7, 14.2. HRMS: (ESI) [M+H]+ calcd for 

C22H35N2O4, 391.2591, observed, 391.2587. 

tert -butyl 4-(4-(heptyloxy)benzoyl)piperazine-1-carboxylate (3.8h)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 279 mg, 78% yield. 1H 

NMR (500 MHz, CDCl3) ŭ 7.39 ï 7.33 (m, 2H), 6.92 ï 6.86 (m, 2H), 3.97 (t, J = 6.6 Hz, 

2H), 3.65 ï 3.40 (m, 8H), 1.83 ï 1.74 (m, 2H), 1.46 (s, 11H), 1.38 ï 1.26 (m, 6H), 0.92 ï 

0.86 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 170.8, 160.7, 154.7, 129.3, 127.3, 114.4, 
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80.4, 68.3, 31.9, 29.3, 29.2, 28.5, 26.1, 22.7, 14.2. HRMS: (ESI) [M+H]+ calcd for 

C23H37N2O4, 405.2748, observed, 405.2749. 

tert -butyl 4-(4-(octyloxy)benzoyl)piperazine-1-carboxylate (3.8i)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 485 mg, 63% yield. 1H 

NMR (500 MHz, CDCl3) ŭ 7.38 ï 7.34 (m, 2H), 6.91 ï 6.88 (m, 2H), 3.97 (t, J = 6.6 Hz, 

2H), 3.67 ï 3.39 (m, 8H), 1.81 ï 1.75 (m, 2H), 1.48 ï 1.41 (m, 11H), 1.36 ï 1.24 (m, 8H), 

0.90 ï 0.86 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 170.8, 160.7, 154.7, 129.3, 127.3, 

114.4, 80.4, 68.3, 44.2, 31.9, 29.5, 29.4, 29.3, 28.5, 26.1, 22.8, 14.2. HRMS: (ESI) 

[M+H] + calcd for C24H39N2O4, 419.2904, observed, 419.2897. 

tert -butyl 4-(4-(decyloxy)benzoyl)piperazine-1-carboxylate (3.8j)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 301 mg, 83% yield. 

1H NMR (500 MHz, CDCl3) ŭ 7.38 ï 7.34 (m, 2H), 6.92 ï 6.88 (m, 2H), 3.97 (t, J = 6.6 

Hz, 2H), 3.66 ï 3.39 (m, 8H), 1.78 (dt, J = 14.5, 6.7 Hz, 2H), 1.51 ï 1.41 (m, 11H), 1.37 

ï 1.24 (m, 12H), 0.90 ï 0.85 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 170.8, 160.7, 154.7, 

129.3, 127.3, 114.4, 80.4, 68.3, 32.0, 29.72, 29.70, 29.54, 29.51, 29.3, 28.5, 26.1, 22.8, 

14.3. HRMS: (ESI) [M+H]+ calcd for C26H43N2O4, 447.3217, observed, 447.3216. 

tert -butyl 4-(4-(undecyloxy)benzoyl)piperazine-1-carboxylate (3.8k)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 502 mg, 82% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.38 ï 

7.34 (m, 2H), 6.91 ï 6.88 (m, 2H), 3.97 (t, J = 6.6 Hz, 2H), 3.66 ï 3.41 (m, 8H), 1.81 ï 

1.75 (m, 2H), 1.48 ï 1.40 (m, 11H), 1.37 ï 1.23 (m, 14H), 0.88 (t, J = 6.9 Hz, 3H). 13C 

NMR (126 MHz, CDCl3) ŭ 170.8, 160.7, 154.7, 129.3, 127.3, 114.4, 80.4, 68.3, 32.0, 

29.8, 29.72, 29.70, 29.53, 29.51, 29.3, 28.5, 26.1, 22.8, 14.3. HRMS: (ESI) [M+H]+ calcd 

for C27H45N2O4, 461.3374, observed, 461.3383. 

tert -butyl 4-(4-(dodecyloxy)benzoyl)piperazine-1-carboxylate (3.8l)  

Synthesized according to General Procedure 3.1. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 129 mg, 54% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 7.38 ï 7.35 (m, 2H), 6.92 ï 6.88 (m, 2H), 3.97 (t, J = 6.6 Hz, 

2H), 3.67 ï 3.42 (m, 9H), 1.81 ï 1.76 (m, 2H), 1.49 ï 1.41 (m, 11H), 1.38 ï 1.23 (m, 

16H), 0.88 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 170.8, 160.7, 154.8, 129.3, 

127.3, 114.4, 80.4, 68.3, 32.1, 29.81, 29.79, 29.72, 29.70, 29.53, 29.51, 29.3, 28.5, 26.1, 

22.8, 14.3. HRMS: (ESI) [M+H]+ calcd for C28H47N2O4, 475.3530, observed, 475.3531. 

(4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9a)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 228 mg, 86% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.49 ï 7.40 (m, 2H), 7.06 ï 6.96 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 3.90 ï 3.83 (m, 4H), 

3.30 ï 3.28 (m, 4H), 1.82 ï 1.76 (m, 2H), 1.52 ï 1.44 (m, 2H), 1.41 ï 1.28 (m, 10H), 0.91 

(t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 172.9, 162.7, 130.5, 127.0, 115.6, 
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69.2, 44.4, 33.0, 30.7, 30.51, 30.50, 30.4, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [M+H]+ 

calcd for C20H33N2O2, 333.2537, observed, 333.2539. 

(3-methyl-4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9b)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 79 mg, 92% yield. 1H NMR (600 MHz, CD3OD) ŭ 

7.33 ï 7.30 (m, 1H), 7.29 (dd, J = 2.2, 0.9 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H), 4.04 (t, J = 

6.3 Hz, 2H), 3.87 (brs, 4H), 3.28 (t, J = 5.4 Hz, 4H), 2.23 (s, 3H), 1.85 ï 1.79 (m, 2H), 

1.54 ï 1.48 (m, 2H), 1.42 ï 1.27 (m, 10H), 0.92 ï 0.89 (m, 3H). 13C NMR (151 MHz, 

CD3OD) ŭ 173.1, 160.7, 130.9, 128.3, 128.1, 126.5, 111.6, 69.2, 44.5, 33.0, 30.7, 30.5, 

30.4, 30.3, 27.2, 23.7, 16.3, 14.4. HRMS: (ESI) [M+H]+ calcd for C21H35N2O2, 347.2693, 

observed, 347.2694. 

(3-methoxy-4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9c)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 165 mg, 77% yield. 1H NMR (600 MHz, CD3OD) ŭ 

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

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

1.46 (m, 2H), 1.41 ï 1.28 (m, 10H), 0.91 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, 

CD3OD) ŭ 172.8, 152.2, 150.8, 127.3, 121.8, 113.4, 112.5, 70.0, 56.6, 44.4, 33.1, 30.7, 

30.5, 30.2, 27.2, 23.8, 14.5. HRMS: (ESI) [M+H]+ calcd for C21H35N2O3, 363.2642, 

observed, 363.2639. 
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(2-fluoro-4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9d)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 160 mg, 85% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.39 (t, J = 8.3 Hz, 1H), 6.87 (dd, J = 8.6, 2.3 Hz, 1H), 6.79 (dd, J = 12.1, 2.3 Hz, 1H), 

4.07 ï 3.93 (m, 4H), 3.68 (brs, 2H), 3.37 ï 3.32 (m, 2H), 3.25 (brs, 2H), 1.82 ï 1.75 (m, 

2H), 1.51 ï 1.44 (m, 2H), 1.41 ï 1.27 (m, 10H), 0.94 ï 0.87 (m, 3H). 19F NMR (376 

MHz, CD3OD) ŭ -114.53 ï -114.59 (m). 13C NMR (126 MHz, CD3OD) ŭ 167.7, 164.1 (d, 

J = 11.3 Hz), 160.8 (d, J = 246.6 Hz), 131.6 (d, J = 5.1 Hz), 115.2 (d, J = 17.0 Hz), 112.7 

(d, J = 2.7 Hz), 103.0 (d, J = 25.4 Hz), 69.8, 33.0, 30.7, 30.5, 30.4, 30.1, 27.1, 23.7, 14.4. 

HRMS: (ESI) [M+H]+ calcd for C20H32FN2O2, 351.2442, observed, 351.2435. 

(3-fluoro-4-(nonyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9e)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 88 mg, 82% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.32 ï 7.26 (m, 2H), 7.18 (t, J = 8.3 Hz, 1H), 4.10 (t, J = 6.4 Hz, 2H), 3.87 (brs, 4H), 3.30 

ï 3.28 (m, 4H), 1.85 ï 1.78 (m, 2H), 1.53 ï 1.46 (m, 2H), 1.42 ï 1.28 (m, 10H), 0.92 ï 

0.88 (m, 3H). 19F NMR (376 MHz, CD3OD) ŭ -135.36 ï -135.42 (m). 13C NMR (126 

MHz, CD3OD) ŭ 171.4, 153.4 (d, J = 247.3 Hz), 150.7 (d, J = 10.5 Hz), 127.4 (d, J = 6.1 

Hz), 125.5 (d, J = 3.7 Hz), 116.7 (d, J = 20.2 Hz), 115.4 (d, J = 2.0 Hz), 70.4, 44.4, 41.7, 

33.0, 30.7, 30.5, 30.4, 30.2, 27.0, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C20H32FN2O2, 351.2442, observed, 351.2446. 
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(6-(nonyloxy)pyridin -3-yl)(piperazin-1-yl)methanone hydrochloride (3.9f)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 228 mg, 86% yield. 1H NMR (600 MHz, CD3OD) ŭ 

8.50 (d, J = 2.2 Hz, 1H), 8.29 (dd, J = 8.9, 2.3 Hz, 1H), 7.38 (d, J = 8.9 Hz, 1H), 4.47 (t, J 

= 6.5 Hz, 2H), 3.90 (brs, 4H), 3.36 ï 3.32 (m, 4H), 1.91 ï 1.85 (m, 2H), 1.54 ï 1.48 (m, 

2H), 1.44 ï 1.27 (m, 10H), 0.91 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CD3OD) ŭ 

167.9, 164.3, 145.3, 143.1, 125.9, 112.5, 71.5, 44.2, 41.7, 33.1, 30.7, 30.42, 30.40, 29.8, 

26.9, 23.8, 14.5. HRMS: (ESI) [M+H]+ calcd for C19H32N3O2, 334.2489, observed, 

334.2491. 

(4-(hexyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9g)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 80 mg, 96% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.52 ï 7.39 (m, 2H), 7.06 ï 6.95 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 3.95 ï 3.76 (m, 4H), 

3.30 ï 3.25 (m, 4H), 1.89 ï 1.69 (m, 2H), 1.54 ï 1.44 (m, 2H), 1.43 ï 1.29 (m, 4H), 1.03 

ï 0.84 (m, 3H). 13C NMR (126 MHz, CD3OD) ŭ 172.9, 162.7, 130.5, 127.0, 115.6, 69.3, 

44.5, 32.7, 30.2, 26.8, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C17H27N2O2, 291.2067, 

observed, 291.2074. 

(4-(heptyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9h)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 220 mg, 94% yield. 1H NMR (600 MHz, CD3OD) ŭ 
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7.60 ï 7.30 (m, 2H), 7.22 ï 6.80 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 3.87 (brs, 4H), 3.30 ï 

3.28 (m, 4H) 1.82 ï 1.75 (m, 2H), 1.52 ï 1.44 (m, 6H), 0.92 (t, J = 6.9 Hz, 3H). 13C NMR 

(151 MHz, CD3OD) ŭ 172.9, 162.7, 130.5, 127.0, 115.6, 69.2, 44.4, 33.0, 30.3, 30.2, 

27.1, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for C18H29N2O2, 305.2224, observed, 

305.2227. 

(4-((octyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9i)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 399 mg, 97% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.56 ï 7.34 (m, 2H), 7.09 ï 6.94 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 3.96 ï 3.75 (m, 4H), 

3.33 ï 3.24 (m, 4H), 1.89 ï 1.67 (m, 2H), 1.62 ï 1.42 (m, 2H), 1.42 ï 1.26 (m, 8H), 0.91 

(t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 172.9, 162.7, 130.5, 127.0, 115.6, 

69.2, 44.4, 33.0, 30.5, 30.4, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C19H31N2O2, 319.2380, observed, 319.2379. 

(4-((decyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9j)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 234 mg, 94% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.49 ï 7.42 (m, 2H), 7.03 ï 6.98 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 3.87 (brs, 4H), 3.30 ï 

3.26 (m, 4H), 1.85 ï 1.73 (m, 2H), 1.54 ï 1.43 (m, 2H), 1.40 ï 1.28 (m, 12H), 0.92 ï 0.87 

(m, 3H). 13C NMR (126 MHz, CD3OD) ŭ 172.9, 162.7, 130.5, 127.0, 115.6, 69.2, 44.5, 

33.1, 30.73, 30.69, 30.5, 30.5, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [M+H]+ calcd for 

C21H35N2O2, 347.2693, observed, 347.2700. 
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(4-(undecyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9k)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 415 mg, 96% yield. 1H NMR (600 MHz, DMSO-d6) 

ŭ 9.37 (s, 2H), 7.41 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 3.99 (t, J = 6.5 Hz, 2H), 

3.70 (s, 4H), 3.15 ï 3.08 (m, 4H), 1.71 (p, J = 6.7 Hz, 2H), 1.43 ï 1.36 (m, 2H), 1.33 ï 

1.19 (m, 14H), 0.85 (t, J = 6.9 Hz, 3H). 13C NMR (151 MHz, DMSO-d6) ŭ 169.3, 160.0, 

129.3, 126.6, 114.1, 67.6, 42.5, 31.3, 29.0, 28.8, 28.7, 28.6, 25.5, 22.1, 14.0. HRMS: 

(ESI) [M+H]+ calcd for C22H37N2O2, 361.2850, observed, 361.2854. 

(4-(dodecyloxy)phenyl)(piperazin-1-yl)methanone hydrochloride (3.9l)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 92 mg, 85% yield. 1H NMR (500 MHz, CD3OD) ŭ 

7.47 ï 7.43 (m, 2H), 7.03 ï 6.99 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 3.89 ï 3.83 (m, 4H), 

3.30 ï 3.27 (m, 4H), 1.83 ï 1.74 (m, 2H), 1.52 ï 1.43 (m, 2H), 1.42 ï 1.25 (m, 16H), 0.92 

ï 0.87 (m, 3H). 13C NMR (126 MHz, CD3OD) ŭ 172.9, 162.7, 130.5, 127.0, 115.6, 69.3, 

44.5, 33.1, 30.78, 30.76, 30.7, 30.5, 30.5, 30.3, 27.1, 23.7, 14.4. HRMS: (ESI) [M+H]+ 

calcd for C23H39N2O2, 375.3006, observed, 375.3014. 

tert -butyl 4-(4-acetylbenzoyl)piperazine-1-carboxylate (3.11)  

Synthesized according to General Procedure 3.1. Purified 

via column chromatography (0-5% 

methanol/dichloromethane). White solid, 890 mg, 88% 

yield. 1H NMR (600 MHz, CDCl3) ŭ 8.02 ï 7.99 (m, 2H), 7.50 ï 7.48 (m, 2H), 3.76 (s, 
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2H), 3.53 (s, 2H), 3.41 ï 3.32 (m, 4H), 2.63 (s, 3H), 1.47 (s, 9H). 13C NMR (151 MHz, 

CDCl3) ŭ 197.4, 169.6, 154.6, 139.9, 138.1, 128.8, 127.4, 80.6, 47.5, 28.5, 26.9. HRMS: 

(ESI) [M+H]+ calcd for C18H25N2O4, 333.1809, observed, 333.1805. 

tert -butyl 4-(4-(1-(hydroxyimino)ethyl)benzoyl)piperazine-1-carboxylate (3.12)  

To an oven-dried round bottom flask containing 3.11 (1.0 

equiv) dissolved in methanol, hydroxylamine hydrochloride 

(1.6 equiv) and sodium acetate (2.0 equiv) were added. A 

condenser was attached and the reaction mixture was heated to a reflux until consumption 

of the starting material was observed by TLC (approximately 6 h). Upon completion, the 

reaction mixture was concentrated in vacuo to afford a crude oil. This oil was subjected 

to flash chromatography with 5% methanol/dichloromethane to yield the desired purified 

product. White solid, 444 mg, 53% yield. 1H NMR (500 MHz, DMSO-d6) ŭ 11.36 (s, 

1H), 7.73 ï 7.69 (m, 2H), 7.44 ï 7.40 (m, 2H), 3.58 (brs, 2H), 3.46 ï 3.26 (m, 6H), 2.17 

(s, 3H), 1.40 (s, 9H). 13C NMR (126 MHz, DMSO-d6) ŭ 168.9, 153.8, 152.4, 138.1, 

135.6, 127.2, 125.5, 79.2, 46.9, 41.5, 28.0, 11.5. HRMS: (ESI) [M+H]+ calcd for 

C18H26N3O4, 348.1918, observed, 348.1918. 

tert -butyl 4-(4-(1-((heptyloxy)imino)ethyl)benzoyl)piperazine-1-carboxylate (3.13a)  

Synthesized according to General Procedure 3.6. 

Purified via column chromatography (0-5% 

methanol/dichloromethane). White solid, 151 mg, 

79% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.70 ï 7.66 (m, 2H), 7.40 ï 7.36 (m, 2H), 4.18 

(t, J = 6.7 Hz, 2H), 3.72 (brs, 2H), 3.54 ï 3.33 (m, 6H), 2.22 (s, 3H), 1.74 ï 1.67 (m, 2H), 

1.45 (s, 9H), 1.41 ï 1.22 (m, 5H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) 
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ŭ 170.3, 154.7, 153.4, 138.6, 135.7, 127.3, 126.3, 80.5, 74.7, 47.6, 42.2, 31.9, 29.3, 29.2, 

28.5, 26.1, 22.7, 14.2, 12.7. HRMS: (ESI) [M+H]+ calcd for C25H40N3O4, 446.3013, 

observed, 446.3014. 

tert -butyl 4-(4-(1-((octyloxy)imino)ethyl)benzoyl)piperazine-1-carboxylate (3.13b)  

Synthesized according to General Procedure 3.6. 

Purified via column chromatography (0-5% 

methanol/dichloromethane). White solid, 172 mg, 

65% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.71 ï 7.68 (m, 2H), 7.41 ï 7.38 (m, 2H), 4.19 

(t, J = 6.7 Hz, 2H), 3.73 (brs, 2H), 3.55 ï 3.35 (m, 6H), 2.23 (s, 3H), 1.75 ï 1.69 (m, 2H), 

1.47 (s, 9H), 1.42 ï 1.36 (m, 2H), 1.36 ï 1.25 (m, 4H), 0.91 ï 0.85 (m, 2H). 13C NMR 

(151 MHz, CDCl3) ŭ 170.4, 154.7, 153.4, 138.6, 135.8, 127.3, 126.3, 80.5, 74.7, 47.6, 

32.0, 29.6, 29.44, 29.41, 28.5, 26.2, 22.8, 14.3, 12.7. HRMS: (ESI) [M+CH3OHH]+ calcd 

for C26H42N3O4, 492.3432, observed, 492.3445. 

(4-(1-((heptyloxy)imino)ethyl)phenyl)(piperazin-1-yl)methanone hydrochloride 

(3.14a)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 92 mg, 91% yield. 1H NMR (500 MHz, CD3OD) ŭ 

8.15 ï 8.10 (m, 0.4H)*, 7.84 ï 7.80 (m, 2H), 7.66 ï 7.61 (m, 0.4H)*, 7.54 ï 7.51 (m, 2H), 

4.21 (t, J = 6.6 Hz, 2H), 3.88 (brs, 4H), 3.32 ï 3.28 (m, 4H), 2.66 (s, 0.6H)*, 2.26 (s, 3H), 

1.78 ï 1.71 (m, 2H), 1.49 ï 1.28 (m, 8H), 0.93 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, 

CD3OD) ŭ 172.3, 154.5, 140.3, 135.7, 129.9*, 128.6* , 128.5, 127.4, 75.4, 44.4, 41.8, 

33.0, 30.4, 30.3, 27.1, 26.8* , 23.7, 14.4, 12.4. Material isolated as an approximately 5:1 
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ratio of rotamers. HRMS: (ESI) [M+H]+ calcd for C20H32N3O2, 346.2489, observed, 

346.2494. 

(4-(1-((octyloxy)imino)ethyl)phenyl)(piperazin-1-yl)methanone hydrochloride 

(3.14b)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 415 mg, 96% yield. 1H NMR (500 MHz, CD3OD) ŭ 

8.12 ï 8.09 (m, 0.4H)*, 7.81 ï 7.78 (m, 2H), 7.64 ï 7.60 (m, 0.4H)*, 7.52 ï 7.48 (m, 2H), 

4.19 (t, J = 6.6 Hz, 2H), 3.87 (brs, 4H), 3.30 ï 3.24 (m, 4H), 2.64 (s, 0.5H)*, 2.24 (s, 3H), 

1.76 ï 1.69 (m, 2H), 1.46 ï 1.27 (m, 10H), 0.93 ï 0.88 (m, 3H). 13C NMR (126 MHz, 

CD3OD) ŭ 172.3, 154.4, 140.3, 135.7, 129.9*, 128.6* , 128.5, 127.4, 75.4, 44.4, 41.7, 

33.0, 30.5, 30.4, 30.3, 27.1, 26.8* , 23.7, 14.4, 12.4. Material isolated as an approximately 

5:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd for C21H34N3O2, 360.2646, observed, 

360.2646. 

tert -butyl 4-(4-cyanobenzoyl)piperazine-1-carboxylate (3.16)  

Synthesized according to General Procedure 3.1. Purified via 

column chromatography (40-60% ethyl acetate/hexanes). 

White solid, 1.93 g, 90% yield. 1H NMR (500 MHz, CDCl3) ŭ 

7.74 ï 7.70 (m, 2H), 7.51 ï 7.48 (m, 2H), 3.73 (brs, 2H), 3.51 (brs, 2H), 3.42 ï 3.28 (m, 

4H), 1.45 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 168.6, 154.5, 139.9, 132.6, 127.9, 

118.1, 113.9, 80.7, 47.5, 42.2, 28.4. HRMS: (ESI) [M+H]+ calcd for C17H22N3O3, 

316.1656, observed, 316.1645. 
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tert -butyl 4-(4-(N'-hydroxycarbamimidoyl)benzoyl)piperazine-1-carboxylate (3.17)  

In an oven-dried round-bottom flask, 3.16 (1.0 equiv) was 

dissolved in ethanol. To this mixture, triethylamine (4.0 

equiv) was added followed by hydroxylamine 

hydrochloride (2.0 equiv). The solution was stirred at rt for 16 h, monitored by TLC. The 

reaction mixture was concentrated under reduced pressure and was then subjected to flash 

chromatography with 5% MeOH in DCM to afford the pure desired product. White solid, 

261 mg, 95% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.69 ï 7.66 (m, 2H), 7.44 ï 7.41 (m, 

2H), 4.93 (brs, 2H), 3.80 ï 3.67 (m, 2H), 3.55 ï 3.33 (m, 6H), 1.47 (s, 9H). 13C NMR 

(126 MHz, CDCl3) ŭ 170.0, 154.7, 137.0, 134.1, 127.6, 126.2, 80.6, 58.6, 47.7, 42.2, 

28.5. HRMS: (ESI) [M+H]+ calcd for C17H25N4O4, 349.1870, observed, 349.1875. 

tert -butyl 4-(4-(5-hexyl-1,2,4-oxadiazol-3-yl)benzoyl)piperazine-1-carboxylate 

(3.18a)  

Synthesized according to General Procedure 3.7. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 105 mg, 64% yield. 

1H NMR (600 MHz, CDCl3) ŭ 8.16 ï 8.11 (m, 2H), 7.52 ï 7.49 (m, 2H), 3.76 (brs, 2H), 

3.58 ï 3.34 (m, 6H), 2.95 (t, J = 7.6 Hz, 2H), 1.87 (p, J = 7.7 Hz, 2H), 1.49 ï 1.39 (m, 

11H), 1.37 ï 1.27 (m, 4H), 0.91 ï 0.86 (m, 3H). 13C NMR (151 MHz, CDCl3) ŭ 180.6, 

169.9, 167.7, 154.7, 138.0, 128.6, 127.8, 127.7, 80.6, 31.4, 28.8, 28.5, 26.8, 26.7, 22.6, 

14.1. HRMS: (ESI) [M+H]+ calcd for C24H35N4O4, 443.2653, observed, 443.2656. 
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tert -butyl 4-(4-(5-heptyl-1,2,4-oxadiazol-3-yl)benzoyl)piperazine-1-carboxylate 

(3.18b)  

Synthesized according to General Procedure 3.7. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 44 mg, 19% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 8.15 ï 8.11 (m, 2H), 7.53 ï 7.49 (m, 2H), 3.76 (brs, 2H), 3.56 

ï 3.35 (m, 6H), 2.95 (t, J = 7.6 Hz, 2H), 1.87 (p, J = 7.6 Hz, 2H), 1.47 (s, 9H), 1.43 ï 

1.20 (m, 8H), 0.91 ï 0.86 (m, 3H). 13C NMR (151 MHz, CDCl3) ŭ 180.6, 169.9, 167.7, 

154.7, 138.0, 128.6, 127.8, 127.7, 80.6, 47.6, 42.2, 31.7, 29.8, 29.1, 28.9, 28.5, 26.8, 22.7, 

14.2. HRMS: (ESI) [M+H]+ calcd for C25H37N4O4, 457.2809, observed, 457.2795. 

tert -butyl 4-(4-(5-octyl-1,2,4-oxadiazol-3-yl)benzoyl)piperazine-1-carboxylate (3.18c)  

Synthesized according to General Procedure 3.7. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 130 mg, 74% yield. 

1H NMR (600 MHz, CDCl3) ŭ 8.15 ï 8.12 (m, 2H), 7.52 ï 7.50 (m, 2H), 3.76 (brs, 2H), 

3.56 ï 3.35 (m, 6H), 2.95 (t, J = 7.6 Hz, 2H), 1.87 (p, J = 7.6 Hz, 2H), 1.47 (s, 9H), 1.37 

ï 1.21 (m, 10H), 0.90 ï 0.85 (m, 3H). 13C NMR (151 MHz, CDCl3) ŭ 180.6, 169.9, 167.7, 

154.7, 138.0, 128.6, 127.8, 127.7, 80.6, 31.9, 29.22, 29.19, 28.5, 26.8, 22.8, 14.2. HRMS: 

(ESI) [M+H]+ calcd for C26H39N4O4 471.2966, observed, 471.2970. 

tert -butyl 4-(4-(5-nonyl-1,2,4-oxadiazol-3-yl)benzoyl)piperazine-1-carboxylate 

(3.18d)  

Synthesized according to General Procedure 3.7. 

Purified via column chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 110 mg, 40% yield. 1H NMR (500 MHz, CDCl3) ŭ 8.15 ï 

8.12 (m, 2H), 7.52 ï 7.49 (m, 2H), 3.76 (brs, 2H), 3.56 ï 3.37 (m, 6H), 2.95 (t, J = 7.6 

Hz, 2H), 1.87 (p, J = 7.6 Hz, 2H), 1.47 (s, 9H), 1.38 ï 1.20 (m, 14H), 0.90 ï 0.85 (m, 

3H). 13C NMR (126 MHz, CDCl3) ŭ 180.6, 169.9, 167.7, 154.7, 138.0, 128.6, 127.8, 

127.7, 80.6, 32.0, 29.5, 29.4, 29.22, 29.19, 28.5, 26.8, 22.8, 14.2.  

(4-(5-hexyl-1,2,4-oxadiazol-3-yl)phenyl)(piperazin-1-yl)methanone hydrochloride 

(3.19a)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 62 mg, 69% yield. 1H NMR (600 MHz, CD3OD) ŭ 

8.17 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 4.06 ï 3.73 (m, 4H), 3.33 (s, 4H), 3.00 

(t, J = 7.5 Hz, 2H), 1.88 (p, J = 7.6 Hz, 2H), 1.48 ï 1.42 (m, 2H), 1.39 ï 1.34 (m, 4H), 

0.96 ï 0.90 (m, 3H). 13C NMR (151 MHz, CD3OD) ŭ 182.4, 171.7, 168.7, 138.2, 130.2, 

129.0, 128.7, 44.4, 32.5, 29.8, 27.6, 27.2, 23.5, 14.3. HRMS: (ESI) [M+H]+ calcd for 

C19H27N4O2, 343.2134, observed, 343.2132. 

(4-(5-heptyl-1,2,4-oxadiazol-3-yl)phenyl)(piperazin-1-yl)methanone hydrochloride 

(3.19b)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 32 mg, 85% yield. 1H NMR (500 MHz, DMSO-d6) ŭ 

9.26 (s, 2H), 8.13 ï 8.03 (m, 2H), 7.67 ï 7.60 (m, 2H), 3.88 ï 3.77 (m, 2H), 3.66 ï 3.50 

(m, 2H), 3.22 ï 3.10 (m, 4H), 3.01 (t, J = 7.5 Hz, 2H), 1.79 (p, J = 7.5 Hz, 2H), 1.40 ï 

1.22 (m, 8H), 0.86 (t, J = 6.8 Hz, 3H). 13C NMR (126 MHz, DMSO-d6) ŭ 180.8, 168.4, 
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167.0, 137.7, 128.1, 127.5, 127.1, 42.5, 31.1, 28.3, 28.2, 25.9, 25.8, 22.0, 13.9. HRMS: 

(ESI) [M+H]+ calcd for C20H29N4O2, 357.2285, observed, 357.2303. 

(4-(5-octyl-1,2,4-oxadiazol-3-yl)phenyl)(piperazin-1-yl)methanone hydrochloride 

(3.19c)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 78 mg, 69% yield. 1H NMR (600 MHz, CD3OD) ŭ 

8.19 ï 8.16 (m, 2H), 7.67 ï 7.64 (m, 2H), 4.03 ï 3.75 (m, 4H), 3.42 ï 3.32 (m, 4H), 3.00 

(t, J = 7.5 Hz, 2H), 1.88 (p, J = 7.6 Hz, 2H), 1.47 ï 1.42 (m, 2H), 1.40 ï 1.27 (m, 8H), 

0.90 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CD3OD) ŭ 182.4, 171.7, 168.7, 138.2, 

130.3, 129.0, 128.7, 44.4, 33.0, 30.24, 30.19, 30.1, 27.6, 27.2, 23.7, 14.4. HRMS: (ESI) 

[M+H] + calcd for C21H30N4O2, 371.2442, observed, 371.2441. 

(4-(5-nonyl-1,2,4-oxadiazol-3-yl)phenyl)(piperazin-1-yl)methanone hydrochloride 

(3.19d)  

Synthesized according to General Procedure 3.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 63 mg, 66% yield. 1H NMR (500 MHz, DMSO-d6) ŭ 

9.30 (brs, 2H), 8.11 ï 8.04 (m, 2H), 7.68 ï 7.61 (m, 2H), 3.94 ï 3.43 (m, 4H), 3.16 (brs, 

4H), 3.01 (t, J = 7.5 Hz, 2H), 1.79 (p, J = 7.5 Hz, 2H), 1.40 ï 1.20 (m, 12H), 0.89 ï 0.81 

(m, 3H). 13C NMR (126 MHz, DMSO-d6) ŭ 180.8, 168.4, 167.0, 137.7, 128.1, 127.5, 

127.1, 42.5, 31.3, 28.8, 28.6, 28.5, 28.3, 25.9, 25.8, 22.1, 14.0. HRMS: (ESI) [M+H]+ 

calcd for C22H33N4O2, 385.2598, observed, 385.2597. 
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5.7 PROCEDURES AND CHARACTERIZATIONS FOR CHAPTER 4  

General Procedure 4.1: Nucleophilic Substitution A. Nucleophile (1.0 equiv), 

K2CO3 (2.0 equiv), and alkyl halide (1.2 equiv) were added to a round bottom flask 

containing MeCN (0.2 M) at rt. A condenser was attached and the reaction mixture was 

heated to reflux until complete consumption of the starting material was observed, 

monitored by TLC (approximately 6 h). The reaction was diluted with water and 

extracted with ethyl acetate (3x). The organic layers were combined, washed with brine 

(2x), dried with MgSO4, filtered, and concentrated in vacuo to afford a crude yellow oil, 

which was then subjected to flash chromatography with an appropriate ethyl acetate and 

hexane solvent system to afford the purified product.  

General Procedure 4.2: Suzuki Cross-Coupling. To a pressure-sealed tube 

purged with nitrogen was added the necessary alkene (1.1 equiv) and 0.5 M 9-BBN in 

THF (1.5 equiv). The resulting mixture was allowed to stir at 70 C for 2 hours. Upon 

completion of the hydroboration step, sequential addition of 4.20 (1.0 equiv), 

Pd(dppf)Cl2ÅCH2Cl2 (5 mol%), and 3 M KOH (3.0 equiv) was performed. The resulting 

mixture was allowed to stir at 70 C for 16 hours or until complete consumption of the 

starting material was observed on TLC. The resulting mixture was concentrated in vacuo 

to afford a crude oil, which was then subjected to flash chromatography with an 

appropriate ethyl acetate and hexane solvent system to afford the purified product.  

General Procedure 4.3: HCl Boc Deprotection. To a 6-dram vial containing an 

N-Boc-protected amine (1.0 equiv) dissolved in DCM (0.2 M) was added hydrogen 

chloride (30-100 equiv, 4 M in dioxane). The resulting mixture was allowed to stir until 

consumption of starting material as monitored by TLC (approximately 3 h). A thick white 
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precipitate forms during the course of the reaction. This precipitate was either vacuum 

filtered over a filter frit and washed with diethyl ether or triturated with diethyl ether 

and/or ethyl acetate to afford the pure product as an HCl salt.  

General Procedure 4.4: Methoxy Ether Synthesis. To a stirring solution of 

sodium methoxide in methanol (25% wt, 3.5 equiv) was added bromo-1-alkene (1.0 

equiv). The reaction was stirred at 25 °C, monitoring by TLC, then concentrated in 

vacuo, and redissolved in diethyl ether and water. The aqueous phase was washed with 

diethyl ether (3x) and the organic extracts were combined, washed with brine (2x), dried 

with MgSO4, filtered, and concentrated in vacuo to give the desired compound. 

General Procedure 4.5: Wittig Olefination . To a stirring suspension of 

methyltriphenylphosphonium bromide (2.0 equiv) in THF (0.2 M) was added potassium 

tert-butoxide (2.0 equiv) at 0 °C under a nitrogen atmosphere, immediately forming a 

yellow solution. The reaction was stirred for 30 minutes, then ketone (1.0 equiv) was 

added, and the reaction was allowed to warm to 25 °C and stirred, monitoring by TLC. 

The reaction was quenched with water, extracted with ethyl acetate (3x), and the organic 

extracts were combined, washed with brine (2x) dried with MgSO4, filtered, and 

concentrated in vacuo. The residue was purified by flash column chromatography to give 

the desired compound. 

General Procedure 4.6: Tosylation. To a stirring solution of alcohol (1.0 equiv) 

in DCM (0.2 M) was added triethylamine (1.5 equiv), DMAP (0.10 equiv) and 4-

methylbenzenesulfonyl chloride (0.97 equiv) sequentially at 0 °C under a nitrogen 

atmosphere. The reaction was allowed to warm to rt and stirred, monitoring by TLC. The 

reaction was diluted with diethyl ether and washed with water and aqueous HCl (1 M). 
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The combined aqueous extracts were washed with diethyl ether (3x), and the organic 

extracts were combined, washed with brine (2x), dried with MgSO4, filtered, and 

concentrated in vacuo to give the desired compound. 

General Procedure 4.7: Nucleophilic Substitution B. To a stirring solution of 

alcohol (1.0 equiv) and potassium carbonate (2.0 equiv) in MeCN (0.2 M) was added 

tosylated alcohol (1.2 equiv). The reaction was heated to 80 °C, monitoring by TLC. The 

reaction was diluted with water and extracted with ethyl acetate (3x). The organic 

extracts were combined, washed with brine (2x), dried with MgSO4, filtered, and 

concentrated in vacuo. The residue was purified by flash column chromatography to give 

the desired compound. 

General Procedure 4.8: Nucleophilic Substitution C. Nucleophile (1.0 equiv) 

and alkyl halide (1.2 equiv) were added to a flame dried 6-dram vial containing 

anhydrous THF (0.2 M) at 0 C before the addition of sodium hydride (60% wt., 

dispersion in Paraffin Liquid, 1.0 equiv). The resulting solution was allowed to stir and 

raise to rt for 16 hours or until complete consumption of the starting material was 

observed on TLC. The reaction was diluted with water and extracted with ethyl acetate 

(3x). The organic extracts were combined, washed with brine (2x), dried with MgSO4, 

filtered, and concentrated in vacuo. The residue was purified by flash column 

chromatography to give the desired compound.  

General Procedure 4.9: Carbonyl Reduction. To a stirring solution of carbonyl 

(1.0 equiv) in THF (0.25 M) was added lithium aluminum hydride in THF (1.0 M, 0.60 

equiv) under a nitrogen atmosphere at 0 °C. The reaction was allowed to warm to 25 °C 

and stirred, monitoring by TLC. The reaction was cooled to 0 °C and quenched with 
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water, then extracted with ethyl acetate (3x). The organic extracts were combined, 

washed with brine (2x), dried with MgSO4, filtered, and concentrated in vacuo to give the 

desired compound. 

(pent-4-en-1-yloxy)benzene (4.2a) 

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 122 mg, 

71% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.33 ï 7.27 (m, 2H), 6.99 ï 6.94 (m, 1H), 6.94 

ï 6.91 (m, 2H), 5.88 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.09 (dq, J = 17.1, 1.7 Hz, 1H), 

5.04 ï 5.01 (m, 1H), 3.99 (t, J = 6.4 Hz, 2H), 2.30 ï 2.24 (m, 2H), 1.94 ï 1.88 (m, 2H). 

13C NMR (126 MHz, CDCl3) ŭ 159.2, 138.0, 129.5, 120.7, 115.3, 114.6, 67.2, 30.3, 28.6. 

HRMS: (ESI) [M+H]+ calcd for C11H15O, 163.1117, observed, 163.1120. 

(hex-5-en-1-yloxy)benzene (4.2b) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 

283 mg, 76% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.32 ï 7.26 (m, 2H), 6.97 ï 6.92 (m, 

1H), 6.92 ï 6.89 (m, 2H), 5.85 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.05 (dq, J = 17.1, 1.7 

Hz, 1H), 5.01 ï 4.97 (m, 1H), 3.98 (t, J = 6.5 Hz, 2H), 2.18 ï 2.11 (m, 2H), 1.86 ï 1.78 

(m, 2H), 1.63 ï 1.55 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 159.2, 138.7, 129.5, 120.6, 

114.9, 114.6, 67.7, 33.6, 28.9, 25.5. HRMS: (ESI) [M+H]+ calcd for C12H17O, 177.1274, 

observed, 177.1282. 

(hept-6-en-1-yloxy)benzene (4.2c) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 
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oil, 190 mg, 94% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.32 ï 7.27 (m, 2H), 6.97 ï 6.93 

(m, 1H), 6.93 ï 6.90 (m, 2H), 5.91 ï 5.76 (m, 1H), 5.06 ï 5.01 (m, 1H), 4.99 ï 4.96 (m, 

1H), 3.97 (t, J = 6.5 Hz, 2H), 2.13 ï 2.07 (m, 2H), 1.84 ï 1.78 (m, 2H), 1.53 ï 1.43 (m, 

4H). 13C NMR (151 MHz, CDCl3) ŭ 159.2, 139.0, 129.5, 120.6, 114.6, 67.8, 33.8, 29.3, 

28.8, 25.7. HRMS: (ESI) [M+H]+ calcd for C13H19O, 191.1430, observed, 191.1441. 

1-methyl-4-(pent-4-en-1-yloxy)benzene (4.2d)  

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 110 mg, 68% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.10 ï 7.06 (m, 2H), 6.83 ï 6.79 

(m, 2H), 5.86 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.07 (dq, J = 17.1, 1.7 Hz, 1H), 5.02 ï 

4.99 (m, 1H), 3.95 (t, J = 6.5 Hz, 2H), 2.29 (s, 3H), 2.27 ï 2.22 (m, 2H), 1.91 ï 1.85 (m, 

2H). 13C NMR (151 MHz, CDCl3) ŭ 157.0, 138.0, 130.0, 129.8, 115.3, 114.4, 67.3, 30.3, 

28.6, 20.6. HRMS: (ESI) [M+CH3OH2]
+ calcd for C13H21O2, 209.1536, observed, 

209.1558. 

1-(hex-5-en-1-yloxy)-3-methylbenzene (4.2e) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 170 mg, 97% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.16 (t, J = 7.8 Hz, 1H), 6.77 ï 

6.74 (m, 1H), 6.74 ï 6.72 (m, 1H), 6.72 ï 6.69 (m, 1H), 5.84 (ddt, J = 16.9, 10.2, 6.7 Hz, 

1H), 5.04 (dq, J = 17.1, 1.7 Hz, 1H), 5.00 ï 4.96 (m, 1H), 3.95 (t, J = 6.5 Hz, 2H), 2.33 

(s, 3H), 2.16 ï 2.10 (m, 2H), 1.84 ï 1.76 (m, 2H), 1.61 ï 1.54 (m, 2H). 13C NMR (126 

MHz, CDCl3) ŭ 159.2, 139.6, 138.7, 129.3, 121.5, 115.5, 114.8, 111.5, 67.7, 33.6, 28.9, 

25.5, 21.7. HRMS: (ESI) [M-H]- calcd for C13H17O, 189.1285, observed, 189.1284. 
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1-methyl-3-(pent-4-en-1-yloxy)benzene (4.2f) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 

127 mg, 78% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.17 (t, J = 7.8 Hz, 1H), 6.78 ï 6.75 

(m, 1H), 6.74 ï 6.73 (m, 1H), 6.72 ï 6.70 (m, 1H), 5.87 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 

5.07 (dq, J = 17.1, 1.7 Hz, 1H), 5.02 ï 4.99 (m, 1H), 3.96 (t, J = 6.4 Hz, 2H), 2.34 (s, 

3H), 2.28 ï 2.22 (m, 2H), 1.92 ï 1.85 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 159.2, 

139.6, 138.0, 129.3, 121.5, 115.5, 115.3, 111.5, 67.1, 30.3, 28.6, 21.7. HRMS: (ESI) 

[M+H] + calcd for C12H17O, 177.1274, observed, 177.1270. 

1-methyl-2-(pent-4-en-1-yloxy)benzene (4.2g) 

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 213 mg, 

65% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.18 ï 7.14 (m, 2H), 6.89 ï 6.85 (m, 1H), 6.84 

ï 6.81 (m, 1H), 5.90 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.09 (dq, J = 17.1, 1.7 Hz, 1H), 

5.02 (dq, J = 10.2, 1.4 Hz, 1H), 4.00 (t, J = 6.3 Hz, 2H), 2.32 ï 2.27 (m, 2H), 2.26 (s, 

3H), 1.96 ï 1.90 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 157.3, 138.1, 130.7, 127.0, 

126.8, 120.3, 115.2, 111.0, 67.1, 30.4, 28.7, 16.4. HRMS: (ESI) [M+H]+ calcd for 

C12H17O, 177.1274, observed, 177.1288. 

1,3-dimethyl-3-(pent-4-en-1-yloxy)benzene (4.2h) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 230 mg, 74% yield. 1H NMR (500 MHz, CDCl3) ŭ 6.62 ï 6.60 (m, 1H), 6.57 ï 6.55 

(m, 2H), 5.93 ï 5.84 (m, 1H), 5.09 (dq, J = 17.1, 1.8 Hz, 1H), 5.03 (dq, J = 10.2, 1.4 Hz, 
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1H), 3.96 (t, J = 6.4 Hz, 2H), 2.31 (s, 6H), 2.29 ï 2.23 (m, 2H), 1.92 ï 1.86 (m, 2H). 13C 

NMR (126 MHz, CDCl3) ŭ 159.2, 139.3, 138.1, 122.5, 115.2, 112.4, 67.1, 30.3, 28.7, 

21.6. HRMS: (ESI) [M+H]+ calcd for C13H19O, 191.1430, observed, 191.1437. 

1-(allyloxy)-4-ethylbenzene (4.2i) 

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 54 mg, 

25% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.16 ï 7.11 (m, 2H), 6.89 ï 6.84 (m, 2H), 5.94 

(ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.20 (dq, J = 17.1, 1.7 Hz, 1H), 5.13 (dq, J = 10.2, 1.3 

Hz, 1H), 4.02 (t, J = 6.7 Hz, 2H), 2.62 (q, J = 7.6 Hz, 2H), 2.59 ï 2.54 (m, 2H), 1.24 (t, J 

= 7.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 157.1, 136.5, 134.7, 128.8, 117.0, 114.6, 

67.4, 33.9, 28.1, 16.0. HRMS: (ESI) [M+K]+ calcd for C12H16KO, 215.0833, observed, 

215.0851. 

1-(but-3-en-1-yloxy)-3-ethylbenzene (4.2j)  

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 60 mg, 42% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.20 (t, J = 7.8 Hz, 1H), 6.81 ï 6.79 

(m, 1H), 6.78 ï 6.77 (m, 1H), 6.75 ï 6.72 (m, 1H), 5.93 (ddt, J = 17.1, 10.3, 6.7 Hz, 1H), 

5.19 (dq, J = 17.2, 1.7 Hz, 1H), 5.12 (dq, J = 10.3, 1.3 Hz, 1H), 4.02 (t, J = 6.7 Hz, 2H), 

2.63 (q, J = 7.6 Hz, 2H), 2.58 ï 2.53 (m, 2H), 1.24 (t, J = 7.6 Hz, 3H). 13C NMR (126 

MHz, CDCl3) ŭ 159.1, 146.0, 134.7, 129.4, 120.5, 117.1, 114.5, 111.6, 67.2, 33.9, 29.1, 

15.6. HRMS: (ESI) [M+H]+ calcd for C12H17O, 177.1274, observed, 177.1304. 
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1-ethyl-2-(pent-4-en-1-yloxy)benzene (4.2k)  

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 158 mg, 

51% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.18 ï 7.15 (m, 2H), 6.90 (t, J = 7.4 Hz, 1H), 

6.84 (d, J = 7.9 Hz, 1H), 5.89 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.09 (dq, J = 17.1, 1.6 Hz, 

1H), 5.03 (dq, J = 10.2, 1.2 Hz, 1H), 3.99 (t, J = 6.3 Hz, 2H), 2.68 (q, J = 7.5 Hz, 2H), 

2.29 (q, J = 6.9 Hz, 2H), 1.96 ï 1.89 (m, 2H), 1.23 (t, J = 7.5 Hz, 3H). 13C NMR (151 

MHz, CDCl3) ŭ 156.9, 138.1, 132.9, 129.1, 126.8, 120.4, 115.2, 111.1, 67.0, 30.4, 28.8, 

23.5, 14.4. HRMS: (ESI) [M+H]+ calcd for C13H19O, 191.1430, observed, 191.1434. 

1-(allyloxy)-3-propylbenzene (4.2l) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 250 mg, 97% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.19 (t, J = 7.8 Hz, 1H), 6.81 ï 

6.73 (m, 3H), 6.08 (ddt, J = 17.2, 10.5, 5.3 Hz, 1H), 5.43 (dq, J = 17.3, 1.6 Hz, 1H), 5.29 

(dq, J = 10.5, 1.4 Hz, 1H), 4.55 ï 4.53 (m, 2H), 2.59 ï 2.55 (m, 2H), 1.70 ï 1.61 (m, 2H), 

0.95 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 158.7, 144.5, 133.6, 129.2, 121.2, 

117.7, 115.2, 111.8, 68.8, 38.2, 24.6, 14.0. HRMS: (ESI) [M+H]+ calcd for C12H17O, 

177.1274, observed, 177.1279. 

1-(but-3-en-1-yloxy)-3-isopropylbenzene (4.2m) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 103 mg, 37% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.21 (t, J = 7.9 Hz, 1H), 6.84 ï 

6.82 (m, 1H), 6.80 ï 6.79 (m, 1H), 6.74 ï 6.71 (m, 1H), 5.93 (ddt, J = 17.0, 10.3, 6.7 Hz, 
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1H), 5.19 (dq, J = 17.2, 1.7 Hz, 1H), 5.12 (dq, J = 10.3, 1.4 Hz, 1H), 4.02 (t, J = 6.7 Hz, 

2H), 2.88 (p, J = 6.9 Hz, 1H), 2.58 ï 2.53 (m, 2H), 1.25 (d, J = 6.9 Hz, 6H). 13C NMR 

(126 MHz, CDCl3) ŭ 159.1, 150.8, 134.7, 129.4, 119.1, 117.1, 113.3, 111.4, 67.2, 34.3, 

33.9, 24.1. HRMS: (ESI) [M+H]+ calcd for C13H19O, 191.1430, observed, 191.1429. 

1-(but-3-en-1-yloxy)-3-cyclopropylbenzene (4.2n) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 140 mg, 40% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.16 (t, J = 7.9 Hz, 1H), 6.70 ï 

6.66 (m, 2H), 6.63 ï 6.61 (m, 1H), 5.97 ï 5.85 (m, 1H), 5.17 (dq, J = 17.1, 1.6 Hz, 1H), 

5.11 (dq, J = 10.2, 1.4 Hz, 1H), 4.00 (t, J = 6.7 Hz, 2H), 2.58 ï 2.49 (m, 2H), 1.89 ï 1.83 

(m, 1H), 0.96 ï 0.92 (m, 2H), 0.71 ï 0.67 (m, 2H). 13C NMR (151 MHz, CDCl3) ŭ 159.2, 

145.9, 134.7, 129.3, 118.3, 117.1, 112.3, 111.3, 67.2, 33.8, 15.6, 9.4. HRMS: (ESI) 

[M+H] + calcd for C13H17O, 189.1274, observed, 189.1279. 

1-(but-3-en-1-yloxy)-3-(tert -butyl)benzene (4.2o) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 127 mg, 47% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.22 (t, J = 8.0 Hz, 1H), 7.00 ï 

6.97 (m, 1H), 6.96 ï 6.94 (m, 1H), 6.73 ï 6.70 (m, 1H), 5.93 (ddt, J = 17.0, 10.2, 6.7 Hz, 

1H), 5.18 (dq, J = 17.2, 1.7 Hz, 1H), 5.12 (dq, J = 10.3, 1.4 Hz, 1H), 4.02 (t, J = 6.7 Hz, 

2H), 2.56 (qt, J = 6.8, 1.4 Hz, 2H), 1.31 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 158.9, 

153.1, 134.7, 129.1, 118.0, 117.1, 112.8, 110.7, 67.2, 34.9, 33.9, 31.5. HRMS: (ESI) 

[M+H] + calcd for C14H21O, 205.1587, observed, 205.1596. 
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1-(allyloxy)-3-cyclobutylbenzene (4.2p)  

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 120 mg, 

38% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.21 (t, J = 7.8 Hz, 1H), 6.83 ï 6.79 (m, 2H), 

6.74 (dd, J = 8.1, 2.3 Hz, 1H), 6.08 (ddt, J = 17.2, 10.6, 5.3 Hz, 1H), 5.43 (dq, J = 17.2, 

1.6 Hz, 1H), 5.29 (dq, J = 10.5, 1.3 Hz, 1H), 4.54 (dt, J = 5.3, 1.4 Hz, 2H), 3.53 (p, J = 

8.8 Hz, 1H), 2.37 ï 2.30 (m, 2H), 2.20 ï 2.10 (m, 2H), 2.06 ï 1.95 (m, 1H), 1.89 ï 1.81 

(m, 1H). 13C NMR (126 MHz, CDCl3) ŭ 158.8, 148.2, 133.6, 129.3, 119.0, 117.7, 113.1, 

111.7, 68.9, 40.4, 29.8, 18.4. HRMS: (ESI) [M+H]+ calcd for C13H17O, 189.1274, 

observed, 189.1263. 

3-(allyloxy)-1,1'-biphenyl (4.2q) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 365 mg, 99% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.62 ï 7.59 (m, 2H), 7.47 ï 7.43 

(m, 2H), 7.37 (t, J = 7.8 Hz, 2H), 7.22 ï 7.20 (m, 1H), 7.19 ï 7.17 (m, 1H), 6.93 (ddd, J = 

8.2, 2.5, 0.8 Hz, 1H), 6.16 ï 6.06 (m, 1H), 5.47 (dq, J = 17.3, 1.6 Hz, 1H), 5.33 (dq, J = 

10.5, 1.3 Hz, 1H), 4.62 (dt, J = 5.3, 1.5 Hz, 2H). 13C NMR (126 MHz, CDCl3) ŭ 159.1, 

142.9, 141.2, 133.4, 129.9, 128.9, 128.3*, 127.5, 127.3, 126.9*, 126.8*, 120.0, 117.9, 

115.1*, 113.9, 113.6, 69.0. Material isolated as an approximately 4:1 ratio of rotamers. 

HRMS: (ESI) [M+H]+ calcd for C15H15O, 211.1117, observed, 211.1111. 

2-(but-3-en-1-yloxy)naphthalene (4.2r) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 
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150 mg, 55% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.80 ï 7.77 (m, 1H), 7.77 ï 7.73 (m, 

2H), 7.47 ï 7.43 (m, 1H), 7.37 ï 7.33 (m, 1H), 7.19 ï 7.17 (m, 1H), 7.16 ï 7.15 (m, 1H), 

5.98 (ddt, J = 17.0, 10.3, 6.7 Hz, 1H), 5.26 ï 5.21 (m, 1H), 5.18 ï 5.15 (m, 1H), 4.15 (t, J 

= 6.7 Hz, 2H), 2.66 ï 2.61 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 157.0, 134.7, 134.6, 

129.5, 129.1, 127.8, 126.8, 126.5, 123.7, 119.1, 117.2, 106.8, 67.3, 33.8. HRMS: (ESI) 

[M+H] + calcd for C14H15O, 199.1117, observed, 199.1120. 

1-(but-3-en-1-yloxy)naphthalene (4.2s)  

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 176 mg, 

51% yield. 1H NMR (600 MHz, CDCl3) ŭ 8.32 ï 8.29 (m, 1H), 7.83 ï 7.80 (m, 1H), 7.52 

ï 7.47 (m, 2H), 7.45 ï 7.43 (m, 1H), 7.40 ï 7.36 (m, 1H), 6.82 (d, J = 7.5 Hz, 1H), 6.07 ï 

5.99 (m, 1H), 5.29 ï 5.24 (m, 1H), 5.19 ï 5.15 (m, 1H), 4.21 (t, J = 6.5 Hz, 2H), 2.71 (q, 

J = 6.6 Hz, 2H). 13C NMR (151 MHz, CDCl3) ŭ 154.8, 134.8, 134.6, 127.5, 126.5, 126.0, 

125.8, 125.2, 122.2, 120.3, 117.2, 104.7, 67.5, 33.9. HRMS: (ESI) [M+H]+ calcd for 

C14H15O, 199.1117, observed, 199.1104. 

5-(But-3-en-1-yloxy)-1,2,3,4-tetrahydronaphthalene (4.2t)  

Synthesized according to General Procedure 4.1. Colorless oil, 57 mg, 

28% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.04 (t, J = 7.9 Hz, 1H), 6.69 

(d, J = 7.6 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 5.93 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.17 

(dq, J = 17.1, 1.6 Hz, 1H), 5.12 ï 5.06 (m, 1H), 4.00 (t, J = 6.5 Hz, 2H), 2.75 (t, J = 6.0 

Hz, 2H), 2.66 (t, J = 6.2 Hz, 2H), 2.55 (qt, J = 6.6, 1.4 Hz, 2H), 1.82 ï 1.72 (m, 4H). 13C 

NMR (151 MHz, CDCl3) ŭ 156.7, 138.7, 135.0, 126.3, 125.7, 121.5, 116.9, 107.8, 67.2, 

34.0, 29.8, 23.2, 23.02, 23.00. 
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4-(But-3-en-1-yloxy)-2,3-dihydro-1H-indene (4.2u) 

Synthesized according to General Procedure 4.1. Colorless oil, 166 mg, 

44% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.10 (ddd, J = 8.2, 7.4, 0.9 

Hz, 1H), 6.85 (d, J = 7.4 Hz, 1H), 6.65 (d, J = 8.1 Hz, 1H), 5.92 (ddt, J = 17.0, 6.7, 0.8 

Hz, 1H), 5.19 ï 5.14 (m, 1H), 5.12 ï 5.07 (m, 1H), 4.04 (t, J = 6.7 Hz, 2H), 2.92 (t, J = 

7.4 Hz, 2H), 2.87 (t, J = 7.4 Hz, 2H), 2.55 (qq, J = 6.7, 1.2 Hz, 2H), 2.10 ï 2.02 (m, 2H). 

13C NMR (151 MHz, CDCl3) ŭ 155.5, 146.4, 134.8, 132.3, 127.5, 117.0, 108.9, 67.3, 

34.0, 33.4, 29.5, 25.1. 

1-(pent-4-en-1-yloxy)-4-(trifluoromethyl)benzene (4.2v)  

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 83 mg, 58% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.55 ï 7.51 (m, 2H), 6.97 ï 6.93 

(m, 2H), 5.89 ï 5.81 (m, 1H), 5.07 (dq, J = 17.1, 1.7 Hz, 1H), 5.02 (dq, J = 10.1, 1.4 Hz, 

1H), 4.01 (t, J = 6.4 Hz, 2H), 2.28 ï 2.22 (m, 2H), 1.91 (p, J = 6.6 Hz, 2H). 19F NMR 

(565 MHz, CDCl3) ŭ -61.40. 13C NMR (151 MHz, CDCl3) ŭ 161.6 (q, J = 1.1 Hz), 137.7, 

127.0 (q, J = 3.7 Hz), 124.6 (q, J = 271.3 Hz), 122.8 (q, J = 32.7 Hz), 115.6, 114.5, 67.4, 

30.1, 28.3. HRMS: (ESI) [M+CH3OH2]
+ calcd for C13H18F3O2, 263.1253, observed, 

263.1256. 

1-(pent-4-en-1-yloxy)-3-(trifluoromethyl)benzene (4.2w)  

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 104 mg, 73% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.40 ï 7.35 (m, 1H), 7.21 ï 7.17 

(m, 1H), 7.13 (t, J = 2.1 Hz, 1H), 7.06 (dd, J = 8.3, 2.6 Hz, 1H), 5.86 (ddt, J = 16.9, 10.2, 
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6.7 Hz, 1H), 5.08 (dq, J = 17.1, 1.7 Hz, 1H), 5.02 (dq, J = 10.2, 1.4 Hz, 1H), 4.00 (t, J = 

6.4 Hz, 2H), 2.29 ï 2.23 (m, 2H), 1.95 ï 1.87 (m, 2H). 19F NMR (565 MHz, CDCl3) ŭ -

62.66. 13C NMR (126 MHz, CDCl3) ŭ 159.3, 137.7, 131.9 (q, J = 32.2 Hz), 130.0, 124.2 

(q, J = 272.3 Hz), 118.1 (q, J = 1.1 Hz), 117.4 (q, J = 4.0 Hz), 115.5, 111.4 (q, J = 3.9 

Hz), 67.5, 30.2, 28.4. HRMS: (ESI) [M+H]+ calcd for C12H14F3O, 231.0991, observed, 

231.0983. 

1-(but-3-en-1-yloxy)-3-methoxybenzene (4.2y) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 94 mg, 33% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.17 (t, J = 8.2 Hz, 1H), 6.51 (dd, J 

= 8.2, 2.4 Hz, 2H), 6.47 (t, J = 2.4 Hz, 1H), 5.91 (ddt, J = 17.0, 10.3, 6.7 Hz, 1H), 5.17 

(dq, J = 17.2, 1.7 Hz, 1H), 5.11 (dq, J = 10.3, 1.4 Hz, 1H), 4.00 (t, J = 6.7 Hz, 2H), 3.79 

(s, 3H), 2.56 ï 2.50 (m, 2H). 13C NMR (151 MHz, CDCl3) ŭ 161.0, 160.3, 134.6, 130.0, 

117.2, 106.8, 106.5, 101.1, 67.3, 55.4, 33.8. HRMS: (ESI) [M+H]+ calcd for C11H13O2, 

179.1067, observed, 179.1065. 

1-(but-3-en-1-yloxy)-3-(trifluoromethoxy)benzene (4.2z) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 70 mg, 27% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.27 (t, J = 8.3 Hz, 1H), 6.85 ï 6.79 

(m, 2H), 6.77 ï 6.75 (m, 1H), 5.90 (ddt, J = 17.0, 10.3, 6.7 Hz, 1H), 5.18 (dq, J = 17.2, 

1.7 Hz, 1H), 5.13 (dq, J = 10.3, 1.4 Hz, 1H), 4.01 (t, J = 6.7 Hz, 2H), 2.55 (qt, J = 6.7, 1.4 

Hz, 2H). 19F NMR (376 MHz, CDCl3) ŭ -57.77. 13C NMR (126 MHz, CDCl3) ŭ 160.1, 
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150.3 (q, J = 2.0 Hz), 134.2, 130.3, 120.6 (q, J = 257.0 Hz), 117.4, 113.1, 113.0, 107.8, 

67.7, 33.6. HRMS: (ESI) [M+H]+ calcd for C11H12F3O2, 233.0784, observed, 233.0784. 

1-(but-3-en-1-yloxy)-3-methoxy-5-methylbenzene (4.2aa) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 94 mg, 34% yield. 1H NMR (500 MHz, CDCl3) ŭ 6.35 ï 6.32 (m, 2H), 6.30 ï 6.28 

(m, 1H), 5.95 ï 5.86 (m, 1H), 5.17 (dq, J = 17.1, 1.8 Hz, 1H), 5.11 (dq, J = 10.4, 1.4 Hz, 

1H), 3.99 (t, J = 6.7 Hz, 2H), 3.77 (s, 3H), 2.56 ï 2.50 (m, 2H), 2.30 (s, 3H). 13C NMR 

(126 MHz, CDCl3) ŭ 160.8, 160.1, 140.3, 134.6, 117.1, 107.8, 107.3, 98.2, 67.3, 55.4, 

33.8, 21.9. HRMS: (ESI) [M+H]+ calcd for C12H17O2, 193.1223, observed, 193.1223. 

3-(but-3-en-1-yloxy)benzonitrile (4.2ab) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 128 mg, 44% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.38 ï 7.33 (m, 1H), 7.25 ï 7.22 

(m, 1H), 7.15 ï 7.11 (m, 2H), 5.88 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.18 (dq, J = 17.1, 

1.6 Hz, 1H), 5.13 (dq, J = 10.3, 1.4 Hz, 1H), 4.02 (t, J = 6.7 Hz, 2H), 2.56 (qt, J = 6.5, 1.3 

Hz, 2H). 13C NMR (126 MHz, CDCl3) ŭ 159.1, 134.0, 130.4, 124.6, 120.0, 118.9, 117.63, 

117.61, 113.3, 67.7, 33.5. HRMS: (ESI) [M+H]+ calcd for C11H12NO, 174.0913, 

observed, 174.091. 

1-chloro-3-(pent-4-en-1-yloxy)benzene (4.2ac)  

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 160 mg, 52% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.19 (t, J = 8.1 Hz, 1H), 6.93 ï 
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6.91 (m, 1H), 6.89 (t, J = 2.2 Hz, 1H), 6.78 (dd, J = 8.3, 2.4 Hz, 1H), 5.90 ï 5.80 (m, 1H), 

5.09 ï 5.05 (m, 1H), 5.03 ï 5.00 (m, 2H), 3.95 (t, J = 6.4 Hz, 2H), 2.24 (q, J = 7.2 Hz, 

2H), 1.88 (dt, J = 13.6, 6.6 Hz, 2H). 13C NMR (151 MHz, CDCl3) ŭ 159.9, 137.8, 134.9, 

130.3, 120.8, 115.5, 114.9, 113.2, 67.4, 30.2, 28.4. HRMS: (ESI) [M+H]+ calcd for 

C11H14ClO, 197.0728, observed, 197.0717. 

3-(hex-5-en-1-yloxy)pyridine (4.2ad) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 106 mg, 28% yield. 1H NMR (500 MHz, CDCl3) ŭ 8.32 ï 8.28 (m, 1H), 8.21 ï 8.19 

(m, 1H), 7.22 ï 7.15 (m, 2H), 5.82 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.04 (dq, J = 17.1, 

1.7 Hz, 1H), 4.99 ï 4.96 (m, 1H), 4.00 (t, J = 6.4 Hz, 2H), 2.16 ï 2.09 (m, 2H), 1.85 ï 

1.77 (m, 2H), 1.61 ï 1.53 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 155.4, 142.1, 138.5, 

138.1, 123.9, 121.2, 115.0, 68.2, 33.5, 28.7, 25.3. 

1-fluoro-4-(hex-5-en-1-yloxy)benzene (4.2ae) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 303 mg, 87% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.00 ï 6.93 (m, 2H), 6.85 ï 6.80 

(m, 2H), 5.83 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.04 (dq, J = 17.2, 1.7 Hz, 1H), 5.00 ï 

4.96 (m, 1H), 3.92 (t, J = 6.4 Hz, 2H), 2.16 ï 2.10 (m, 2H), 1.82 ï 1.75 (m, 2H), 1.60 ï 

1.53 (m, 2H). 19F NMR (376 MHz, CDCl3) ŭ -124.41 ï -124.48 (m). 13C NMR (126 MHz, 

CDCl3) ŭ 157.3 (d, J = 237.9 Hz), 155.3 (d, J = 2.2 Hz), 138.6, 115.9 (d, J = 22.9 Hz), 

115.5 (d, J = 7.9 Hz), 114.9, 68.5, 33.6, 28.9, 25.4. HRMS: (ESI) [M+H]+ calcd for 

C12H16FO, 195.1180, observed, 195.1174. 
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1-fluoro-3-(hex-5-en-1-yloxy)benzene (4.2af) 

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 291 mg, 

84% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.23 ï 7.18 (m, 1H), 6.69 ï 6.66 (m, 1H), 6.66 

ï 6.59 (m, 2H), 5.83 (ddt, J = 16.9, 10.1, 6.6 Hz, 1H), 5.04 (dq, J = 17.1, 1.7 Hz, 1H), 

5.00 ï 4.97 (m, 1H), 3.95 (t, J = 6.5 Hz, 2H), 2.16 ï 2.11 (m, 2H), 1.83 ï 1.77 (m, 2H), 

1.61 ï 1.54 (m, 2H). 19F NMR (376 MHz, CDCl3) ŭ -111.87 ï -111.96 (m). 13C NMR 

(126 MHz, CDCl3) ŭ 163.8 (d, J = 244.8 Hz), 160.6 (d, J = 10.9 Hz), 138.6, 130.3 (d, J = 

10.2 Hz), 115.0, 110.5 (d, J = 2.8 Hz), 107.4 (d, J = 21.3 Hz), 102.2 (d, J = 24.6 Hz), 

68.2, 33.5, 28.7, 25.4. HRMS: (ESI) [M+NH4]
+ calcd for C12H19FNO, 212.1445, 

observed, 212.1428. 

1-fluoro-2-(hex-5-en-1-yloxy)benzene (4.2ag) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 

340 mg, 98% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.10 ï 7.02 (m, 2H), 6.98 ï 6.94 (m, 

1H), 6.90 ï 6.86 (m, 1H), 5.83 (ddt, J = 17.0, 10.2, 6.6 Hz, 1H), 5.04 (dq, J = 17.1, 1.7 

Hz, 1H), 5.00 ï 4.96 (m, 1H), 4.04 (t, J = 6.5 Hz, 2H), 2.17 ï 2.11 (m, 2H), 1.88 ï 1.81 

(m, 2H), 1.63 ï 1.56 (m, 2H). 19F NMR (376 MHz, CDCl3) ŭ -134.77 ï -134.85 (m). 13C 

NMR (126 MHz, CDCl3) ŭ 152.9 (d, J = 245.3 Hz), 147.3 (d, J = 10.6 Hz), 138.6, 124.4 

(d, J = 3.9 Hz), 121.0 (d, J = 6.8 Hz), 116.3 (d, J = 18.4 Hz), 115.0 (d, J = 1.9 Hz), 114.9, 

69.3, 33.5, 28.8, 25.3. HRMS: (ESI) [M+H]+ calcd for C12H16FO, 195.1180, observed, 

195.1196. 
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1,3-difluoro -5-(hex-5-en-1-yloxy)benzene (4.2ah) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 317 mg, 97% yield. 1H NMR (500 MHz, CDCl3) ŭ 6.44 ï 6.37 (m, 3H), 5.83 (ddt, J = 

16.9, 10.2, 6.6 Hz, 1H), 5.05 (dq, J = 17.1, 1.8 Hz, 1H), 5.00 (dq, J = 10.2, 1.5 Hz, 1H), 

3.92 (t, J = 6.4 Hz, 2H), 2.13 (q, J = 7.1 Hz, 2H), 1.80 (dt, J = 15.1, 6.5 Hz, 2H), 1.61 ï 

1.52 (m, 2H). 19F NMR (376 MHz, CDCl3) ŭ -109.61 ï -109.69 (m). 13C NMR (126 

MHz, CDCl3) ŭ 163.8 (dd, J = 245.8, 15.8 Hz), 161.2 (t, J = 13.6 Hz), 138.5, 115.0, 98.5 

ï 98.2 (m), 96.2 (t, J = 26.0 Hz), 68.5, 33.5, 28.5, 25.3. HRMS: (ESI) [M+H]+ calcd for 

C12H15F2O, 213.1085, observed, 213.1086. 

1,2-difluoro -3-(hex-5-en-1-yloxy)benzene (4.2ai) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 

340 mg, 98% yield. 1H NMR (500 MHz, CDCl3) ŭ 6.99 ï 6.93 (m, 1H), 6.78 ï 6.70 (m, 

2H), 5.83 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.04 (dq, J = 17.2, 1.8 Hz, 1H), 5.00 ï 4.97 

(m, 1H), 4.04 (t, J = 6.5 Hz, 2H), 2.17 ï 2.11 (m, 2H), 1.88 ï 1.81 (m, 2H), 1.63 ï 1.55 

(m, 2H). 19F NMR (376 MHz, CDCl3) ŭ -137.40 ï -137.51 (m), -159.51 ï -159.63 (m). 

13C NMR (126 MHz, CDCl3) ŭ 151.6 (dd, J = 246.4, 10.4 Hz), 148.9 (dd, J = 7.8, 3.2 

Hz), 141.58 (dd, J = 247.1, 14.1 Hz), 138.5, 123.2 (dd, J = 8.7, 5.3 Hz), 115.0, 109.9 (d, J 

= 2.9 Hz), 109.1 (d, J = 17.7 Hz), 69.7, 33.5, 28.7, 25.3. HRMS: (ESI) [M+H]+ calcd for 

C12H15F2O, 213.1085, observed, 213.1091. 
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1,3-difluoro -2-(hex-5-en-1-yloxy)benzene (4.2aj ) 

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 293 mg, 

90% yield. 1H NMR (600 MHz, CDCl3) ŭ 6.96 ï 6.90 (m, 1H), 6.90 ï 6.85 (m, 2H), 5.83 

(ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.03 (dq, J = 17.1, 1.6 Hz, 1H), 4.98 ï 4.96 (m, 1H), 

4.13 (t, J = 6.5 Hz, 2H), 2.15 ï 2.10 (m, 2H), 1.81 ï 1.76 (m, 2H), 1.62 ï 1.57 (m, 2H). 

19F NMR (565 MHz, CDCl3) ŭ -128.32 ï -128.39 (m). 13C NMR (126 MHz, CDCl3) ŭ 

156.5 (dd, J = 248.1, 5.5 Hz), 138.7, 136.0 (t, J = 14.2 Hz), 122.7 (t, J = 9.3 Hz), 114.8, 

112.2 (dd, J = 17.3, 5.5 Hz), 74.7, 33.5, 29.5, 25.1. HRMS: (ESI) [M+H]+ calcd for 

C12H15F2O, 213.1085, observed, 213.1082. 

1,3,5-trifluoro -2-(hex-5-en-1-yloxy)benzene (4.2ak) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 123 mg, 40% yield. 1H NMR (600 MHz, CDCl3) ŭ 6.70 ï 6.63 (m, 2H), 5.82 (ddt, J = 

17.0, 10.2, 6.7 Hz, 1H), 5.03 (dq, J = 17.1, 1.7 Hz, 1H), 4.97 (ddt, J = 10.2, 2.3, 1.3 Hz, 

1H), 4.06 (t, J = 6.6 Hz, 2H), 2.14 ï 2.07 (m, 2H), 1.79 ï 1.73 (m, 2H), 1.61 ï 1.53 (m, 

2H). 19F NMR (565 MHz, CDCl3) ŭ -115.20 ï -115.24 (m), -125.17 ï -125.22 (m). 13C 

NMR (126 MHz, CDCl3) ŭ 157.1 (dt, J = 245.1, 14.4 Hz), 156.4 (ddd, J = 249.4, 14.9, 

7.8 Hz), 138.6, 132.8 (td, J = 14.6, 5.1 Hz), 114.9, 101.0 ï 100.6 (m), 75.1 (t, J = 2.9 Hz), 

33.5, 29.4, 25.1. HRMS: (ESI) [M+H]+ calcd for C12H14F3O, 231.0991, observed, 

231.1022. 
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1-(allyloxy)-4-cyclopropylbenzene (4.2al)  

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 320 mg, 

99% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.04 ï 6.99 (m, 2H), 6.85 ï 6.81 (m, 2H), 6.06 

(ddt, J = 17.2, 10.6, 5.3 Hz, 1H), 5.41 (dq, J = 17.3, 1.6 Hz, 1H), 5.28 (dq, J = 10.5, 1.4 

Hz, 1H), 4.52 (dt, J = 5.3, 1.5 Hz, 2H), 1.89 ï 1.83 (m, 1H), 0.93 ï 0.88 (m, 2H), 0.65 ï 

0.61 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 156.7, 136.2, 133.6, 126.9, 117.6, 114.8, 

69.0, 14.7, 8.7. HRMS: (ESI) [M+H]+ calcd for C12H15O, 175.1117, observed, 175.1116. 

1-(allyloxy)-3-cyclopropylbenzene (4.2am) 

Colorless oil, 190 mg, 73% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.17 

(t, J = 7.9 Hz, 1H), 6.72 ï 6.68 (m, 3H), 6.65 ï 6.64 (m, 1H), 6.07 (ddt, 

J = 17.2, 10.6, 5.3 Hz, 1H), 5.42 (dq, J = 17.3, 1.6 Hz, 1H), 5.29 (dq, J = 10.5, 1.4 Hz, 

1H), 4.53 (dt, J = 5.3, 1.5 Hz, 2H), 1.90 ï 1.84 (m, 1H), 0.98 ï 0.93 (m, 2H), 0.72 ï 0.68 

(m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 158.8, 145.9, 133.6, 129.3, 118.5, 117.7, 112.4, 

111.5, 68.8, 15.6, 9.4. HRMS: (ESI) [M+K]+ calc. for C15H14KO, 249.0676, observed, 

249.0674. 

1-cyclopropyl-3-(pent-4-en-1-yloxy)benzene (4.2an) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless 

oil, 318 mg, 84% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.16 (t, J = 7.9 Hz, 1H), 6.71 ï 

6.65 (m, 2H), 6.62 (t, J = 2.1 Hz, 1H), 5.87 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.07 (dq, J = 

17.1, 1.7 Hz, 1H), 5.03 ï 4.99 (m, 1H), 3.96 (t, J = 6.4 Hz, 2H), 2.28 ï 2.20 (m, 2H), 1.92 
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ï 1.83 (m, 3H), 0.98 ï 0.92 (m, 2H), 0.72 ï 0.67 (m, 2H). 13C NMR (101 MHz, CDCl3) ŭ 

159.3, 145.9, 138.0, 129.3, 118.2, 115.3, 112.3, 111.3, 67.2, 30.3, 28.6, 15.6, 9.3.  

1-(but-3-en-1-yloxy)-3-cyclopropyl-2-fluorobenzene (4.2ao) 

Synthesized according to General Procedure 4.1. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 

182 mg, 54% yield. 1H NMR (600 MHz, CDCl3) ŭ 6.92 (td, J = 8.0, 1.5 Hz, 1H), 6.76 (td, 

J = 8.0, 1.5 Hz, 1H), 6.48 ï 6.44 (m, 1H), 5.92 (ddt, J = 17.1, 10.3, 6.7 Hz, 1H), 5.19 (dq, 

J = 17.2, 1.6 Hz, 1H), 5.14 ï 5.10 (m, 1H), 4.07 (t, J = 6.8 Hz, 2H), 2.61 ï 2.55 (m, 2H), 

2.13 ï 2.07 (m, 1H), 1.00 ï 0.95 (m, 2H), 0.73 ï 0.69 (m, 2H). 19F NMR (565 MHz, 

CDCl3) ŭ -142.22 (t, J = 7.1 Hz). 13C NMR (151 MHz, CDCl3) ŭ 152.1 (d, J = 244.1 Hz), 

146.9 (d, J = 11.2 Hz), 134.3, 131.9 (d, J = 11.9 Hz), 123.6 (d, J = 4.7 Hz), 117.5 (d, J = 

3.3 Hz), 117.3, 112.0 (d, J = 1.4 Hz), 68.8, 33.8, 8.8, 8.7, 8.0. HRMS: (ESI) [M+H]+ 

calcd for C13H16FO, 207.1180, observed, 207.1189. 

1-(but-3-en-1-yloxy)-3-cyclopropyl-5-fluorobenzene (4.2ap)  

Synthesized according to General Procedure 4.1. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 150 mg, 

44% yield. 1H NMR (600 MHz, CDCl3) ŭ 6.42 (s, 1H), 6.39 (dt, J = 10.6, 2.3 Hz, 1H), 

6.36 ï 6.33 (m, 1H), 5.89 (ddt, J = 17.0, 10.3, 6.7 Hz, 1H), 5.19 ï 5.15 (m, 1H), 5.13 ï 

5.10 (m, 1H), 3.97 (t, J = 6.7 Hz, 2H), 2.53 (q, J = 6.7 Hz, 2H), 1.87 ï 1.80 (m, 1H), 0.98 

ï 0.92 (m, 2H), 0.70 ï 0.65 (m, 2H). 19F NMR (565 MHz, CDCl3) ŭ -112.71 (t, J = 10.2 

Hz). 13C NMR (151 MHz, CDCl3) ŭ 171.3, 163.8 (d, J = 243.6 Hz), 160.2 (d, J = 11.7 

Hz), 147.6 (d, J = 9.8 Hz), 134.4, 117.3, 108.2 (d, J = 2.5 Hz), 104.8 (d, J = 22.1 Hz), 
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99.1 (d, J = 25.2 Hz), 67.5, 60.5, 33.6, 21.2, 15.7, 15.7, 14.3, 9.6. HRMS: (ESI) [M+H]+ 

calcd for C13H16FO, 207.1180, observed, 207.1188. 

7-Methoxyhept-1-ene (4.4a)  

Synthesized according to General Procedure 4.4. 491 mg, 44% yield, 

57% in Et2O, colorless solution. 1H NMR (500 MHz, CDCl3) ŭ 5.81 (ddt, J = 16.9, 10.1, 

6.6 Hz, 1H), 4.99 (dq, J = 17.0, 1.8 Hz, 1H), 4.96 ï 4.91 (m, 1H), 3.36 (t, J = 6.6 Hz, 

2H), 3.33 (d, J = 0.6 Hz, 3H), 2.10 ï 2.02 (m, 2H), 1.63 ï 1.53 (m, 2H), 1.45 ï 1.32 (m, 

4H). 13C NMR (151 MHz, CDCl3) ŭ 137.8, 112.9, 71.8, 56.8, 34.3, 32.7, 28.3, 27.7, 24.5. 

8-Methoxyoct-1-ene (4.4b)  

Synthesized according to General Procedure 4.4. Colorless oil, 260 

mg, 91% yield. 1H NMR (600 MHz, CDCl3) ŭ 5.80 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.01 

ï 4.97 (m, 1H), 4.93 (ddt, J = 10.2, 2.3, 1.2 Hz, 1H), 3.36 (t, J = 6.6 Hz, 2H), 3.33 (s, 

3H), 2.07 ï 2.01 (m, 2H), 1.60 ï 1.53 (m, 2H), 1.42 ï 1.28 (m, 6H). 13C NMR (151 MHz, 

CDCl3) ŭ 139.1, 114.2, 72.9, 65.9, 58.6, 33.7, 29.6, 29.0, 28.8, 26.0, 15.3. 

(hex-5-en-1-yloxy)cyclobutene (4.6a) 

Synthesized according to General Procedure 4.8. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 188 mg, 35% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 5.80 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.00 (dq, J = 17.1, 1.6 

Hz, 1H), 4.95 ï 4.92 (m, 1H), 3.93 ï 3.84 (m, 1H), 3.31 (t, J = 6.7 Hz, 1H), 2.22 ï 2.15 

(m, 2H), 2.06 (q, J = 7.1 Hz, 2H), 1.93 ï 1.86 (m, 2H), 1.71 ï 1.64 (m, 1H), 1.59 ï 1.52 

(m, 2H), 1.53 ï 1.40 (m, 3H). 13C NMR (151 MHz, CDCl3) ŭ 138.9, 114.6, 73.2, 67.7, 

33.7, 30.6, 29.4, 25.7, 12.7. HRMS: (ESI) [M+H]+ calcd for C10H19O, 155.1430, 

observed, 155.1442. 
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 (hex-5-en-1-yloxy)cyclopentane (4.6b)  

Synthesized according to General Procedure 4.8. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 

42 mg, 11% yield. 1H NMR (500 MHz, CDCl3) ŭ 5.86 ï 5.76 (m, 1H), 5.02 ï 4.97 (m, 

1H), 4.95 ï 4.92 (m, 1H), 3.89 ï 3.83 (m, 1H), 3.36 (t, J = 6.7 Hz, 2H), 2.06 (q, J = 7.1 

Hz, 2H), 1.75 ï 1.64 (m, 4H), 1.63 ï 1.53 (m, 4H), 1.52 ï 1.48 (m, 2H), 1.47 ï 1.39 (m, 

2H). 13C NMR (126 MHz, CDCl3) ŭ 139.0, 114.6, 81.4, 68.8, 33.8, 32.4, 29.7, 25.8, 23.7. 

HRMS: (ESI) [M+Na]+ calcd for C11H20ONa, 191.1406, observed, 191.1427. 

(hex-5-en-1-yloxy)cyclohexane (4.6c) 

To a stirring solution of hex-5-en-1-ol (1.0 equiv), triethylsilane 

(2.0 equiv) and ytterbium(III) trifluoromethanesulfonate hydrate (4 

mol%) in 1,2-Dichloroethane (0.2 M) was added cyclohexanone (2.0 equiv) under a 

nitrogen atmosphere. The reaction was heated under reflux for 24 hours, allowed to cool 

to rt, diluted with water (15 mL), then extracted with diethyl ether (3 x 5 mL). The 

organic extracts were combined, washed with brine (2 x 15 mL), dried with MgSO4, 

filtered, and concentrated in vacuo. The residue was purified by flash column 

chromatography (0-10% ethyl acetate/hexanes) to afford the desired product. Colorless 

oil, 161 mg, 44% yield. 1H NMR (600 MHz, CDCl3) ŭ 5.86 ï 5.77 (m, 1H), 5.04 ï 4.97 

(m, 1H), 4.96 ï 4.91 (m, 1H), 3.44 (t, J = 6.7 Hz, 2H), 3.22 ï 3.16 (m, 1H), 2.10 ï 2.04 

(m, 2H), 1.89 (tt, J = 13.0, 5.7 Hz, 2H), 1.76 ï 1.68 (m, 2H), 1.61 ï 1.51 (m, 4H), 1.48 ï 

1.42 (m, 2H), 1.27 ï 1.20 (m, 4H). 13C NMR (101 MHz, cdcl3) ŭ 138.9, 114.4, 77.4, 67.7, 

33.6, 32.4, 29.7, 25.9, 25.6, 24.2. 
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((pent-4-en-1-yloxy)methyl)benzene (4.6d) 

Synthesized according to General Procedure 4.8. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless, 61 mg, 

86% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.36 ï 7.34 (m, 4H), 7.31 ï 7.27 (m, 1H), 5.87 

ï 5.78 (m, 1H), 5.05 ï 5.01 (m, 2H), 4.98 ï 4.95 (m, 1H), 4.51 (s, 2H), 3.49 (t, J = 6.5 

Hz, 2H), 2.15 (q, J = 7.1 Hz, 2H), 1.72 (p, J = 6.8 Hz, 2H). 13C NMR (151 MHz, CDCl3) 

ŭ 138.7, 138.4, 128.5, 127.8, 127.6, 114.9, 73.0, 69.9, 30.5, 29.1. HRMS: (ESI) [M+H]+ 

calcd for C12H17O, 177.1274, observed, 177.1277. 

(3-(allyloxy)propyl)benzene (4.6e) 

Synthesized according to General Procedure 4.8. Purified via 

column chromatography (0-5% ethyl acetate/hexanes). Colorless, 

34 mg, 13% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.29 (t, J = 7.6 Hz, 2H), 7.22 ï 7.17 (m, 

3H), 5.94 (ddt, J = 16.3, 10.8, 5.6 Hz, 1H), 5.31 ï 5.26 (m, 1H), 5.20 ï 5.17 (m, 1H), 3.98 

(d, J = 5.6 Hz, 2H), 3.45 (t, J = 6.4 Hz, 2H), 2.73 ï 2.69 (m, 2H), 1.95 ï 1.89 (m, 2H). 13C 

NMR (151 MHz, CDCl3) ŭ 142.1, 135.1, 128.6, 128.4, 125.9, 116.9, 72.0, 69.6, 32.5, 

31.5. HRMS: (ESI) [M+H]+ calcd for C12H17O, 177.1274, observed, 177.1289. 

 (4-Oxocyclohexyl)methyl 4-methylbenzenesulfonate (4.11) 

To a solution of 4-(hydroxymethyl)cyclohexan-1-one (1.0 equiv) 

in pyridine (0.2 M) was added slowly 4-methylbenzenesulfonyl 

chloride (1.12 equiv) at 0 °C. The reaction was left for 3 days. The reaction was diluted 

with water (40 mL) and extracted with diethyl ether (3 x 40 mL). The organic extracts 

were combined, washed with saturated aqueous CuSO4 until the washings remained light 

blue, then washed with water (80 mL), brine (3 x 80 mL), dried with MgSO4, filtered, 
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and concentrated in vacuo to give the desired product. Orange oil, 0.30 g (53% yield). 1H 

NMR (400 MHz, CDCl3) ŭ 7.82 ï 7.77 (m, 2H), 7.39 ï 7.34 (m, 2H), 3.94 (d, J = 6.5 Hz, 

2H), 2.46 (d, J = 1.6 Hz, 3H), 2.43 ï 2.25 (m, 3H), 2.21 ï 2.10 (m, 1H), 2.10 ï 2.01 (m, 

3H), 1.42 (qd, J = 12.5, 4.9 Hz, 2H). 

4-(Phenoxymethyl)cyclohexan-1-one (4.12) 

Synthesized according to General Procedure 4.7, carried forward 

without purification. Colorless oil, 96 mg, 47% yield.  

 

((4-Methylenecyclohexyl)methoxy)benzene (4.13) 

Synthesized according to General Procedure 4.5. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 23 mg, 

52% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.31 ï 7.26 (m, 2H), 6.93 (tt, J = 7.4, 1.1 Hz, 

1H), 6.91 ï 6.87 (m, 2H), 4.65 (t, J = 1.6 Hz, 2H), 3.78 (d, J = 6.1 Hz, 2H), 2.39 ï 2.32 

(m, 2H), 2.14 ï 2.05 (m, 2H), 2.03 ï 1.91 (m, 3H), 1.23 ï 1.12 (m, 2H). 13C NMR (126 

MHz, CDCl3) ŭ 159.1, 149.2, 129.4, 120.5, 114.4, 107.2, 72.6, 37.3, 34.1, 31.1. 

Methyl 3-methylenecyclohexane-1-carboxylate (4.15a) 

Synthesized according to General Procedure 4.5, carried forward without 

purification. Colorless oil, 59 mg, 38% yield.  

(3-Methylenecyclohexyl)methanol (4.16a) 

Synthesized according to General Procedure 4.9. Colorless oil, 48 mg, 

99% yield. 1H NMR (600 MHz, CDCl3) ŭ 4.64 (d, J = 1.5 Hz, 2H), 3.50 

(d, J = 6.3 Hz, 2H), 2.39 ï 2.32 (m, 1H), 2.30 ï 2.23 (m, 1H), 2.01 ï 1.93 (m, 1H), 1.84 ï 

1.77 (m, 2H), 1.77 ï 1.73 (m, 1H), 1.65 ï 1.58 (m, 1H), 1.50 (s, 1H), 1.39 ï 1.31 (m, 1H), 
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1.17 ï 1.10 (m, 1H). 13C NMR (151 MHz, CDCl3) ŭ 148.4, 107.6, 67.9, 41.7, 37.9, 35.0, 

28.8, 26.6. 

(3-Methylenecyclohexyl)methyl 4-methylbenzenesulfonate (4.17a)  

Synthesized according to General Procedure 4.6. Colorless oil, 103 

mg, 97% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.78 (d, J = 8.2 Hz, 

2H), 7.34 (d, J = 8.0 Hz, 2H), 4.62 (s, 1H), 4.58 (s, 1H), 3.89 ï 3.81 (m, 2H), 2.44 (s, 

3H), 2.29 ï 2.24 (m, 1H), 2.21 (dt, J = 13.4, 4.1 Hz, 1H), 1.91 (td, J = 12.3, 4.3 Hz, 1H), 

1.82 ï 1.67 (m, 4H), 1.35 ï 1.24 (m, 1H), 1.16 ï 1.07 (m, 1H). 13C NMR (151 MHz, 

CDCl3) ŭ 146.8, 144.7, 132.9, 129.8, 127.8, 108.5, 74.3, 38.1, 37.3, 34.5, 28.2, 26.0, 21.6. 

((3-Methylenecyclohexyl)methoxy)benzene (4.18a) 

Synthesized according to General Procedure 4.7. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 32 mg, 

47% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.36 ï 7.28 (m, 2H), 7.00 ï 6.92 (m, 3H), 4.74 

ï 4.70 (m, 2H), 3.85 (d, J = 5.9 Hz, 2H), 2.54 ï 2.49 (m, 1H), 2.34 (dt, J = 13.3, 3.9 Hz, 

1H), 2.06 (td, J = 12.6, 4.5 Hz, 1H), 2.02 ï 1.85 (m, 4H), 1.50 ï 1.39 (m, 1H), 1.37 ï 1.27 

(m, 1H). 13C NMR (126 MHz, CDCl3) ŭ 159.2, 148.1, 129.4, 120.5, 114.5, 107.9, 72.4, 

38.9, 38.2, 35.0, 29.1, 26.5. 

Ethyl 3-methylenecyclopentane-1-carboxylate (4.15b) 

Synthesized according to General Procedure 4.5, carried forward without 

purification. Colorless oil, 0.46 g, 99% yield.  

 

(3-Methylenecyclopentyl)methanol (4.16b) 

Synthesized according to General Procedure 4.9. Colorless oil, 0.31 g, 
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93% yield. 1H NMR (500 MHz, CDCl3) ŭ 4.84 (dq, J = 3.9, 2.0 Hz, 2H), 3.55 (d, J = 6.8 

Hz, 2H), 2.46 (dd, J = 16.2, 7.7 Hz, 1H), 2.41 ï 2.25 (m, 2H), 2.25 ï 2.16 (m, 1H), 2.07 ï 

2.00 (m, 1H), 1.90 ï 1.82 (m, 1H), 1.47 (s, 1H), 1.47 ï 1.36 (m, 1H). 13C NMR (126 

MHz, CDCl3) ŭ 151.9, 105.5, 68.0, 42.4, 36.2, 32.0, 29.0. 

(3-Methylenecyclopentyl)methyl 4-methylbenzenesulfonate (4.17b)  

Synthesized according to General Procedure 4.6. Colorless oil, 

0.397 g, 54% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.79 (d, J = 8.3 

Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.85 ï 4.79 (m, 2H), 3.96 ï 3.88 (m, 2H), 2.45 (s, 3H), 

2.42 (dd, J = 15.9, 7.4 Hz, 1H), 2.35 ï 2.21 (m, 3H), 1.99 ï 1.92 (m, 1H), 1.87 ï 1.79 (m, 

1H), 1.38 ï 1.31 (m, 1H). 13C NMR (151 MHz, CDCl3) ŭ 150.4, 144.7, 133.0, 129.8, 

127.9, 106.2, 73.3, 38.9, 35.9, 31.6, 28.8, 21.7. 

((3-Methylenecyclopentyl)methoxy)benzene (4.18b) 

Synthesized according to General Procedure 4.7. Purified via column 

chromatography (0-5% ethyl acetate/hexanes). Colorless oil, 85 mg, 

31% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.28 (t, J = 8.0 Hz, 2H), 6.94 (t, J = 7.3 Hz, 

1H), 6.90 (d, J = 8.8 Hz, 2H), 4.90 ï 4.85 (m, 2H), 3.90 ï 3.84 (m, 2H), 2.56 (dd, J = 

16.2, 7.7 Hz, 1H), 2.49 (dq, J = 14.7, 7.2 Hz, 1H), 2.44 ï 2.38 (m, 1H), 2.37 ï 2.30 (m, 

1H), 2.20 ï 2.13 (m, 1H), 2.00 ï 1.93 (m, 1H), 1.59 ï 1.51 (m, 1H). 13C NMR (151 MHz, 

CDCl3) ŭ 159.1, 151.7, 129.4, 120.5, 114.4, 105.7, 71.2, 39.5, 36.6, 31.9, 29.4. 

Methyl 4-(phenoxymethyl)benzoate (4.23) 

To a stirring solution of phenol (1.0 equiv) and potassium 

carbonate (3.0 equiv) in acetone (0.2 M) was added methyl 4-

(bromomethyl)benzoate (1.0 equiv). The reaction was heated to 56 
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°C, monitoring by TLC. The reaction was diluted with water (10 mL), extracted with 

ethyl acetate (3 x 10 mL). The organic extracts were combined, washed with brine (2 x 

30 mL), dried with MgSO4, filtered, and concentrated in vacuo. The residue was purified 

by flash column chromatography with ethyl acetate in hexanes (0-30%) to afford the 

desired product. White solid, 0.542 g, 93% yield. 1H NMR (600 MHz, CDCl3) ŭ 8.06 (d, 

J = 8.3 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 7.33 ï 7.28 (m, 2H), 7.01 ï 6.95 (m, 3H), 5.13 

(s, 2H), 3.92 (s, 3H). 13C NMR (151 MHz, CDCl3) ŭ 166.8, 158.4, 142.3, 129.9, 129.6, 

129.5, 126.9, 121.2, 114.8, 69.2, 52.1. 

(4-(Phenoxymethyl)phenyl)methanol (4.24) 

Synthesized according to General Procedure 4.8. Colorless oil, 

0.436 g, 93% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.44 (d, J = 

7.9 Hz, 2H), 7.39 (d, J = 7.9 Hz, 2H), 7.33 ï 7.27 (m, 2H), 7.01 ï 6.95 (m, 3H), 5.07 (s, 

2H), 4.70 (s, 2H), 1.74 (s, 1H). 13C NMR (151 MHz, CDCl3) ŭ 158.6, 140.6, 136.5, 129.5, 

127.7, 127.2, 120.9, 114.8, 69.6, 65.1. 

1-(Bromomethyl)-4-(phenoxymethyl)benzene (4.25) 

To a stirring solution of carbon tetrabromide (1.1 equiv) and (4-

(phenoxymethyl)phenyl)methanol (1.0 equiv) in DCM (0.2 M) 

was added slowly triphenylphosphine (1.1 equiv) at 0 °C. The reaction was allowed to 

warm to rt and stirred for 16 hours. The reaction was diluted with hexane (5 mL), filtered 

through celite, and concentrated in vacuo. The residue was purified by flash column 

chromatography (0-3% ethyl acetate/hexanes) to afford the desired product. White solid, 

0.155 g, 62% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.42 (s, 4H), 7.33 ï 7.27 (m, 2H), 7.00 
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ï 6.95 (m, 3H), 5.06 (s, 2H), 4.51 (s, 2H). 13C NMR (126 MHz, CDCl3) ŭ 158.6, 137.4, 

129.5, 129.3, 127.8, 121.0, 114.8, 69.4, 33.2. 

tert -butyl 4-((4-iodophenyl)carbamoyl)piperazine-1-carboxylate (4.20) 

4-Iodophenyl isocyanate (1.0 equiv) was added to an oven 

dried round-bottom flask containing a stir bar and purged 

with nitrogen. Anhydrous DCM (0.2 M) was added to the vial and the solution was 

cooled to 0 C with an ice bath. N-Boc-piperazine (1.1 equiv) was dissolved in DCM and 

added dropwise to the solution. The reaction mixture was then allowed to warm to rt 

slowly over the course of 16 hours. After complete consumption of starting material was 

observed by TLC, the crude reaction mixture was concentrated under reduced pressure 

and subjected to flash chromatography with 40-60% ethyl acetate/hexane to afford the 

purified product. White solid (97%, 512 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.47 (d, J = 

8.7 Hz, 2H), 7.17 (brs, 1H), 7.07 (d, J = 8.8 Hz, 2H), 3.43 ï 3.32 (m, 8H), 1.44 (s, 9H). 

13C NMR (101 MHz, CDCl3) ŭ 155.0, 154.6, 139.0, 137.6, 122.3, 86.2, 80.4, 43.8, 42.9, 

28.4. HRMS: (ESI) [M+H]+ calcd for C16H23IN3O3, 432.0779, observed, 432.0771. 

tert -butyl 4-((4-(3-cyclohexylpropyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21a) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 146 mg, 76% yield. 

1H NMR (500 MHz, CDCl3) ŭ 7.24 ï 7.21 (m, 2H), 7.11 ï 7.07 (m, 2H), 6.33 (s, 1H), 

3.52 ï 3.43 (m, 8H), 2.55 ï 2.49 (m, 2H), 1.71 ï 1.53 (m, 7H), 1.48 (s, 9H), 1.27 ï 1.08 

(m, 6H), 0.90 ï 0.79 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 155.3, 154.8, 138.3, 136.3, 
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128.9, 120.4, 80.4, 43.9, 37.7, 37.2, 35.7, 33.5, 28.9, 28.5, 26.9, 26.6. HRMS: (ESI) 

[M+H] + calc. for C25H40N3O3, 430.3064, observed, 430.3066. 

tert -butyl 4-((4-(3-cyclopentylpropyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21b) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 146 mg, 76% yield. 1H 

NMR (500 MHz, CDCl3) ŭ 7.25 ï 7.22 (m, 2H), 7.11 ï 7.08 (m, 2H), 6.30 (s, 1H), 3.52 ï 

3.44 (m, 8H), 2.54 (t, J = 7.7 Hz, 2H), 1.77 ï 1.69 (m, 3H), 1.62 ï 1.54 (m, 4H), 1.48 (s, 

11H), 1.34 ï 1.28 (m, 2H), 1.08 ï 1.01 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 155.3, 

154.8, 138.3, 136.3, 129.0, 120.4, 80.4, 44.0, 40.2, 35.9, 35.7, 32.8, 30.8, 28.5, 25.3. 

HRMS: (ESI) [M+H]+ calc. for C24H38N3O3, 416.2908, observed, 416.2917. 

tert -butyl 4-((4-(2-cyclohexylethyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21c) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 58 mg, 60% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 7.22 ï 7.19 (m, 2H), 7.09 ï 7.04 (m, 2H), 6.61 (s, 1H), 3.43 

(s, 8H), 2.56 ï 2.51 (m, 2H), 1.76 ï 1.60 (m, 6H), 1.52 ï 1.41 (m, 11H), 1.27 ï 1.08 (m, 

5H), 0.93 ï 0.83 (m, 2H). 13C NMR (151 MHz, CDCl3) ŭ 155.4, 154.7, 138.4, 136.3, 

128.8, 120.6, 80.4, 43.9, 39.5, 37.3, 33.4, 32.6, 28.5, 26.8, 26.4. HRMS: (ESI) [M+H]+ 

calc. for C24H38N3O3, 416.2908, observed, 416.2921. 
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tert -butyl 4-((4-(3-phenylpropyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21d) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 70 mg, 71% yield. 1H 

NMR (500 MHz, CDCl3) ŭ 7.29 ï 7.22 (m, 4H), 7.20 ï 7.14 (m, 3H), 7.10 ï 7.06 (m, 

2H), 6.69 (s, 1H), 3.44 (s, 8H), 2.65 ï 2.55 (m, 4H), 1.96 ï 1.87 (m, 2H), 1.47 (s, 9H). 13C 

NMR (126 MHz, CDCl3) ŭ 155.4, 154.7, 142.4, 137.4, 136.6, 128.9, 128.5, 128.4, 125.8, 

120.5, 80.4, 43.9, 35.4, 34.8, 33.1, 28.5. HRMS: (ESI) [M+H]+ calc. for C25H34N3O3, 

424.2595, observed, 424.2595. 

tert -butyl 4-((4-(4-phenylbutyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21e)  

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 176 mg, 87% yield. 

1H NMR (600 MHz, CDCl3) ŭ 7.29 ï 7.24 (m, 2H), 7.24 ï 7.21 (m, 2H), 7.19 ï 7.14 (m, 

3H), 7.10 ï 7.06 (m, 2H), 6.32 (s, 1H), 3.53 ï 3.42 (m, 8H), 2.63 ï 2.56 (m, 4H), 1.70 ï 

1.59 (m, 4H), 1.48 (s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 155.2, 154.7, 142.7, 137.8, 

136.4, 129.0, 128.5, 128.4, 125.8, 120.4, 80.4, 71.0, 35.9, 35.2, 32.1, 31.3, 31.2, 28.5, 

26.3, 22.1. HRMS: (ESI) [M+H]+ calc. for C26H36N3O3, 438.2751, observed, 438.2751. 

tert -butyl 4-((4-(3-(4-methoxyphenyl)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21f) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% 

ethyl acetate/hexanes). White solid, 65 mg, 62% 
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yield. 1H NMR (600 MHz, CDCl3) ŭ 7.25 ï 7.22 (m, 2H), 7.10 ï 7.06 (m, 4H), 6.84 ï 

6.79 (m, 2H), 6.64 ï 6.61 (m, 1H), 3.78 (s, 3H), 3.44 (s, 8H), 2.59 ï 2.54 (m, 4H), 1.91 ï 

1.85 (m, 2H), 1.47 (s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 157.7, 155.4, 154.7, 137.5, 

136.6, 134.4, 129.4, 128.9, 120.5, 113.8, 80.4, 55.3, 43.9, 34.7, 34.5, 33.3, 28.5. HRMS: 

(ESI) [M+H]+ calc. for C26H36N3O4, 454.2700, observed, 454.2708. 

tert -butyl 4-((4-(3-(p-tolyl)propyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21g) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 95 mg, 94% yield. 1H 

NMR (500 MHz, CDCl3) ŭ 7.25 ï 7.23 (m, 2H), 7.11 ï 7.05 (m, 6H), 6.46 (s, 1H), 3.48 ï 

3.45 (m, 8H), 2.59 (t, J = 7.7 Hz, 4H), 2.31 (s, 3H), 1.93 ï 1.86 (m, 2H), 1.48 (s, 9H). 13C 

NMR (126 MHz, CDCl3) ŭ 155.3, 154.8, 139.3, 137.6, 136.5, 135.2, 129.1, 129.0, 128.4, 

120.4, 80.4, 43.9, 35.0, 34.8, 33.2, 28.5, 21.1. HRMS: (ESI) [M+H]+ calc. for 

C26H36N3O3, 438.2751, observed, 438.2776. 

tert -butyl 4-((4-(3-(perfluorophenyl)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21h) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% ethyl 

acetate/hexanes). White solid, 96 mg, 81% yield. 

1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 7.21 (m, 2H), 7.07 ï 7.03 (m, 2H), 6.77 (s, 1H), 

3.42 (s, 8H), 2.71 ï 2.66 (m, 2H), 2.61 ï 2.55 (m, 2H), 1.89 ï 1.81 (m, 2H), 1.46 (s, 9H). 

19F NMR (565 MHz, CDCl3) ŭ -144.23 (dd, J = 22.8, 8.2 Hz), -158.09 (t, J = 20.9 Hz), -
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163.00 (td, J = 21.8, 8.2 Hz). 13C NMR (126 MHz, CDCl3) ŭ 155.4, 154.7, 146.2 ï 144.0 

(m), 140.7 ï 138.3 (m), 137.0, 136.6 ï 136.3 (m), 136.1, 128.7, 120.5, 115.4 ï 115.0 (m), 

80.4, 43.9, 34.7, 30.8, 28.4, 22.1. HRMS: (ESI) [M+H]+ calc. for C25H29F5N3O3, 

514.2124, observed, 514.2128. 

tert -butyl 4-((4-(5-phenoxypentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21i) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 82 

mg, 76% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.29 ï 7.22 (m, 4H), 7.12 ï 7.09 (m, 2H), 

6.94 ï 6.91 (m, 1H), 6.90 ï 6.87 (m, 2H), 6.34 (s, 1H), 3.94 (t, J = 6.5 Hz, 2H), 3.51 ï 

3.44 (m, 8H), 2.59 (t, J = 7.7 Hz, 2H), 1.83 ï 1.77 (m, 2H), 1.68 ï 1.63 (m, 2H), 1.52 ï 

1.46 (m, 11H). 13C NMR (151 MHz, CDCl3) ŭ 159.2, 155.3, 154.8, 137.8, 136.5, 129.5, 

129.0, 120.6, 120.4, 114.6, 80.4, 67.8, 44.0, 35.3, 31.4, 29.3, 28.5, 25.8. HRMS: (ESI) 

[M+H] + calcd for C27H38N3O4, 468.2857, observed, 468.2863. 

tert -butyl 4-((4-(6-phenoxyhexyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21j) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 466 

mg, 64% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.29 ï 7.26 (m, 2H), 7.25 ï 7.22 (m, 2H), 

7.11 ï 7.08 (m, 2H), 6.94 ï 6.91 (m, 1H), 6.90 ï 6.87 (m, 2H), 6.27 (s, 1H), 3.94 (t, J = 

6.5 Hz, 2H), 3.52 ï 3.45 (m, 8H), 2.57 (t, J = 7.7 Hz, 2H), 1.80 ï 1.73 (m, 2H), 1.65 ï 

1.58 (m, 2H), 1.51 ï 1.45 (m, 11H), 1.41 ï 1.36 (m, 2H). 13C NMR (151 MHz, CDCl3) ŭ 
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159.2, 155.2, 154.8, 138.1, 136.4, 129.5, 129.0, 120.6, 120.4, 114.6, 80.5, 67.9, 35.3, 

31.6, 29.3, 29.0, 28.5, 26.1. HRMS: (ESI) [M+H]+ calcd for C28H40N3O4, 482.3013, 

observed, 482.3009. 

tert -butyl 4-((4-(7-phenoxyheptyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21k) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes). White 

solid, 186 mg, 81% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.29 ï 7.25 (m, 2H), 7.25 ï 7.22 

(m, 2H), 7.11 ï 7.07 (m, 2H), 6.94 ï 6.90 (m, 1H), 6.90 ï 6.87 (m, 2H), 6.41 (d, J = 2.8 

Hz, 1H), 3.93 (t, J = 6.6 Hz, 2H), 3.50 ï 3.44 (m, 8H), 2.55 (t, J = 7.7 Hz, 2H), 1.76 (p, J 

= 6.7 Hz, 2H), 1.63 ï 1.55 (m, 2H), 1.48 (s, 9H), 1.46 ï 1.41 (m, 2H), 1.40 ï 1.30 (m, 

4H). 13C NMR (151 MHz, CDCl3) ŭ 159.2, 155.3, 154.7, 138.1, 136.4, 129.5, 128.9, 

120.5, 120.4, 114.6, 80.4, 67.9, 43.9, 35.4, 31.6, 29.44, 29.41, 29.2, 28.5, 26.1. HRMS: 

(ESI) [M+H]+ calcd for C29H42N3O4, 496.3170, observed, 496.3181. 

tert -butyl 4-((4-(5-(p-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21l)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 112 

mg, 67% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.27 ï 7.21 (m, 2H), 7.11 ï 7.03 (m, 4H), 

6.81 ï 6.75 (m, 2H), 6.69 (s, 1H), 3.91 (t, J = 6.5 Hz, 2H), 3.47 ï 3.40 (m, 8H), 2.58 (t, J 

= 7.6 Hz, 2H), 2.28 (s, 3H), 1.82 ï 1.74 (m, 2H), 1.69 ï 1.60 (m, 2H), 1.55 ï 1.43 (m, 
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11H). 13C NMR (101 MHz, CDCl3) ŭ 157.0, 155.4, 154.7, 137.7, 136.5, 129.9, 129.7, 

128.8, 120.6, 114.4, 80.4, 68.0, 43.9, 35.2, 31.3, 29.3, 28.5, 25.7, 20.5. HRMS: (ESI) 

[M+H] + calcd for C28H40N3O4, 482.3013, observed, 482.3021. 

tert -butyl 4-((4-(5-(m-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21m)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 191 

mg, 86% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.26 ï 7.22 (m, 2H), 7.15 (t, J = 7.8 Hz, 

1H), 7.13 ï 7.08 (m, 2H), 6.77 ï 6.72 (m, 1H), 6.72 ï 6.67 (m, 2H), 6.29 (s, 1H), 3.92 (t, 

J = 6.5 Hz, 2H), 3.53 ï 3.44 (m, 8H), 2.59 (t, J = 7.6 Hz, 2H), 2.32 (s, 3H), 1.83 ï 1.75 

(m, 2H), 1.70 ï 1.61 (m, 2H), 1.53 ï 1.44 (m, 11H). 13C NMR (126 MHz, CDCl3) ŭ 

159.2, 155.3, 154.8, 139.6, 137.9, 136.4, 129.3, 129.0, 121.4, 120.4, 115.5, 111.5, 80.4, 

67.8, 44.0, 35.3, 31.4, 29.3, 28.5, 25.8, 21.7. HRMS: (ESI) [M+H]+ calcd for 

C28H40N3O4, 482.3013, observed, 482.3013. 

tert -butyl 4-((4-(6-(m-tolyloxy)hexyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21n)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 205 mg, 89% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 

7.22 (m, 2H), 7.15 (t, J = 7.8 Hz, 1H), 7.11 ï 7.07 (m, 2H), 6.76 ï 6.72 (m, 1H), 6.72 ï 

6.70 (m, 1H), 6.70 ï 6.67 (m, 1H), 6.41 (s, 1H), 3.92 (t, J = 6.5 Hz, 2H), 3.49 ï 3.44 (m, 
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8H), 2.56 (t, J = 7.7 Hz, 2H), 2.32 (s, 3H), 1.79 ï 1.72 (m, 2H), 1.65 ï 1.57 (m, 2H), 1.51 

ï 1.44 (m, 11H), 1.42 ï 1.33 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 159.2, 155.3, 

154.8, 139.5, 138.0, 136.4, 129.2, 128.9, 121.4, 120.4, 115.5, 111.4, 80.4, 67.8, 44.0, 

35.3, 31.5, 29.4, 29.0, 28.5, 26.0, 21.7. HRMS: (ESI) [M+H]+ calcd for C29H42N3O4, 

496.3170, observed, 496.3171. 

tert -butyl 4-((4-(5-(m-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21p)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes). White solid, 

144 mg, 63% yield. 1H NMR (500 MHz, 

CDCl3) ŭ 7.26 ï 7.22 (m, 2H), 7.12 ï 7.08 (m, 2H), 6.59 ï 6.57 (m, 1H), 6.52 ï 6.51 (m, 

2H), 6.40 ï 6.38 (m, 1H), 3.91 (t, J = 6.6 Hz, 2H), 3.51 ï 3.44 (m, 8H), 2.58 (t, J = 7.6 

Hz, 2H), 2.28 (s, 6H), 1.81 ï 1.74 (m, 2H), 1.69 ï 1.60 (m, 2H), 1.53 ï 1.42 (m, 9H). 13C 

NMR (126 MHz, CDCl3) ŭ 159.2, 155.3, 154.8, 139.2, 137.8, 136.5, 129.0, 122.4, 120.4, 

112.4, 80.4, 67.7, 44.1, 35.3, 31.4, 29.3, 28.5, 25.8, 21.6. HRMS: (ESI) [M+H]+ calcd for 

C29H42N3O4, 496.3170, observed, 496.3163. 

tert -butyl 4-((4-(5-(o-tolyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21o)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 73 

mg, 65% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 7.22 (m, 2H), 7.15 ï 7.08 (m, 4H), 
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6.85 ï 6.82 (m, 1H), 6.81 ï 6.77 (m, 1H), 6.28 (s, 1H), 3.94 (t, J = 6.4 Hz, 2H), 3.52 ï 

3.46 (m, 8H), 2.60 (t, J = 7.7 Hz, 2H), 2.22 (s, 3H), 1.85 ï 1.78 (m, 2H), 1.70 ï 1.63 (m, 

2H), 1.55 ï 1.45 (m, 11H). 13C NMR (126 MHz, CDCl3) ŭ 157.3, 155.3, 154.8, 137.9, 

136.4, 130.7, 129.0, 127.0, 126.8, 120.4, 120.2, 111.0, 80.5, 67.9, 43.9, 35.3, 31.4, 29.4, 

28.5, 25.9, 16.4. HRMS: (ESI) [M+H]+ calcd for C28H340N3O4, 482.3013, observed, 

482.3020. 

tert -butyl 4-((4-(3-(4-ethylphenoxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21q)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 73 

mg, 65% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.25 (d, J = 8.5 Hz, 2H), 7.15 ï 7.12 (m, 

2H), 7.11 ï 7.08 (m, 2H), 6.83 ï 6.80 (m, 2H), 6.28 (s, 1H), 3.92 (t, J = 6.2 Hz, 2H), 3.52 

ï 3.45 (m, 8H), 2.78 ï 2.73 (m, 2H), 2.58 (q, J = 7.7 Hz, 2H), 2.09 ï 2.02 (m, 2H), 1.48 

(s, 9H), 1.21 (t, J = 7.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 157.2, 155.2, 154.8, 

136.9, 136.7, 136.5, 129.1, 128.8, 120.4, 114.5, 80.5, 66.9, 44.0, 31.6, 31.1, 28.5, 28.1, 

16.0. HRMS: (ESI) [M+H]+ calcd for C27H38N3O4, 468.2857, observed, 468.2862. 

tert -butyl 4-((4-(4-(3-ethylphenoxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21r)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes).White solid, 

71 mg, 64% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.27 ï 7.23 (m, 2H), 7.20 ï 7.15 (m, 
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1H), 7.14 ï 7.10 (m, 2H), 6.79 ï 6.76 (m, 1H), 6.75 ï 6.73 (m, 1H), 6.72 ï 6.68 (m, 1H), 

6.31 (s, 1H), 3.97 ï 3.93 (m, 2H), 3.57 ï 3.41 (m, 8H), 2.68 ï 2.56 (m, 2H), 1.82 ï 1.75 

(m, 4H), 1.48 (d, J = 0.9 Hz, 11H), 1.24 ï 1.21 (m, 3H). 13C NMR (126 MHz, CDCl3) ŭ 

159.3, 155.3, 154.8, 146.0, 137.6, 136.6, 129.3, 129.0, 120.4, 120.2, 114.4, 111.5, 80.4, 

67.7, 44.0, 35.0, 29.0, 28.5, 28.1, 15.6. HRMS: (ESI) [M+H]+ calcd for C28H40N3O4, 

482.3013, observed, 482.3007. 

tert -butyl 4-((4-(5-(2-ethylphenoxy)pentyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21s)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 158 

mg, 69% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.24 (d, J = 8.4 Hz, 2H), 7.16 ï 7.09 (m, 

4H), 6.87 (t, J = 7.4 Hz, 1H), 6.80 (d, J = 8.3 Hz, 1H), 6.30 (s, 1H), 3.94 (t, J = 6.4 Hz, 

2H), 3.52 ï 3.46 (m, 8H), 2.63 (q, J = 7.6 Hz, 2H), 2.61 ï 2.58 (m, 2H), 1.84 ï 1.79 (m, 

2H), 1.67 (p, J = 7.7 Hz, 2H), 1.54 ï 1.47 (m, 11H), 1.18 (t, J = 7.5 Hz, 3H). 13C NMR 

(151 MHz, CDCl3) ŭ 156.9, 155.2, 154.8, 137.9, 136.4, 132.9, 129.0, 129.0, 126.8, 120.4, 

120.3, 111.1, 80.5, 67.7, 35.3, 31.4, 29.4, 28.5, 25.9, 23.5, 14.4. HRMS: (ESI) [M+H]+ 

calcd for C29H42N3O4, 496.3170, observed, 496.3168. 

tert -butyl 4-((4-(3-(3-propylphenoxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21t)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 121 mg, 36% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.29 ï 

7.26 (m, 2H), 7.19 (t, J = 7.8 Hz, 1H), 7.17 ï 7.14 (m, 2H), 6.80 ï 6.77 (m, 1H), 6.76 ï 

6.74 (m, 1H), 6.74 ï 6.71 (m, 1H), 6.45 (s, 1H), 3.96 (t, J = 6.2 Hz, 2H), 3.52 ï 3.47 (m, 

8H), 2.78 (t, J = 7.6 Hz, 2H), 2.59 ï 2.55 (m, 2H), 2.12 ï 2.05 (m, 2H), 1.70 ï 1.61 (m, 

2H), 1.50 (s, 9H), 0.96 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 159.1, 155.3, 

154.8, 144.4, 136.8, 136.7, 129.2, 129.1, 121.0, 120.5, 115.0, 111.6, 80.4, 66.7, 43.9, 

38.2, 31.6, 31.1, 28.5, 24.6, 14.0. HRMS: (ESI) [M+H] + calcd for C28H40N3O4, 482.3013, 

observed, 482.3013. 

tert -butyl 4-((4-(4-(3-isopropylphenoxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21u)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 158 

mg, 92% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 7.23 (m, 2H), 7.19 (t, J = 7.9 Hz, 

1H), 7.14 ï 7.10 (m, 2H), 6.82 ï 6.79 (m, 1H), 6.78 ï 6.76 (m, 1H), 6.72 ï 6.68 (m, 1H), 

6.37 (s, 1H), 3.98 ï 3.93 (m, 2H), 3.52 ï 3.44 (m, 8H), 2.86 (p, J = 6.9 Hz, 1H), 2.64 (t, J 

= 7.0 Hz, 2H), 1.83 ï 1.74 (m, 4H), 1.48 (s, 9H), 1.24 (d, J = 7.0 Hz, 6H). 13C NMR (126 

MHz, CDCl3) ŭ 159.2, 155.3, 154.8, 150.7, 137.5, 136.6, 129.3, 129.0, 120.4, 118.9, 

113.2, 111.3, 80.4, 67.7, 44.0, 35.0, 34.3, 29.0, 28.5, 28.1, 24.1. HRMS: (ESI) [M+H]+ 

calcd for C29H42N3O4, 496.3170, observed, 496.3171. 
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tert -butyl 4-((4-(4-(3-cyclopropylphenoxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21v) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes).White solid, 124 

mg, 54% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 7.23 (m, 2H), 7.16 ï 7.10 (m, 3H), 

6.68 ï 6.64 (m, 2H), 6.60 ï 6.58 (m, 1H), 6.34 (s, 1H), 3.94 (t, J = 5.9 Hz, 2H), 3.52 ï 

3.44 (m, 8H), 2.63 (t, J = 7.1 Hz, 2H), 1.88 ï 1.83 (m, 1H), 1.81 ï 1.73 (m, 4H), 1.48 (s, 

11H), 0.95 ï 0.91 (m, 2H), 0.70 ï 0.66 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 159.3, 

155.3, 154.8, 145.8, 137.5, 136.6, 129.3, 129.0, 120.4, 118.1, 112.2, 111.2, 80.4, 67.7, 

44.0, 35.0, 29.0, 28.5, 28.0, 15.6, 9.4. HRMS: (ESI) [M+H]+ calcd for C29H40N3O4, 

494.3013, observed, 494.3025. 

tert -butyl 4-((4-(4-(3-(tert -butyl)phenoxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21w)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 188 

mg, 80% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 7.23 (m, 2H), 7.20 (t, J = 8.0 Hz, 

1H), 7.14 ï 7.10 (m, 2H), 6.98 ï 6.95 (m, 1H), 6.94 ï 6.91 (m, 1H), 6.71 ï 6.67 (m, 1H), 

6.38 (s, 1H), 3.96 (t, J = 6.1 Hz, 2H), 3.50 ï 3.44 (m, 8H), 2.64 (t, J = 7.1 Hz, 2H), 1.83 ï 

1.75 (m, 4H), 1.48 (s, 9H), 1.30 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 159.0, 155.3, 

154.8, 153.0, 137.5, 136.6, 129.0, 120.4, 117.8, 112.7, 110.6, 80.4, 67.7, 44.0, 35.1, 34.9, 

31.4, 29.0, 28.5, 28.1.  
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tert -butyl 4-((4-(3-(3-cyclobutylphenoxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21x) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 70 

mg, 41% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.28 ï 7.26 (m, 2H), 7.21 (t, J = 7.9 Hz, 

1H), 7.16 (d, J = 8.4 Hz, 2H), 6.82 (d, J = 7.6 Hz, 1H), 6.78 (s, 1H), 6.72 (dd, J = 8.1, 2.3 

Hz, 1H), 6.39 (s, 1H), 3.96 (t, J = 6.2 Hz, 2H), 3.57 ï 3.47 (m, 10H), 2.79 (t, J = 7.6 Hz, 

2H), 2.38 ï 2.30 (m, 2H), 2.20 ï 2.12 (m, 2H), 2.11 ï 2.06 (m, 2H), 2.05 ï 1.98 (m, 1H), 

1.86 (q, J = 8.8 Hz, 2H), 1.50 (s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 159.1, 155.2, 154.7, 

148.1, 136.8, 136.7, 129.2, 129.1, 120.5, 118.8, 112.9, 111.5, 80.4, 66.7, 44.1, 40.4, 31.6, 

31.1, 29.8, 28.5, 18.3. HRMS: (ESI) [M+H]+ calcd for C29H40N3O4, 494.3013, observed, 

494.3015. 

tert -butyl 4-((4-(3-([1,1'-biphenyl]-3-yloxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21y) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes). Purified 

via column chromatography (20-40% ethyl acetate/hexanes). White solid, 163 mg, 68% 

yield. 1H NMR (600 MHz, CDCl3) ŭ 7.60 ï 7.57 (m, 2H), 7.45 ï 7.41 (m, 2H), 7.36 ï 

7.32 (m, 2H), 7.27 ï 7.24 (m, 2H), 7.18 ï 7.12 (m, 4H), 6.89 ï 6.86 (m, 1H), 6.46 (d, J = 

5.3 Hz, 1H), 4.00 (t, J = 6.2 Hz, 2H), 3.46 (s, 8H), 2.78 (t, J = 7.5 Hz, 2H), 2.12 ï 2.06 

(m, 3H), 1.48 (s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 159.5, 155.3, 154.7, 142.8, 141.2, 
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136.7, 136.7, 129.8, 129.1, 128.8*, 128.8, 128.2*, 127.5, 127.3, 126.8*, 120.5, 119.7, 

114.9*, 113.6, 113.3, 80.4, 66.9, 44.1, 31.6, 31.0, 28.5. Material isolated as an 

approximately 4:1 ratio of rotamers. HRMS: (ESI) [M+H]+ calcd for C31H38N3O4, 

516.2857, observed, 516.2857. 

tert -butyl 4-((4-(4-(naphthalen-2-yloxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21z)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes). White 

solid, 193 mg, 83% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.78 ï 7.68 (m, 3H), 7.44 ï 7.40 

(m, 1H), 7.34 ï 7.30 (m, 1H), 7.27 ï 7.24 (m, 2H), 7.16 ï 7.09 (m, 4H), 6.30 (s, 1H), 4.08 

(t, J = 6.2 Hz, 2H), 3.53 ï 3.44 (m, 8H), 2.67 (t, J = 7.3 Hz, 2H), 1.93 ï 1.78 (m, 4H), 

1.48 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 157.2, 155.2, 154.8, 137.5, 136.6, 134.7, 

129.4, 129.04, 129.02, 127.8, 126.8, 126.4, 123.6, 120.4, 119.1, 106.7, 80.5, 67.9, 44.0, 

35.1, 28.9, 28.5, 28.1. HRMS: (ESI) [M+H]+ calcd for C30H38N3O4, 504.2857, observed, 

504.2866. 

tert -butyl 4-((4-(4-(naphthalen-1-yloxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21aa)  

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% 

ethyl acetate/hexanes). White solid, 111 mg, 

38% yield. 1H NMR (500 MHz, CDCl3) ŭ 8.31 ï 

8.28 (m, 1H), 7.83 ï 7.80 (m, 1H), 7.52 ï 7.46 (m, 2H), 7.44 ï 7.42 (m, 1H), 7.40 ï 7.36 
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(m, 1H), 7.30 ï 7.28 (m, 2H), 7.17 (d, J = 8.3 Hz, 2H), 6.81 (d, J = 7.5 Hz, 1H), 6.44 

(brs, 1H), 4.17 (t, J = 6.0 Hz, 2H), 3.53 ï 3.48 (m, 8H), 2.72 (t, J = 7.4 Hz, 2H), 2.01 ï 

1.87 (m, 4H), 1.51 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 155.2, 154.9, 154.7, 137.5, 

136.6, 134.6, 129.0, 127.5, 126.4, 126.0, 125.8, 125.2, 122.2, 120.5, 120.1, 104.7, 80.4, 

68.0, 44.0, 35.0, 28.9, 28.5, 28.2. HRMS: (ESI) [M+H]+ calcd for C30H38N3O4, 504.2857, 

observed, 504.2859. 

tert -Butyl 4-((4-(4-((5,6,7,8-tetrahydronaphthalen-1-

yl)oxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21ab)  

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% 

ethyl acetate/hexanes). White solid, 93 mg, 66% 

yield. 1H NMR (600 MHz, CDCl3) ŭ 7.25 (d, J = 8.3 Hz, 2H), 7.12 (d, J = 8.3 Hz, 2H), 

7.03 (t, J = 7.9 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 6.61 (d, J = 8.1 Hz, 1H), 6.30 (s, 1H), 

3.94 (t, J = 5.6 Hz, 2H), 3.52 ï 3.45 (m, 8H), 2.74 (t, J = 6.0 Hz, 2H), 2.64 (q, J = 6.2 Hz, 

4H), 1.84 ï 1.71 (m, 8H), 1.48 (s, 9H). 13C NMR (151 MHz, CDCl3) ŭ 156.7, 155.1, 

154.6, 138.5, 137.5, 136.3, 128.9, 126.1, 125.5, 121.1, 120.3, 107.5, 80.3, 67.4, 43.9, 

34.9, 29.6, 28.9, 28.4, 28.0, 23.1, 22.84, 22.80.  

tert -Butyl 4-((4-(4-((2,3-dihydro-1H-inden-4-

yl)oxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21ac) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% 

ethyl acetate/hexanes). White solid, 123 mg, 

83% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.27 ï 7.23 (m, 2H), 7.12 (d, J = 8.2 Hz, 2H), 
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7.09 (t, J = 7.8 Hz, 1H), 6.83 (d, J = 7.4 Hz, 1H), 6.63 (d, J = 8.1 Hz, 1H), 6.34 (s, 1H), 

3.98 (t, J = 5.8 Hz, 2H), 3.53 ï 3.44 (m, 8H), 2.89 (dt, J = 23.1, 7.4 Hz, 4H), 2.64 (t, J = 

7.0 Hz, 2H), 2.05 (p, J = 7.5 Hz, 2H), 1.85 ï 1.73 (m, 4H), 1.48 (s, 9H). 13C NMR (126 

MHz, CDCl3) ŭ 155.5, 155.1, 154.6, 146.2, 137.5, 136.4, 132.0, 128.8, 127.3, 120.3, 

116.7, 108.7, 80.3, 67.6, 43.9, 34.8, 33.2, 29.4, 28.8, 28.4, 27.9, 24.9. HRMS: (ESI) 

[M+Na]+ calcd for C29H39N3O4Na, 516.2833, observed, 516.2843. 

tert -butyl 4-((4-(5-(4-

(trifluoromethyl)phenoxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21ad)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 98 mg, 53% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.54 ï 

7.48 (m, 2H), 7.26 ï 7.21 (m, 2H), 7.09 ï 7.05 (m, 2H), 6.94 ï 6.89 (m, 2H), 6.70 (s, 1H), 

3.96 (t, J = 6.5 Hz, 2H), 3.45 ï 3.41 (m, 9H), 2.58 (t, J = 7.6 Hz, 2H), 1.84 ï 1.75 (m, 

2H), 1.65 (p, J = 7.6 Hz, 2H), 1.52 ï 1.42 (m, 11H). 19F NMR (376 MHz, CDCl3) ŭ -

61.39. 13C NMR (101 MHz, CDCl3) ŭ 161.6 (q, J = 1.1 Hz), 155.4, 154.7, 137.5, 136.7, 

128.8, 126.9 (q, J = 3.8 Hz), 124.6 (q, J = 262.7 Hz), 123.2, 122.6 (q, J = 32.7 Hz), 

120.6, 120.4, 114.5, 80.3, 68.1, 43.9, 35.2, 31.2, 29.0, 28.5, 25.6. HRMS: (ESI) [M+H]+ 

calcd for C28H37F3N3O4, 536.2731, observed, 536.2736. 
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tert -butyl 4-((4-(5-(3-

(trifluoromethyl)phenoxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21ae)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 85 mg, 46% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.35 ï 

7.29 (m, 1H), 7.22 ï 7.19 (m, 2H), 7.16 ï 7.13 (m, 1H), 7.08 ï 7.05 (m, 3H), 7.02 ï 6.98 

(m, 1H), 6.45 (s, 1H), 3.93 (t, J = 6.5 Hz, 2H), 3.44 ï 3.40 (m, 8H), 2.56 (t, J = 7.6 Hz, 

2H), 1.81 ï 1.74 (m, 2H), 1.67 ï 1.58 (m, 2H), 1.50 ï 1.41 (m, 11H). 19F NMR (376 

MHz, CDCl3) ŭ -62.69. 13C NMR (101 MHz, CDCl3) ŭ 159.3, 155.4, 154.8, 137.7, 136.6, 

131.9 (124.1 (q, J = 272.6 Hz), 120.5, 118.1 (q, J = 1.3 Hz), 117.3 (q, J = 3.8 Hz), 111.4 

(d, J = 3.8 Hz), 80.4, 68.2, 43.9, 35.2, 31.3, 29.1, 28.5, 25.7. HRMS: (ESI) [M+H]+ calcd 

for C28H37F3N3O4, 536.2731, observed, 536.2733. 

tert -butyl 4-((4-(6-(2-(trifluoromethyl)phenoxy)hexyl)phenyl)carbamoyl)piperazine-

1-carboxylate (4.21af) 

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 126 mg, 49% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.54 (d, 

J = 7.6 Hz, 1H), 7.47 ï 7.43 (m, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 

6.96 (t, J = 8.0 Hz, 2H), 6.44 (s, 1H), 4.01 (t, J = 6.3 Hz, 2H), 3.46 (s, 8H), 2.58 ï 2.53 

(m, 2H), 1.79 (dt, J = 14.2, 6.3 Hz, 2H), 1.61 (p, J = 7.7 Hz, 2H), 1.53 ï 1.45 (m, 11H), 
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1.37 (p, J = 7.6, 7.2 Hz, 2H). 19F NMR (565 MHz, CDCl3) ŭ -62.39. 13C NMR (151 MHz, 

CDCl3) ŭ 157.1, 155.3, 154.7, 138.0, 136.4, 133.3, 128.9, 127.1 (q, J = 5.2 Hz), 123.9 (q, 

J = 272.3 Hz), 120.4, 119.8, 118.9 (q, J = 30.6 Hz), 112.8, 80.4, 68.6, 44.0, 35.2, 31.5, 

29.1, 28.8, 28.5, 25.8. HRMS: (ESI) [M+H]+ calcd for C29H39F3N3O4, 550.2887, 

observed, 550.2904. 

tert -butyl 4-((4-(4-(3-methoxyphenoxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21ag)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 116 mg, 69% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 

7.23 (m, 2H), 7.19 ï 7.14 (m, 1H), 7.13 ï 7.10 (m, 2H), 6.51 ï 6.47 (m, 3H), 6.47 ï 6.44 

(m, 1H), 6.32 (s, 1H), 3.94 (t, J = 6.1 Hz, 2H), 3.78 (s, 3H), 3.52 ï 3.44 (m, 8H), 2.63 (t, 

J = 7.1 Hz, 2H), 1.83 ï 1.74 (m, 4H), 1.48 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 160.9, 

160.5, 155.3, 154.8, 137.5, 136.6, 130.0, 129.0, 120.4, 106.82, 106.81, 106.3, 101.0, 80.4, 

67.9, 55.4, 35.0, 28.9, 28.5, 28.0. HRMS: (ESI) [M+H]+ calcd for C27H38N3O5, 484.2806, 

observed, 484.2805. 

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

(trifluoromethoxy)phenoxy)butyl)ph enyl)carbamoyl)piperazine-1-carboxylate 

(4.21ah)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 
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acetate/hexanes). White solid, 75 mg, 40% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.35 ï 

7.28 (m, 1H), 7.26 ï 7.24 (m, 2H), 7.14 ï 7.11 (m, 2H), 6.83 ï 6.78 (m, 2H), 6.75 ï 6.72 

(m, 1H), 6.28 (s, 1H), 3.94 (t, J = 6.0 Hz, 2H), 3.51 ï 3.46 (m, 8H), 2.64 (t, J = 7.1 Hz, 

2H), 1.84 ï 1.75 (m, 4H), 1.48 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 160.2, 155.2, 

154.8, 150.2 (d, J = 1.8 Hz), 138.8, 137.3, 136.6, 130.2, 129.0, 120.6 (d, J = 257.1 Hz), 

120.4, 113.0, 107.7, 80.5, 68.2, 43.9, 35.0, 28.7, 28.5, 27.9. HRMS: (ESI) [M+H]+ calcd 

for C27H35F3N3O4, 538.2523, observed, 538.2525. 

tert -butyl 4-((4-(4-(3-methoxy-5-

methylphenoxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21ai)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 104 mg, 60% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 

7.23 (m, 2H), 7.13 ï 7.10 (m, 2H), 6.32 ï 6.31 (m, 2H), 6.30 (s, 1H), 6.27 ï 6.26 (m, 1H), 

3.94 ï 3.90 (m, 2H), 3.76 (s, 3H), 3.53 ï 3.45 (m, 8H), 2.63 (t, J = 7.2 Hz, 2H), 2.29 (s, 

3H), 1.82 ï 1.73 (m, 4H), 1.48 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 160.8, 160.3, 

155.2, 154.8, 140.3, 137.5, 136.6, 129.0, 120.4, 107.8, 107.2, 98.1, 80.4, 67.8, 55.4, 44.0, 

35.0, 28.9, 28.5, 28.0, 21.9. HRMS: (ESI) [M+H]+ calcd for C28H40N3O5, 498.2962, 

observed, 498.2977. 

tert -butyl 4-((4-(4-(3-cyanophenoxy)butyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21aj)  

Synthesized according to General 

Procedure 4.2. Purified via column 



254 

 

chromatography (20-40% ethyl acetate/hexanes). White solid, 160 mg, 72% yield. 1H 

NMR (500 MHz, CDCl3) ŭ 7.34 (t, J = 7.9 Hz, 1H), 7.28 ï 7.24 (m, 2H), 7.22 ï 7.20 (m, 

1H), 7.13 ï 7.10 (m, 3H), 7.09 ï 7.06 (m, 1H), 6.39 (s, 1H), 3.95 (t, J = 6.0 Hz, 2H), 3.52 

ï 3.44 (m, 8H), 2.64 (t, J = 7.0 Hz, 2H), 1.84 ï 1.72 (m, 4H), 1.48 (s, 9H). 13C NMR (126 

MHz, CDCl3) ŭ 159.2, 155.3, 154.8, 137.2, 136.7, 130.4, 129.0, 124.5, 120.6, 120.0, 

119.0, 117.4, 113.2, 80.4, 68.3, 43.9, 34.9, 28.5, 27.8. HRMS: (ESI) [M+H]+ calcd for 

C27H35N4O4, 479.2653, observed, 479.2654. 

tert -butyl 4-((4-(5-(3-chlorophenoxy)pentyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21ak)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 152 

mg, 65% yield. 1H NMR (500 MHz, CDCl3) ŭ 

7.25 ï 7.23 (m, 2H), 7.17 (t, J = 8.1 Hz, 1H), 7.10 (d, J = 8.5 Hz, 2H), 6.92 ï 6.89 (m, 

1H), 6.87 (t, J = 2.2 Hz, 1H), 6.78 ï 6.74 (m, 1H), 6.35 (brs, 1H), 3.91 (t, J = 6.5 Hz, 

2H), 3.47 (dd, J = 8.2, 3.2 Hz, 8H), 2.59 (t, J = 7.6 Hz, 2H), 1.82 ï 1.74 (m, 2H), 1.65 (p, 

J = 7.6 Hz, 2H), 1.52 ï 1.42 (m, 11H). 13C NMR (126 MHz, CDCl3) ŭ 160.0, 155.3, 

154.8, 137.7, 136.5, 134.9, 130.3, 129.0, 120.8, 120.4, 115.0, 113.2, 68.2, 43.9, 35.3, 

31.3, 29.1, 28.5, 25.7. HRMS: (ESI) [M+H]+ calcd for C27H37ClN3O4, 502.2467, 

observed, 502.2482. 
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tert -butyl 4-((4-(6-(pyridin -3-yloxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21al) 

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 176 mg, 63% yield. 1H NMR (600 MHz, CDCl3) ŭ 8.28 ï 

8.25 (m, 1H), 8.19 (d, J = 4.0 Hz, 1H), 7.24 ï 7.21 (m, 2H), 7.21 ï 7.15 (m, 2H), 7.08 (d, 

J = 8.4 Hz, 2H), 6.50 (s, 1H), 3.96 (t, J = 6.5 Hz, 2H), 3.50 ï 3.43 (m, 8H), 2.56 (t, J = 

7.6 Hz, 2H), 1.81 ï 1.74 (m, 2H), 1.61 (p, J = 7.6 Hz, 2H), 1.50 ï 1.44 (m, 11H), 1.40 ï 

1.34 (m, 2H).13C NMR (151 MHz, CDCl3) ŭ 155.3, 154.7, 142.0, 138.1, 137.8, 136.5, 

128.9, 124.0, 121.2, 120.5, 80.4, 68.3, 44.1, 35.2, 31.4, 29.1, 28.9, 28.5, 25.9. HRMS: 

(ESI) [M+H]+ calcd for C27H39N4O4, 483.2966, observed, 483.2963. 

tert -butyl 4-((4-(6-(4-fluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21am)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 183 mg, 53% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 

7.21 (m, 2H), 7.11 ï 7.08 (m, 2H), 6.97 ï 6.93 (m, 2H), 6.83 ï 6.79 (m, 2H), 6.32 (s, 1H), 

3.89 (t, J = 6.5 Hz, 2H), 3.50 ï 3.45 (m, 8H), 2.56 (t, J = 7.7 Hz, 2H), 1.79 ï 1.71 (m, 

2H), 1.64 ï 1.58 (m, 2H), 1.51 ï 1.42 (m, 11H), 1.42 ï 1.33 (m, 2H). 19F NMR (376 

MHz, CDCl3) ŭ -124.44 ï -124.54 (m). 13C NMR (126 MHz, CDCl3) ŭ 157.2 (d, J = 

237.6 Hz), 155.3 (d, J = 2.1 Hz), 155.3, 154.8, 138.0, 136.4, 129.0, 120.4, 115.8 (d, J = 
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23.0 Hz), 115.5 (d, J = 8.1 Hz), 80.5, 68.6, 44.0, 35.3, 31.5, 29.3, 29.0, 28.5, 26.0. 

HRMS: (ESI) [M+H]+ calcd for C28H39FN3O4, 500.2919, observed, 500.2914. 

tert -butyl 4-((4-(6-(3-fluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21an)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 256 mg, 74% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 

7.22 (m, 2H), 7.22 ï 7.17 (m, 1H), 7.10 ï 7.07 (m, 2H), 6.67 ï 6.62 (m, 2H), 6.61 ï 6.57 

(m, 1H), 6.46 (s, 1H), 3.90 (t, J = 6.5 Hz, 2H), 3.52 ï 3.42 (m, 8H), 2.56 (t, J = 7.7 Hz, 

2H), 1.80 ï 1.72 (m, 2H), 1.64 ï 1.57 (m, 2H), 1.50 ï 1.42 (m, 11H), 1.41 ï 1.34 (m, 2H). 

19F NMR (376 MHz, CDCl3) ŭ -111.87 ï -111.98 (m). 13C NMR (126 MHz, CDCl3) ŭ 

163.7 (d, J = 244.7 Hz), 160.6 (d, J = 10.9 Hz), 155.4, 154.8, 137.9, 136.4, 130.2 (d, J = 

10.1 Hz), 128.9, 120.5, 110.4 (d, J = 2.8 Hz), 107.3 (d, J = 21.3 Hz), 102.2 (d, J = 24.7 

Hz), 80.4, 68.3, 43.9, 35.3, 31.5, 29.1, 29.0, 28.5, 26.0. HRMS: (ESI) [M+H]+ calcd for 

C28H39FN3O4, 500.2919, observed, 500.2925. 

tert -butyl 4-((4-(6-(2-fluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21ao)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 205 mg, 59% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 

7.21 (m, 2H), 7.11 ï 7.08 (m, 2H), 7.08 ï 7.00 (m, 1H), 6.97 ï 6.92 (m, 1H), 6.90 ï 6.85 
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(m, 1H), 6.31 (s, 1H), 4.03 ï 3.98 (m, 2H), 3.52 ï 3.45 (m, 8H), 2.59 ï 2.54 (m, 2H), 1.84 

ï 1.77 (m, 2H), 1.65 ï 1.58 (m, 2H), 1.53 ï 1.46 (m, 11H), 1.42 ï 1.35 (m, 2H). 19F NMR 

(376 MHz, CDCl3) ŭ -134.81 ï -134.91 (m). 13C NMR (126 MHz, CDCl3) ŭ 155.3, 154.8, 

152.9 (d, J = 245.5 Hz), 147.3 (d, J = 10.4 Hz), 138.0, 136.4, 129.0, 124.4 (d, J = 3.8 Hz), 

120.9 (d, J = 6.8 Hz), 120.4, 116.3 (d, J = 18.2 Hz), 115.0 (d, J = 1.6 Hz), 80.4, 69.4, 

44.0, 35.3, 31.5, 29.3, 29.0, 28.5, 25.9. HRMS: (ESI) [M+H]+ calcd for C28H39FN3O4, 

500.2919, observed, 500.2914. 

tert -butyl 4-((4-(6-(3,5-difluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21ap)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 250 mg, 69% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 

7.21 (m, 2H), 7.10 ï 7.06 (m, 2H), 6.47 (s, 1H), 6.42 ï 6.35 (m, 3H), 3.88 (t, J = 6.5 Hz, 

2H), 3.46 (d, J = 2.4 Hz, 8H), 2.56 (t, J = 7.6 Hz, 2H), 1.78 ï 1.71 (m, 2H), 1.64 ï 1.57 

(m, 2H), 1.47 (s, 11H), 1.40 ï 1.32 (m, 2H). 19F NMR (376 MHz, CDCl3) ŭ -109.64 ï -

109.73 (m). 13C NMR (126 MHz, CDCl3) ŭ 163.8 (dd, J = 245.7, 15.9 Hz), 161.2 (t, J = 

13.8 Hz), 155.3, 154.7, 137.9, 136.5, 128.9, 120.5, 98.5 ï 98.2 (m), 96.1 (t, J = 26.0 Hz), 

80.4, 68.6, 43.9, 35.2, 31.5, 29.0, 28.9, 28.5, 25.9. HRMS: (ESI) [M+H]+ calcd for 

C28H38F2N3O4, 518.2825, observed, 518.2808. 
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tert -butyl 4-((4-(6-(2,3-difluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21aq) 

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 287 mg, 80% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 

7.20 (m, 2H), 7.09 ï 7.05 (m, 2H), 6.97 ï 6.91 (m, 1H), 6.76 ï 6.67 (m, 2H), 6.58 (s, 1H), 

4.00 (t, J = 6.6 Hz, 2H), 3.49 ï 3.41 (m, 8H), 2.55 (t, J = 7.6 Hz, 2H), 1.84 ï 1.74 (m, 

2H), 1.64 ï 1.56 (m, 2H), 1.52 ï 1.42 (m, 11H), 1.42 ï 1.32 (m, 2H). 19F NMR (376 

MHz, CDCl3) ŭ -137.71 ï -137.83 (m), -159.77 ï -160.00 (m). 13C NMR (126 MHz, 

CDCl3) ŭ 155.4, 154.7, 151.5 (dd, J = 246.3, 10.4 Hz), 148.9 (dd, J = 7.8, 3.2 Hz), 141.5 

(dd, J = 247.0, 14.1 Hz), 137.8, 136.5, 128.9, 123.2 (dd, J = 8.8, 5.1 Hz), 120.5, 109.9 (d, 

J = 2.8 Hz), 109.0 (d, J = 17.7 Hz), 80.4, 69.8, 43.9, 35.2, 31.4, 29.1, 28.9, 28.5, 25.8. 

HRMS: (ESI) [M+H]+ calcd for C28H38F2N3O4, 518.2825, observed, 518.2834. 

tert -butyl 4-((4-(6-(2,6-difluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21ar)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 202 mg, 56% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.25 ï 

7.22 (m, 2H), 7.10 ï 7.08 (m, 2H), 6.95 ï 6.89 (m, 1H), 6.89 ï 6.84 (m, 2H), 6.38 (s, 1H), 

4.10 (t, J = 6.6 Hz, 2H), 3.50 ï 3.44 (m, 8H), 2.58 ï 2.54 (m, 2H), 1.77 ï 1.71 (m, 2H), 

1.60 (p, J = 7.7 Hz, 2H), 1.52 ï 1.44 (m, 11H), 1.37 (p, J = 7.6 Hz, 2H). 19F NMR (565 
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MHz, CDCl3) ŭ -128.28 ï -128.33 (m). 13C NMR (126 MHz, CDCl3) ŭ 156.4 (dd, J = 

248.0, 5.7 Hz), 155.3, 154.8, 138.0, 136.4, 135.9 (t, J = 14.2 Hz), 128.9, 122.7 (t, J = 9.3 

Hz), 120.4, 112.2 (dd, J = 17.2, 5.6 Hz), 80.4, 74.8 (t, J = 2.8 Hz), 44.0, 35.3, 31.5, 30.0, 

29.0, 28.5, 25.6. HRMS: (ESI) [M+H]+ calcd for C28H38F2N3O4, 518.2825, observed, 

518.2836. 

tert -butyl 4-((4-(6-(2,4,6-trifluorophenoxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21as)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 239 mg, 64% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.25 ï 

7.21 (m, 2H), 7.13 ï 7.05 (m, 2H), 6.66 (t, J = 8.5 Hz, 2H), 6.35 (s, 1H), 4.03 (t, J = 6.5 

Hz, 2H), 3.55 ï 3.42 (m, 8H), 2.56 (t, J = 7.7 Hz, 2H), 1.77 ï 1.68 (m, 2H), 1.64 ï 1.56 

(m, 2H), 1.50 ï 1.44 (m, 11H), 1.39 ï 1.32 (m, 2H). 19F NMR (565 MHz, CDCl3) ŭ -

115.23 ï -115.31 (m), -125.10 ï -125.20 (m). 13C NMR (126 MHz, CDCl3) ŭ 157.1 (dt, J 

= 244.8, 14.5 Hz), 156.3 (ddd, J = 249.7, 14.9, 7.8 Hz), 155.3, 155.2, 154.8, 138.0, 136.4, 

132.8 (td, J = 14.6, 5.4 Hz), 129.0, 120.4, 101.1 ï 100.5 (m), 80.4, 75.3, 75.2, 75.2, 44.0, 

35.3, 31.5, 29.9, 29.0, 28.5, 25.6. HRMS: (ESI) [M+H]+ calcd for C28H37F3N3O4, 

536.2731, observed, 536.2731. 
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tert -butyl 4-((4-(3-(4-cyclopropylphenoxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21at)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 250 mg, 

75% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.24 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.3 Hz, 

2H), 6.99 (d, J = 8.6 Hz, 2H), 6.80 ï 6.77 (m, 2H), 6.62 (d, J = 4.6 Hz, 1H), 3.90 (t, J = 

6.2 Hz, 2H), 3.44 (s, 8H), 2.74 (t, J = 7.6 Hz, 2H), 2.07 ï 2.00 (m, 2H), 1.87 ï 1.81 (m, 

1H), 1.48 (s, 9H), 0.91 ï 0.86 (m, 2H), 0.63 ï 0.58 (m, 2H). 13C NMR (151 MHz, CDCl3) 

ŭ 157.0, 155.3, 154.7, 136.7, 136.7, 135.8, 129.0, 126.8, 120.6, 114.5, 80.4, 66.9, 44.0, 

31.5, 31.0, 28.5, 14.7, 8.6. HRMS: (ESI) [M+H]+ calcd for C28H38N3O4, 480.2857, 

observed, 480.2870. 

tert -butyl 4-((4-(3-(3-cyclopropylphenoxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21au) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 191 

mg, 86% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.24 (d, J = 8.4 Hz, 2H), 7.15 ï 7.10 (m, 

3H), 6.66 ï 6.64 (m, 2H), 6.60 ï 6.59 (m, 1H), 6.57 ï 6.56 (m, 1H), 3.91 (t, J = 6.2 Hz, 

2H), 3.45 (s, 8H), 2.74 (t, J = 7.6 Hz, 2H), 2.06 ï 2.01 (m, 2H), 1.87 ï 1.82 (m, 1H), 1.47 

(s, 9H), 0.95 ï 0.91 (m, 2H), 0.69 ï 0.66 (m, 2H). 13C NMR (151 MHz, CDCl3) ŭ 159.2, 
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155.3, 154.7, 145.8, 136.8, 136.7, 129.3, 129.0, 120.5, 118.1, 112.2, 111.2, 80.4, 66.7, 

44.1, 31.5, 31.0, 28.5, 15.5, 14.3.  

tert -butyl 4-((4-(5-(3-cyclopropylphenoxy)pentyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21av)  

Synthesized according to General 

Procedure 4.2. Purified via column 

chromatography (20-40% ethyl 

acetate/hexanes). White solid, 289 mg, 82% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.30 ï 

7.17 (m, 2H), 7.15 ï 7.00 (m, 3H), 6.66 ï 6.61 (m, 2H), 6.58 (s, 1H), 6.34 (s, 1H), 3.93 ï 

3.85 (m, 2H), 3.49 ï 3.43 (m, 8H), 2.59 ï 2.52 (m, 2H), 1.87 ï 1.71 (m, 4H), 1.67 ï 1.58 

(m, 3H), 1.50 ï 1.42 (m, 9H), 0.93 ï 0.88 (m, 2H), 0.68 ï 0.63 (m, 2H). 13C NMR (101 

MHz, CDCl3) ŭ 159.3, 155.3, 154.8, 145.8, 137.8, 136.5, 129.3, 129.0, 120.5, 118.1, 

112.2, 111.3, 80.4, 67.8, 44.0, 35.3, 31.4, 29.3, 28.5, 25.8, 15.6, 9.3. 

tert -butyl 4-((4-(4-(3-cyclopropyl-2-

fluorophenoxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21aw)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes). White solid, 

124 mg, 54% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.24 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 

8.4 Hz, 2H), 6.90 (td, J = 8.0, 1.2 Hz, 1H), 6.73 (td, J = 8.0, 1.2 Hz, 1H), 6.46 ï 6.41 (m, 

1H), 6.39 (s, 1H), 4.00 (t, J = 6.2 Hz, 2H), 3.47 (s, 8H), 2.64 (t, J = 7.4 Hz, 2H), 2.13 ï 

2.06 (m, 1H), 1.85 ï 1.75 (m, 4H), 1.48 (s, 9H), 0.98 ï 0.94 (m, 2H), 0.72 ï 0.67 (m, 2H). 

19F NMR (565 MHz, CDCl3) ŭ -142.41 (t, J = 7.0 Hz). 13C NMR (151 MHz, CDCl3) ŭ 
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155.3, 154.8, 152.0 (d, J = 243.8 Hz), 147.0 (d, J = 11.1 Hz), 137.0 (d, J = 130.3 Hz), 

131.8 (d, J = 11.9 Hz), 129.0, 123.5 (d, J = 4.6 Hz), 120.4, 117.2 (d, J = 3.2 Hz), 111.7, 

80.4, 69.3, 44.0, 35.0, 28.8, 28.5, 27.9, 8.8, 8.7, 8.0. HRMS: (ESI) [M+H]+ calcd for 

C29H39FN3O4, 512.2919, observed, 512.2930. 

tert -butyl 4-((4-(4-(3-cyclopropyl-5-

fluorophenoxy)butyl)phenyl)carbamoyl)piperazine-1-carboxylate (4.21ax)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes). White 

solid, 185 mg, 62% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.25 (d, J = 8.5 Hz, 2H), 7.11 

(d, J = 8.5 Hz, 2H), 6.44 (s, 1H), 6.41 ï 6.38 (m, 1H), 6.36 (dt, J = 10.7, 2.3 Hz, 1H), 

6.32 (dt, J = 9.8, 1.8 Hz, 1H), 3.90 (t, J = 6.0 Hz, 2H), 3.50 ï 3.44 (m, 8H), 2.62 (t, J = 

7.1 Hz, 2H), 1.85 ï 1.80 (m, 1H), 1.79 ï 1.72 (m, 4H), 1.47 (s, 9H), 0.96 ï 0.93 (m, 2H), 

0.69 ï 0.65 (m, 2H). 19F NMR (565 MHz, CDCl3) ŭ -112.76 (t, J = 10.2 Hz). 13C NMR 

(151 MHz, CDCl3) ŭ 163.8 (d, J = 243.4 Hz), 160.3 (d, J = 11.8 Hz), 155.3, 154.7, 147.5 

(d, J = 9.8 Hz), 137.4, 136.6, 129.0, 120.5, 108.1 (d, J = 2.3 Hz), 104.6 (d, J = 22.1 Hz), 

98.9 (d, J = 25.2 Hz), 80.4, 68.0, 44.0, 35.0, 28.8, 28.5, 27.9, 15.74, 15.71, 9.6. HRMS: 

(ESI) [M+H]+ calcd for C29H39FN3O4, 512.2919, observed, 512.2923. 

tert -Butyl 4-((4-(7-methoxyheptyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21ay) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 93 
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mg, 56% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.23 (d, J = 8.3 Hz, 2H), 7.09 (d, J = 8.2 

Hz, 2H), 6.32 (s, 1H), 3.52 ï 3.44 (m, 8H), 3.35 (t, J = 6.7 Hz, 2H), 3.32 (s, 3H), 2.60 ï 

2.50 (m, 2H), 1.61 ï 1.51 (m, 4H), 1.48 (d, J = 0.6 Hz, 9H), 1.35 ï 1.28 (m, 6H). 13C 

NMR (126 MHz, CDCl3) ŭ 155.1, 154.6, 138.0, 136.2, 128.8, 120.2, 80.3, 72.9, 58.5, 

43.9, 35.2, 31.4, 29.6, 29.3, 29.1, 28.4, 26.0. 

tert -Butyl 4-((4-(8-methoxyoctyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21az)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 110 

mg, 71% yield. 1H NMR (500 MHz, CDCl3) ŭ 7.22 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 

Hz, 2H), 6.39 (s, 1H), 3.50 ï 3.43 (m, 8H), 3.35 (t, J = 6.6 Hz, 2H), 3.32 (s, 3H), 2.57 ï 

2.51 (m, 2H), 1.61 ï 1.50 (m, 4H), 1.47 (s, 9H), 1.32 ï 1.28 (m, 8H). 13C NMR (126 

MHz, CDCl3) ŭ 155.2, 154.6, 138.0, 136.2, 128.8, 120.2, 80.2, 72.9, 58.5, 43.8, 35.2, 

31.5, 29.6, 29.44, 29.40, 29.1, 28.4, 26.1. 

tert -butyl 4-((4-(6-cyclobutoxyhexyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21ba) 

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% 

ethyl acetate/hexanes). White solid, 89 mg, 42% 

yield. 1H NMR (400 MHz, CDCl3) ŭ 7.23 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 

6.35 (brs, 1H), 3.94 ï 3.82 (m, 1H), 3.53 ï 3.42 (m, 8H), 3.29 (t, J = 6.7 Hz, 2H), 2.54 (t, 

J = 7.7 Hz, 2H), 2.24 ï 2.12 (m, 2H), 1.96 ï 1.82 (m, 2H), 1.73 ï 1.61 (m, 2H), 1.60 ï 
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1.45 (m, 13H), 1.40 ï 1.29 (m, 4H). 13C NMR (151 MHz, CDCl3) ŭ 155.3, 154.8, 138.1, 

136.3, 129.0, 120.4, 80.4, 73.2, 67.8, 44.0, 43.8, 35.3, 31.6, 30.6, 29.9, 29.2, 28.5, 26.2, 

12.7. HRMS: (ESI) [M+H]+ calcd for C26H42N3O4, 460.3170, observed, 460.3170. 

tert -butyl 4-((4-(6-(cyclopentyloxy)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21bb)  

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% 

ethyl acetate/hexanes). White solid, 69 mg, 79% 

yield. 1H NMR (600 MHz, CDCl3) ŭ 7.22 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 

6.42 (brs, 1H), 3.87 ï 3.82 (m, 1H), 3.46 (s, 8H), 3.34 (t, J = 6.8 Hz, 2H), 2.53 (t, J = 7.6 

Hz, 2H), 1.74 ï 1.64 (m, 4H), 1.62 ï 1.45 (m, 17H), 1.37 ï 1.29 (m, 4H). 13C NMR (151 

MHz, CDCl3) ŭ 155.3, 154.7, 138.1, 136.3, 128.9, 120.4, 81.3, 80.4, 69.0, 44.0, 35.3, 

32.4, 31.6, 30.1, 29.2, 28.5, 26.2, 23.6. HRMS: (ESI) [M+H]+ calcd for C27H44N3O4, 

474.3326, observed, 474.3330. 

tert -Butyl 4-((4-(6-(cyclohexyloxy)hexyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21bc)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography 

(20-40% ethyl acetate/hexanes). White 

solid, 133 mg, 84% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.23 (d, J = 8.4 Hz, 1H), 7.09 

(d, J = 8.4 Hz, 2H), 6.32 (s, 1H), 3.51 ï 3.44 (m, 8H), 3.41 (t, J = 6.8 Hz, 2H), 3.18 (dt, J 

= 9.6, 5.0 Hz, 1H), 2.57 ï 2.51 (m, 2H), 1.93 ï 1.86 (m, 2H), 1.76 ï 1.69 (m, 2H), 1.67 ï 

1.62 (m, 2H), 1.61 ï 1.50 (m, 5H), 1.48 (s, 9H), 1.38 ï 1.29 (m, 4H), 1.26 ï 1.19 (m, 4H). 
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13C NMR (151 MHz, CDCl3) ŭ 155.1, 154.6, 138.0, 136.2, 128.8, 120.2, 80.3, 67.8, 43.9, 

35.2, 32.4, 31.4, 30.1, 29.0, 28.4, 26.1, 25.8, 24.3, 15.3. HRMS: (ESI) [M+H]+ calcd for 

C28H46N3O4, 488.3483, observed, 488.3476.  

tert -butyl 4-((4-(5-(benzyloxy)pentyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21bd)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 82 

mg, 73% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.36 ï 7.31 (m, 4H), 7.29 ï 7.27 (m, 1H), 

7.23 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 6.31 (s, 1H), 4.49 (s, 2H), 3.52 ï 3.43 

(m, 10H), 2.55 (t, J = 7.7 Hz, 2H), 1.67 ï 1.57 (m, 6H), 1.48 (s, 9H), 1.42 ï 1.35 (m, 4H). 

13C NMR (151 MHz, CDCl3) ŭ 155.2, 154.7, 138.7, 138.0, 136.3, 129.0, 128.5, 127.8, 

127.6, 120.3, 80.5, 73.0, 70.4, 43.9, 35.3, 31.5, 29.7, 28.5, 25.9. HRMS: (ESI) [M+H]+ 

calcd for C28H40N3O4, 482.3013, observed, 482.2997. 

tert -butyl 4-((4-(3-(3-phenylpropoxy)propyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21be)  

Synthesized according to General Procedure 4.2. 

Purified via column chromatography (20-40% 

ethyl acetate/hexanes). White solid, 87 mg, 78% 

yield. 1H NMR (600 MHz, CDCl3) ŭ 7.28 (t, J = 7.6 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 

7.21 ï 7.17 (m, 3H), 7.12 (d, J = 8.4 Hz, 2H), 6.35 (s, 1H), 3.48 (s, 8H), 3.40 (q, J = 6.3 

Hz, 4H), 2.72 ï 2.67 (m, 2H), 2.66 ï 2.64 (m, 2H), 1.92 ï 1.84 (m, 4H), 1.47 (s, 9H). 13C 

NMR (151 MHz, CDCl3) ŭ 155.2, 154.7, 142.1, 137.2, 136.5, 129.0, 128.6, 128.4, 125.9, 
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120.4, 80.5, 70.1, 70.0, 44.2, 32.5, 31.8, 31.5, 31.4, 28.5. HRMS: (ESI) [M+H]+ calcd for 

C28H40N3O4, 482.3013, observed, 482.3015. 

tert -Butyl 4-((4-((4-

(phenoxymethyl)cyclohexyl)methyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21bh) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 21 

mg, 25% yield, d.r. 80:20. 1H NMR (500 MHz, CDCl3) ŭ 7.26 ï 7.23 (m, 2H), 7.07 (d, J 

= 8.2 Hz, 2H), 6.95 ï 6.89 (m, 1H), 6.89 ï 6.85 (m, 2H), 6.32 (s, 1H), 3.88 (d, J = 7.0 Hz, 

0.4H), 3.73 (d, J = 6.4 Hz, 1.6H), 3.54 ï 3.44 (m, 8H), 2.54 (d, J = 7.6 Hz, 0.4H), 2.46 (d, 

J = 7.1 Hz, 1.6H), 1.94 ï 1.84 (m, 2H), 1.80 ï 1.70 (m, 3H), 1.69 ï 1.56 (m, 4H), 1.48 (s, 

9H), 1.08 ï 0.95 (m, 3H). 

tert -Butyl 4-((4-((3-

(phenoxymethyl)cyclohexyl)methyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21bi) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 16 

mg, 24% yield, d.r. 68:32. 1H NMR (500 MHz, CDCl3) ŭ 7.29 ï 7.25 (m, 2H), 7.25 ï 

7.22 (m, 2H), 7.07 (d, J = 8.1 Hz, 2H), 6.94 ï 6.85 (m, 3H), 6.34 (s, 1H), 3.85 ï 3.78 (m, 

0.64H), 3.76 ï 3.69 (m, 1.36H), 3.53 ï 3.43 (m, 8H), 2.63 ï 2.43 (m, 2H), 1.93 ï 1.83 (m, 

2H), 1.83 ï 1.37 (m, 14H), 1.32 ï 1.20 (m, 1H), 0.93 (dqd, J = 37.9, 12.8, 3.6 Hz, 1.36H), 
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0.76 (q, J = 12.1 Hz, 0.64H). 13C NMR (126 MHz, CDCl3) ŭ 159.2, 159.2, 155.1, 154.6, 

136.5, 136.3, 136.1, 129.6, 129.5, 129.4, 129.3, 126.2, 120.4, 120.3, 120.14, 120.10, 

119.9, 114.5, 114.4, 80.3, 73.3, 71.5, 43.8, 43.4, 40.2, 39.3, 37.7, 36.3, 34.8, 33.5, 32.8, 

32.5, 30.9, 30.0, 29.8, 29.3, 28.7, 28.4, 28.2, 27.4, 26.9, 26.1, 25.6, 21.0. HRMS: (ESI) 

[M+Na]+ calcd for C30H41N3O4Na, 530.2989, observed, 530.2974. 

tert -Butyl 4-((4-((3-

(phenoxymethyl)cyclopentyl)methyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21bj)  

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 86 

mg, 54% yield, d.r. 60:40. 1H NMR (600 MHz, CDCl3) ŭ 7.29 ï 7.25 (m, 2H), 7.25 ï 

7.23 (m, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.94 ï 6.90 (m, 1H), 6.90 ï 6.86 (m, 2H), 6.37 (s, 

1H), 3.82 (d, J = 7.1 Hz, 1H), 3.77 (d, J = 7.0 Hz, 1H), 3.51 ï 3.44 (m, 8H), 2.60 (ddd, J 

= 18.2, 12.1, 7.3 Hz, 2H), 2.52 ï 2.44 (m, 0H), 2.37 (ddd, J = 16.1, 9.0, 6.8 Hz, 1H), 2.21 

ï 2.10 (m, 1H), 2.01 ï 1.91 (m, 1H), 1.85 ï 1.71 (m, 2H), 1.54 ï 1.43 (m, 10H), 1.38 ï 

1.22 (m, 1H), 1.03 ï 0.93 (m, 1H). 13C NMR (151 MHz, CDCl3) ŭ 159.1, 159.1, 155.1, 

154.6, 137.12, 137.10, 136.3, 129.3, 129.2, 129.1, 120.4, 120.2, 120.1, 114.4, 80.3, 72.3, 

72.2, 43.9, 43.8, 42.3, 41.4, 41.3, 41.0, 38.8, 37.8, 36.7, 35.2, 32.4, 31.5, 29.1, 28.4, 28.3. 

HRMS: (ESI) [M+Na]+ calcd for C29H39N3O4Na, 516.2833, observed, 516.2829. 
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tert -Butyl 4-((4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl)carbamoyl)piperazine-1-carboxylate (4.26) 

Bis(pinacolato)diboron (1.1 equiv), potassium acetate 

(3.0 equiv), 4.20 (1.0 equiv) and Pd(dppf)Cl2ÅCH2Cl2 (3 

mol%) were dissolved in DMSO (0.33 M) under a 

nitrogen atmosphere with stirring. The reaction was 

heated to 80 °C monitoring by TLC. The reaction was allowed to cool to rt, diluted with 

water, extracted with ethyl acetate (3x), washed with brine (2x), dried with MgSO4, 

filtered, and concentrated in vacuo. The brown residue was purified by flash column 

chromatography (0-100% ethyl acetate/hexanes) to give the desired compound. Off-white 

solid, 276 mg, 71% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.74 (d, J = 8.2 Hz, 2H), 7.37 

(d, J = 8.3 Hz, 2H), 6.43 (s, 1H), 3.55 ï 3.45 (m, 8H), 1.48 (s, 9H), 1.33 (s, 12H). 13C 

NMR (151 MHz, CDCl3) ŭ 154.6, 154.4, 141.5, 135.8, 118.4, 83.6, 80.3, 44.0, 28.4, 24.8. 

11B NMR (128 MHz, CDCl3) ŭ 29.8. HRMS: (ESI) [M+Na]+ calcd for C22H34BN3O5Na, 

454.2484, observed, 454.2474. 

(4-(4-(tert -Butoxycarbonyl)piperazine-1-carboxamido)phenyl)boronic acid (4.27) 

To a stirring biphasic solution of tert-butyl 4-((4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl)carbamoyl)piperazine-1-carboxylate (0.35 g, 

1.0 equiv) in THF (2.6 mL) and water (0.65 mL) was added sodium periodate (0.52 g, 3.0 

equiv). The reaction was stirred at 25 °C for 30 minutes, then aqueous hydrogen chloride 

(1.0 M, 0.70 equiv) was added and the reaction was stirred at 25 °C for 24 hours. The 

reaction was diluted with water (25 mL) and extracted with ethyl acetate (3 x 25 mL). 
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The organic extracts were combined, washed with brine (2 x 50 mL), dried with sodium 

sulfate, filtered, and concentrated in vacuo. The residue was purified by flash column 

chromatography (0-5% methanol/dichloromethane) to afford the desired product. Off-

white solid, 129 mg, 46% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.58 ï 7.55 (m, 2H), 

7.39 ï 7.36 (m, 2H), 3.55 ï 3.46 (m, 8H), 1.48 (s, 9H). 13C NMR (151 MHz, CD3OD) ŭ 

157.7, 156.3, 142.4, 135.5, 120.7, 81.6, 45.0, 28.6. 11B NMR (128 MHz, CD3OD) ŭ 27.5. 

HRMS: (ESI) [M+Na]+ calcd for C16H24BN3O5Na, 372.1701, observed, 372.1689. 

tert -Butyl 4-((4-(4-(phenoxymethyl)benzyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.28) 

To a stirring solution of 1-(bromomethyl)-4-

(phenoxymethyl)benzene (83 mg, 1.2 equiv), 

(4-(4-(tert-butoxycarbonyl)piperazine-1-

carboxamido)phenyl)boronic acid (87 mg, 1.0 equiv), and 

tetrakis(triphenylphosphine)palladium(0) (23 mg, 0.08 equiv) in toluene (4.5 mL) and 

ethanol (0.39 mL) was added sodium hydroxide in water (1 M, 1 equiv) under a nitrogen 

atmosphere. The reaction mixture was stirred at 110 °C for 16 hours. The reaction 

mixture was allowed to cool to rt, then concentrated in vacuo. The residue was purified 

by flash column chromatography (0-35% ethyl acetate/hexanes) then triturated with ethyl 

acetate to afford the desired product. White solid, 13 mg, 10% yield. 1H NMR (500 MHz, 

CDCl3) ŭ 7.34 (d, J = 7.9 Hz, 2H), 7.31 ï 7.27 (m, 2H), 7.26 (d, J = 8.5 Hz, 2H), 7.18 (d, 

J = 7.9 Hz, 2H), 7.11 (d, J = 8.5 Hz, 2H), 6.99 ï 6.93 (m, 3H), 6.39 (s, 1H), 5.02 (s, 2H), 

3.93 (s, 2H), 3.51 ï 3.43 (m, 8H), 1.48 (s, 9H). 13C NMR (126 MHz, CDCl3) ŭ 158.8, 

155.0, 154.6, 141.1, 136.8, 136.0, 134.7, 129.42, 129.40, 129.0, 127.8, 120.8, 120.3, 
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114.8, 80.3, 69.7, 43.8, 40.9, 28.4. HRMS: (ESI) [M+Na]+ calcd for C30H35N3O4Na, 

524.2520, observed, 524.2545. 

N-(4-(3-cyclohexylpropyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22a)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 113 mg, 89% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.27 ï 7.23 (m, 

2H), 7.12 ï 7.08 (m, 2H), 3.78 (dd, J = 6.1, 4.5 Hz, 4H), 3.29 ï 3.26 (m, 4H), 2.54 (t, J = 

7.6 Hz, 2H), 1.75 ï 1.63 (m, 3H), 1.63 ï 1.55 (m, 2H), 1.29 ï 1.11 (m, 6H), 0.92 ï 0.81 

(m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 

38.9, 38.2, 36.6, 34.6, 30.1, 27.8, 27.5. HRMS: (ESI) [M+H]+ calc. for C20H32N3O 

330.2540, observed, 330.2545. 

N-(4-(3-cyclopentylpropyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22b) 

Synthesized according to General Procedure 4.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 

solid, 113 mg, 89% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.27 ï 7.24 (m, 2H), 7.12 ï 

7.09 (m, 2H), 3.79 ï 3.76 (m, 4H), 3.29 ï 3.26 (m, 4H), 2.56 (t, J = 7.6 Hz, 2H), 1.80 ï 

1.73 (m, 3H), 1.63 ï 1.57 (m, 4H), 1.56 ï 1.49 (m, 2H), 1.34 ï 1.30 (m, 2H), 1.11 ï 1.03 

(m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 139.5, 137.9, 129.6, 122.4, 44.5, 42.4, 

41.3, 36.9, 36.5, 33.7, 32.0, 26.1. HRMS: (ESI) [M+H]+ calc. for C19H30N3O 316.2383, 

observed, 316.2387. 

N-(4-(2-cyclohexylethyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22c)  

Synthesized according to General Procedure 4.3. Purified 

via trituration with ethyl acetate and diethyl ether. White 
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solid, 46 mg, 91% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.27 ï 7.22 (m, 2H), 7.12 ï 7.08 

(m, 2H), 3.80 ï 3.74 (m, 4H), 3.30 ï 3.25 (m, 4H), 2.60 ï 2.54 (m, 2H), 1.81 ï 1.63 (m, 

5H), 1.51 ï 1.43 (m, 2H), 1.31 ï 1.16 (m, 4H), 0.99 ï 0.89 (m, 2H). 13C NMR (126 MHz, 

CD3OD) ŭ 157.6, 139.8, 137.9, 129.6, 122.5, 44.5, 42.4, 40.8, 38.4, 34.5, 33.5, 27.8, 27.5. 

HRMS: (ESI) [M+H]+ calc. for C19H30N3O 316.2383, observed, 316.2390. 

N-(4-(3-phenylpropyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22d)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 53 mg, 89% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 7.23 (m, 

4H), 7.17 ï 7.10 (m, 5H), 3.81 ï 3.76 (m, 4H), 3.29 ï 3.25 (m, 4H), 2.63 ï 2.57 (m, 4H), 

1.94 ï 1.87 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 143.6, 139.0, 138.1, 129.7, 

129.4, 129.3, 126.8, 122.4, 44.5, 42.4, 36.4, 35.8, 34.7. HRMS: (ESI) [M+H]+ calc. for 

C20H26N3O, 324.2070, observed, 324.2080. 

N-(4-(4-phenylbutyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22e)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 133 mg, 92% yield. 1H NMR (500 

MHz, CD3OD) ŭ 7.27 ï 7.24 (m, 2H), 7.23 ï 7.21 (m, 2H), 7.16 ï 7.12 (m, 3H), 7.11 ï 

7.07 (m, 2H), 3.79 ï 3.75 (m, 4H), 3.29 ï 3.25 (m, 4H), 2.64 ï 2.57 (m, 4H), 1.65 ï 1.59 

(m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 143.8, 139.2, 138.0, 129.6, 129.4, 129.3, 

126.7, 122.4, 44.5, 42.4, 36.7, 36.0, 32.3, 32.2. HRMS: (ESI) [M+H]+ calc. for 

C21H28N3O 338.2227, observed, 338.2235. 
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N-(4-(3-(4-methoxyphenyl)propyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22f) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 51 mg, 91% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.28 ï 7.25 (m, 

2H), 7.13 ï 7.10 (m, 2H), 7.09 ï 7.06 (m, 2H), 6.83 ï 6.80 (m, 2H), 3.79 ï 3.76 (m, 4H), 

3.76 (s, 3H), 3.29 ï 3.26 (m, 4H), 2.59 ï 2.54 (m, 4H), 1.90 ï 1.83 (m, 2H). 13C NMR 

(126 MHz, CD3OD) ŭ 159.3, 157.6, 139.1, 138.0, 135.5, 130.3, 129.7, 122.4, 114.7, 55.6, 

44.5, 42.4, 35.7, 35.4, 34.9. HRMS: (ESI) [M+H]+ calc. for C21H28N3O2, 354.2176, 

observed, 354.2185. 

N-(4-(3-(p-tolyl)propyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22g)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 76 mg, 89% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 7.25 (m, 

2H), 7.12 ï 7.09 (m, 2H), 7.07 ï 7.02 (m, 4H), 3.80 ï 3.76 (m, 4H), 3.29 ï 3.25 (m, 5H), 

2.59 ï 2.53 (m, 4H), 2.28 (s, 3H), 1.90 ï 1.84 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 

157.6, 140.4, 139.0, 138.1, 136.2, 129.9, 129.7, 129.3, 122.4, 44.5, 42.4, 35.9, 35.7, 34.7, 

21.0. HRMS: (ESI) [M+H]+ calc. for C21H28N3O 338.2227, observed, 338.2234. 

N-(4-(3-(perfluorophenyl)propyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22h)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 72 mg, 88% yield. 1H NMR (500 
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MHz, CD3OD) ŭ 7.31 ï 7.27 (m, 2H), 7.15 ï 7.11 (m, 2H), 3.80 ï 3.75 (m, 4H), 3.29 ï 

3.26 (m, 4H), 2.77 ï 2.72 (m, 2H), 2.65 (t, J = 7.6 Hz, 2H), 1.93 ï 1.85 (m, 2H). 19F 

NMR (565 MHz, CD3OD) ŭ -146.50 (dd, J = 21.8, 8.3 Hz), -161.40 (t, J = 20.0 Hz), -

166.08 (td, J = 21.3, 8.2 Hz). 13C NMR (126 MHz, CD3OD) ŭ 157.5, 147.5 ï 145.2 (m), 

141.9 ï 139.6 (m), 138.4, 138.0 ï 137.5 (m), 129.6, 122.3, 117.1 ï 116.4 (m), 44.5, 42.4, 

35.7, 32.0, 22.8. HRMS: (ESI) [M+H]+ calc. for C20H21F5N3O, 414.1599, observed, 

414.1608. 

N-(4-(5-phenoxypentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22i)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 66 mg, 93% yield. 1H NMR (600 

MHz, CD3OD) ŭ 7.28 ï 7.21 (m, 4H), 7.14 ï 7.11 (m, 2H), 6.91 ï 6.85 (m, 3H), 3.94 (t, J 

= 6.4 Hz, 2H), 3.80 ï 3.75 (m, 4H), 3.28 ï 3.25 (m, 4H), 2.61 (t, J = 7.6 Hz, 2H), 1.81 ï 

1.76 (m, 2H), 1.70 ï 1.64 (m, 2H), 1.53 ï 1.47 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 

160.5, 157.6, 139.2, 138.0, 130.4, 129.7, 122.4, 121.5, 115.5, 68.8, 44.5, 42.4, 36.2, 32.5, 

30.3, 26.7. HRMS: (ESI) [M+H]+ calcd for C22H30N3O2, 368.2333, observed, 368.2333. 

N-(4-(6-phenoxyhexyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22j) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 367 mg, 75% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.28 ï 

7.21 (m, 4H), 7.14 ï 7.09 (m, 2H), 6.92 ï 6.84 (m, 3H), 3.94 (t, J = 6.4 Hz, 2H), 3.79 ï 

3.75 (m, 4H), 3.30 ï 3.25 (m, 4H), 2.59 (t, J = 7.6 Hz, 2H), 1.81 ï 1.70 (m, 2H), 1.69 ï 

1.58 (m, 2H), 1.55 ï 1.46 (m, 2H), 1.45 ï 1.35 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 
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160.6, 157.6, 139.4, 137.9, 130.4, 129.7, 122.4, 121.5, 115.5, 68.8, 44.5, 42.4, 36.2, 32.7, 

30.4, 30.0, 27.0. HRMS: (ESI) [M+H]+ calcd for C23H32N3O2, 382.2489, observed, 

382.2494. 

N-(4-(7-phenoxyheptyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22k)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 122 mg, 88% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.27 ï 

7.22 (m, 4H), 7.13 ï 7.10 (m, 2H), 6.91 ï 6.86 (m, 3H), 3.94 (t, J = 6.4 Hz, 2H), 3.79 ï 

3.75 (m, 4H), 3.29 ï 3.25 (m, 4H), 2.60 ï 2.55 (m, 2H), 1.78 ï 1.72 (m, 2H), 1.61 (p, J = 

7.6 Hz, 2H), 1.50 ï 1.34 (m, 6H) 13C NMR (151 MHz, CD3OD) ŭ 160.6, 157.6, 139.4, 

137.9, 130.4, 129.6, 122.4, 121.5, 115.5, 68.8, 44.5, 42.4, 36.2, 32.7, 30.4, 30.3, 30.2, 

27.1. HRMS: (ESI) [M+H]+ calcd for C24H34N3O2, 396.2646, observed, 396.2645. 

N-(4-(5-(p-tolyloxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22l)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 69 mg, 84% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.27 ï 7.23 (m, 2H), 7.13 ï 7.09 (m, 2H), 7.05 ï 7.01 (m, 

2H), 6.77 ï 6.73 (m, 2H), 3.90 (t, J = 6.4 Hz, 2H), 3.79 ï 3.75 (m, 4H), 3.28 ï 3.25 (m, 

4H), 2.60 (t, J = 7.6 Hz, 2H), 2.24 (s, 3H), 1.80 ï 1.72 (m, 2H), 1.70 ï 1.62 (m, 2H), 1.52 

ï 1.44 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 158.4, 157.6, 139.2, 138.0, 130.8, 130.7, 

129.7, 122.4, 115.3, 68.9, 44.5, 42.4, 36.2, 32.5, 30.3, 26.7, 20.5. HRMS: (ESI) [M+H]+ 

calcd for C23H32N3O2, 382.2489, observed, 382.2486. 

 



275 

 

N-(4-(5-(m-tolyloxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22m)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 149 mg, 90% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.28 ï 7.24 (m, 2H), 7.15 ï 7.08 (m, 3H), 6.73 ï 6.70 (m, 

1H), 6.70 (d, J = 2.2 Hz, 1H), 6.67 ï 6.65 (m, 1H), 3.92 (t, J = 6.4 Hz, 2H), 3.79 ï 3.75 

(m, 4H), 3.29 ï 3.25 (m, 4H), 2.61 (t, J = 7.6 Hz, 2H), 2.29 (s, 3H), 1.80 ï 1.74 (m, 2H), 

1.71 ï 1.63 (m, 2H), 1.53 ï 1.45 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 160.6, 157.6, 

140.4, 139.2, 138.0, 130.1, 129.7, 122.4, 122.3, 116.2, 112.4, 68.7, 44.5, 42.4, 36.2, 32.5, 

30.3, 26.8, 21.6. HRMS: (ESI) [M+H]+ calcd for C23H32N3O2, 382.2489, observed, 

382.2497. 

N-(4-(6-(m-tolyloxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22n)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 151 mg, 87% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.27 ï 

7.24 (m, 2H), 7.12 ï 7.09 (m, 3H), 6.73 ï 6.65 (m, 3H), 3.91 (t, J = 6.4 Hz, 2H), 3.80 ï 

3.75 (m, 4H), 3.30 ï 3.24 (m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 2.29 (s, 3H), 1.78 ï 1.69 (m, 

2H), 1.63 (p, J = 7.6 Hz, 2H), 1.54 ï 1.45 (m, 2H), 1.39 (p, J = 7.5, 7.0 Hz, 2H). 13C 

NMR (126 MHz, CD3OD) ŭ 160.6, 157.6, 140.4, 139.4, 137.9, 130.1, 129.7, 122.4, 

122.3, 116.2, 112.4, 68.7, 44.5, 42.4, 36.2, 32.7, 30.4, 30.0, 27.0, 21.6. HRMS: (ESI) 

[M+H] + calcd for C24H34N3O2, 396.2646, observed, 396.2645. 
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N-(4-(5-(o-tolyloxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22o)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 99 mg, 91% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.28 ï 7.24 (m, 2H), 7.14 ï 7.10 (m, 2H), 7.10 ï 7.06 (m, 

2H), 6.84 ï 6.82 (m, 1H), 6.80 ï 6.76 (m, 1H), 3.95 (t, J = 6.3 Hz, 2H), 3.79 ï 3.75 (m, 

4H), 3.29 ï 3.25 (m, 4H), 2.62 (t, J = 7.5 Hz, 2H), 2.15 (s, 3H), 1.86 ï 1.78 (m, 2H), 1.72 

ï 1.65 (m, 2H), 1.57 ï 1.49 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 158.5, 157.6, 

139.3, 138.0, 131.4, 129.7, 127.9, 127.6, 122.4, 121.2, 112.0, 68.8, 44.5, 42.4, 36.2, 32.5, 

30.4, 26.9, 16.4. HRMS: (ESI) [M+H]+ calcd for C23H32N3O2, 382.2489, observed, 

382.2495. 

N-(4-(5-(3,5-dimethylphenoxy)pentyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22p)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 79 mg, 91% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.28 ï 7.25 (m, 2H), 7.14 ï 7.10 (m, 2H), 6.56 ï 6.54 (m, 

1H), 6.50 ï 6.48 (m, 2H), 3.90 (t, J = 6.4 Hz, 2H), 3.81 ï 3.75 (m, 4H), 3.30 ï 3.25 (m, 

4H), 2.60 (t, J = 7.6 Hz, 2H), 2.24 (s, 6H), 1.80 ï 1.71 (m, 2H), 1.71 ï 1.62 (m, 2H), 1.53 

ï 1.43 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 160.6, 157.6, 140.1, 139.3, 138.0, 129.7, 

123.2, 122.4, 113.2, 68.7, 44.5, 42.4, 36.2, 32.5, 30.3, 26.8, 21.5. HRMS: (ESI) [M+H]+ 

calcd for C24H34N3O2, 396.2646, observed, 396.2657. 
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N-(4-(3-(4-ethylphenoxy)propyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22q)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 119 mg, 92% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.31 ï 7.22 (m, 2H), 7.19 ï 7.11 (m, 2H), 7.11 ï 7.04 (m, 

2H), 6.87 ï 6.70 (m, 2H), 3.91 (t, J = 6.3 Hz, 2H), 3.83 ï 3.71 (m, 4H), 3.30 ï 3.22 (m, 

4H), 2.85 ï 2.66 (m, 2H), 2.56 (q, J = 7.6 Hz, 2H), 2.09 ï 1.95 (m, 2H), 1.19 (t, J = 7.6 

Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 158.5, 157.6, 138.3, 138.2, 137.5, 129.8, 129.7, 

122.5, 115.4, 67.9, 44.5, 42.4, 32.5, 32.3, 29.0, 16.5. HRMS: (ESI) [M+H]+ calcd for 

C22H30N3O2, 368.2333, observed, 368.2325. 

N-(4-(3-(3-ethylphenoxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22r)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 55 mg, 89% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 7.25 

(m, 2H), 7.16 ï 7.11 (m, 3H), 6.76 ï 6.73 (m, 1H), 6.73 ï 6.71 (m, 1H), 6.70 ï 6.67 (m, 

1H), 3.98 ï 3.93 (m, 2H), 3.80 ï 3.75 (m, 4H), 3.30 ï 3.25 (m, 4H), 2.67 ï 2.63 (m, 2H), 

2.59 (q, J = 7.6 Hz, 2H), 1.79 ï 1.74 (m, 4H), 1.21 (t, J = 7.6 Hz, 3H). 13C NMR (126 

MHz, CD3OD) ŭ 160.6, 157.6, 147.0, 139.0, 138.1, 130.2, 129.7, 122.4, 121.1, 115.1, 

112.6, 68.6, 44.5, 42.4, 35.9, 30.0, 29.9, 29.2, 16.2. HRMS: (ESI) [M+H]+ calcd for 

C23H32N3O2, 382.2489, observed, 382.2491. 



278 

 

N-(4-(5-(2-ethylphenoxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22s)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 115 mg, 88% yield. 1H NMR (600 

MHz, CD3OD) ŭ 7.28 ï 7.25 (m, 2H), 7.13 ï 7.11 (m, 2H), 7.10 ï 7.07 (m, 2H), 6.85 ï 

6.80 (m, 2H), 3.94 (t, J = 6.2 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.28 ï 3.25 (m, 4H), 2.63 ï 

2.56 (m, 4H), 1.84 ï 1.78 (m, 2H), 1.68 (p, J = 7.6 Hz, 2H), 1.56 ï 1.50 (m, 2H), 1.14 (t, 

J = 7.5 Hz, 3H). 13C NMR (151 MHz, CD3OD) ŭ 158.1, 157.6, 139.2, 138.0, 133.7, 

129.9, 129.7, 127.9, 122.4, 121.3, 112.1, 68.7, 44.5, 42.4, 36.2, 32.5, 30.4, 26.9, 24.5, 

15.0. HRMS: (ESI) [M+H]+ calcd for C24H34N3O2, 396.2646, observed, 396.2653. 

N-(4-(3-(3-propylphenoxy)propyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22t) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 22 mg, 85% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.29 ï 7.26 (m, 2H), 7.17 ï 7.14 (m, 2H), 7.14 ï 7.11 (m, 

1H), 6.75 ï 6.72 (m, 1H), 6.71 ï 6.67 (m, 2H), 3.93 (t, J = 6.2 Hz, 2H), 3.79 ï 3.75 (m, 

4H), 3.29 ï 3.26 (m, 4H), 2.76 (t, J = 7.5 Hz, 2H), 2.56 ï 2.52 (m, 2H), 2.07 ï 2.01 (m, 

2H), 1.62 (h, J = 7.4 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CD3OD) ŭ 

160.5, 157.6, 145.4, 138.4, 138.2, 130.2, 129.8, 122.5, 121.9, 115.8, 112.7, 67.7, 44.5, 

42.4, 39.1, 32.5, 32.3, 25.7, 14.1. HRMS: (ESI) [M+H]+ calcd for C23H32N3O2, 382.2489, 

observed, 382.2493. 
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N-(4-(4-(3-isopropylphenoxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22u)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 122 mg, 93% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.30 ï 7.25 (m, 2H), 7.17 ï 7.12 (m, 3H), 6.79 ï 6.76 (m, 

1H), 6.75 ï 6.73 (m, 1H), 6.70 ï 6.67 (m, 1H), 3.98 ï 3.93 (m, 2H), 3.81 ï 3.75 (m, 4H), 

3.30 ï 3.25 (m, 4H), 2.84 (p, J = 6.9 Hz, 1H), 2.68 ï 2.61 (m, 2H), 1.81 ï 1.74 (m, 4H), 

1.22 (d, J = 6.9 Hz, 6H). 13C NMR (126 MHz, CD3OD) ŭ 160.6, 157.6, 151.7, 139.0, 

138.1, 130.3, 129.7, 122.4, 119.7, 113.8, 112.6, 68.7, 44.5, 42.4, 35.9, 35.5, 30.0, 29.2, 

24.4. HRMS: (ESI) [M+H]+ calcd for C24H34N3O2, 396.2646, observed, 396.2649. 

N-(4-(4-(3-cyclopropylphenoxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22v) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 79 mg, 91% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.27 (d, J = 

8.4 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.10 (t, J = 7.9 Hz, 1H), 6.66 ï 6.63 (m, 1H), 6.61 

(d, J = 7.7 Hz, 1H), 6.59 ï 6.58 (m, 1H), 3.95 ï 3.92 (m, 2H), 3.79 ï 3.76 (m, 4H), 3.29 ï 

3.26 (m, 4H), 2.65 (t, J = 6.9 Hz, 2H), 1.88 ï 1.82 (m, 1H), 1.79 ï 1.74 (m, 4H), 0.94 ï 

0.90 (m, 2H), 0.66 ï 0.62 (m, 2H). 13C NMR (151 MHz, CD3OD) ŭ 160.6, 157.6, 147.0, 

139.0, 138.1, 130.2, 129.7, 122.4, 118.8, 112.9, 112.3, 68.6, 44.5, 42.4, 35.9, 30.0, 29.2, 

16.2, 9.6. HRMS: (ESI) [M+H]+ calcd for C24H32N3O2, 394.2489, observed, 394.2495. 
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N-(4-(4-(3-(tert -butyl)phenoxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22w)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 144 mg, 88% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 

7.26 (m, 2H), 7.18 ï 7.14 (m, 3H), 6.96 ï 6.94 (m, 1H), 6.90 ï 6.89 (m, 1H), 6.70 ï 6.68 

(m, 1H), 3.98 ï 3.95 (m, 2H), 3.79 ï 3.76 (m, 4H), 3.29 ï 3.27 (m, 4H), 2.67 ï 2.64 (m, 

2H), 1.80 ï 1.77 (m, 4H), 1.29 (s, 9H). 13C NMR (126 MHz, CD3OD) ŭ 160.4, 157.6, 

153.9, 139.1, 138.1, 130.0, 129.7, 122.4, 118.7, 113.3, 112.0, 68.7, 44.5, 42.4, 36.0, 35.5, 

31.8, 30.0, 29.2. HRMS: (ESI) [M+H]+ calcd for C25H36N3O2, 410.2802, observed, 

410.2799. 

N-(4-(4-(3-cyclobutylphenoxy)propyl)-2-fluorophenyl)piperazine-1-carboxamide 

hydrochloride (4.22x)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 51 mg, 84% yield. 1H NMR (500 

MHz, CD3OD) ŭ 7.30 ï 7.26 (m, 2H), 7.17 ï 7.13 (m, 3H), 6.79 ï 6.76 (m, 1H), 6.73 (s, 

1H), 6.68 (dd, J = 8.0, 2.3 Hz, 1H), 3.93 (t, J = 6.3 Hz, 2H), 3.80 ï 3.75 (m, 4H), 3.51 (p, 

J = 8.6 Hz, 1H), 3.29 ï 3.25 (m, 4H), 2.79 ï 2.72 (m, 2H), 2.36 ï 2.28 (m, 2H), 2.17 ï 

2.07 (m, 2H), 2.07 ï 1.97 (m, 3H), 1.89 ï 1.81 (m, 1H). 13C NMR (126 MHz, CD3OD) ŭ 

160.5, 157.6, 149.0, 138.3, 138.2, 130.2, 129.8, 122.5, 119.6, 113.6, 112.7, 67.7, 44.5, 

42.4, 41.8, 32.5, 32.3, 30.7, 19.0. HRMS: (ESI) [M+H]+ calcd for C24H32N3O2, 394.2489, 

observed, 394.2496. 
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N-(4-(3-([1,1'-biphenyl]-3-yloxy)propyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22y)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 61 mg, 91% yield. 1H 

NMR (600 MHz, CD3OD) ŭ 7.59 ï 7.56 (m, 1.7H), 7.55 ï 7.53 (m, 0.3H)*, 7.52 ï 7.50 

(m, 0.2H)*, 7.43 ï 7.39 (m, 1.7H), 7.39 ï 7.37 (m, 0.3H)*, 7.34 ï 7.26 (m, 4H), 7.16 (d, J 

= 8.5 Hz, 3H), 7.11 ï 7.09 (m, 0.8H), 6.96 ï 6.94 (m, 0.2H)*, 6.88 ï 6.86 (m, 0.8H), 3.99 

(t, J = 6.2 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.27 ï 3.24 (m, 4H), 2.80 ï 2.75 (m, 2H), 2.09 ï 

2.03 (m, 2H). 13C NMR (151 MHz, CD3OD) ŭ 160.9, 157.5, 143.9, 142.4, 138.3, 138.2, 

130.9, 129.8, 129.8*, 129.0*, 128.4, 128.0, 127.5*, 122.5, 120.4, 115.8, 114.3, 114.2, 

67.9, 44.4, 42.4, 32.5, 32.3. Material isolated as an approximately 4:1 ratio of rotamers. 

HRMS: (ESI) [M+H]+ calc. for C26H30N3O2, 416.2333, observed, 416.2330. 

N-(4-(4-(naphthalen-2-yloxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22z)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 125 mg, 95% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.75 ï 

7.71 (m, 3H), 7.42 ï 7.37 (m, 1H), 7.31 ï 7.26 (m, 3H), 7.19 ï 7.15 (m, 3H), 7.10 (dd, J 

= 9.0, 2.5 Hz, 1H), 4.09 (t, J = 5.9 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.29 ï 3.26 (m, 4H), 

2.68 (t, J = 6.9 Hz, 2H), 1.88 ï 1.79 (m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 158.4, 

157.6, 139.0, 138.1, 136.2, 130.4, 130.3, 129.7, 128.5, 127.8, 127.2, 124.5, 122.4, 119.9, 



282 

 

107.5, 68.8, 44.5, 42.4, 36.0, 29.9, 29.3. HRMS: (ESI) [M+H]+ calcd for C25H30N3O2, 

404.2333, observed, 404.2335. 

N-(4-(4-(naphthalen-1-yloxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22aa)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 86 mg, 89% yield. 1H NMR (500 

MHz, DMSO-d6) ŭ 9.31 (brs, 2H), 8.74 (s, 1H), 8.16 ï 8.12 (m, 1H), 7.87 ï 7.83 (m, 1H), 

7.53 ï 7.46 (m, 2H), 7.46 ï 7.43 (m, 1H), 7.42 ï 7.36 (m, 3H), 7.11 (d, J = 8.5 Hz, 2H), 

6.94 (d, J = 7.2 Hz, 1H), 4.16 (t, J = 6.0 Hz, 2H), 3.70 ï 3.65 (m, 4H), 3.13 ï 3.06 (m, 

4H), 2.63 (t, J = 7.3 Hz, 2H), 1.89 ï 1.77 (m, 4H). 13C NMR (126 MHz, DMSO-d6) ŭ 

154.8, 154.1, 137.9, 135.6, 134.0, 128.2, 127.5, 126.4, 126.3, 125.2, 125.0, 121.5, 119.9, 

119.7, 105.1, 67.6, 42.5, 40.9, 34.1, 28.3, 27.7. HRMS: (ESI) [M+H]+ calcd for 

C25H30N3O2, 404.2333, observed, 404.2339. 

4-((4-(4-((5,6,7,8-tetrahydronaphthalen-1-yl)oxy)butyl)phenyl)piperazine-1-

carboxamide hydrochloride (4.22ab) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. Off--white solid, 58 mg, 77%. 1H NMR (600 MHz, CD3OD) ŭ 7.28 (d, J = 8.4 Hz, 

2H), 7.14 (d, J = 8.4 Hz, 2H), 6.97 (t, J = 7.9 Hz, 1H), 6.62 (t, J = 8.6 Hz, 2H), 3.96 ï 

3.92 (m, 2H), 3.80 ï 3.76 (m, 4H), 3.29 ï 3.26 (m, 4H), 2.71 (t, J = 6.1 Hz, 2H), 2.67 ï 

2.64 (m, 2H), 2.61 (t, J = 6.3 Hz, 2H), 1.84 ï 1.70 (m, 8H). 13C NMR (126 MHz, 

CD3OD) ŭ 158.0, 157.6, 139.2, 139.1, 138.1, 129.7, 126.8, 126.7, 122.5, 122.2, 108.9, 
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68.6, 44.5, 42.4, 35.9, 30.6, 30.0, 29.3, 24.2, 24.13, 24.12. HRMS: (ESI) [M+H]+ calcd 

for C25H34N3O2, 408.2651, observed, 408.2650. 

N-(4-(4-((2,3-dihydro-1H-inden-4-yl)oxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ac) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. Off-white solid, 73 mg, 84%. 1H NMR (500 MHz, CD3OD) ŭ 7.27 (d, J = 7.8 Hz, 

2H), 7.14 (d, J = 8.4 Hz, 2H), 7.04 (t, J = 7.8 Hz, 1H), 6.78 (d, J = 7.4 Hz, 1H), 6.65 (d, J 

= 8.1 Hz, 1H), 4.00 ï 3.96 (m, 2H), 3.81 ï 3.75 (m, 4H), 3.29 ï 3.25 (m, 4H), 2.87 (t, J = 

7.3 Hz, 2H), 2.81 (t, J = 7.4 Hz, 2H), 2.68 ï 2.63 (m, H), 2.03 (p, J = 7.4 Hz, 2H), 1.81 ï 

1.76 (m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 156.8, 147.0, 139.1, 138.1, 132.7, 

129.7, 128.6, 122.5, 117.7, 109.9, 68.7, 44.5, 42.4, 35.9, 34.1, 30.3, 30.0, 29.2, 26.0. 

HRMS: (ESI) [M+H]+ calcd for C24H32N3O2, 394.2489, observed, 394.2492. 

N-(4-(4-(4-(trifluoromethoxy)phenoxy)pentyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ad)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 88 mg, 89% 

yield. 1H NMR (500 MHz, CD3OD) ŭ 7.57 ï 7.53 (m, 2H), 7.28 ï 7.24 (m, 2H), 7.14 ï 

7.11 (m, 2H), 7.04 ï 7.00 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.29 ï 

3.26 (m, 4H), 2.62 (t, J = 7.5 Hz, 2H), 1.85 ï 1.78 (m, 2H), 1.72 ï 1.65 (m, 2H), 1.55 ï 

1.47 (m, 2H). 19F NMR (376 MHz, CD3OD) ŭ -62.96. 13C NMR (126 MHz, CD3OD) ŭ 

163.3, 157.6, 139.1, 138.0, 129.7, 127.9 (q, J = 3.8 Hz), 126.1 (q, J = 270.0 Hz), 124.5, 
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123.5 (q, J = 32.5 Hz), 122.4, 122.1, 115.7, 69.3, 44.5, 42.4, 36.1, 32.4, 30.1, 26.6. 

HRMS: (ESI) [M+H]+ calcd for C23H29F3N3O3, 436.2206, observed, 436.2211. 

N-(4-(4-(3-(trifluoromethoxy)phenoxy)pentyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ae)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 190 mg, 95% 

yield. 1H NMR (500 MHz, CD3OD) ŭ 7.47 ï 7.41 (m, 1H), 7.28 ï 7.25 (m, 2H), 7.21 ï 

7.16 (m, 1H), 7.15 ï 7.10 (m, 4H), 4.01 (t, J = 6.4 Hz, 2H), 3.80 ï 3.75 (m, 4H), 3.30 ï 

3.25 (m, 4H), 2.61 (t, J = 7.5 Hz, 2H), 1.85 ï 1.78 (m, 2H), 1.72 ï 1.64 (m, 2H), 1.55 ï 

1.46 (m, 2H). 19F NMR (376 MHz, CD3OD) ŭ -64.21. 13C NMR (126 MHz, CD3OD) ŭ 

160.9, 157.6, 139.2, 138.0, 132.8 (q, J = 31.9 Hz), 131.4, 129.7, 126.6 (q, J = 271.8 Hz), 

122.4, 119.2 (q, J = 1.4 Hz), 118.0 (q, J = 4.0 Hz), 112.2 (q, J = 3.9 Hz), 69.3, 44.5, 42.4, 

36.1, 32.5, 30.1, 26.6. HRMS: (ESI) [M+H]+ calcd for C23H29F3N3O3, 436.2206, 

observed, 436.2207. 

N-(4-(6-(2-trifluorom ethylphenoxy)hexyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22af)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 112 mg, 85% yield. 1H 

NMR (600 MHz, CD3OD) ŭ 7.56 ï 7.51 (m, 2H), 7.27 ï 7.24 (m, 2H), 7.14 ï 7.09 (m, 

3H), 7.02 (t, J = 7.6 Hz, 1H), 4.06 (t, J = 6.2 Hz, 2H), 3.80 ï 3.75 (m, 4H), 3.30 ï 3.25 

(m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 1.81 ï 1.76 (m, 2H), 1.63 (p, J = 7.6 Hz, 2H), 1.54 (p, J 
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= 7.5 Hz, 2H), 1.39 (p, J = 7.6 Hz, 2H). 19F NMR (565 MHz, CD3OD) ŭ -63.68. 13C NMR 

(151 MHz, CD3OD) ŭ 158.4, 157.6, 139.4, 137.9, 134.8, 129.6, 127.8 (q, J = 5.3 Hz), 

125.3 (q, J = 271.5 Hz), 122.4, 120.9, 119.6 (q, J = 30.5 Hz), 114.1, 69.5, 44.5, 42.4, 

36.1, 32.7, 30.1, 29.7, 26.8. HRMS: (ESI) [M+H]+ calcd for C24H31F3N3O2, 450.2363, 

observed, 450.2367. 

N-(4-(4-(3-(methoxy)phenoxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ag)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 81 mg, 93% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 7.25 

(m, 2H), 7.16 ï 7.13 (m, 3H), 7.12 (m, 1H), 6.49 ï 6.47 (m, 1H), 6.47 ï 6.46 (m, 1H), 

6.45 ï 6.43 (m, 1H), 3.97 ï 3.92 (m, 2H), 3.79 ï 3.75 (m, 4H), 3.75 (s, 3H), 3.29 ï 3.25 

(m, 4H), 2.67 ï 2.62 (m, 2H), 1.80 ï 1.74 (m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 

162.4, 161.8, 157.6, 139.0, 138.1, 130.8, 129.7, 122.4, 107.7, 107.1, 101.9, 68.8, 55.6, 

44.5, 42.4, 35.9, 29.9, 29.2. HRMS: (ESI) [M+H]+ calcd for C22H30N3O3, 384.2282, 

observed, 384.2278. 

N-(4-(4-(3-(trifluoromethoxy) phenoxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ah)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 55 mg, 83% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.32 (t, 

J = 8.3 Hz, 1H), 7.29 ï 7.26 (m, 2H), 7.16 ï 7.13 (m, 2H), 6.92 ï 6.87 (m, 1H), 6.84 ï 

6.79 (m, 1H), 6.80 ï 6.75 (m, 1H), 4.01 ï 3.97 (m, 2H), 3.80 ï 3.76 (m, 4H), 3.29 ï 3.26 
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(m, 4H), 2.67 ï 2.64 (m, 2H), 1.81 ï 1.76 (m, 4H). 19F NMR (565 MHz, CD3OD) ŭ -

59.39. 13C NMR (126 MHz, CD3OD) ŭ 161.8, 157.6, 151.4, 151.4, 140.5, 138.9, 138.1, 

131.5, 129.7, 124.5, 122.9 (q, J = 255.3 Hz), 122.4, 122.1, 114.3, 113.6, 108.7, 69.3, 

44.5, 42.4, 35.9, 29.7, 29.1. HRMS: (ESI) [M+H]+ calcd for C22H27F3N3O3, 438.1999, 

observed, 438.2003. 

N-(4-(4-(3-methoxy-5-methylphenoxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ai)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 79 mg, 91% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.29 ï 

7.25 (m, 2H), 7.16 ï 7.13 (m, 2H), 6.33 ï 6.29 (m, 2H), 6.25 ï 6.23 (m, 1H), 3.94 ï 3.90 

(m, 2H), 3.80 ï 3.75 (m, 4H), 3.73 (s, 3H), 3.29 ï 3.26 (m, 5H), 2.67 ï 2.62 (m, 2H), 2.25 

(s, 3H), 1.79 ï 1.74 (m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 162.2, 161.6, 157.6, 141.2, 

139.0, 138.1, 129.7, 122.4, 108.6, 107.9, 99.0, 68.7, 55.6, 44.5, 42.4, 35.9, 29.9, 29.2, 

21.8. HRMS: (ESI) [M+H]+ calcd for C23H32N3O3, 398.2438, observed, 398.2445. 

N-(4-(4-(3-cyanophenoxy)butyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22aj)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 112 mg, 86% 

yield. 1H NMR (500 MHz, CD3OD) ŭ 7.45 ï 7.40 (m, 1H), 7.30 ï 7.24 (m, 3H), 7.22 ï 

7.19 (m, 2H), 7.16 ï 7.13 (m, 2H), 4.03 ï 3.99 (m, 2H), 3.80 ï 3.76 (m, 4H), 3.31 ï 3.25 

(m, 4H), 2.68 ï 2.63 (m, 2H), 1.83 ï 1.75 (m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 
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160.8, 157.6, 138.9, 138.2, 131.7, 129.7, 125.3, 122.4, 121.1, 119.7, 118.4, 114.1, 69.3, 

44.5, 42.4, 35.8, 29.6, 29.0. HRMS: (ESI) [M+H]+ calcd for C22H27N4O2, 379.2129, 

observed, 379.2130. 

N-(4-(5-(3-chlorophenoxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22ak)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 32 mg, 81% yield. 1H 

NMR (600 MHz, CD3OD) ŭ 7.27 ï 7.25 (m, 2H), 7.23 ï 7.20 (m, 1H), 7.13 (d, J = 8.5 

Hz, 2H), 6.91 ï 6.89 (m, 2H), 6.83 ï 6.81 (m, 1H), 3.95 (t, J = 6.4 Hz, 2H), 3.79 ï 3.75 

(m, 4H), 3.29 ï 3.26 (m, 4H), 2.61 (t, J = 7.6 Hz, 2H), 1.82 ï 1.75 (m, 2H), 1.67 (p, J = 

7.6 Hz, 2H), 1.53 ï 1.46 (m, 2H). 13C NMR (151 MHz, CD3OD) ŭ 161.5, 157.6, 139.2, 

138.0, 135.8, 131.5, 129.7, 122.4, 121.5, 115.8, 114.1, 69.2, 44.5, 42.4, 36.1, 32.5, 30.1, 

26.6. HRMS: (ESI) [M+H]+ calcd for C22H29ClN3O2, 402.1943, observed, 402.1951. 

N-(4-(6-(pyridin -3-yloxy)hexyl)phenyl)piperazine-1-carboxamide bis-trifluoroacetic 

acid (4.22al) 

To a 6-dram vial containing 4.21al (1.0 equiv) 

dissolved in DCM (0.2 M) was added TFA (10 

equiv). The resulting solution was allowed to stir until consumption of starting material 

as monitored by TLC (approximately 6 h). Concentration in vacuo and filtration of the 

resulting off-white solid, followed by washing with diethyl ether afforded the 

corresponding TFA salt. Yellow oil, 26 mg, 52% yield. 1H NMR (600 MHz, CD3OD) ŭ 

8.54 (brs, 1H), 8.43 (brs, 1H), 8.18 (dd, J = 8.8, 2.1 Hz, 1H), 8.00 ï 7.95 (m, 1H), 7.26 ï 
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7.22 (m, 2H), 7.12 ï 7.08 (m, 2H), 4.20 (t, J = 6.4 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.27 ï 

3.24 (m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 1.88 ï 1.82 (m, 2H), 1.63 (p, J = 7.6 Hz, 2H), 1.53 

(p, J = 7.5 Hz, 2H), 1.41 (p, J = 8.2 Hz, 2H). 13C NMR (151 MHz, CD3OD) ŭ 161.8, 

161.5, 161.3, 161.0, 159.4, 157.6, 139.2, 138.0, 134.9, 133.1, 130.5, 129.6, 129.3, 122.5, 

71.4, 44.4, 42.3, 36.1, 32.6, 29.8, 29.7, 26.7. HRMS: (ESI) [M+H]+ calcd for C22H31N4O2, 

383.2442, observed, 383.2450. 

N-(4-(6-(4-fluorophenoxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22am)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 138 mg, 90% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.27 ï 

7.23 (m, 2H), 7.13 ï 7.09 (m, 2H), 7.00 ï 6.94 (m, 2H), 6.89 ï 6.83 (m, 2H), 3.91 (t, J = 

6.4 Hz, 2H), 3.79 ï 3.75 (m, 4H), 3.29 ï 3.26 (m, 4H), 2.59 (t, J = 7.6 Hz, 2H), 1.77 ï 

1.71 (m, 2H), 1.66 ï 1.59 (m, 2H), 1.53 ï 1.46 (m, 2H), 1.42 ï 1.35 (m, 2H). 19F NMR 

(376 MHz, CD3OD) ŭ -126.75 ï -126.83 (m). 13C NMR (126 MHz, CD3OD) ŭ 158.5 (d, J 

= 234.3 Hz), 157.6, 156.8 (d, J = 2.0 Hz), 139.3, 138.0, 129.7, 122.4, 116.6 (d, J = 4.5 

Hz), 116.5 (d, J = 10.9 Hz), 69.5, 44.5, 42.4, 36.1, 32.7, 30.3, 29.9, 27.0. HRMS: (ESI) 

[M+H] + calcd for C23H31FN3O2, 400.2395, observed, 400.2394. 

N-(4-(6-(3-fluorophenoxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22an)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 169 mg, 97% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.28 ï 
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7.20 (m, 3H), 7.13 ï 7.09 (m, 2H), 6.72 ï 6.68 (m, 1H), 6.65 ï 6.60 (m, 2H), 3.94 (t, J = 

6.4 Hz, 2H), 3.81 ï 3.74 (m, 4H), 3.30 ï 3.25 (m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 1.79 ï 

1.71 (m, 2H), 1.67 ï 1.59 (m, 2H), 1.53 ï 1.46 (m, 2H), 1.43 ï 1.35 (m, 2H). 19F NMR 

(376 MHz, CD3OD) ŭ -114.20 ï -114.28 (m). 13C NMR (126 MHz, CD3OD) ŭ 165.1 (d, J 

= 243.1 Hz), 162.1 (d, J = 10.9 Hz), 157.6, 139.3, 138.0, 131.4 (d, J = 10.3 Hz), 129.6, 

122.4, 111.5 (d, J = 2.8 Hz), 107.9 (d, J = 21.6 Hz), 102.9 (d, J = 25.0 Hz), 69.2, 44.5, 

42.4, 36.1, 32.7, 30.2, 29.9, 26.9. HRMS: (ESI) [M+H]+ calcd for C23H31FN3O2, 

400.2395, observed, 400.2402. 

N-(4-(6-(2-fluorophenoxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22ao)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 133 mg, 87% yield. 

1H NMR (500 MHz, CD3OD) ŭ 7.27 ï 7.23 (m, 2H), 7.13 ï 7.10 (m, 2H), 7.08 ï 7.02 (m, 

3H), 6.91 ï 6.86 (m, 1H), 4.02 (t, J = 6.4 Hz, 2H), 3.79 ï 3.74 (m, 4H), 3.29 ï 3.25 (m, 

4H), 2.59 (t, J = 7.6 Hz, 2H), 1.82 ï 1.74 (m, 2H), 1.67 ï 1.60 (m, 2H), 1.55 ï 1.48 (m, 

2H), 1.44 ï 1.36 (m, 2H). 19F NMR (376 MHz, CD3OD) ŭ -137.10 ï -137.20 (m). 13C 

NMR (126 MHz, CD3OD) ŭ 157.6, 154.1 (d, J = 244.1 Hz), 148.5 (d, J = 10.6 Hz), 

139.3, 138.0, 129.7, 129.6, 125.5 (d, J = 3.9 Hz), 122.4, 122.0 (d, J = 6.9 Hz), 116.9 (d, J 

= 18.2 Hz), 116.2 (d, J = 1.7 Hz), 70.3, 44.5, 42.4, 36.1, 32.7, 30.3, 29.9, 26.9. HRMS: 

(ESI) [M+H]+ calcd for C23H31FN3O2, 400.2395, observed, 400.2402. 
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N-(4-(6-(3,5-difluoro phenoxy)hexyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ap)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 197 mg, 90% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.28 ï 

7.25 (m, 2H), 7.13 ï 7.09 (m, 2H), 6.53 ï 6.49 (m, 2H), 6.49 ï 6.44 (m, 1H), 3.93 (t, J = 

6.4 Hz, 2H), 3.80 ï 3.76 (m, 4H), 3.29 ï 3.24 (m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 1.77 ï 

1.71 (m, 2H), 1.65 ï 1.59 (m, 2H), 1.51 ï 1.45 (m, 2H), 1.41 ï 1.34 (m, 2H). 19F NMR 

(565 MHz, CD3OD) ŭ -111.56 ï -111.62 (m). 13C NMR (126 MHz, CD3OD) ŭ 165.2 (dd, 

J = 244.5, 16.0 Hz), 162.9 (t, J = 13.8 Hz), 157.6, 139.3, 138.0, 129.6, 122.4, 99.4 ï 99.0 

(m), 96.6 (t, J = 26.4 Hz), 69.7, 44.5, 42.4, 36.1, 32.6, 30.0, 29.9, 26.9. HRMS: (ESI) 

[M+H] + calcd for C23H30F2N3O2, 418.2301, observed, 418.2314.  

N-(4-(6-(2,3-difluoro phenoxy)hexyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22aq) 

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 201 mg, 92% 

yield. 1H NMR (600 MHz, CD3OD) ŭ 7.28 ï 7.24 (m, 2H), 7.13 ï 7.09 (m, 2H), 7.06 ï 

7.01 (m, 1H), 6.89 ï 6.85 (m, 1H), 6.82 ï 6.77 (m, 1H), 4.04 (t, J = 6.4 Hz, 2H), 3.80 ï 

3.76 (m, 4H), 3.29 ï 3.25 (m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 1.82 ï 1.75 (m, 2H), 1.67 ï 

1.60 (m, 2H), 1.54 ï 1.48 (m, 2H), 1.43 ï 1.36 (m, 2H). 19F NMR (565 MHz, CD3OD) ŭ -

140.80 ï -140.88 (m), -162.95 ï -163.04 (m). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 

152.6 (dd, J = 244.6, 10.3 Hz), 150.2 (dd, J = 7.8, 3.1 Hz), 142.5 (dd, J = 245.6, 14.2 
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Hz), 139.3, 138.0, 129.6, 124.7 (dd, J = 8.8, 5.2 Hz), 122.4, 111.2 (d, J = 2.9 Hz), 109.7 

(d, J = 17.9 Hz), 70.7, 44.5, 42.4, 36.1, 32.7, 30.2, 29.9, 26.8. HRMS: (ESI) [M+H]+ 

calcd for C23H30F2N3O2, 418.2301, observed, 418.2299.  

N-(4-(6-(2,6-difluoro phenoxy)hexyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ar)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 98 mg, 89% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.28 ï 7.24 (m, 2H), 7.13 ï 7.09 (m, 2H), 7.06 ï 6.98 (m, 

1H), 6.98 ï 6.92 (m, 2H), 4.09 (t, J = 6.4 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.29 ï 3.26 (m, 

4H), 2.58 (t, J = 7.6 Hz, 2H), 1.75 ï 1.69 (m, 2H), 1.62 (p, J = 7.6 Hz, 2H), 1.55 ï 1.48 

(m, 2H), 1.38 (p, J = 7.5 Hz, 2H). 19F NMR (376 MHz, CD3OD) ŭ -130.45 ï -130.54 (m). 

13C NMR (126 MHz, CD3OD) ŭ 157.7 (dd, J = 246.9, 5.6 Hz), 157.6, 139.3, 138.0, 137.0 

(t, J = 14.3 Hz), 129.6, 124.3 (t, J = 9.4 Hz), 122.4, 113.2 (dd, J = 17.4, 5.6 Hz), 75.8 (t, J 

= 2.9 Hz), 44.5, 42.4, 36.1, 32.7, 31.0, 29.9, 26.6. HRMS: (ESI) [M+H]+ calcd for 

C23H30F2N3O2, 418.2301, observed, 418.2301.  

N-(4-(6-(2,4,6-trifluorophenoxy)hexyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22as)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. White solid, 80 mg, 91% 

yield. 1H NMR (600 MHz, CD3OD) ŭ 7.28 ï 7.23 (m, 2H), 7.14 ï 7.09 (m, 2H), 6.92 ï 

6.83 (m, 2H), 4.04 (t, J = 6.4 Hz, 2H), 3.83 ï 3.72 (m, 4H), 3.30 ï 3.25 (m, 4H), 2.58 (t, J 
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= 7.6 Hz, 2H), 1.74 ï 1.67 (m, 2H), 1.65 ï 1.58 (m, 2H), 1.55 ï 1.47 (m, 2H), 1.42 ï 1.34 

(m, 2H). 19F NMR (565 MHz, CD3OD) ŭ -116.92 ï -116.97 (m), -127.16 ï -127.22 (m). 

13C NMR (126 MHz, CD3OD) ŭ 159.6 (t, J = 14.6 Hz), 158.6 (dd, J = 15.2, 7.8 Hz), 

157.6 (t, J = 15.0, 14.5 Hz), 157.6, 156.7 (dd, J = 15.2, 7.9 Hz), 134.0 (td, J = 15.0, 14.5, 

5.3 Hz), 129.6, 122.4, 101.9 ï 101.5 (m), 76.1, 44.5, 42.4, 36.1, 32.7, 30.9, 29.8, 26.6. 

HRMS: (ESI) [M+H]+ calcd for C28H32N5O5, 436.2206, observed, 436.2206. 

N-(4-(3-(4-cyclopropylphenoxy)propyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22at)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 172 mg, 90% yield. 1H 

NMR (500 MHz, CD3OD) ŭ 7.28 (d, J = 8.3 Hz, 2H), 7.14 (d, J = 8.3 Hz, 2H), 6.97 (d, J 

= 8.6 Hz, 2H), 6.77 (d, J = 8.5 Hz, 2H), 3.90 (t, J = 6.2 Hz, 2H), 3.80 ï 3.76 (m, 4H), 

3.29 ï 3.25 (m, 4H), 2.75 (t, J = 7.5 Hz, 2H), 2.02 (p, J = 6.5 Hz, 2H), 1.86 ï 1.80 (m, 

1H), 0.90 ï 0.84 (m, 3H), 0.59 ï 0.54 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 158.4, 

157.6, 138.3, 138.2, 137.1, 129.8, 127.7, 122.5, 115.4, 67.9, 44.5, 42.4, 32.5, 32.3, 15.4, 

8.9. HRMS: (ESI) [M+H]+ calcd for C23H30N3O2, 380.2333, observed, 380.2335. 

N-(4-(3-(3-cyclopropylphenoxy)propyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22au)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 60 mg, 86% yield. 1H NMR (600 

MHz, CD3OD) ŭ 7.29 ï 7.26 (m, 2H), 7.17 ï 7.14 (m, 2H), 7.10 (t, J = 7.9 Hz, 1H), 6.66 
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ï 6.63 (m, 1H), 6.63 ï 6.61 (m, 1H), 6.60 ï 6.59 (m, 1H), 3.91 (t, J = 6.2 Hz, 2H), 3.79 ï 

3.76 (m, 4H), 3.29 ï 3.26 (m, 4H), 2.77 ï 2.74 (m, 2H), 2.06 ï 2.00 (m, 2H), 1.88 ï 1.82 

(m, 1H), 0.94 ï 0.90 (m, 2H), 0.66 ï 0.63 (m, 2H). 13C NMR (151 MHz, CD3OD) ŭ 

160.6, 157.5, 147.0, 138.3, 138.2, 130.2, 129.8, 122.5, 118.8, 113.0, 112.3, 67.6, 44.5, 

42.4, 32.5, 32.3, 16.2, 9.6. HRMS: (ESI) [M+H]+ calc. for C23H30N3O2, 380.2333, 

observed, 380.2340. 

N-(4-(5-(3-cyclopropylphenoxy)pentyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22av)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 178 mg, 70% yield. 

1H NMR (600 MHz, CD3OD) ŭ 7.26 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 7.10 (t, 

J = 7.9 Hz, 1H), 6.65 ï 6.63 (m, 1H), 6.61 (d, J = 7.7 Hz, 1H), 6.59 ï 6.57 (m, 1H), 3.92 

(t, J = 6.4 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.29 ï 3.25 (m, 5H), 2.61 (t, J = 7.6 Hz, 2H), 

1.88 ï 1.82 (m, 1H), 1.80 ï 1.74 (m, 2H), 1.67 (p, J = 7.9 Hz, 2H), 1.52 ï 1.46 (m, 2H), 

0.94 ï 0.90 (m, 2H), 0.66 ï 0.62 (m, 2H). 13C NMR (151 MHz, CD3OD) ŭ 160.8, 157.7, 

147.1, 139.4, 138.1, 130.3, 129.8, 122.6, 118.9, 113.1, 112.4, 68.9, 44.6, 42.5, 36.3, 32.7, 

30.4, 26.9, 16.3, 9.8. HRMS: (ESI) [M+H]+ calc. for C25H34N3O2
+, 408.2646, observed, 

408.2649. 

N-(4-(4-(3-cyclopropyl-2-fluorophenoxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22aw)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 
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diethyl ether. White solid, 121 mg, 86% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.30 ï 

7.26 (m, 2H), 7.14 (d, J = 8.5 Hz, 2H), 6.92 (td, J = 8.0, 1.4 Hz, 1H), 6.81 (td, J = 8.1, 1.4 

Hz, 1H), 6.48 ï 6.43 (m, 1H), 4.02 ï 3.98 (m, 2H), 3.80 ï 3.76 (m, 4H), 3.28 ï 3.25 (m, 

4H), 2.65 (t, J = 6.9 Hz, 2H), 2.09 ï 2.04 (m, 1H), 1.81 ï 1.76 (m, 4H), 0.97 ï 0.93 (m, 

2H), 0.69 ï 0.66 (m, 2H). 19F NMR (565 MHz, CD3OD) ŭ -144.90 (t, J = 7.1 Hz). 13C 

NMR (151 MHz, CD3OD) ŭ 157.6, 153.1 (d, J = 242.7 Hz), 148.2 (d, J = 11.2 Hz), 

139.0, 138.1, 132.7 (d, J = 11.9 Hz), 129.7, 124.8 (d, J = 4.7 Hz), 122.5, 118.0 (d, J = 3.0 

Hz), 112.9, 70.1, 44.5, 42.4, 35.9, 29.8, 29.1, 9.3, 9.3, 8.3. HRMS: (ESI) [M+H]+ calcd 

for C24H31FN3O2, 412.2395, observed, 412.2403. 

N-(4-(4-(3-cyclopropyl-5-fluorophenoxy)butyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22ax)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 155 mg, 96% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.30 ï 

7.27 (m, 2H), 7.15 ï 7.12 (m, 2H), 6.44 ï 6.43 (m, 1H), 6.40 (dt, J = 10.8, 2.3 Hz, 1H), 

6.33 (dt, J = 10.0, 1.8 Hz, 1H), 3.93 ï 3.91 (m, 2H), 3.81 ï 3.76 (m, 4H), 3.28 ï 3.24 (m, 

4H), 2.63 (t, J = 6.8 Hz, 2H), 1.88 ï 1.83 (m, 1H), 1.78 ï 1.72 (m, 4H), 0.97 ï 0.92 (m, 

2H), 0.67 ï 0.63 (m, 2H). 19F NMR (565 MHz, CD3OD) ŭ -114.92 (t, J = 10.4 Hz). 13C 

NMR (151 MHz, CD3OD) ŭ 165.1 (d, J = 242.1 Hz), 161.8 (d, J = 12.0 Hz), 157.6, 149.1 

(d, J = 9.9 Hz), 138.9, 138.1, 129.7, 122.4, 108.9 (d, J = 2.4 Hz), 105.0 (d, J = 22.4 Hz), 

99.7 (d, J = 25.4 Hz), 69.0, 44.5, 42.4, 35.9, 29.8, 29.1, 16.3, 16.3, 10.0. HRMS: (ESI) 

[M+H] + calcd for C24H31FN3O2, 412.2395, observed, 412.2404. 
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4-((4-(7-methoxyheptyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22ay) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. Off-white solid, 59 mg, 82%.1H NMR (500 MHz, CD3OD) ŭ 7.26 (d, J = 

8.5 Hz, 2H), 7.11 (d, J = 8.5 Hz, 2H), 3.79 ï 3.76 (m, 4H), 3.38 (t, J = 6.6 Hz, 2H), 3.29 

ï 3.26 (m, 4H), 2.57 (t, J = 7.6 Hz, 2H), 1.63 ï 1.52 (m, 4H), 1.36 ï 1.31 (m, 6H). 13C 

NMR (126 MHz, CD3OD) ŭ 157.6, 139.4, 137.9, 129.6, 122.4, 73.9, 58.7, 44.5, 42.4, 

36.2, 32.7, 30.6, 30.4, 30.2, 27.1. HRMS: (ESI) [M+H]+ calcd for C19H32N3O2, 334.2489, 

observed, 334.2489. 

4-((4-(8-methoxyoctyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22az) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. Off-white solid, 50 mg, 63%. 1H NMR (600 MHz, CD3OD) ŭ 7.28 (d, J = 

8.4 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 3.82 ï 3.78 (m, 4H), 3.39 (t, J = 6.5 Hz, 2H), 3.31 

ï 3.27 (m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 1.66 ï 1.52 (m, 4H), 1.39 ï 1.27 (m, 8H). 13C 

NMR (151 MHz, CD3OD) ŭ 157.6, 139.4, 137.9, 129.6, 122.4, 73.9, 58.7, 44.5, 42.4, 

36.3, 32.8, 30.59, 30.58, 30.5, 30.2, 27.2. HRMS: (ESI) [M+H]+ calcd for C20H34N3O2, 

348.2646, observed, 348.2654. 

N-(4-(6-(cyclobutyloxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22ba)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 66 mg, 86% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.26 (d, J = 
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8.3 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H), 3.91 (p, J = 7.4 Hz, 1H), 3.80 ï 3.75 (m, 4H), 3.34 

ï 3.32 (m, 2H), 3.29 ï 3.26 (m, 4H), 2.57 (t, J = 7.6 Hz, 2H), 2.22 ï 2.16 (m, 2H), 1.92 ï 

1.83 (m, 2H), 1.68 (q, J = 10.0 Hz, 1H), 1.60 (p, J = 7.7 Hz, 2H), 1.55 ï 1.47 (m, 3H), 

1.40 ï 1.30 (m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 139.3, 138.0, 129.6, 122.4, 

74.4, 68.8, 44.5, 42.4, 36.2, 32.7, 31.4, 30.8, 30.0, 27.1, 13.3. HRMS: (ESI) [M+H]+ calcd 

for C21H34N3O2, 360.2646, observed, 360.2648. 

N-(4-(6-(cyclopentyloxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22bb)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 49 mg, 82% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.28 ï 7.24 

(m, 2H), 7.12 ï 7.09 (m, 2H), 3.92 ï 3.86 (m, 1H), 3.80 ï 3.75 (m, 4H), 3.37 (t, J = 6.6 

Hz, 2H), 3.29 ï 3.25 (m, 4H), 2.57 (t, J = 7.6 Hz, 2H), 1.76 ï 1.65 (m, 4H), 1.64 ï 1.56 

(m, 4H), 1.55 ï 1.48 (m, 4H), 1.40 ï 1.31 (m, 4H). 13C NMR (126 MHz, CD3OD) ŭ 

157.6, 139.4, 138.0, 129.6, 122.4, 82.7, 69.8, 44.5, 42.4, 36.2, 33.2, 32.7, 30.9, 30.0, 27.2, 

24.4. HRMS: (ESI) [M+H]+ calcd for C22H36N3O2, 374.2802, observed, 374.2805. 

4-((4-(6-(cyclohexyloxy)hexyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22bc)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. Off-white solid, 82 mg, 71%. 1H NMR (500 MHz, CD3OD) ŭ 7.26 (d, J = 

8.2 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 3.82 ï 3.75 (m, 4H), 3.45 (t, J = 6.5 Hz, 2H), 3.29 

ï 3.21 (m, 5H), 2.57 (t, J = 7.6 Hz, 2H), 1.93 ï 1.85 (m, 2H), 1.78 ï 1.68 (m, 2H), 1.64 ï 
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1.50 (m, 5H), 1.43 ï 1.19 (m, 9H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 139.3, 138.0, 

129.6, 122.4, 78.9, 69.0, 44.5, 42.4, 36.2, 33.4, 32.7, 31.1, 30.0, 27.1, 26.9, 25.2. HRMS: 

(ESI) [M+H]+ calcd for C23H38N3O2, 388.2964, observed, 432.2100. 

N-(4-(5-(benzyloxy)pentyl)phenyl)piperazine-1-carboxamide hydrochloride (4.22bd)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 61 mg, 86% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.35 ï 7.29 (m, 

4H), 7.28 ï 7.24 (m, 3H), 7.12 ï 7.08 (m, 2H), 4.47 (s, 2H), 3.79 ï 3.75 (m, 4H), 3.47 (t, 

J = 6.5 Hz, 2H), 3.29 ï 3.25 (m, 4H), 2.57 (t, J = 7.6 Hz, 2H), 1.66 ï 1.57 (m, 4H), 1.44 ï 

1.36 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 157.6, 139.8, 139.3, 138.0, 129.7, 129.4, 

128.9, 128.6, 122.4, 73.8, 71.3, 44.5, 42.4, 36.2, 32.5, 30.6, 26.8. HRMS: (ESI) [M+H]+ 

calcd for C23H32N3O2, 382.2489, observed, 382.2497. 

N-(4-(3-(3-phenylpropoxy)propyl)phenyl)piperazine-1-carboxamide hydrochloride 

(4.22be) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 66 mg, 87% yield. 1H NMR (500 MHz, CD3OD) ŭ 7.30 ï 7.23 

(m, 4H), 7.20 ï 7.17 (m, 2H), 7.17 ï 7.11 (m, 3H), 3.80 ï 3.76 (m, 4H), 3.41 (t, J = 6.4 

Hz, 4H), 3.29 ï 3.25 (m, 4H), 2.70 ï 2.63 (m, 4H), 1.90 ï 1.81 (m, 4H). 13C NMR (126 

MHz, CD3OD) ŭ 157.6, 143.2, 138.6, 138.2, 129.7, 129.5, 129.3, 126.8, 122.4, 71.0, 

70.9, 44.5, 42.4, 33.3, 32.7, 32.6, 32.6. HRMS: (ESI) [M+H]+ calcd for C23H32N3O2, 

382.2489, observed, 382.2510. 
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4-((4-((4-(phenoxymethyl)cyclohexyl)methyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22bh) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. Off-white solid, 5 mg, 30%, d.r. 88:12. 1H NMR (600 MHz, CD3OD) ŭ 7.30 ï 7.27 

(m, 2H), 7.27 ï 7.19 (m, 2H), 7.14 ï 7.09 (m, 2H), 6.94 ï 6.87 (m, 3H), 3.91 (d, J = 6.9 

Hz, 0.4H), 3.81 ï 3.78 (m, 4H), 3.76 (d, J = 6.3 Hz, 1.6H), 3.31 ï 3.28 (m, 4H), 2.60 (d, J 

= 7.6 Hz, 0.4H), 2.50 (d, J = 7.1 Hz, 1.6H), 2.03 ï 1.38 (m, 7H), 1.12 ï 1.01 (m, 3H). 13C 

NMR (151 MHz, CD3OD) 159.3, 156.2, 136.6, 136.4, 129.0, 120.8, 120.0, 114.0, 72.9, 

43.1, 42.9, 41.0, 40.0, 37.8, 32.1, 29.4, 28.0. HRMS: (ESI) [M+H]+ calcd for 

C25H34N3O2, 408.2646, observed, 408.2644. 

4-((4-((3-(phenoxymethyl)cyclohexyl)methyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22bi) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. Off-white solid, 9 mg, 78%, d.r. 70:30. 1H 

NMR (600 MHz, CD3OD) ŭ 7.28 ï 7.25 (m, 2H), 7.25 ï 7.20 (m, 2H), 7.11 ï 7.06 (m, 

2H), 6.91 ï 6.83 (m, 3H), 3.79 ï 3.77 (m, 4H), 3.75 ï 3.70 (m, 2H), 3.28 ï 3.26 (m, 4H), 

2.53 ï 2.45 (m, 2H), 1.89 ï 1.84 (m, 2H), 1.83 ï 1.70 (m, 2H), 1.66 ï 1.38 (m, 3H), 1.35 

ï 1.26 (m, 1H), 1.05 ï 0.90 (m, 2H). Observed signals of minor diastereomer 2.61 ï 2.54 

(m, 2H), 2.20 ï 2.13 (m, 1H), 1.95 ï 1.90 (m, 1H), 0.78 (q, J = 12.1 Hz, 2H). 13C NMR 

(126 MHz, CD3OD) ŭ 160.7, 157.6, 138.0, 137.6, 130.4, 130.4, 122.3, 121.4, 115.5, 74.4, 

44.5, 42.4, 40.9, 39.2, 37.4, 34.2, 30.9, 26.8, 21.9. Observed signals of minor 
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diastereomer 160.7, 157.6, 138.0, 130.4, 130.3, 122.3, 121.5, 115.6, 72.6, 44.5, 41.2, 

36.2, 34.4, 33.8, 32.2, 29.8. HRMS: (ESI) [M+H]+ calcd for C25H34N3O2, 408.2651, 

observed, 408.2635. 

4-((4-((3-(phenoxymethyl)cyclopentyl)methyl)phenyl)piperazine-1-carboxamide 

hydrochloride (4.22bj) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. Off-white solid, 11 mg, 97%, d.r. 60:40. 1H NMR (600 MHz, DMSO-d6) ŭ 

9.23 (brs, 2H), 8.72 (s, 1H), 7.36 ï 7.31 (m, 2H), 7.29 ï 7.21 (m, 2H), 7.08 ï 7.03 (m, 

2H), 6.92 ï 6.86 (m, 3H), 3.82 (dd, J = 6.9, 2.1 Hz, 1.2H, major diastereomer), 3.77 (d, J 

= 7.1 Hz, 0.8H, minor diastereomer), 3.66 (t, J = 4.6 Hz, 4H), 3.10 (t, J = 4.9 Hz, 4H), 

2.58 ï 2.52 (m, 2H), 2.40 (hept, J = 7.3 Hz, 0.4H, minor diastereomer), 2.29 (hept, J = 

8.0 Hz, 0.6H, major diastereomer), 2.20 ï 2.05 (m, 1H), 1.91 ï 1.82 (m, 1H), 1.76 ï 1.63 

(m, 2H), 1.52 ï 1.40 (m, 1H), 1.32 ï 1.17 (m, 1H), 0.98 ï 0.91 (m, 1H). 13C NMR (151 

MHz, DMSO-d6) ŭ 158.8, 154.9, 137.9, 135.4, 129.5, 128.5, 120.4, 119.8, 114.4, 71.8, 

42.6, 41.8, 40.9, 40.5, 38.5, 36.2, 32.0, 28.0. Observed signals for minor diastereomer: 

128.6, 119.7, 71.7, 42.7, 40.9, 40.6, 37.3, 34.9, 31.1, 28.6. HRMS: (ESI) [M+H]+ calcd 

for C25H28N3O2, 394.2489, observed, 394.2488. 

4-((4-(4-(phenoxymethyl)benzyl)phenyl)carbamoyl)piperazine-1-carboxamide 

hydrochloride (4.29) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. Off-white solid, 11 mg, 97%.1H NMR (600 MHz, CD3OD) ŭ 7.34 (d, J = 7.9 Hz, 
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2H), 7.28 (d, J = 8.5 Hz, 2H), 7.26 ï 7.23 (m, 2H), 7.20 (d, J = 7.9 Hz, 2H), 7.13 (d, J = 

8.4 Hz, 2H), 6.97 ï 6.95 (m, 2H), 6.93 ï 6.89 (m, 1H), 5.02 (s, 2H), 3.93 (s, 2H), 3.79 ï 

3.75 (m, 4H), 3.28 ï 3.25 (m, 4H). 13C NMR (151 MHz, CD3OD) ŭ 160.2, 157.5, 142.6, 

138.4, 138.0, 136.5, 130.4, 130.1, 129.9, 128.8, 122.4, 121.8, 115.9, 70.7, 44.5, 42.4, 

41.9. HRMS: (ESI) [M+H]+ calcd for C25H28N3O2, 402.2176, observed, 402.2193. 

N-(hex-5-en-1-yl)aniline (4.9)  

To an oven-dried round-bottom flask, aniline (1.0 equiv), TEA (2.0 

equiv), and alkyl halide (1.2 equiv) were dissolved in MeCN (0.2 M) 

at rt. A condenser was attached and the reaction mixture was heated to reflux until 

complete consumption of the starting material was observed, monitored by TLC 

(approximately 6 h). Upon completion, the reaction was cooled to rt, diluted with water 

and extracted with ethyl acetate (3x). The organic layers were combined, washed with 

brine (2x), dried with MgSO4, filtered, and concentrated in vacuo to afford a crude 

yellow oil, which was then subjected to flash chromatography (0-10% ethyl 

acetate/hexanes) to afford the purified product. Yellow oil, 180 mg, 64% yield. 1H NMR 

(500 MHz, CDCl3) ŭ 7.22 ï 7.16 (m, 2H), 6.71 (t, J = 7.3 Hz, 1H), 6.64 ï 6.60 (m, 2H), 

5.84 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.05 (dq, J = 17.1, 1.7 Hz, 1H), 4.99 (ddt, J = 10.1, 

2.0, 1.1 Hz, 1H), 3.13 (t, J = 7.1 Hz, 2H), 2.13 (q, J = 7.2 Hz, 2H), 1.69 ï 1.61 (m, 2H), 

1.56 ï 1.49 (m, 2H). 13C NMR (126 MHz, CDCl3) ŭ 148.5, 138.7, 129.4, 117.3, 114.9, 

112.8, 43.9, 33.6, 29.1, 26.5. HRMS: (ESI) [M+H]+ calcd for C12H18N, 176.1434, 

observed, 176.1438. 
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tert -butyl 4-((4-(6-(phenylamino)hexyl)phenyl)carbamoyl)piperazine-1-carboxylate 

(4.21bg)  

Synthesized according to General Procedure 

4.2, yellow solid, 140 mg, 63% yield. 

HRMS: (ESI) [M+H]+ calcd for C12H18N, 

176.1434, observed, 176.1438. 1H NMR (500 MHz, CDCl3) ŭ 7.25 ï 7.22 (m, 2H), 7.19 ï 

7.14 (m, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.67 (tt, J = 7.4, 1.0 Hz, 1H), 6.60 ï 6.57 (m, 2H), 

6.44 ï 6.40 (m, 1H), 3.50 ï 3.43 (m, 8H), 3.08 (t, J = 7.1 Hz, 2H), 2.59 ï 2.52 (m, 2H), 

1.60 (p, J = 7.3 Hz, 4H), 1.48 (s, 9H), 1.44 ï 1.33 (m, 6H). 13C NMR (126 MHz, CDCl3) 

ŭ 155.3, 154.7, 148.6, 137.9, 136.5, 129.3, 128.9, 120.5, 117.2, 112.8, 80.4, 44.0, 35.3, 

31.5, 29.6, 29.1, 28.5, 27.1. HRMS: (ESI) [M+H]+ calcd for C28H41N4O3, 481.3173, 

observed, 481.3166. 

N-(4-(6-(phenylamino)hexyl)phenyl)piperazine-1-carboxamide hydrogen chloride 

(4.22bg)  

Synthesized according to General Procedure 

4.3. Purified via trituration with ethyl acetate 

and diethyl ether. Yellow solid, 55 mg, 91% 

yield. 1H NMR (500 MHz, CD3OD) ŭ 7.60 ï 7.55 (m, 2H), 7.54 ï 7.51 (m, 1H), 7.49 ï 

7.45 (m, 2H), 7.29 ï 7.24 (m, 2H), 7.13 ï 7.08 (m, 2H), 3.80 ï 3.77 (m, 4H), 3.39 ï 3.33 

(m, 2H), 3.29 ï 3.26 (m, 4H), 2.58 (t, J = 7.6 Hz, 2H), 1.78 ï 1.67 (m, 2H), 1.67 ï 1.57 

(m, 2H), 1.49 ï 1.42 (m, 2H), 1.42 ï 1.35 (m, 2H). 13C NMR (126 MHz, CD3OD) ŭ 

157.6, 139.1, 138.1, 137.2, 131.5, 130.6, 129.6, 123.4, 122.4, 68.1, 53.1, 44.5, 42.4, 36.0, 
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32.4, 29.6, 27.2, 27.1. HRMS: (ESI) [M+H]+ calcd for C23H33N4O, 381.2649, observed, 

381.2655. 

N-phenylhex-5-enamide (4.8) 

To a 6-dram vial containing the hex-5-enoic acid (1.0 equiv) was 

added DCM (0.2 M), aniline (1.0 equiv), and DMAP (10 mol%). 

The resulting mixture was cooled to 0 C, followed by the addition of DCC (1.1 equiv). 

The resulting mixture was allowed warm to rt and stir until complete consumption of the 

starting material was observed, monitored by TLC (approximately 6 h). The resulting 

mixture was concentrated in vacuo to afford a yellow solid which was then subjected to 

flash chromatography (0-10% ethyl acetate/hexanes) to afford the pure product. Yellow 

solid, 320 mg, 97% yield. 1H NMR (400 MHz, CDCl3) ŭ 7.51 (d, J = 7.9 Hz, 2H), 7.31 (t, 

J = 7.9 Hz, 2H), 7.24 (br, 1H), 7.10 (t, J = 7.4 Hz, 1H), 5.81 (ddt, J = 16.9, 10.1, 6.7 Hz, 

1H), 5.09 ï 4.98 (m, 2H), 2.36 (t, J = 7.5 Hz, 2H), 2.15 (q, J = 7.1 Hz, 2H), 1.84 (p, J = 

7.4 Hz, 2H). 13C NMR (101 MHz, CDCl3) ŭ 171.3, 138.0, 129.5, 129.1, 124.4, 119.9, 

115.6, 37.0, 33.2, 24.7. HRMS: (ESI) [M+H]+ calcd for C12H16NO, 190.1226, observed, 

190.1228. 

tert -butyl 4-((4-(6-oxo-6-(phenylamino)hexyl)phenyl)carbamoyl)piperazine-1-

carboxylate (4.21bf) 

Synthesized according to General Procedure 

4.2. Purified via column chromatography (20-

40% ethyl acetate/hexanes). White solid, 130 

mg, 38% yield. 1H NMR (600 MHz, CDCl3) ŭ 7.67 (br, 1H), 7.52 (d, J = 7.9 Hz, 2H), 

7.29 (t, J = 7.9 Hz, 2H), 7.18 (d, J = 8.3 Hz, 2H), 7.10 ï 7.04 (m, 3H), 6.56 (br, 1H), 3.46 
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(s, 8H), 2.55 (t, J = 7.4 Hz, 2H), 2.25 (t, J = 7.6 Hz, 2H), 1.67 (p, J = 7.7 Hz, 2H), 1.58 

(p, J = 7.6 Hz, 2H), 1.48 (s, 9H), 1.32 (p, J = 7.8 Hz, 2H). 13C NMR (151 MHz, CDCl3) ŭ 

171.8, 155.5, 154.8, 138.2, 138.0, 136.4, 129.0, 129.0, 124.2, 121.0, 119.9, 80.5, 44.0, 

37.7, 35.1, 31.2, 28.6, 28.5, 25.6. HRMS: (ESI) [M+H]+ calcd for C28H39N4O4, 495.2966, 

observed, 495.2961. 

N-(4-(6-oxo-6-(phenylamino)hexyl)phenyl)piperazine-1-carboxamide hydrogen 

chloride (4.22bf)  

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and 

diethyl ether. White solid, 44 mg, 84% yield. 1H NMR (600 MHz, CD3OD) ŭ 9.77 (s, 

1H), 7.54 ï 7.51 (m, 2H), 7.31 ï 7.27 (m, 2H), 7.26 ï 7.23 (m, 2H), 7.11 (d, J = 8.4 Hz, 

2H), 7.08 (t, J = 7.4 Hz, 1H), 3.80 ï 3.75 (m, 4H), 3.28 ï 3.25 (m, 4H), 2.59 (t, J = 7.6 

Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 1.72 (p, J = 7.6 Hz, 2H), 1.65 (p, J = 7.6 Hz, 2H), 1.41 

(p, J = 7.7 Hz, 2H). 13C NMR (151 MHz, CD3OD) ŭ 174.7, 174.7, 157.6, 140.0, 139.9, 

139.2, 138.0, 129.8, 129.7, 125.1, 122.4, 121.4, 121.3, 44.5, 42.4, 38.0, 37.9, 36.1, 32.5, 

29.8, 26.8. HRMS: (ESI) [M+H]+ calcd for C23H31N4O2, 395.2442, observed, 395.2442. 

1-nitro -4-(nonyloxy)benzene (4.31) 

To an oven-dried round-bottom flask, 4-nitrophenol (1.0 equiv), 

K2CO3 (2.0 equiv), and 1-bromononane (1.2 equiv) were 

dissolved in MeCN (0.2 M) at rt. A condenser was attached and the reaction mixture was 

heated to reflux until complete consumption of the starting material was observed, 

monitored by TLC (approximately 6 h). Upon completion, the reaction was cooled to rt, 

diluted with water and extracted with ethyl acetate (3x). The organic layers were 
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combined, washed with brine (2x), dried with MgSO4, filtered, and concentrated in vacuo 

to afford a crude yellow oil, which was then subjected to flash chromatography (0-10% 

ethyl acetate/hexanes) to afford the purified product. White solid, 461 mg, 97% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 8.21 ï 8.16 (m, 2H), 6.96 ï 6.91 (m, 2H), 4.04 (t, J = 6.5 Hz, 

2H), 1.85 ï 1.77 (m, 2H), 1.49 ï 1.42 (m, 2H), 1.39 ï 1.22 (m, 10H), 0.88 (t, J = 7.0 Hz, 

2H). 13C NMR (151 MHz, CDCl3) ŭ 164.4, 141.4, 126.0, 114.5, 69.0, 32.0, 29.6, 29.44, 

29.40, 29.1, 26.0, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for C15H24NO3, 266.1751, 

observed, 266.1764. 

4-(nonyloxy)aniline (4.32)  

In an oven-dried pressure vial, 1-nitro-4-(nonyloxy)benzene (1.0 

equiv) was dissolved in ethanol (0.2 M) before the addition of 

SnCl2 (5.0 equiv) and HCl (12 M, 10 equiv). Vial was then sealed and heated to reflux 

until consumption of starting material was observed, monitored by TLC (approximately 6 

h). The reaction was then allowed to cool to rt and diluted with 5 M NaOH (aq) until pH 

> 8. The product was then extracted with ethyl acetate (3x). The organic layer was 

collected, washed with brine (2x), dried with MgSO4, filtered, and concentrated in vacuo 

to afford a crude yellow oil, which was then subjected to flash chromatography (0-20% 

ethyl acetate/hexanes) to afford the purified product. White solid, 174 mg, 54% yield. 1H 

NMR (600 MHz, CDCl3) ŭ 6.76 ï 6.73 (m, 2H), 6.65 ï 6.62 (m, 2H), 3.88 (t, J = 6.6 Hz, 

2H), 3.28 (brs, 2H), 1.77 ï 1.71 (m, 2H), 1.46 ï 1.40 (m, 2H), 1.36 ï 1.25 (m, 10H), 0.89 

(t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl3) ŭ 152.4, 139.9, 116.5, 115.7, 68.8, 32.0, 

29.7, 29.52, 29.49, 29.4, 26.2, 22.8, 14.2. HRMS: (ESI) [M+H]+ calcd for C15H26NO, 

236.2009, observed, 236.2016. 
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tert -butyl 4-((4-(nonyloxy)phenyl)carbamoyl)piperazine-1-carboxylate (4.33) 

Triphosgene (0.5 equiv) was dissolved in anhydrous 

DCM (0.1 M) under argon atmosphere, and 4-

(nonyloxy)aniline (1.0 equiv) in DCM (0.3 M) was 

added dropwise. This mixture was stirred for 30 min at rt and then treated with 

triethylamine (2.3 equiv) in DCM (0.6 M). After 30 min, N-Boc-piperazine (1.5 equiv) 

was added. The reaction mixture was stirred for 16 hours at rt, evaporated to dryness, 

treated with water (10 mL) and extracted with DCM (3 × 20 mL). The organic phase was 

dried over anhydrous MgSO4, filtered, and subjected to flash chromatography (20-40% 

ethyl acetate/hexanes) to afford the pure product. White solid, 164 mg, 50% yield. 1H 

NMR (400 MHz, CDCl3) ŭ 7.23 ï 7.19 (m, 2H), 6.84 ï 6.80 (m, 2H), 6.32 (s, 1H), 3.91 

(t, J = 6.6 Hz, 2H), 3.50 ï 3.42 (m, 8H), 1.79 ï 1.70 (m, 2H), 1.50 ï 1.39 (m, 11H), 1.37 

ï 1.24 (m, 10H), 0.90 ï 0.85 (m, 3H). 13C NMR (151 MHz, CDCl3) ŭ 155.8, 155.6, 154.8, 

131.6, 122.7, 114.9, 80.4, 68.4, 44.0, 32.0, 29.7, 29.5, 29.4, 28.5, 26.2, 22.8, 14.3. HRMS: 

(ESI) [M+H]+ calcd for C25H42N3O4, 448.3170, observed, 448.3183. 

N-(4-(nonyloxy)phenyl)piperazine-1-carboxamide hydrochloride (4.34) 

Synthesized according to General Procedure 4.3. 

Purified via trituration with ethyl acetate and diethyl 

ether. White solid, 38 mg, 89% yield. 1H NMR (600 MHz, CD3OD) ŭ 7.25 ï 7.22 (m, 

2H), 6.86 ï 6.83 (m, 2H), 3.93 (t, J = 6.5 Hz, 2H), 3.78 ï 3.76 (m, 4H), 3.28 ï 3.25 (m, 

4H), 1.78 ï 1.71 (m, 2H), 1.49 ï 1.43 (m, 2H), 1.39 ï 1.27 (m, 10H), 0.90 (t, J = 7.1 Hz, 

3H). 13C NMR (151 MHz, CD3OD) ŭ 157.8, 157.3, 133.0, 124.5, 115.6, 69.2, 44.5, 42.4, 
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33.1, 30.7, 30.6, 30.4, 30.4, 27.2, 23.7, 14.5. HRMS: (ESI) [M+H]+ calcd for 

C20H37N3O2, 348.2646, observed, 348.2640. 
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Appendix A. Spectra for Chapter 2. 
1H NMR of 2.4a 

 

 
13C NMR of 2.4a 
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1H NMR of 2.4b 

 

13C NMR of 2.4b 
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1H NMR of 2.4c 

 
13C NMR of 2.4c 
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1H NMR of 2.4d 

 
13C NMR of 2.4d 
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1H NMR of 2.4e 

 

13C NMR of 2.4e 
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1H NMR of 2.4f 

 

13C NMR of 2.4f 

 


