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Misfolded alpha-synuclein has been identified as a potential target to developing 

disease modifying or preventative therapies for Parkinson’s Disease. Proteolytic Targeting 

Chimeras (PROTACs) have been demonstrated as chemical tools and selective degraders for 

protein targets in neurodegenerative diseases. PROTACs have already been demonstrated as 

chemical tools and selective degraders for other neurodegenerative diseases such as targeting 

tau protein for Frontal Temporal Dementia. Taking previously known binders of alpha-

synuclein and proteasomal ligand recruiters a library of PROTACs was synthesized in 

addition to small molecule degraders with a guanosine-derived autophagy tag, or Autophagy 

Targeting Chimera (AUTAC), as an alternative form of degradation. Successful development 

of a selective and potent degrader would allow a better understanding of alpha-synuclein and 

its role in Parkinson’s Disease.  

 

 Hyperphosphorylation of Tau is a hallmark of many neurodegenerative diseases. Tau 

Tubulin Kinase 1 (TTBK1) participates in tau phosphorylation and has been indicated to 

phosphorylate tau at pathologically relevant sites making it a promising drug target. Small 

molecule inhibitors exist that can inhibit TTBK1 with off target effects on TTBK2 which has 

essential functions throughout the nervous system. Utilizing known crystal structures of 

TTBK1 and TTBK2, selective small molecules were synthesized taking advantage of a 

peripheral lysine residue which can covalently react with a flour sulfonyl moiety. Using this 

strategy, separation of TTBK1 and 2 would allow for detailed understanding of their separate 

and overlapping substrates and biological functions. 
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CHAPTER 1: Targeted Protein Degradation 
 
 

1.  Intro to Targeted Protein Degradation 
 

Of all drugs currently in the market today about 47% function by inhibiting protein 

targets to achieve therapeutic effects.1 This effect is achieved when the drug binds to the 

protein’s active site or in a way that impacts activity at this active site, resulting in inhibition of 

that protein’s activity. This mechanism of inhibition is called occupancy driven pharmacology 

and through the use of small molecules, new treatment options for disorders have been 

developed resulting in large quantities of Small Molecule Inhibitors (SMIs) as therapeutic 

options.2,3 Unfortunately, these occupancy approaches only can access about 20% of the 

proteome.4 Despite continuous medicinal chemistry development for potent and selective SMIs, 

there remains a number of “unreachable” protein targets with high biomedical relevance. 

Biologic modalities such as monoclonal antibodies and oligonucleotide therapies can provide 

opportunities to address such targets, but these have limitations such as selectivity, intracellular 

 
Figure 1 Occupancy Vs Event Driven Pharmacology 
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targeting, tissue penetration, and systemic delivery.5,6  In the past two decades, emerging 

therapeutic modalities utilizing small-molecule ligands have been used to redirect cellular 

protein homeostasis machinery as an alternative development. This novel technique called 

Targeted Protein Degradation (TPD) has introduced event-driven pharmacology which has 

proved a powerful tool to overcome these limitations. This method exemplifies superiority over 

SMIs and other modalities, by eliminating the entire target to delete its scaffolding functions and 

having the potential to impact non-enzymatic targets. TPD compounds also present a new 

chemical tool for rapid targeted protein knock-down. (Figure 1)  Previously this was possible 

using gene modification techniques such as CRISPR, RNA interference, or transcription 

activator-like effector nucleases; however, these approaches have limitations such as not being 

able to affect rapid protein removal, extending for long durations to achieve desired effect, and 

also have the potential for complications such as introduction of undesired mutations and cell 

mortality.7 For these reasons TPD small molecules has much promise to advance medicine and 

chemical biology, demanding further research on expansion potential targets for therapeutics and 

protein knockdown studies.  

An important characteristic of these TPD small molecule degraders is the recruitment of 

endogenous cellular enzymes to degrade protein targets. Protein degradation in cells is a well-

regulated process for the turnover of proteins, functioning as a mechanism of quality control 

during protein folding and ability to degrade proteins based on changes in cellular signals6. The 

Ubiquitin Proteasome System (UPS) is responsible for degrading 80-90% of proteins8 in cells 

through two successive steps: covalent attachment of multiple ubiquitin molecules to target 

protein and degradation of the tagged protein largely by the 26S proteasome. In the first step a 

ubiquitin is activated by the ubiquitin activating enzyme (E1), a ubiquitin-carrier protein (E2-
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ligase) then transfers it to a member of the ubiquitin-protein ligase family (E3-ligase) to which 

the substrate protein is bound, whereby the ubiquitin then becomes attached to the protein of 

interest on a lysine or N terminal residue of the substrate.9 This process is repeated to form a 

polyubiquitinated chain, this which is then recognized and degraded by nearby proteasomes.  

Normally in cells protein degradation takes place based on cell signaling to employ these 

individual enzymes. However, TPD small molecules can directly recruit the E3-ligases to target 

proteins. This substrate binding is not required to be an active site of a protein but rather can take 

place on any site of the protein, significantly increasing the number of possible protein targets. 

Once binding to both substrates has occurred, a ternary complex is formed, and proximity-based 

interactions ensue which results in the target protein being ubiquitinated. The ternary complex 

dissociates and the TPD small molecule can then recruit another target protein.   

Currently these TPD small molecules are divided as either bifunctional molecules or 

molecular glues, however they both functionally bring the protein and E3-ligase within 

proximity of one another. The main difference is that bifunctional molecules are chimeras 

consisting of two recruiting moieties connected with a linker where molecular glues bind to an 

E3-ligase substrate adaptor protein, altering its surface and thereby promoting new interactions 

with non-endogenous substrates. (Figure 2). Bifunctional molecules are further categorized by 

mechanism of degradation such as Proteolytic Targeting Chimeras (PROTACs) which utilize the 

UPS system for degradation, and Autophagy Targeting Chimera (AUTACs)10 which utilizes the 

lysosomal dependent mechanism for degradation.11,12,13 
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the substrate protein is bound, whereby the ubiquitin then becomes attached to the protein  

 
TPD small molecules function catalytically on the target of interest (TOI) and are recycled 

propagating protein degradation. 

Figure 2 Event Driven Mechanism of Molecular Glues and PROTACs. 
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2.  Development of Targeted Protein Degradation 
 

 In the late 1900’s, potent immunosuppressant natural products rapamycin, and FK506 

were shown to modulate T cell activation14 but there was no obvious connection between their 

structure and function. This was especially of interest since Cyclosporin A, a substrate of the 

immunosuppressant cyclophilin15 was significantly less potent than FK506 despite not showing 

potent binding to the cyclophilins. Extensive studies by Jun Liu et al. elucidated that unlike 

Cyclosporin A, FK506 formed a complex with FKBP12, yet both bound to the protein 

phosphatase calcineurin to express immunosuppressant activity. While they both had different 

substrates upon which they dimerized it was fascinating to find that these compounds were able 

to bring two proteins together. It was this discovery in 1991 that prompted the term molecular 

glue and gave inspiration for what is now the drug space of Targeted Protein degradation.16 

 In 2001, Deshaies lab developed bifunctional peptides that recruited the SCFβ-TRCP E3-

ligase to induce the degradation of methionine aminopeptidase-2, exhibiting the first use of a 

PROTAC in literature to degrade a target of interest.17 This first report was then followed by 

development of a hormone linked to a phospho-peptide PROTAC that when microinjected into a 

cell could induced degradation of androgen and estrogen receptors expanding the target scope.18 

This was further developed by Sakamoto et al in 2004, by using a 9 amino acid peptide fragment 

as the target bait, they developed molecules that could penetrate the cell membrane, and degrade 

the androgen targets.19 Kim, et al built on this in 2007 by using a 5 amino acid length peptide.20 

While these results are groundbreaking for chemical biology and medicine, many issues 
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persisted still such as the micromolar potency and the use of peptide E3-ligase recruiters which 

lead to poor cell permeability and compound stability.  

 This issue was remedied by the significant advancement of small molecule based VHL 

recruiting ligands which lead to the first all small molecule PROTAC developed by Craig Crews 

in 2008 21 showing that developing cell permeable PROTACS are feasible. Efforts to develop 

more potent degraders were further developed with the identification of the E3-ligase substrate 

adaptor protein cereblon as the molecular target of small molecule IMiDs such as thalidomide, 

lenolidomide, and pomalidomide.22,23 The access to all small molecule based PROTACs with 

more drug like traits made it possible to then generate highly potent, cell permeable PROTACs 

leading to the development of these chemical tools being able to induce degradation with a sub-

nano molar DC50 (concentration at which the target is degraded by 50%).24  

 Today more potent molecular glues and bifunctional molecules are being developed with 

a focus on finding new degrader ligands and expanding the range of protein targets. One target 

class that has been challenging to address with traditional methods are the misfolded proteins 

that occur in neurodegenerative disease. These disorders are characterized by toxic larger order 

structure composed of misfolded, mis localized, and oligomerized monomers that lack a well-

defined active site or fold making them difficult to bind selectively over healthy monomers. In 

2019 joint efforts to target these arduous proteins developed one of the first small molecule 

PROTACs for hyper phosphorylated tau protein in Frontal Temporal Dementia. Their PROTAC, 

QC-01-175, effectively cleared out tau in patient derived neuronal cell models with minimal 

impact on tau from healthy neurons indicating specificity for disease relevant forms. This work 

demonstrated that PROTACs have the potential to be used for other neurodegenerative diseases 

classified by similar toxic misfolded proteins. Taking inspiration from this study, this work 
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described seeks to extend the PROTAC space, and develop potent, selective targeted protein 

degraders of misfolded alpha-synuclein, α-Syn, protein in Parkinsons disease.  
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CHAPTER 2: Alpha-Synuclein in Parkinson’s Disease 
 

1. Introduction 
 

Parkinson’s disease is projected as one of the world’s fastest growing neurodegenerative 

disorders in 2017 having a total economic burden of $51.9 billion with estimates of this 

increasing to $79 billion by 2037.25 Today there exist treatments only for mild to moderate 

Parkinson progression with most options only controlling cognitive and behavioral symptoms or 

reducing impact with dopamine analog drugs. In addition, the exact source and mechanism of PD 

remains unknown.26 As a result, there is a critical need for further research into the disease with 

the hopes of developing disease modifying and potentially preventative therapeutics. The protein 

alpha-synuclein, α-Syn, has been a major area of study to understand the pathology of PD. A 

characteristic phenotype seen in patient’s brain tissues with this disorder is the accumulation of 

α-Syn found in a variety of forms as soluble oligomers and as insoluble fibrils found in Lewy 

Bodies.27 (Figure 3)  

Figure 3  Characteristic formation of Lewy Bodies in Parkinson’s Disease 
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In addition, neuropathological evidence has suggested the presence of aberrant protein as 

a potential genesis and/or factor which facilitates the propagation of late-stage Parkinson’s 

disease.28 Healthy α-Syn has been shown to be essential in synaptic neurotransmission and 

neurotransmitter synthesis as well as in the regulation of genes, calcium levels, and 

mitochondrial function.29 Given these findings, it becomes crucial to understand the role of 

misfolded α-Syn as it accumulates and spreads within the nervous system. Key efforts in 

understanding its role in PD focus on knocking out mutated SNCA genes, while keeping wild 

type forms intact. In 2015 research conducted by Burton, et al.30 showed that shRNA mediated 

reduction of α-Syn by up to 85% in nigral dopaminergic neurons and dendrites attenuated PD 

phenotypes, however this treatment also showed various depletions of cell function viability in 

addition to a 20% decrease in dopamine levels. This result was consistent with previous studies 

as well.31,32 The mechanisms underlying these changes are unclear, but potentially reflect an 

impact on dopamine synthesis, reuptake, or storage occurring in the absence of α-Syn, as part of 

a wider picture of alterations in neurotransmitter handling at dopaminergic terminals. Other 

small biologics such as exosome bearing a Lamp2b-RVG (rabies virus glycoprotein) have been 

explored all with varying degrees of success as well but encounter issues with uses as chemical 

knockdown tools such as clearance of all healthy alpha-synuclein protein. Utilizing event driven 

pharmacology in PROTACs have the potential to ameliorate these shortcomings.  

PROTACs have been developed for other neurodegenerative disease targets such as 

misfolded tau protein in Frontotemporal Dementia.33,34 Using this as motivation, the following 

study focuses on extending this previous work, to develop PROTACs that target aberrant α-Syn 

for PD. We hypothesize that using small molecule bifunctional degraders will provide a robust 
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and selective method for misfolded α-Syn clearance in cells. To achieve this, a library of 

bifunctional α-Syn degrader compounds will be produced utilizing known E3-ligase ligands and 

the established PET tracer Pittsburgh Compound B as the α-Syn recruiter. The linker length and 

composition will be varied. (Figure 4)  In the case that proteasomal degradation does not 

optimally degrade α-Syn, an alternative library will be synthesized to redirect α-Syn to the 

autophagy-lysosome pathway (Autophagy Targeting Chimera, AUTAC)10, which is reported to 

be the endogenous clearance pathway for intracellular aggregates.35 Cellular assays will be 

performed to test E3-ligase cellular target engagement, cell viability, and degradation activity of 

these small molecules. Afterward if these compounds show promising results, dose response 

experiments and phenotypic assays will be completed in Parkinson’s patient iPSC-derived 

dopaminergic neurons. (Figure 5) Through the completion of these experiments, we will attempt 

to identify potent α-Syn small molecule degraders that can be used to investigate its function in 

disease and perform target validation. 

 

 

 
Proteasome recruiters: Thalidomide variant (left) and Von Hippel Lindau Ligand (right) 

Figure 4 Scaffolds and linker combinations 



11 
 

 

  

 Figure 5 Compound testing workflow. 



12 
 

2. Synthesis  

Figure 6 PROTAC, AUTAC, and biotin pulldown compounds synthesized. 
 

 A family of small molecules PROTACs was synthesized inspired by the earlier 

PROTACs in the literature. (Figure 6) This family of compounds consists of structural changes 

solely with the linker as this would affect ternary complex formation. Linker starting materials 

were tosylated at the free alcohols. Linker attachment point to the α-Syn ligand was done using a 

substitution of a tosylate with a phenol. The adjacent side of the linker was a tert-butyl protected 

acid which was cleaved using Trifluoroacetic acid and subsequently reacted with the free amine 

of the VH032, VHL ligand, in a HATU coupling to give the final compounds. Various linker 

lengths were used based on availability and cost. The synthesis of a three-carbon linker 

PROTAC was attempted but could not be completed due to the rapid reversion of tosylated 

linker to the free alcohol form. All final compounds were purified on the HPLC without .1% 
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Trifluoroacetic acid due to observation of α-Syn ligand decomposing with long exposure in acid 

even when stored in the salt form. Unclear why cleavage of tert-butyl protecting groups did not 

show decomposition of the α-Syn ligand, however it was verified that decomposition requires 

several hours before detectable percentages of compound loss occurs. As the deprotection steps 

took a couple minutes to reach completion and immediately taken to final step after removing 

solvent in vacuum, the decomposition was not observed until storing in freezer and removed. 

Future deprotections were changed to hydrochloric acid in dioxane and then in methanol due to 

better solubility. No decomposition was observed with α-Syn ligand under any amount of time 

under these conditions.   

A second generation of TPD small molecules AUTACs were synthesized focusing on 

using a guanine tag to recruit the autophagy system of degradation as an alternative to 

proteasomal degradation. (Figure 7) The synthetic method mirrors that of the PROTAC library, 

rather utilizing linkers with boc-protected amines. This family of compounds consists of 

structural changes solely with the linker as this would impact ternary complex formation. 

Various linker lengths were used based on availability and cost. Upon addition of α-Syn ligand 

and sequential cleavage of protecting group, the free carboxylic acid of the guanine tag was 

attached using EDCi coupling conditions. The conversion of product in the EDCi coupling with 

LCMS and TLC analysis showed good conversion of starting materials however purification was 

difficult via HPLC due to compound sticking to C18 column.  Due to limited starting materials 

Figure 7 Left PIB, α-Syn binding ligand. Right VHL, VH032 ligand control. 
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different methods of purification were not attempted since product was being isolated and future 

work should focus on this when more generations of AUTAC compound are generated. Lastly a 

biotin variant was synthesized using the same synthetic scheme as the AUTAC series for 

measuring predicted physical interactions between α-Syn ligand and fibrils.  

 Compound 5 was produced in an efficient three step scheme using Suzuki coupling 

conditions followed by reductive amination, and then demethylation using boron tribromide. 

Compound 66 was produced from a HATU coupling reaction of VH032 with acetic acid. All 

final PROTACs, AUTACs, ligands, and control compounds were dissolved in deuterated DMSO 

as a 10mM stock solution and stored in a -20Co freezer. 

3. Cell Viability  
 
 

 
 

Figure 8 Cell Titer Glow Viability Assay collected in triplicate. 

  Cell viability experiment performed to determine toxicity of compounds. This was 

achieved using a cell titer glow kit. Cells were plated and exposed to varying concentrations of 

compound. Oxyluciferin was then mixed with plated cells and allowed to react with ATP 

produced by mitochondria in living cells which produced a luminescence. This was measured 

 

Cell Death at 100 µM: 

22.7% 

Cell Death at 100 µM: 

45.1% 

Cell Death at 100 µM: 

9.51% 

Cell Death at 100 µM: 

12.3% 

Cell Death at 100 µM: 

83.9% 

Cell Death at 100 µM: 

99.3% 

Cell Death at 100 µM: 

1.98% 

%DMSO defines percentage of cell viability compared to DMSO control as a function of 
concentration.  

 



15 
 

and compared with a control to determine cell viability. This result will be used to help optimize 

conditions for degradation assays. Compounds SAB-01-111 had an IC50= 33.9 µM and 99.3% 

cell death at 100 µM. Compounds SAB-02-008 had an IC50= 8.7 µM and 83.9% cell death at 

100 µM. These two compounds both had significant increases in potency while the remainder 

showed minimal cytotoxicity. (Figure 8) It’s unclear why both compounds show increased 

mortality in cells, but both compounds are comprised of PEG-4 linkers suggesting that increased 

linker length may adversely affect cell viability. Typical dosing of PROTACs range from micro 

molar, 10-6, to nano molar, 10-9 and these values indicate that at these standard values there 

should not be cell death observed.  

 
4. E3 Ligase Target Engagement  

 

Figure 9 Dual luciferase dTAG competition assay collected in triplicate.  
%DMSO defines percentage of fluorescence compared to DMSO control as a function of 

concentration. 
 
 This experiment measures cellular target engagement of targeted protein degraders using 

a dual luciferase competition assay. Higher NLuc:Fluc ratios or % DMSO indicates more Target 

Engagement. The control compound SAB-02-034 shows lower target engagement than desired 

compared to tested variable compounds. Compounds from SAB-01-161, SAB-02-003, and SAB-
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01-111 seem to penetrate and engage VHL at the highest concentration. (Figure 9) These 

engaged compounds all have polyethylene glycol linkers suggesting that this may help with 

permeation of cell membrane unlike SAB-01-162 and SAB-01-170 which have aliphatic linkers. 

However, no, or little target engagement has been seen for compounds that are able to penetrate 

the cells and engage E3 Ligase.  

 
5. Western Blots  

 

 
Figure 10 Alpha Synuclein degradation visualized with western blots of HEK 293 cells. 

Cells treated with preformed alpha-synuclein fibrils. Ladder values measured in kDa. 
 

The results of this experiment test a range of optimum protein degradation conditions. 

Plated cells are exposed to compound for varying amount of time and differing concentrations. 

The cells are then lysed, and protein concentrations quantified with western blots. This data 

shows an example of what the results will look like for all compound synthesized. The blots 

shown above for SAB-01-161 does not show significant degradation of alpha-synuclein protein. 

(Figure 10) This is evidence that this compound is likely not going to be promising for studies in 

differentiated neurons.  

 
6. Conclusion 

 
 Preliminary batches of compounds have been synthesized with ongoing analysis 

continuing. From results obtained, exclusively PEG4 containing compounds SAB-01-111 and 
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SAB-02-008 are toxic to cells at higher concentrations. This is important for determining dose 

concentrations to be used for degradation experiments. In the case that these compounds do 

exhibit activity this observation must be further investigated to understand this toxicity or the 

PROTAC’s optimized to reduce toxicity while keeping potency. The E3 ligase target 

engagement experiments show that PROTAC’s with PEG linkers are the most cell permeable 

regardless of length. While promising data for positive target engagement it must be noted that 

compounds that perform poorly in this experiment can be potent degraders. This could be a result 

of the catalytic, event driven pharmacology activity of PROTACs where even small amounts of 

target engagement can be enough for potent target degradation. The relationship between linker 

length and composition is not clear given these results. Data from the dose response experiments 

are ongoing. Future directions of this study from a synthesis perspective would be to focus on 

making other small molecules using other known α-synuclein ligands with different combination 

of linkers and degraders. Current options of alternative degraders are not as expansive, but much 

research is being done to elucidate these other mechanisms. Collaborations with computational 

labs can also be useful to model the ternary complex formation with variations of the linker, 

binder, or degrader. This could be used to predict compounds that would have favorable ternary 

complex functions for better target protein degradation. It is very likely that these compounds 

produced will not end up being potent compounds which is why it is important to follow up on 

these alternative options.  
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CHAPTER 3: Tau Tubulin Kinase 
 

1. Introduction  
 

Hyperphosphorylation of Tau protein is hallmark of many neurodegenerative diseases. 

Tau Tubulin Kinases (TTBKs) are kinases involved in tau phosphorylation and have been 

indicated to phosphorylate tau at pathologically relevant sites making them promising drug 

targets. TTBK’s are a serine/threonine and tyrosine kinase closely related to the large family of 

casein kinase 1 proteins. There are two isoforms of TTBK: Tau Tubulin Kinase 1 (TTBK1) first 

described in 2006 as a protein playing a role in tau phosphorylation at Alzheimer’s Disease 

related sites in addition with tau aggregation36, and Tau Tubulin Kinase 2 (TTBK2) presented in 

1995 as a novel tau-tubulin kinase purified from bovine brain37. TTBK1 is a central nervous 

system kinase while TTBK2 is ubiquitously expressed that in addition to phosphorylating tau has 

cellular processes such as mitosis38, ciliogenesis39, microtubule dynamics40, and neurotransmitter 

trafficking.41  

Mutation in both isoforms have been shown to result in different pathological outcomes. 

TTBK2 variants cause a rare neurological disorder called spinocerebellar ataxia type 11 

(SCA11), characterized by cerebellar atrophy, loss of Purkinje cells and abnormal tau deposition 

in the brain stem and cerebral cortex. Furthermore Bouskila et al has shown that in TTBK2 

homozygous modified mice, very serious brain developmental deficiencies and indistinct brain 

subdivision occur showing the importance of TTBK2 and its deleterious effect when inhibited.42 

Both TTBK1 and TTBK2 have been implicated in amyotrophic lateral sclerosis and frontal 

temporal dementia, where they phosphorylate Ser409 and Ser410 known to be key 

characteristics of toxic TAR DNA binding aggregation.43 Phosphorylation of Ser208, Ser210, 

Ser198, Ser199, Ser202, and Ser422 by TTBKs are linked to phenotypes observed in 
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Alzheimer’s Disease with TTBK1 found to be upregulated in the frontal cortex of patients with 

the devastating disease.44 

 
2. Tau Tubulin Kinase Selectivity 

 

The two isoforms of TTBK are encoded from different genes, have different tissue 

localizations, yet have 87% of a homology, and their active sites have a 96% similarity with the 

same lysine and aspartic acid catalytic residues in their kinase domain.36 The similarity between 

TTBK1 and TTBK2 makes it difficult to create a selective inhibitor. Previous work has 

identified inhibitors that are able to bind to both TTBKs which prevents the isolated study of 

each protein in the brain. This is especially important for TTBK1 which has a more critical role 

in phosphorylation for Alzheimer’s Disease. As such there is need to investigate alternative ways 

of targeting TTBK1 selectively over TTBK2 to understand its physiological role in pathology.       

 

                                            

 

Figure 11 DTQ (R1) and variations (R2, R3, R4, R5,) for targeted TTBK1 inhibition. 
Para methyl sulfonyl moiety (R6) acts as a reversible control in kinase activity experiments. 
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Molecular docking simulations from 

collaborators at the University of Chicago have 

shown that the previous small molecule inhibitor, 

3-((6,7-dimethoxyquinazolin-4-yl)amino)phenol 

(DTQ), has the potential to be modified with a 

fluoro-sulfonyl moiety. (Figure 11) Attaching this 

functional group on the “down” methoxy with 

variations of its position can take advantage of a 

free lysine residue next to the ATP binding site in 

TTBK1 that does not exist in TTBK2. The 

nucleophilic amine on the lysine would covalently 

interact with the fluoro-sulfonyl group whereas the arginine in TTBK2 would not. (Figure 12) 

This covalent binding strategy would selectively cause the small molecule to bind in this ATP 

pocket and remain bound due to fluorine substitution cause by the inherent structure of TTBK1. 

We hypothesize that the small molecule inhibitors would show a preference for TTBK1 over 

TTBK2 allowing it to be studied in isolation of TTBK2 inhibition. To achieve this a set of 

compounds based on DTQ will be synthesized: DTQ fluoro-sulfonyl modified compounds with 

the fluoro-sulfonyl in the para and meta position, a methyl substituted sulfonyl group located on 

the para position to act as a control, and the original DTQ control compound. The structure 

activity relationships from this study will not only prove beneficial for future drug development, 

but it will also allow us to learn more about the cellular consequences of inhibiting TTBK1 

kinase activity. 

 
  

Figure 12 PDB structure 4BTK of TTBK1 
with free lysine residue. 
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3. Results  
 

 

Figure 13 Compounds synthesized for TTBK1 selectivity. 

 

Small molecules were synthesized based on the Parental Inhibitor DTQ. (Figure 13) This 

family of compounds consists of structural changes at the bottom methoxy group with additions 

of sulfonyl-benzenes at different positions with either a fluorine or methyl at the sulfonyl group. 

3-nitrophenol starting material was protected at the alcohol with a tetrahydropyran ether with 

catalytic 4-methylbenzene sulfonic acid. The nitro group subsequently reduced with palladium 

on carbon to give an aniline. This aniline was suitable for an electrophilic aromatic substation by 

refluxing isopropanol with dimethoxy quinazoline to yield compound 65, DTQ parental 

inhibitor, after TFA deprotection of tetrahydropyran.  

For the remainder of the compounds a similar approach was taken and the aniline starting 

material was then reacted with 7-(benzyloxy)-4-chloro-6-methoxyquinazoline and the benzyl 

ether cleaved with a palladium on carbon reduction to give the free phenol. The following 

reaction required the use of a benzo-haloalkane to be reacted with the phenol. However, upon 

completion the reaction it was found that the benzo-haloalkane had preferred electrophilicity for 

the secondary amine over the alcohol. (Figure 14a) As such it was determined that the amine 
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Figure 14 Adjustment to TTBK1 compound scheme. 
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must be protected. However, developing conditions was not successful to protect the amine 

while attached to the quinazoline ring. It was determined that the addition of a tert-butyl 

carbamate protecting group could be attached after generation of the free aniline from the nitro 

group but subsequent coupling to the quinazoline ring gave at most 10% yield. The most 

efficacious method was found to be a sodium hydride catalyzed coupling of the carbamide. 

Given the need to produce only milligrams of product, this was deemed sufficient for the 

scheme. The product of this sodium hydride coupling was then reduced at the benzyl ether with 

palladium on carbon to produce the free phenol. Benzo halo-alkane substitutions were effective 

without the competing amine and allowed easy TFA deprotection of tert-butyl carbamate and 

tetrahydropyran to final compounds 63, 61, and 59. (Figure 14b) All final compounds were 

purified on the HPLC and dissolved in deuterated DMSO as 10mM stock solutions. Final 

compounds subsequently stored in -20C for assay use.  
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4. Conclusion 
 

The compounds synthesized were sent to be tested and results for their kinase specificity 

is ongoing. While these compounds were able to be synthesized, more work needs to be done to 

increase yield of the carbamide coupling. For the purposes of this study the results were 

sufficient but for producing more analogs, it is necessary to develop a better scheme. This 

coupling was repeated multiple times to achieve desired amounts of products which prolonged 

the results. It could be offered to upscale this step as the 10% yield was seen regardless of how 

much material was used, and all starting materials were able to be obtained in good yield. While 

requiring increased costs for more starting material is undesirable, the largest consideration is 

time spent needing to repeat the reaction. All other steps of the scheme were efficacious and as 

such it may not be necessary to amend this one step. More work can be done producing 

alternative analogs of the DTQ structure. For example, further changing the position of flour 

sulfonyl substitution, attaching the benzene moiety to the “up” methoxy, and including differing 

lengths from the parent quinazoline ring. There are other structures capable of binding to TTBKs 

and inhibiting their function as well which further provides more scaffolds to use if the 

compounds from this study prove ineffective.  
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EXPERIMENTAL 
 

Experimental Procedures 
 

Chapter 2 
 
Chemical Compound Information 

All chemicals, unless otherwise stated, were commercially available and used without 

further purification. 2-(4-(methylamino)phenyl)benzo[d]thiazol-6-ol45, (2S,4R)-1-((S)-2-amino-

3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-

carboxamide 46 were synthesized as previously described. All reactions were carried out in 

anhydrous conditions and commercially available anhydrous solvents were used. Analytical 

LCMS was performed using MilliQ water with .1% formic acid and acetonitrile using a packed 

column (Acquity UPLC BEH C18, 2.1mm x 50mm, 1.7 um). TLC was carried out on pre-coated 

silica plates 60F254 (Merck) with visualization via UV light (UV 254 nm). In 1H NMR data, 

chemical shifts are quoted in ppm and referenced to the residual solvent signals (DMSO-d6, d = 

2.50; Methanol-d4, qu = 3.31; Chloroform-d, s = 7.26), and signal splitting patterns are described 

as singlet (s), doublet (d), triplet (t), quartet (q), quintet (qu), multiplet (m), and broad (br). 

Coupling constants (JH-H) are measured in Hz. Preparative HPLC was performed on a 

WATERS HPLC system using methanol and water with a Packed Column (XBridge Prep C18, 

19 mm x 100 mm; 5 um OBD).  Purities of assayed compounds were in all cases greater than 

95%, as determined by reverse-phase HPLC analysis. 
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Synthesis of Compound 5 (SAB-01-100) 

 
(1)� (3)  

4-(6-methoxybenzo[d]thiazol-2-yl)aniline 

2-Bromo6-methoxybenzothiazole 1 (1 eq, 500 mg, 2.05 mmol) and 4-aminophenyl boronic acid, 
HCl 2 (1.1 eq, 391 mg, 2.25 mmol) were dissolved in 10 mL of DMF in the presence of 6.14 mL 
of 2 M K2CO3 (6.0 eq, 12.3 mmol). After 20 minutes under nitrogen bubbling, Pd(dppf)Cl2, 
CH2Cl2 (.05 eq, 74.5 mg, 102 umol) was introduced, and the reaction was performed at 80 C for 
3 h monitoring by LCMS and TLC. Once cooled down the reaction mixture was mixed with 100 
mls of saturated sodium bicarbonate and extracted out with 3x 50ml washes of ethyl acetate. The 
organic layers were then combined and washed with 50mls of saturated sodium bicarbonate. This 
organic layer was then dried and prepped for flash column chromatography (20-60% ethyl 
acetate in hexane) to give 3 (331mgs, 2.05mmol, 63% yield) 1H NMR (500 MHz, DMSO-D6) δ 
7.78 (dd, J = 8.8, 3.1 Hz, 1H), 7.73 – 7.66 (m, 2H), 7.60 (t, J = 2.4 Hz, 1H), 7.08 – 7.01 (m, 1H), 
6.68 – 6.61 (m, 3H), 5.84 – 5.80 (m, 3H), 3.82 (d, J = 2.8 Hz, 3H). MS (ESI) m/z 255.32 [M+H] 

 

(3)� (4)  

4-(6-methoxybenzo[d]thiazol-2-yl)-N-methylaniline 

3 (1 eq, 200 mgs, 780 umol), sodium methoxide (6 eq, 253 mgs, 4.68 mmol), paraformaldehyde 
(6 eq, 380 mgs, 4.68 mmol), and sodium methoxide (6 eq, 253 mgs, 4.68 mmol) were dissolved 
in 5 ml anhydrous methanol and refluxed for 12 hours. Afterward the reaction was cooled down 
to room temperature and placed in an ice bath. Sodium borohydride (6 eq, 177 mgs, 4.68 mmol) 
was then added portion wise and the reaction stirred for 10 minutes before heating back to reflux 
for another 2 hours. Reaction was monitored with LCMS and TLC for consumption of starting 
material before methanol was removed in vacuo. The crude mixture was then mixed with 70mls 
of brine and extracted out with 3x 20mls washes of dichloromethane. This organic layer was 
dried down and purified with flash column chromatography (10-50% ethyl acetate in hexane) to 
give 4 as a yellow powder. (68 mgs, 249 umol, 32% yield) Starting material was able to be 
recovered for subsequent reactions. 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.72 (m, 3H), 7.60 (t, J 
= 2.6 Hz, 1H), 7.05 (dd, J = 8.9, 2.6 Hz, 1H), 6.66 – 6.60 (m, 2H), 6.40 (q, J = 4.9 Hz, 1H), 3.82 
(s, 3H), 2.74 (d, J = 4.9 Hz, 3H), 1.37 (s, 1H). MS (ESI) m/z 270.35 [M+H] 
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(4)� (5) 

2-(4-(methylamino)phenyl)benzo[d]thiazol-6-ol 

4 (1 eq, 98 mgs, 360 mmol) was mixed with 4 mls dichloroethane and cooled down to 0C°. 
Bromine-tribromide (4 eq, 230 mgs, 91mmol) was then added and the reaction allowed to stir to 
room temperature. Then the mixture was heated to 80C° for 3 hours and monitored for product 
formation using LCMS and TLC. This reaction mixture was then cooled down and quenched 
using saturated sodium bicarbonate until pH was at 7. This aqueous mixture was then washed 
with 3x 30 ml of ethyl acetate or until aqueous layer began to lose its yellow color. The organic 
layer was then dried to give 5 (75 mgs, 290 mmol, 81% yield) as a yellow powder. 1H NMR (500 
MHz, DMSO-D6) δ 9.71 (s, 1H), 7.76 – 7.67 (m, 2H), 7.31 (d, J = 2.4 Hz, 1H), 6.90 (dd, J = 8.7, 
2.4 Hz, 1H), 6.62 (dd, J = 9.2, 2.3 Hz, 2H), 6.36 (q, J = 4.8 Hz, 1H), 2.74 (d, J = 5.0 Hz, 3H). MS 
(ESI) m/z 256.32 [M+H]  

 
Synthesis of Compound 10 (SAB-01-161) 

 

(6)� (7)  

tert-butyl 3-(2-(tosyloxy)ethoxy)propanoate 

Tert-butyl 3-(2-hydroxyethoxy)propanoate 6 (1 eq, 50mgs, .26 mmol), triethylamine (4 eq, 
0.15ml, 1.1 mmol), and catalytic DMAP (.001 eq, 32 ug, 0.26 umol) were mixed with 1 ml of 
dichloromethane under anhydrous conditions. The solution was cooled to 0°C in an ice bath and 
then 4-methylbenzenesulfonyl chloride (1.5 eq, 1.570 mgs, .37 mmol) was added dropwise. The 
reaction was removed from ice bath and left to mix overnight (12 hours). This was monitored by 
LCMS and TLC until reached completion. Crude reaction was mixed with 10mls of 
dichloromethane and washed with 3x 10mls of DI water. Organic layer was concentrated down 
and purified by flash column chromatography (0-30% ethyl acetate in hexane) to give 7 was a 
colorless oil. (54mgs, .16 mmol, 60% yield) 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 8.0 Hz, 
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2H), 7.33 (d, J = 8.0 Hz, 2H), 4.12 (t, J = 4.9 Hz, 2H), 3.62 (q, J = 4.1 Hz, 4H), 2.43 (s, 3H), 2.40 
(t, J = 6.4 Hz, 2H), 1.42 (s, 9H). MS (ESI) m/z 344.42 [M+Na]  

 

(7)� (8) 

tert-butyl 3-(2-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)ethoxy)propanoate 

5 (1 eq, 20 mgs, 0.078mmol) was mixed with potassium carbonate (2 eq, 22mgs, 0.16 mmol) and 
1 ml DMF 80C° for 10 minutes. Afterward 7 (1 eq, 20 mgs, 0.078 mmol) was added to this 
mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 3x 
10mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (0-50% ethyl 
acetate in hexane) to give 8 as a yellow wax. (26 mgs, .061 mmol, 78% yield). 1H NMR (500 
MHz, CDCl3) δ 7.77 – 7.70 (m, 3H), 7.40 (d, J = 2.5 Hz, 1H), 7.05 (dd, J =8.9, 2.5 Hz, 1H), 6.65 
– 6.59 (m, 2H), 4.16 (s, 2H), 3.81 (dd, J = 16.8, 10.4 Hz, 4H), 2.90 (s, 3H), 2.54 (t, J = 6.5 Hz, 
2H), 1.44 (s, 9H). MS m/z 428.55 [M+H] 

 

(8)� (10)  

(2S,4R)-1-((S)-3,3-dimethyl-2-(3-(2-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)ethoxy)propanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide 

8 (26 mgs, 0.061 mmol) was mixed with 1 ml dichloromethane and 1 ml trifluoroacetic acid. 
After 5 minutes product conversion was observed on TLC and confirmed on the LCMS. 
Reaction mixture was concentrated down and dried further on the high vacuum to give 9 as a 
thick yellow oil. This dried mixture was then taken directly to the next step. MS (ESI) m/z 
372.44 [M+H]                         
(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide, Trifluoroacetic acid, (1 eq, 14 mgs, .025 mmol) was 
mixed with HATU (1.2 eq, 11 mgs, 0.030 mmol), DIPEA (4 eq, 17 ul, 0.099 mmol) in 1 ml of 
DMF for 15 minutes. Afterward 9 (1 eq, 12 mgs, 0.025 mmol) was added and reaction monitored 
by LCMS and TLC before full conversion was observed in 30 minutes. Reaction was then 
filtered with PTFE Syringe Filters, 0.22 um, 17mm and injected for purification with High 
Pressure Liquid Chromatography (0 to 80% H2O/Methanol, duration of 45 min, flow rate of 20 
mL/min, detection at 254 nm). Product fraction were concentrated down and lyophilized to give 
10 as a white powder. (12.1 mgs, .0151 mmol, 61% yield) 1H NMR (400 MHz, DMSO-D6) δ 
8.98 (s, 1H), 8.39 (d, J = 7.8 Hz, 1H), 7.93 (d, J = 9.3 Hz, 1H), 7.81 – 7.71 (m, 3H), 7.60 (d, J = 
2.6 Hz, 1H), 7.43 (d, J = 8.3 Hz, 2H), 7.39 – 7.29 (m, 2H), 7.05 (dd, J = 8.9, 2.6 Hz, 1H), 6.67 – 
6.60 (m, 2H), 6.42 (d, J = 5.2 Hz, 1H), 5.13 (s, 1H), 4.91 (p, J = 7.1 Hz, 1H), 4.54 (d, J = 9.3 Hz, 
1H), 4.42 (t, J = 8.1 Hz, 1H), 4.28 (s, 1H), 4.14 (t, J = 4.6 Hz, 2H), 3.82 – 3.54 (m, 6H), 2.74 (d, 
J = 3.9 Hz, 3H), 2.58 (dt, J = 14.5, 7.0 Hz, 1H), 2.47 – 2.34 (m, 4H), 2.01 (ddd, J = 10.6, 7.8, 2.5 
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Hz, 1H), 1.78 (ddd, J = 12.9, 8.6, 4.6 Hz, 1H), 1.36 (d, J = 7.0 Hz, 3H), 0.93 (s, 9H). MS (ESI) 
m/z 799.02 [M+H]+[M/2] 
 

 

Synthesis of Compound 15 (SAB-02-003) 

 
(11)� (12)  

tert -butyl 3-(2-(2-(tosyloxy)ethoxy)ethoxy)propanoate 

tert-butyl 3-(2-(2-hydroxyethoxy)ethoxy)propanoate 11 (1 eq, 40mgs, 0.17 mmol), triethylamine 
(4 eq, 0.095ml, 0.68 mmol), and catalytic DMAP (0.25 eq, 5.2 mg, 0.043 mmol) were mixed 
with 1 ml of dichloromethane under anhydrous conditions. The solution was cooled to 0°C in an 
ice bath and then 4-methylbenzenesulfonyl chloride (1.5 eq, 49 mgs, 0.26 mmol) was added 
dropwise. The reaction was removed from ice bath and left to mix overnight (14 hours). This was 
monitored by LCMS and TLC until reached completion. Crude reaction was mixed with 10mls 
of dichloromethane and washed with 3x 10mls of DI water. Organic layer was concentrated 
down and purified by flash column chromatography (20-40% ethyl acetate in hexane) to give 12 
as a colorless oil. (46.3mgs, 0.119 mmol, 70% yield) 1H NMR (500 MHz, METHANOL-D4) δ 
7.79 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.0 Hz, 2H), 4.16 – 4.10 (m, 2H), 3.68 – 3.61 (m, 4H), 3.52 
(s, 4H), 2.46 (s, 3H), 2.45 (t, J = 6.2 Hz, 2H), 1.44 (s, 9H). MS (ESI) m/z 388.16 [M+Na] 

 

(12)� (13) 

tert-butyl 3-(2-(2-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)ethoxy)ethoxy)propanoate 

5 (1 eq, 15 mgs, 0.059mmol) was mixed with potassium carbonate (2 eq, 16mgs, 0.12 mmol) and 
1 ml DMF  80C° for 10 minutes. Afterward 12 (1 eq, 23 mgs, 0.059 mmol) was added to this 
mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 3x 
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10mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (20-50% ethyl 
acetate in hexane) to give 13 as a yellow wax. (22.4 mgs, 0.047 mmol, 80% yield). 1H NMR 
(500 MHz, METHANOL-D4) δ 7.80 – 7.73 (m, 3H), 7.43 (d, J = 2.5 Hz, 1H), 7.08 (dd, J = 8.9, 
2.5 Hz, 1H), 6.69 – 6.62 (m, 2H), 4.20 – 4.14 (m, 2H), 3.89 – 3.83 (m, 2H), 3.74 – 3.66 (m, 4H), 
3.68 – 3.59 (m, 2H), 2.84 (s, 3H), 2.48 (t, J = 6.2 Hz, 2H), 1.44 (s, 9H). MS (ESI) m/z 472.60 
[M+H] 

 

(13)� (15)  

(2S,4R)-1-((S)-3,3-dimethyl-2-(3-(2-(2-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)ethoxy)ethoxy)propanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide 

13 (22.4 mgs, 0.046 mmol) was mixed with 1 ml dichloromethane and 1 ml trifluoroacetic acid. 
After 5 minutes product conversion was observed on TLC and confirmed on the LCMS. 
Reaction mixture was concentrated down and dried further on the high vacuum to give 14 as a 
thick yellow oil. This dried mixture was then taken directly to the next step. MS (ESI) m/z 
416.49 [M+H]            
   
(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide, Trifluoroacetic acid, (19.4 mgs, 0.046 mmol) was 
mixed with HATU (1.2 eq, 21.3 mgs, 0.055 mmol), DIPEA (4 eq, 32 ul, 0.186 mmol) in 1 ml of 
DMF for 15 minutes. Afterward 14 (1 eq, 19.4 mgs, 0.046 mmol) was added and reaction 
monitored by LCMS and TLC before full conversion was observed in 30 minutes. Reaction was 
then filtered with PTFE Syringe Filters, 0.22 um, 17mm and injected for purification with High 
Pressure Liquid Chromatography. (0 to 80% H2O/Methanol, duration of 45 min, flow rate of 20 
mL/min, detection at 254 nm) Product fraction were concentrated down and lyophilized to give 
15 as a white powder. (10 mgs, 0.0120 mmol, 25% yield) 1H NMR (500 MHz, DMSO-D6) δ 
8.98 (s, 1H), 8.39 (d, J = 7.8 Hz, 1H), 7.89 (d, J = 9.3 Hz, 1H), 7.81 – 7.72 (m, 3H), 7.62 (d, J = 
2.5 Hz, 1H), 7.45 – 7.40 (m, 2H), 7.39 – 7.31 (m, 2H), 7.06 (dd, J = 8.9, 2.5 Hz, 1H), 6.66 – 6.60 
(m, 2H), 6.41 (q, J = 4.9 Hz, 1H), 5.12 (d, J = 3.5 Hz, 1H), 4.91 (p, J = 7.1 Hz, 1H), 4.53 (d, J = 
9.3 Hz, 1H), 4.42 (t, J = 8.1 Hz, 1H), 4.27 (s, 1H), 4.15 (dd, J = 5.6, 3.7 Hz, 2H), 3.79 – 3.74 (m, 
2H), 3.60 (dt, J = 13.1, 5.2 Hz, 6H), 3.58 – 3.51 (m, 1H), 3.51 (dd, J = 10.2, 4.9 Hz, 1H), 2.74 (d, 
J = 5.0 Hz, 3H), 2.55 (dd, J = 14.4, 7.0 Hz, 1H), 2.45 (s, 3H), 2.36 (dt, J = 14.6, 6.1 Hz, 1H), 2.01 
(t, J = 10.3 Hz, 1H), 1.78 (ddd, J = 12.8, 8.6, 4.6 Hz, 1H), 1.36 (d, J = 7.0 Hz, 3H), 0.93 (s, 9H). 
MS (ESI) m/z 843.07 [M+H]+[M/2] 
 

 

 

 

 

 

 

 



31 
 

 

 

 

Synthesis of Compound 20 (SAB-01-111) 

 

(16)� (17)  

tert-butyl 3-(2-(2-(2-(tosyloxy)ethoxy)ethoxy)ethoxy)propanoate tert-butyl 3-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy)propanoate  

16 (1 eq, 50mgs, 0.18 mmol), triethylamine (4 eq, 0.10ml, 0.72 mmol), and catalytic DMAP 
(0.25 eq, 5.5 mg, 0.045 mmol) were mixed with 1 ml of dichloromethane under anhydrous 
conditions. The solution was cooled to 0C° in an ice bath and then 4-methylbenzenesulfonyl 
chloride (1.5 eq, 51 mgs, 0.27 mmol) was added dropwise. The reaction was removed from ice 
bath and left to mix overnight (12 hours). This was monitored by LCMS and TLC until reached 
completion. Crude reaction was mixed with 10mls of dichloromethane and washed with 3x 
10mls of DI water. Organic layer was concentrated down and purified by flash column 
chromatography (20-100% ethyl acetate in hexane) to give 17 as a colorless oil. (59 mgs, .137 
mmol, 76% yield) 1H NMR (500 MHz, DMSO-D6) δ 7.82 – 7.64 (m, 2H), 7.43 (dd, J = 20.0, 
7.9 Hz, 2H), 4.09 – 4.00 (m, 2H), 3.57 – 3.47 (m, 5H), 3.41 (dd, J = 13.6, 7.0 Hz, 6H), 2.41 – 
2.30 (m, 5H), 1.37 – 1.28 (m, 9H). MS (ESI) m/z  432.53 [M+Na] 

 

(17)� (18) 

tert-butyl 3-(2-(2-(2-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)ethoxy)ethoxy)ethoxy)propanoate 

5 (1 eq, 10 mgs, 0.039 mmol) was mixed with potassium carbonate (2 eq, 11 mgs, 0.078 mmol) 
and 1 ml DMF  80C° for 10 minutes. Afterward 17 (1 eq, 17 mgs, 0.039 mmol) was added to this 
mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 



32 
 

Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 3x 
10mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (0-60% ethyl 
acetate in hexane) to give 18 as an off yellow wax. (9 mgs, .020 mmol, 40% yield). 1H NMR 
(500 MHz, METHANOL-D4) δ 7.74 (dd, J = 10.3, 7.8 Hz, 3H), 7.46 – 7.40 (m, 1H), 7.06 (td, J 
= 9.1, 2.6 Hz, 1H), 6.66 – 6.59 (m, 2H), 4.16 (p, J = 4.5 Hz, 2H), 3.84 (p, J = 4.9 Hz, 2H), 3.72 – 
3.51 (m, 10H), 3.31 – 3.25 (m, 4H), 2.81 (d, J = 9.0 Hz, 2H), 2.42 (qd, J = 6.2, 3.1 Hz, 2H), 1.41 
(s, 9H). MS (ESI) m/z 516.16 [M+H] 

 

(18)� (20)  

(2S,4R)-1-((S)-14-(tert-butyl)-1-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)-12-oxo-

3,6,9-trioxa-13-azapentadecan-15-oyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide, Trifluoroacetic acid 

18 (72 mgs, 0.14 mmol) was mixed with 1 ml dichloromethane and 1 ml trifluoroacetic acid. 
After 5 minutes product conversion was observed on TLC and confirmed on the LCMS. 
Reaction mixture was concentrated down and dried further on the high vacuum to give 19 as a 
thick yellow oil. This dried mixture was then taken directly to the next step. MS (ESI) m/z 460 
[M+H]  

  
(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide, Trifluoroacetic acid, (1 eq 17 mgs, 0.036 mmol) was 
mixed with HATU (1.2 eq, 16 mgs, 0.043 mmol), DIPEA (4 eq, 25 ul, 0.14 mmol) in 1 ml of 
DMF for 15 minutes. Afterward 19 (1 eq, 16 mgs, 0.036 mmol) was added and reaction 
monitored by LCMS and TLC before full conversion was observed in 30 minutes. Reaction was 
then filtered with PTFE Syringe Filters, 0.22 um, 17mm and injected for purification with High 
Pressure Liquid Chromatography (30 to 80% H2O/Methanol, duration of 45 min, flow rate of 20 
mL/min, detection at 254 nm). Product fraction were concentrated down and lyophilized to give 
20 as a white powder. (7.1 mgs, 0.0071 mmol, 20% yield) 1H NMR (400 MHz, DMSO-D6) δ 
8.98 (s, 1H), 8.39 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 9.3 Hz, 1H), 7.81 – 7.72 (m, 3H), 7.62 (d, J = 
2.6 Hz, 1H), 7.47 – 7.30 (m, 4H), 7.06 (dd, J = 8.9, 2.6 Hz, 1H), 6.67 – 6.59 (m, 2H), 6.41 (q, J = 
5.0 Hz, 1H), 5.12 (d, J = 3.5 Hz, 1H), 4.92 (h, J = 7.1 Hz, 1H), 4.52 (d, J = 9.3 Hz, 1H), 4.42 (t, J 
= 8.1 Hz, 1H), 4.27 (s, 1H), 4.19 – 4.13 (m, 2H), 3.81 – 3.74 (m, 2H), 3.65 – 3.42 (m, 11H), 2.74 
(d, J = 4.9 Hz, 3H), 2.54 (t, J = 3.8 Hz, 1H), 2.45 (s, 3H), 2.34 (dt, J = 14.5, 6.1 Hz, 1H), 2.01 (t, 
J = 10.2 Hz, 1H), 1.78 (ddd, J = 12.9, 8.6, 4.6 Hz, 1H), 1.36 (d, J = 7.0 Hz, 3H), 1.23 (s, 0H), 
0.92 (s, 9H). MS (ESI) m/z 887.12 [M+H]+[M/2] 
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Synthesis of Compound 25 (SAB-01-162) 

 

(21)� (22)  

tert-butyl 6-(tosyloxy)hexanoate 

21 (1 eq, 40mgs, 0.21 mmol), triethylamine (1.5 eq, .44ul, 0.32 mmol), and catalytic DMAP 
(0.25 eq, 6.5 mg, 0.053 mmol) were mixed with 1 ml of dichloromethane under anhydrous 
conditions. The solution was cooled to 0C° in an ice bath and then 4-methylbenzenesulfonyl 
chloride (1.4 eq, 57 mgs, 0.30 mmol) was added dropwise. The reaction was removed from ice 
bath and left to mix overnight (10 hours). This was monitored by LCMS and TLC until reached 
completion. Crude reaction was mixed with 10mls of dichloromethane and washed with 3x 
10mls of DI water. Organic layer was concentrated down and purified by flash column 
chromatography (0-20% ethyl acetate in hexane) to give 22 as a colorless oil. (43.1 mgs, 0.126 
mmol, 59% yield) 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.3 Hz, 
2H), 4.01 (t, J = 6.5 Hz, 2H), 2.44 (s, 3H), 2.17 (t, J = 3.1 Hz, 2H), 2.15 (d, J = 7.5 Hz, 1H), 1.69 
– 1.60 (m, 3H), 1.52 (p, J = 7.5 Hz, 2H), 1.42 (s, 9H), 1.37 – 1.27 (m, 2H). MS (ESI) m/z 342.45 
[M+Na] 

 

(22)� (23) 

tert-butyl 6-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)hexanoate 

5 (1 eq, 15 mgs, 0.059 mmol) was mixed with potassium carbonate (2 eq, 16 mgs, 0.12 mmol) 
and 1 ml DMF  80C° for 10 minutes. Afterward 22 (1.7 eq, 35 mgs, 0.10 mmol) was added to 
this mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 2x 
20mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
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concentrated. This crude mixture was purified with flash column chromatography (0-60% ethyl 
acetate in hexane) to give 23 as an off yellow wax. (6.6 mgs, 0.015 mmol, 26% yield). 1H NMR 
(400 MHz, DMSO-D6) δ 7.78 – 7.67 (m, 3H), 7.59 – 7.52 (m, 1H), 6.98 (dd, J = 8.9, 2.5 Hz, 
1H), 6.59 (d, J = 8.7 Hz, 2H), 6.37 (q, J = 4.9 Hz, 1H), 3.98 (t, J = 6.4 Hz, 2H), 2.70 (d, J = 4.9 
Hz, 3H), 2.18 (t, J = 7.2 Hz, 2H), 1.70 (p, J = 6.6 Hz, 2H), 1.52 (p, J = 7.4 Hz, 2H), 1.39 (qd, J = 
7.5, 4.1 Hz, 2H), 1.35 (s, 9H). MS (ESI) m/z 426.58 [M+H]  

 

(23)� (25)  

(2S,4R)-1-((S)-3,3-dimethyl-2-(6-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)hexanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide 

23 (14.4 mgs, 0.034 mmol) was mixed with 1 ml dichloromethane and 1 ml trifluoroacetic acid. 
After 5 minutes product conversion was observed on TLC and confirmed on the LCMS. 
Reaction mixture was concentrated down and dried further on the high vacuum to give 24 as a 
thick yellow oil. This dried mixture was then taken directly to the next step. MS (ESI) m/z 
404.92 [M+H]  

  
(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide, Trifluoroacetic acid, (1 eq, 14 mgs, 0.032 mmol) 
was mixed with HATU (1.2 eq, 15 mgs, 0.039 mmol), DIPEA (4 eq, 23 ul, 0.13 mmol) in 1 ml 
of DMF for 15 minutes. Afterward 24 (1 eq, 14 mgs, 0.032 mmol) was added and reaction 
monitored by LCMS and TLC before full conversion was observed in 30 minutes. Reaction was 
then filtered with PTFE Syringe Filters, 0.22 um, 17 mm and injected for purification with High 
Pressure Liquid Chromatography. (30 to 80% H2O/Methanol, duration of 45 min, flow rate of 20 
mL/min, detection at 254 nm) Product fraction was concentrated down and lyophilized to give 
25 as a white powder. (3.7 mgs, 0.0046 mmol, 14% yield) 1H NMR (599 MHz, DMSO-D6) δ 
8.91 (s, 1H), 8.30 (d, J = 7.8 Hz, 1H), 7.76 (d, J = 9.3 Hz, 1H), 7.70 (dd, J = 10.2, 8.0 Hz, 3H), 
7.52 (d, J = 2.5 Hz, 1H), 7.39 – 7.34 (m, 2H), 7.34 – 7.29 (m, 2H), 6.96 (dd, J = 8.8, 2.6 Hz, 1H), 
6.59 – 6.54 (m, 2H), 6.33 (d, J = 5.1 Hz, 1H), 5.04 (d, J = 3.5 Hz, 1H), 4.90 – 4.80 (m, 1H), 4.46 
(d, J = 9.3 Hz, 1H), 4.35 (t, J = 8.1 Hz, 1H), 4.21 (q, J = 3.6 Hz, 1H), 3.95 (t, J = 6.5 Hz, 2H), 
3.58 – 3.50 (m, 2H), 2.68 (d, J = 4.9 Hz, 3H), 2.38 (s, 3H), 2.23 (dt, J = 14.7, 7.6 Hz, 1H), 2.14 – 
2.03 (m, 1H), 1.94 (ddd, J = 11.7, 7.9, 2.7 Hz, 1H), 1.76 – 1.64 (m, 3H), 1.51 (dtt, J = 20.8, 13.5, 
7.0 Hz, 2H), 1.41 – 1.34 (m, 2H), 1.30 (d, J = 7.0 Hz, 3H), 0.87 (s, 9H). MS (ESI) m/z 797.05 
[M+H]+[M/2] 
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Synthesis of Compound 30 (SAB-01-170) 

 

(26)� (27)  

tert-butyl 8-(tosyloxy)octanoate 

26 (1 eq, 50mgs, 0.23 mmol), triethylamine (4 eq, 0.13ml, 0.92 mmol), and catalytic DMAP 
(0.25 eq, 7.1 mg, 0.058 mmol) were mixed with 1 ml of dichloromethane under anhydrous 
conditions. The solution was cooled to 0C° in an ice bath and then 4-methylbenzenesulfonyl 
chloride (1.5 eq, 66 mgs, 0.35 mmol) was added dropwise. The reaction was removed from the 
ice bath and left to mix overnight (16 hours). This was monitored by LCMS and TLC until 
reached completion. Crude reaction was mixed with 10mls of dichloromethane and washed with 
3x 10mls of DI water. Organic layer was concentrated down and purified by flash column 
chromatography (0-20% ethyl acetate in hexane) to give 27 as a colorless oil. (43.1 mgs, 0.12 
mmol, 50% yield) 1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 7.9 Hz, 2H), 7.33 (d, J = 7.9 Hz, 
2H), 3.99 (t, J = 6.5 Hz, 2H), 2.43 (s, 3H), 2.16 (t, J = 7.5 Hz, 2H), 1.61 (p, J = 6.7 Hz, 2H), 1.51 
(p, J = 8.3 Hz, 2H), 1.42 (s, 9H), 1.33 – 1.19 (m, 6H). MS (ESI) m/z 370.50 [M+Na] 

 

(27)� (28) 

tert-butyl 8-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)octanoate 

5 (1 eq, 15 mgs, 0.059 mmol) was mixed with potassium carbonate (2 eq, 18 mgs, 0.13 mmol) 
and 1 ml DMF  80C° for 10 minutes. Afterward 27 (1.1 eq, 28 mgs, 0.076 mmol) was added to 
this mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 2x 
20mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (20-60% ethyl 
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acetate in hexane) to give 28 as an off yellow wax. (15.2 mgs, .033 mmol, 55% yield). 1H NMR 
(400 MHz, DMSO-D6) δ 7.76 (dd, J = 8.7, 4.9 Hz, 3H), 7.59 (d, J = 2.5 Hz, 1H), 7.03 (dd, J = 
8.9, 2.5 Hz, 1H), 6.66 – 6.60 (m, 2H), 6.41 (q, J = 4.9 Hz, 1H), 5.76 (s, 1H), 4.07 – 3.98 (m, 2H), 
2.74 (d, J = 4.9 Hz, 3H), 2.18 (t, J = 7.3 Hz, 2H), 1.73 (p, J = 6.7 Hz, 2H), 1.47 (tt, J = 15.0, 7.6 
Hz, 4H), 1.38 (s, 9H), 1.36 – 1.21 (m, 4H). MS (ESI) m/z 453.63 [M+H] 

 

(28)� (30)  

(2S,4R)-1-((S)-3,3-dimethyl-2-(6-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)hexanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide 

28 (27 mgs, 0.059 mmol) was mixed with 1 ml dichloromethane and 1 ml trifluoroacetic acid. 
After 5 minutes product conversion was observed on TLC and confirmed on the LCMS. 
Reaction mixture was concentrated down and dried further on the high vacuum to give 29 as a 
thick yellow oil. This dried mixture was then taken directly to the next step. MS (ESI) m/z 
398.02 [M+H]  
  
(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide, Trifluoroacetic acid, (1 eq, 27 mgs, 0.060 mmol) 
was mixed with HATU (1.2 eq, 27 mgs, 0.072 mmol), DIPEA (4 eq, 34 ul, 0.24 mmol) in 1 ml 
of DMF for 15 minutes. Afterward 29 (1 eq, 24 mgs, 0.060 mmol) was added and reaction 
monitored by LCMS and TLC before full conversion was observed in 30 minutes. Reaction was 
then filtered with PTFE Syringe Filters, 0.22 um, 17mm and injected for purification with High 
Pressure Liquid Chromatography. (50 to 85% H2O/Methanol, duration of 45 min, flow rate of 20 
mL/min, detection at 254 nm) Product fraction were concentrated down and lyophilized to give 
30 as a white powder. (3.7 mgs, 0.0046 mmol, 14% yield) 1H NMR (500 MHz, DMSO-D6) δ 
8.98 (s, 1H), 8.38 (d, J = 7.8 Hz, 1H), 7.84 – 7.72 (m, 4H), 7.61 – 7.54 (m, 1H), 7.47 – 7.39 (m, 
2H), 7.39 – 7.30 (m, 2H), 7.03 (dd, J = 8.9, 2.5 Hz, 1H), 6.66 – 6.60 (m, 2H), 6.40 (q, J = 4.9 Hz, 
1H), 5.11 (d, J = 3.5 Hz, 1H), 4.98 – 4.86 (m, 1H), 4.52 (d, J = 9.3 Hz, 1H), 4.42 (t, J = 8.1 Hz, 
1H), 4.27 (s, 1H), 4.02 (t, J = 6.6 Hz, 2H), 3.60 (d, J = 3.9 Hz, 2H), 2.74 (d, J = 4.9 Hz, 3H), 2.45 
(s, 3H), 2.26 (dt, J = 14.6, 7.6 Hz, 1H), 2.16 – 2.07 (m, 1H), 2.01 (ddd, J = 11.0, 7.6, 2.8 Hz, 1H), 
1.83 – 1.68 (m, 2H), 1.73 (s, 1H), 1.52 (ddd, J = 18.2, 12.6, 7.1 Hz, 1H), 1.49 – 1.40 (m, 1H), 
1.37 (d, J = 7.0 Hz, 3H), 1.29 (ddd, J = 33.2, 15.7, 9.6 Hz, 2H), 0.93 (s, 9H). MS (ESI) m/z 
825.10 [M+H]+[M/2] 
 
 
 
 
 
 
 
 
 
 



37 
 

 
 
Synthesis of Compound 35 (SAB-02-008) 

 

(31)� (32)  

2,2-dimethyl-4-oxo-3,8,11,14-tetraoxa-5-azahexadecan-16-yl 4-methylbenzenesulfonate 

31 (1 eq, 80mgs, .27 mmol) and triethylamine (4 eq, .15ml, 1.1 mmol) and catalytic DMAP (0.25 
eq, 7.1 mg, 0.067 mmol) were mixed with 1 ml of dichloromethane under anhydrous conditions. 
The solution was cooled to 0C° in an ice bath and then 4-methylbenzenesulfonyl chloride (1.4 
eq, 73 mgs, 0.38 mmol) was added dropwise. The reaction was removed from the ice bath and 
left to mix overnight (16 hours). This was monitored by LCMS and TLC until reached 
completion. Crude reaction was mixed with 10mls of dichloromethane and washed with 3x 
10mls of DI water. Organic layer was concentrated down and purified by flash column 
chromatography (0-70% ethyl acetate in hexane) to give 32 as a colorless oil. (39.1 mgs, 0.087 
mmol, 32% yield) 1H NMR (500 MHz, DMSO-D6) δ 7.78 (dt, J = 8.5, 1.8 Hz, 2H), 7.51 – 7.45 
(m, 2H), 4.11 (ddd, J = 5.7, 3.2, 1.4 Hz, 2H), 3.60 – 3.54 (m, 2H), 3.47 (d, J = 1.3 Hz, 4H), 3.44 
(d, J = 1.3 Hz, 4H), 3.36 (t, J = 6.1 Hz, 2H), 3.05 (q, J = 6.0 Hz, 2H), 2.42 (s, 3H), 1.36 (d, J = 
1.3 Hz, 9H). MS (ESI) m/z 447.54 [M+Na] 

 

(32)� (33) 

tert-butyl (2-(2-(2-(2-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamate 

5 (1 eq, 29 mgs, 0.11 mmol) was mixed with potassium carbonate (2 eq, 31 mgs, 0.22 mmol) and 
1 ml DMF  80C° for 10 minutes. Afterward 32 (1 eq, 50 mgs, 0.11 mmol) was added to this 
mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
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Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 2x 
20mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (30-70% ethyl 
acetate in hexane) to give 33 as an off yellow wax. (25 mgs, 0.047 mmol, 42% yield) 1H NMR 
(500 MHz, METHANOL-D4) δ 7.80 – 7.71 (m, 3H), 7.42 (d, J = 2.5 Hz, 1H), 7.07 (dd, J = 8.9, 
2.5 Hz, 1H), 6.68 – 6.61 (m, 2H), 4.19 – 4.13 (m, 2H), 3.88 – 3.83 (m, 2H), 3.74 – 3.69 (m, 2H), 
3.69 – 3.58 (m, 4H), 3.61 – 3.53 (m, 2H), 3.48 (t, J = 5.6 Hz, 2H), 3.20 (q, J = 5.3 Hz, 2H), 2.83 
(s, 3H), 1.41 (s, 9H). MS (ESI) m/z 531.67 [M+H] 

 

(33)� (35)  

(2S,4R)-1-((S)-3,3-dimethyl-2-(6-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)hexanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide 

33 (25 mgs, .059 mmol) was mixed with 1 ml dichloromethane and 1 ml trifluoroacetic acid. 
After 5 minutes product conversion was observed on TLC and confirmed on the LCMS. 
Reaction mixture was concentrated down and dried further on the high vacuum to give 34 as a 
thick yellow oil. This dried mixture was then taken directly to the next step. MS (ESI) m/z 
431.55 [M+H] 
  
5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)pentanoic acid, (2 eq, 29 mgs, 
0.12 mmol) was mixed with HATU (1.2 eq, 27 mgs, 0.072 mmol), DIPEA (4 eq, 31 ul, 0.24 
mmol) in 1 ml of DMF for 15 minutes. Afterward 34 (1 eq, 26 mgs, 0.060 mmol) was added and 
reaction monitored by LCMS and TLC before full conversion was observed in 30 minutes. 
Reaction was then filtered with PTFE Syringe Filters, 0.22 um, 17mm and injected for 
purification with High Pressure Liquid Chromatography. (0 to 60% H2O/Methanol, duration of 
45 min, flow rate of 20 mL/min, detection at 254 nm) Product fraction were concentrated down 
and lyophilized to give 35 as a yellow powder. (26 mgs, 0.060 mmol, 66% yield) 1H NMR (500 
MHz, DMSO-D6) δ 7.83 (t, J = 5.7 Hz, 1H), 7.78 (d, J = 8.9 Hz, 1H), 7.77 – 7.74 (m, 2H), 7.62 
(d, J = 2.6 Hz, 1H), 7.06 (dd, J = 8.9, 2.6 Hz, 1H), 6.67 – 6.60 (m, 2H), 6.41 (dd, J = 8.4, 3.4 Hz, 
2H), 6.35 (s, 1H), 4.28 (dd, J = 7.7, 5.1 Hz, 1H), 4.19 – 4.13 (m, 2H), 4.13 – 4.07 (m, 1H), 3.80 – 
3.75 (m, 2H), 3.60 (dd, J = 5.9, 3.3 Hz, 2H), 3.58 – 3.47 (m, 6H), 3.39 (t, J = 5.9 Hz, 2H), 3.17 
(q, J = 5.9 Hz, 2H), 3.06 (ddd, J = 8.6, 6.2, 4.4 Hz, 1H), 2.80 (dd, J = 12.4, 5.1 Hz, 1H), 2.75 (d, J 
= 4.9 Hz, 3H), 2.59 – 2.52 (m, 1H), 2.05 (t, J = 7.4 Hz, 2H), 1.64 – 1.54 (m, 1H), 1.44 (ddd, J = 
18.1, 12.4, 8.2 Hz, 3H), 1.28 (tt, J = 15.7, 7.9 Hz, 2H). MS (ESI) m/z 657.85 [M+H]+[M/2] 
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Synthesis of Compound 36 (SAB-02-056) 

 

(34)� (36)  

2-acetamido-3-((2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)thio)-N-(2-(2-(2-

(2-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-

yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)propanamide 

 N-acetyl-S-(2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)cysteine  (1 eq, 
19mgs, .029mmol) was mixed with 3-(((ethylimino)methylene)amino)-N,N-dimethylpropan-1-
amine (3 eq, 13 mgs, 0.086 mmol), 1H-benzo[d][1,2,3]triazol-1-ol (2 eq, 7.7 mgs, 0.057 mmol), 
and Triethylamine (10 eq, 40ul, .29 mmol) in 1 ml of dry DMF. This was sonicated and then 
allowed to stir for 15 mins before 34 (1.5 eq, 19 mgs, 0.044 mmol) was added and the reaction 
mixture stirred overnight. In the morning, 16 hours later product was verified on the LCMS and 
then filtered with PTFE Syringe Filters, 0.22 um, 17mm before HPLC purification was 
completed (0 to 100% H2O/Methanol, duration of 45 min, flow rate of 20 mL/min, detection at 
254 nm). Product peaks were mixed with impurities, and this was recollected for another HPLC 
purification (50 to 70% H2O/Methanol, duration of 45 min, flow rate of 20 mL/min, detection at 
254 nm) to yield 36 as a yellow white powder. (1.5 mgs, 0.029 mmol, 6.3% yield) H NMR (599 
MHz, DMSO-D6) δ 10.65 (s, 1H), 8.40 (d, J = 8.1 Hz, 1H), 8.08 (t, J = 5.6 Hz, 1H), 7.80 – 7.73 
(m, 2H), 7.60 (d, J = 2.6 Hz, 1H), 7.20 (dd, J = 8.6, 5.5 Hz, 2H), 7.17 – 7.12 (m, 2H), 7.05 (dd, J 
= 8.8, 2.6 Hz, 1H), 6.67 – 6.61 (m, 2H), 6.54 (s, 1H), 6.53 (s, 2H), 6.40 (q, J = 5.1 Hz, 1H), 5.07 
(s, 2H), 4.49 (td, J = 8.2, 5.2 Hz, 1H), 4.15 (t, J = 4.7 Hz, 2H), 3.76 (d, J = 4.7 Hz, 2H), 3.58 (dd, 
J = 5.8, 3.7 Hz, 2H), 3.55 – 3.36 (m, 9H), 3.26 (dd, J = 13.3, 8.3 Hz, 1H), 3.19 (hept, J = 7.0 Hz, 
2H), 2.75 (d, J = 4.9 Hz, 3H), 1.84 (s, 3H). MS (ESI) m/z 843.96 [M+H]+[M/2] 
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Synthesis of Compound 41 (SAB-02-078) 

 

(37)� (38)  

5-((tert-butoxycarbonyl)amino)pentyl 4-methylbenzenesulfonate 

37 (1 eq, 50 mgs, 0.25 mmol) and triethylamine (1.4 eq, 0.48 ul, 0.34 mmol) and catalytic 
DMAP (0.25 eq, 7.5 mg, 0.061 mmol) were mixed with 1 ml of dichloromethane under 
anhydrous conditions. The solution was cooled to 0C° in an ice bath and then 4-
methylbenzenesulfonyl chloride (1.4 eq, 66 mgs, 0.34 mmol) was added dropwise. The reaction 
was removed from the ice bath and left to mix overnight (14 hours). This was monitored by 
LCMS and TLC until reached completion. Crude reaction was mixed with 10mls of 
dichloromethane and washed with 3x 10mls of DI water. Organic layer was concentrated down 
and purified by flash column chromatography (0-60% ethyl acetate in hexane) to give 38 as a 
colorless oil. (62 mgs, 0.17 mmol, 71% yield) 1H NMR (500 MHz, METHANOL-D4) δ 7.76 (d, 
J = 8.1 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 4.00 (t, J = 6.3 Hz, 2H), 2.95 (t, J = 6.9 Hz, 2H), 2.43 
(s, 3H), 1.60 (p, J = 6.6 Hz, 2H), 1.40 (s, 9H), 1.36 (q, J = 7.1 Hz, 2H), 1.33 – 1.22 (m, 2H). MS 
(ESI) m/z 357.47 [M+Na] 

 

(38)� (39) 

tert-butyl (5-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)pentyl)carbamate 

5 (1 eq, 15 mgs, 0.059 mmol) was mixed with potassium carbonate (2 eq, 16 mgs, 0.12 mmol) 
and 1 ml DMF  80C° for 10 minutes. Afterward 38 (1.5 eq, 31 mgs, 0.088 mmol) was added to 
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this mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 2x 
20mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (20-60% ethyl 
acetate in hexane) to give 39 as an off yellow wax. (14.7 mgs, 0.033 mmol, 57% yield) 1H NMR 
(500 MHz, CDCl3) δ 7.86 (t, J = 8.9 Hz, 3H), 7.29 (d, J = 2.5 Hz, 1H), 7.02 (dd, J = 8.7, 2.5 Hz, 
1H), 6.67 – 6.61 (m, 2H), 4.55 (s, 1H), 4.01 (t, J = 6.3 Hz, 2H), 3.16 (d, J = 6.9 Hz, 2H), 2.91 (s, 
3H), 1.84 (p, J = 6.7 Hz, 2H), 1.55 (tdd, J = 15.5, 8.3, 5.1 Hz, 3H), 1.44 (s, 9H).MS (ESI) m/z 
441.59 [M+H] 

 

(39)� (41)  

2-acetamido-3-((2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)thio)-N-(5-((2-(4-

(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)pentyl)propenamide 

39 (14.7 mgs, 0.033 mmol) was mixed with 1 ml methanol and 1 ml hydrochloric acid. After 5 
minutes product conversion was observed on TLC and confirmed on the LCMS. Reaction 
mixture was concentrated down and dried further on the high vacuum to give 40 as a yellow oil. 
This dried mixture was then taken directly to the next step. MS (ESI) m/z 341.47 [M+H]  
  
N-acetyl-S-(2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)cysteine, (1 eq, 10.7 
mgs, 0.025 mmol), 1H-benzo[d][1,2,3]triazol-1-ol (2 eq, 6.7 mgs, 0.050 mmol), and 
Triethylamine (10 eq, 35.5ul, 0.025 mmol) in 1 ml of dry DMF. This was sonicated and then 
allowed to stir for 15 mins before 40 (1.3 eq, 11 mgs, 0.033 mmol) was added and the reaction 
mixture stirred overnight. In the morning, 16 hours later product was verified on the LCMS and 
then filtered with PTFE Syringe Filters, 0.22 um, 17mm before HPLC purification was 
completed (55 to 75% H2O/Methanol, duration of 45 min, flow rate of 20 mL/min, detection at 
254 nm) to yield 41 as a yellow white powder. (2.3 mgs, 0.003 mmol, 12% yield) 1H NMR (599 
MHz, DMSO) δ 10.65 (s, 1H), 8.40 (d, J = 8.1 Hz, 1H), 8.05 (t, J = 5.7 Hz, 1H), 7.75 (dd, J = 
8.8, 2.5 Hz, 3H), 7.56 (d, J = 2.6 Hz, 1H), 7.20 (dd, J = 8.6, 5.5 Hz, 2H), 7.16 – 7.11 (m, 2H), 
7.02 (dd, J = 8.8, 2.6 Hz, 1H), 6.63 (d, J = 8.5 Hz, 2H), 6.54 (s, 2H), 6.39 (d, J = 5.2 Hz, 1H), 
5.07 (s, 2H), 4.47 (td, J = 8.0, 5.4 Hz, 1H), 3.99 (t, J = 6.5 Hz, 2H), 3.42 (dd, J = 13.3, 5.4 Hz, 
1H), 3.28 (dd, J = 13.3, 8.1 Hz, 1H), 3.06 (dq, J = 13.5, 6.9 Hz, 2H), 2.75 (d, J = 5.0 Hz, 3H), 
1.84 (s, 3H), 1.74 – 1.69 (m, 2H), 1.49 – 1.37 (m, 4H). MS (ESI) m/z 743.88 [M+H]+[M/2] 
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Synthesis of Compound 46 (SAB-02-071) 

 

(42)� (43)  

2-(2-((tert-butoxycarbonyl)amino)ethoxy)ethyl 4-methylbenzenesulfonate 

42 (1 eq, 96 mgs, 0.47 mmol) and triethylamine (1.4 eq, 0.91 ul, 0.66 mmol) and catalytic 
DMAP (0.25 eq, 14 mg, 0.12 mmol) were mixed with 1 ml of dichloromethane under anhydrous 
conditions. The solution was cooled to 0C° in an ice bath and then 4-methylbenzenesulfonyl 
chloride (1.4 eq, 125 mgs, 0.655 mmol) was added dropwise. The reaction was removed from the 
ice bath and left to mix overnight (16 hours). This was monitored by LCMS and TLC until 
reached completion. Crude reaction was mixed with 10mls of dichloromethane and washed with 
3x 10mls of DI water. Organic layer was concentrated down and purified by flash column 
chromatography (0-50% ethyl acetate in hexane) to give 43 as a colorless oil. (122 mgs, 0.339 
mmol, 73% yield) 1H NMR (400 MHz, METHANOL-D4) δ 7.78 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 
8.1 Hz, 2H), 4.16 – 4.12 (m, 2H), 3.66 – 3.57 (m, 2H), 3.41 (t, J = 5.7 Hz, 2H), 3.14 (t, J = 5.7 
Hz, 2H), 2.44 (s, 3H), 1.42 (s, 11H). MS (ESI) m/z 359.44 [M+Na] 

 

(43)� (44) 

tert-butyl (5-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)pentyl)carbamate 

5 (1 eq, 36 mgs, 0.14 mmol) was mixed with potassium carbonate (2 eq, 16 mgs, 0.12 mmol) and 
1 ml DMF  80C° for 10 minutes. Afterward 43 (1 eq, 50 mgs, 0.14 mmol) was added to this 
mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
Reaction mixture was mixed with 30mls saturated sodium bicarbonate and extracted with 2x 
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20mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (0-60% ethyl 
acetate in hexane) to give 44 as an off yellow wax. (42 mgs, 0.095 mmol, 68% yield) 1H NMR 
(500 MHz, CDCl3) δ 7.86 (t, J = 8.9 Hz, 3H), 7.29 (d, J = 2.5 Hz, 1H), 7.02 (dd, J = 8.7, 2.5 Hz, 
1H), 6.67 – 6.61 (m, 2H), 4.55 (s, 1H), 4.01 (t, J = 6.3 Hz, 2H), 3.16 (d, J = 6.9 Hz, 2H), 2.91 (s, 
3H), 1.84 (p, J = 6.7 Hz, 2H), 1.55 (tdd, J = 15.5, 8.3, 5.1 Hz, 3H), 1.44 (s, 9H).MS (ESI) m/z 
441.59 [M+H] 

 

(44)� (46)  

2-acetamido-3-((2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)thio)-N-(2-(2-((2-

(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)ethoxy)ethyl)propenamide 

44 (14 mgs, 0.032 mmol) was mixed with 1 ml methanol and 1 ml hydrochloric acid. After 5 
minutes product conversion was observed on TLC and confirmed on the LCMS. Reaction 
mixture was concentrated down and dried further on the high vacuum to give 45 as a yellow oil. 
This dried mixture was then taken directly to the next step. MS (ESI) m/z 342.47 [M+H] 
  
N-acetyl-S-(2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)cysteine, (1 eq, 10 
mgs, 0.024 mmol), 1H-benzo[d][1,2,3]triazol-1-ol (2 eq, 6.4 mgs, 0.048 mmol), and 
Triethylamine (10 eq, 33ul, 0.024 mmol) in 1 ml of dry DMF. This was sonicated and then 
allowed to stir for 15 mins before 45 (1.4 eq, 11 mgs, 0.033 mmol) was added and the reaction 
mixture stirred overnight. In the morning, 16 hours later product was verified on the LCMS and 
then filtered with PTFE Syringe Filters, 0.22 um, 17mm before HPLC purification was 
completed (55-70% H2O/Methanol, duration of 45 min, flow rate of 20 mL/min, detection at 254 
nm) to yield 46 as an off yellow white powder. (0.8 mgs, 0.001 mmol, 5% yield) 1H NMR (599 
MHz, DMSO-D6) δ 10.69 (s, 1H), 8.43 (d, J = 8.0 Hz, 1H), 8.14 (t, J = 5.8 Hz, 1H), 7.76 (dd, J = 
8.7, 4.0 Hz, 3H), 7.59 (d, J = 2.5 Hz, 1H), 7.20 (dd, J = 8.6, 5.5 Hz, 2H), 7.14 (t, J = 8.8 Hz, 2H), 
7.04 (dd, J = 8.8, 2.5 Hz, 1H), 6.64 (d, J = 8.7 Hz, 2H), 6.58 (s, 2H), 6.41 (q, J = 5.0 Hz, 1H), 
5.08 (s, 2H), 4.50 (td, J = 8.1, 5.1 Hz, 1H), 4.14 (t, J = 4.7 Hz, 2H), 3.74 (t, J = 4.5 Hz, 2H), 3.51 
– 3.38 (m, 4H), 3.31 – 3.18 (m, 2H), 2.75 (d, J = 4.9 Hz, 3H), 1.85 (s, 3H). MS (ESI) m/z 745.85 
[M+H]+[M/2] 
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Synthesis of Compound 51 (SAB-02-076) 

 

(47)� (48)  

6-((tert-butoxycarbonyl)amino)hexyl 4-methylbenzenesulfonate 

47 (1 eq, 300 mgs, 1.38 mmol) and triethylamine (1.4 eq, .91 ul, 0.66 mmol) and catalytic 
DMAP (0.25 eq, 14 mg, 0.12 mmol) were mixed with 1 ml of dichloromethane under anhydrous 
conditions. The solution was cooled to 0C° in an ice bath and then 4-methylbenzenesulfonyl 
chloride (1.4 eq, 125 mgs, 0.655 mmol) was added dropwise. The reaction was removed from the 
ice bath and left to mix overnight (16 hours). This was monitored by LCMS and TLC until 
reached completion. Crude reaction was mixed with 10mls of dichloromethane and washed with 
3x 10mls of DI water. Organic layer was concentrated down and purified by flash column 
chromatography (0-50% ethyl acetate in hexane) to give 43 as a colorless oil. (473 mgs, 1.27 
mmol, 92% yield) 1H NMR (500 MHz, METHANOL-D4) δ 7.75 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 
8.1 Hz, 2H), 3.99 (t, J = 6.3 Hz, 2H), 2.95 (t, J = 7.0 Hz, 2H), 2.42 (s, 3H), 1.57 (dt, J = 8.0, 6.4 
Hz, 2H), 1.40 (s, 9H), 1.36 (q, J = 7.2 Hz, 2H), 1.30 – 1.14 (m, 4H). MS (ESI) m/z 370.49 
[M+Na] 

 

(48)� (49) 

tert-butyl (6-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)hexyl)carbamate 

5 (1 eq, 45 mgs, 0.17 mmol) was mixed with potassium carbonate (2 eq, 48 mgs, 0.35 mmol) and 
1 ml DMF  80C° for 10 minutes. Afterward 48 (1 eq, 65 mgs, 0.17 mmol) was added to this 
mixture and reaction monitored over 16 hours. Product was confirmed with LCMS and TLC. 
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Reaction mixture was mixed with 30 mls saturated sodium bicarbonate and extracted with 2x 20 
mls ethyl acetate. The organic layer was then washed with 10mls DI water and organic layer 
concentrated. This crude mixture was purified with flash column chromatography (30-75% ethyl 
acetate in hexane) to give 49 as an off yellow wax. (43 mgs, 0.094 mmol, 54% yield) 1H NMR 
(500 MHz, METHANOL-D4) δ 7.76 (d, J = 8.5 Hz, 2H), 7.73 (d, J = 8.9 Hz, 1H), 7.41 (d, J = 
2.5 Hz, 1H), 7.03 (dd, J = 8.9, 2.5 Hz, 1H), 6.64 (d, J = 8.5 Hz, 2H), 4.02 (t, J = 6.4 Hz, 2H), 
3.52 (t, J = 6.6 Hz, 1H), 3.03 (t, J = 6.8 Hz, 3H), 2.82 (s, 3H), 1.80 (p, J = 6.7 Hz, 2H), 1.55 – 
1.45 (m, 4H), 1.41 (s, 9H). MS (ESI) m/z 455.56 [M+H] 

 

(49)� (51)  

2-acetamido-3-((2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)thio)-N-(6-((2-(4-

(methylamino)phenyl)benzo[d]thiazol-6-yl)oxy)hexyl)propenamide 

49 (20.5 mgs, 0.045 mmol) was mixed with 1 ml methanol and 1 ml hydrochloric acid. After 5 
minutes product conversion was observed on TLC and confirmed on the LCMS. Reaction 
mixture was concentrated down and dried further on the high vacuum to give 50 as a yellow oil. 
This dried mixture was then taken directly to the next step. MS (ESI) m/z 354.50 [M+H]  
  
N-acetyl-S-(2-amino-7-(4-fluorobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)cysteine, (1 eq, 13 
mgs, 0.031 mmol), 1H-benzo[d][1,2,3]triazol-1-ol (2 eq, 8.1 mgs, 0.060 mmol), and 
Triethylamine (10 eq, 42ul, 0.030 mmol) in 1 ml of dry DMF. This was sonicated and then 
allowed to stir for 15 mins before 50 (1.5 eq, 16 mgs, 0.045 mmol) was added and the reaction 
mixture stirred overnight. In the morning, 16 hours later product was verified on the LCMS and 
then filtered with PTFE Syringe Filters, 0.22 um, 17mm before HPLC purification was 
completed (15-75% H2O/Methanol, duration of 45 min, flow rate of 20 mL/min, detection at 254 
nm) to yield 51 as an off yellow white powder. (1.5 mgs, 0.002 mmol, 6.6% yield) 1H NMR (599 
MHz, DMSO-D6) δ 8.42 (d, J = 8.1 Hz, 1H), 8.04 (t, J = 5.7 Hz, 1H), 7.75 (dd, J = 8.7, 5.2 Hz, 
3H), 7.57 (d, J = 2.6 Hz, 1H), 7.20 (t, J = 6.8 Hz, 2H), 7.14 (t, J = 8.7 Hz, 2H), 7.02 (dd, J = 8.9, 
2.5 Hz, 1H), 6.63 (d, J = 8.5 Hz, 3H), 6.39 (d, J = 5.2 Hz, 1H), 5.07 (s, 2H), 4.46 (q, J = 7.5 Hz, 
1H), 4.00 (t, J = 6.5 Hz, 2H), 3.28 (dt, J = 13.4, 7.3 Hz, 1H), 3.17 (s, 1H), 3.07 – 3.01 (m, 2H), 
2.74 (d, J = 4.9 Hz, 3H), 1.84 (s, 3H), 1.71 (t, J = 7.4 Hz, 2H), 1.40 (d, J = 7.3 Hz, 5H), 1.30 (d, J 
= 7.2 Hz, 1H), 1.23 (s, 3H). MS (ESI) m/z 757.90 [M+H]+[M/2] 
 
Synthesis of Compound 66 (SAB-02-034) 

 

 

(66)  
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(2S,4R)-1-((S)-2-acetamido-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide, Trifluoroacetic acid 

(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1 eq, 30 mgs, 0.067 mmol) was mixed with DIPEA 
(10 eq, .12 ml, .67 mmol), HATU (1.1 eq, 28 mgs, 0.074 mmol), and acetic acid (1.1 eq, 4.2 ul, 
0.074 mmol) in 1 ml DMF. After 1 hour product was verified on the LCMS and then filtered 
with PTFE Syringe Filters, 0.22 um, 17mm before HPLC purification was completed (0-100% 
H2O/Methanol, duration of 45 min, flow rate of 20 mL/min, detection at 254 nm) to yield 66 as a 
white powder. (29 mgs, 0.048 mmol, 72% yield) 1H NMR (400 MHz, DMSO-D6) δ 8.96 (s, 1H), 
8.36 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 9.3 Hz, 1H), 7.44 – 7.37 (m, 2H), 7.34 (d, J = 8.3 Hz, 2H), 
4.87 (p, J = 7.2 Hz, 1H), 4.47 (d, J = 9.4 Hz, 1H), 4.37 (t, J = 8.1 Hz, 1H), 4.24 (q, J = 3.2 Hz, 
1H), 3.55 (t, J = 3.1 Hz, 2H), 2.41 (s, 3H), 1.97 (ddd, J = 12.8, 7.8, 2.5 Hz, 1H), 1.83 – 1.69 (m, 
1H), 1.33 (d, J = 7.0 Hz, 3H), 0.89 (s, 9H). MS (ESI) m/z 486.63 [M+H] 
 

Chapter 3 
 
Chemical Compound Information 

All chemicals, unless otherwise stated, were commercially available and used without 

further purification. 2-(4-(methylamino)phenyl)benzo[d]thiazol-6-ol45, (2S,4R)-1-((S)-2-amino-

3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-

carboxamide 46 were synthesized as previously described. All reactions were carried out in 

anhydrous conditions and commercially available anhydrous solvents were used. Analytical 

LCMS was performed using MilliQ water with .1% formic acid and acetonitrile using a packed 

column (Acquity UPLC BEH C18, 2.1mm x 50mm, 1.7 um). TLC was carried out on pre-coated 

silica plates 60F254 (Merck) with visualization via UV light (UV 254 nm). In 1H NMR data, 

chemical shifts are quoted in ppm and referenced to the residual solvent signals (DMSO-d6, d = 

2.50; Methanol-d4, qu = 3.31; Chloroform-d, s = 7.26), and signal splitting patterns are described 

as singlet (s), doublet (d), triplet (t), quartet (q), quintet (qu), multiplet (m), and broad (br). 

Coupling constants (JH-H) are measured in Hz. Preparative HPLC was performed on a 

WATERS HPLC system using methanol and water with a Packed Column (XBridge Prep C18, 
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19 mm x 100 mm; 5 um OBD).  Purities of assayed compounds were in all cases greater than 

95%, as determined by reverse-phase HPLC analysis. 

 
Synthesis of Compound 59 (SAB-02-059) 

 

 

(52)� (53)  

2-(3-nitrophenoxy)tetrahydro-2H-pyran 

3-nitrophenol, 52, (1 eq, 100 mgs, 0.719 mmol) and 3,4-dihydro-2H-pyran (4 eq, 0.25 ml, 2.88 
mmol) were mixed with 2 ml of dichloromethane under anhydrous conditions. To this solution 
catalytic 4-methylbenzenesulfonic acid (0.01 eq, 1.24 mg, 0.007 mmol) was added and the 
reaction mixture stirred overnight for 16 hour before product was confirmed by LCMS and TLC. 
Reaction mixture was mixed with 10 mls of DCM and extracted with 3x 20 ml washes of 
saturated sodium bicarbonate. The organic layer was dried down and purified with column 
chromatography (0-10% ethyl acetate in hexane) to give 53 as a colorless oil (96 mgs, 0.43 
mmol, 60% yield) 1H NMR (500 MHz, CDCl3) δ 7.90 (t, J = 2.3 Hz, 1H), 7.84 (ddt, J = 8.0, 2.2, 
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1.0 Hz, 1H), 7.42 (td, J = 8.2, 0.9 Hz, 1H), 7.35 (ddd, J = 8.3, 2.4, 1.1 Hz, 1H), 5.50 (t, J = 3.2 
Hz, 1H), 3.84 (ddd, J = 11.1, 10.0, 3.1 Hz, 1H), 3.63 (dtd, J = 11.4, 4.1, 1.4 Hz, 1H), 2.06 – 1.94 
(m, 1H), 1.89 (ddd, J = 7.8, 4.3, 3.1 Hz, 2H), 1.77 – 1.69 (m, 1H), 1.72 – 1.64 (m, 1H), 1.61 
(ddq, J = 10.5, 6.5, 3.2 Hz, 1H). MS (ESI) m/z 138.01 [M-THP(84)] 

 

(53)� (55)  

tert-butyl (3-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)carbamate 

53 (1 eq, 58 mgs, 0.26 mmol) was mixed with 2 mls of methanol and palladium on carbon (.2 eq, 
5.8 mgs, 0.055 mmol). The reaction vessel was purged using a Schlenk line three times with 
nitrogen followed by bubbling hydrogen gas in the mixture. This was left to spin for 1 hour 
before LCMS and TLC confirmed conversion of starting material to product. The reaction 
mixture was then filtered through a frit packed with celite and washed with 20mls methanol. This 
organic layer was then dried down to give, 3-((tetrahydro-2H-pyran-2-yl)oxy)aniline, 54 as a 
thick colorless oil which was then taken directly to the next step. MS (ESI) m/z 193.25 [M+H] 

54 (1 eq, 50 mgs, .26 mmol) was mixed with TEA (1.1 eq, 40 ul, 0.28 mmol) and Boc2O (1.5 eq, 
85 mgs, 0.39 mmol) in 2mls THF. This reaction mixture was then heated to 80C ͦ  for 15 hours 
with product confirmed on LCMS and TLC. The reaction mixture was dried down and then 
extracted with 30 mls DCM with 3x 20 mls washes of brine. The organic layer was dried down 
and purified on column chromatography (0-40% ethyl acetate in hexane) to give 55 as a thick 
colorless oil. (47 mgs, 0.016 mmol, 62% yield) 1H NMR (500 MHz, CDCl6) δ 7.19 – 7.08 (m, 
2H), 6.91 (d, J = 7.9 Hz, 1H), 6.72 (ddt, J = 8.3, 2.4, 1.4 Hz, 1H), 6.48 (s, 1H), 5.41 (q, J = 3.0 
Hz, 1H), 3.89 (ddt, J = 11.1, 9.8, 2.8 Hz, 1H), 3.63 – 3.55 (m, 1H), 2.01 – 1.95 (m, 1H), 1.83 
(ddt, J = 7.5, 4.6, 2.3 Hz, 2H), 1.71 – 1.61 (m, 4H), 1.50 (d, J = 2.3 Hz, 9H)  
MS (ESI) m/z 293.25  

 

(55)� (56)  

tert-butyl (7-(benzyloxy)-6-methoxyquinazolin-4-yl)(3-((tetrahydro-2H-pyran-2-

yl)oxy)phenyl)carbamate 

55 (1 eq, 205 mgs, 0.699 mmol) was mixed with sodium hydride (1 eq, 28 mgs, 0.699 mmol) in 
3ml of DMF and purged with nitrogen gas three times. This was stirred for about 15 mins at 0C ͦ.  
7-(benzyloxy)-4-chloro-6-methoxyquinazoline (1 eq, 210 mgs, 0.699 mmol) was then mixed 
with 1 ml DMF and injected through a seal cap with 55 and sodium hydride. The reaction 
mixture was then heated to 50C for 3 hours and product conversion verified with LCMS and 
TLC. The reaction mixture was then cooled and quenched with saturated sodium bicarbonate 
until the pH of the reaction is at 7. Compound was extracted with 30ml of DI water in 3x 30 mls 
of DCM. The organic layer was then washed with 10 mls DI water and organic layer 
concentrated and purified on the column (10-50% ethyl acetate in hexane) to give 56 as a thick 
colorless oil. (39 mgs, 0.069 mmol, 10% yield) 1H NMR (400 MHz, CDCl6) δ 9.00 (s, 1H), 7.53 
– 7.45 (m, 2H), 7.42 – 7.37 (m, 4H), 7.36 – 7.31 (m, 1H), 7.20 (t, J = 8.2 Hz, 1H), 7.15 (s, 1H), 
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6.98 (t, J = 2.2 Hz, 1H), 6.89 (ddd, J = 15.3, 8.0, 2.0 Hz, 2H), 5.34 (q, J = 3.1 Hz, 1H), 5.31 (s, 
2H), 3.91 (s, 3H), 3.88 – 3.76 (m, 1H), 3.58 – 3.48 (m, 1H), 2.16 (d, J = 2.2 Hz, 1H), 1.87 – 1.75 
(m, 2H), 1.71 – 1.50 (m, 11H), 1.39 (s, 9H), 1.24 (d, J = 1.8 Hz, 1H) MS (ESI) m/z 557.65 
[M+H]  

 

(56)� (57)  

tert-butyl (7-hydroxy-6-methoxyquinazolin-4-yl)(3-((tetrahydro-2H-pyran-2-

yl)oxy)phenyl)carbamate 

 56 (1 eq, 44 mgs, 0.079 mmol) was mixed with 2 mls of methanol and palladium on carbon (0.5 
eq, 4.4 mgs, 0.041 mmol). The reaction vessel was purged using a Schlenk line three times with 
nitrogen followed by bubbling hydrogen gas in the mixture. This was left to spin for 1 hour 
before LCMS and TLC confirmed conversion of starting material to product. The reaction 
mixture was then filtered through a frit packed with celite and washed with 20 mls methanol. 
This organic layer was then dried down to give 57 as a yellowish colorless oil. (38 mgs, 0.081 
mmol, 101% yield) 1H NMR (500 MHz, CDCl3) δ 9.03 (s, 1H), 7.47 (d, J = 3.4 Hz, 1H), 7.19 (q, 
J = 9.4 Hz, 3H), 6.98 (d, J = 3.1 Hz, 1H), 6.89 (dd, J = 17.0, 8.0 Hz, 2H), 5.34 (s, 1H), 3.96 (s, 
3H), 3.83 (t, J = 10.0 Hz, 1H), 3.56 (dd, J = 28.1, 11.0 Hz, 1H), 1.94 (s, 2H), 1.85 – 1.77 (m, 
3H), 1.50 (s, 2H), 1.39 (s, 9H). MS (ESI) m/z 466.52 [M+H]  

 

(57)� (58)  

tert-butyl (7-((3-(fluorosulfonyl)benzyl)oxy)-6-methoxyquinazolin-4-yl)(3-((tetrahydro-2H-

pyran-2-yl)oxy)phenyl)carbamate 

 57 (1 eq, 17 mgs, .044 mmol) was mixed with potassium carbonate (2 eq, 12 mgs, 0.089 mmol) 
and 3-(bromomethyl)benzenesulfonyl fluoride (1.2 eq, 13 mgs, 0.053 mmol) in 1 ml of DMA. 
This was left to spin at 80C ͦ for 1 hour before LCMS and TLC confirmed conversion of starting 
material to product. Compound was extracted with 30ml of DI water in 3x30mls of DCM. The 
organic layer was then washed with 10mls DI water and organic layer concentrated and purified 
on the column (10-50% ethyl acetate in hexane) to give 58 as a thick colorless oil. (28 mgs, 
0.044 mmol, 100% yield) 1H NMR (400 MHz, METHANOL-D4) δ 8.94 (s, 1H), 8.24 (s, 1H), 
8.03 (q, J = 6.6 Hz, 2H), 7.76 (td, J = 8.2, 3.8 Hz, 1H), 7.47 (s, 1H), 7.29 – 7.19 (m, 2H), 7.07 (t, 
J = 2.3 Hz, 1H), 6.99 – 6.83 (m, 2H), 5.45 (s, 2H), 5.41 – 5.32 (m, 1H), 3.91 (s, 3H), 3.80 (ddd, J 
= 12.2, 9.5, 3.4 Hz, 1H), 3.52 (dt, J = 11.4, 4.3 Hz, 1H), 2.17 (d, J = 9.5 Hz, 1H), 1.93 (dt, J = 
14.5, 5.2 Hz, 1H), 1.80 (dddd, J = 17.9, 13.5, 11.1, 4.1 Hz, 2H), 1.64 (dt, J = 11.5, 4.1 Hz, 1H), 
1.54 (ddd, J = 17.8, 9.2, 5.8 Hz, 1H), 1.43 (s, 9H), 1.31 – 1.25 (m, 1H). MS (ESI) m/z 639.70 
[M+H] 

 

(58)� (59)  



50 
 

3-(((4-((3-hydroxyphenyl)amino)-6-methoxyquinazolin-7-yl)oxy)methyl)benzenesulfonyl fluoride, 

Trifluoroacetic acid 

 58 (1 eq, 12 mgs, 0.019 mmol) was mixed with 1ml DCM and 1ml TFA. Reaction mixture was 
monitored by LCMS and TLC with complete conversion is 5 minutes. Reaction mixture was 
filtered with PTFE Syringe Filters, 0.22 um, 17mm before HPLC purification was completed (0-
100% H2O/Methanol with 0.1% TFA, duration of 28 min, flow rate of 20 mL/min, detection at 
254 nm) to yield 59 as a white powder. (3.1 mgs, 0.005 mmol, 29% yield) 

1H NMR (599 MHz, 
DMSO-D6) δ 10.29 (s, 1H), 9.61 (s, 1H), 8.66 (s, 1H), 8.31 (s, 1H), 8.18 (d, J = 8.0 Hz, 1H), 8.10 
(d, J = 7.8 Hz, 1H), 8.04 (s, 1H), 7.89 (t, J = 7.8 Hz, 1H), 7.37 (s, 1H), 7.23 (dd, J = 15.0, 6.9 Hz, 
2H), 7.13 (d, J = 8.1 Hz, 1H), 6.65 (d, J = 8.2 Hz, 1H), 5.51 (s, 2H), 4.00 (s, 3H). Fluorine NMR 
(376 MHz, DMSO-D6) δ -73.55 (s, 1F).  MS (ESI) m/z 455.48 [M+H] 

 

Synthesis of Compound 61 (SAB-01-160) 

 

(57)� (60)  

tert-butyl (7-((4-(fluorosulfonyl)benzyl)oxy)-6-methoxyquinazolin-4-yl)(3-((tetrahydro-2H-

pyran-2-yl)oxy)phenyl)carbamate 

 57 (1 eq, 45.3 mgs, 0.096 mmol) was mixed with potassium carbonate (2 eq, 26.8 mgs, 0.194 
mmol) and 4-(bromomethyl)benzenesulfonyl fluoride (1.5 eq, 36.8 mgs, 0.145 mmol) in 1 ml of 
DMA. This was left to spin at 80C ͦ for 1 hour before LCMS and TLC confirmed conversion of 
starting material to product. Compound was extracted with 30ml of DI water in 3x 30 mls of 
DCM. The organic layer was then washed with 10 mls DI water and organic layer concentrated 
and purified on the column (20-55% ethyl acetate in hexane) to give 60 as a thick colorless oil. 
(22.5 mgs, 0.035 mmol, 36% yield) 1H NMR (400 MHz, CDCl6) δ 9.01 (s, 1H), 8.05 (d, J = 8.3 
Hz, 2H), 7.75 (d, J = 8.2 Hz, 2H), 7.34 (t, J = 2.0 Hz, 1H), 7.25 – 7.16 (m, 2H), 7.00 – 6.83 (m, 
3H), 5.41 (s, 2H), 5.34 (t, J = 3.3 Hz, 1H), 3.93 (s, 3H), 3.82 (ddd, J = 11.3, 9.6, 3.1 Hz, 1H), 
3.58 – 3.48 (m, 1H), 1.93 (ddt, J = 14.1, 11.1, 7.0 Hz, 1H), 1.79 (dt, J = 10.9, 4.4 Hz, 2H), 1.72 – 
1.50 (m, 1H), 1.40 (s, 9H). MS (ESI) m/z 639.70 [M+H] 

(60)� (61)  

4-(((4-((3-hydroxyphenyl)amino)-6-methoxyquinazolin-7-yl)oxy)methyl)benzenesulfonyl fluoride, 

Trifluoroacetic acid 
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 60 (1 eq, 22.5 mgs, 0.035 mmol) was mixed with 1ml DCM and 1ml TFA. Reaction mixture 
was monitored by LCMS and TLC with complete conversion is 5 minutes. Reaction mixture was 
filtered with PTFE Syringe Filters, 0.22 um, 17mm before HPLC purification was completed (0-
100% H2O/Methanol with 0.1% TFA, duration of 28 min, flow rate of 20 mL/min, detection at 
254 nm) to yield 61 as a white powder. (3.5 mgs, 0.006 mmol, 17% yield) 

1H NMR (400 MHz, 
DMSO-D6) δ 10.46 (s, 1H), 9.62 (s, 1H), 8.73 (s, 1H), 8.20 (d, J = 8.3 Hz, 2H), 8.05 (s, 1H), 
7.86 (d, J = 8.2 Hz, 2H), 7.31 (s, 1H), 7.20 (t, J = 8.1 Hz, 1H), 7.12 (t, J = 2.2 Hz, 1H), 7.06 (dd, 
J = 7.7, 1.9 Hz, 1H), 6.64 (dd, J = 8.2, 2.3 Hz, 1H), 6.54 (s, 1H), 5.53 (s, 2H), 3.98 (s, 3H). 
Fluorine NMR (376 MHz, DMSO-D6) δ -73.64 (s, 1F). MS (ESI) m/z 455.48 [M+H] 

 

Synthesis of Compound 63 (SAB-01-120) 

 

(57)� (62)  

tert-butyl (6-methoxy-7-((4-(methylsulfonyl)benzyl)oxy)quinazolin-4-yl)(3-((tetrahydro-2H-

pyran-2-yl)oxy)phenyl)carbamate 

 57 (1 eq, 22 mgs, 0.047 mmol) was mixed with potassium carbonate (2 eq, 13 mgs, 0.094 mmol) 
and 4-(bromomethyl)benzenesulfonyl fluoride (1.1 eq, 13 mgs, 0.052 mmol) in 1 ml of DMA. 
This was left to spin at 80C ͦ for 1 hour before LCMS and TLC confirmed conversion of starting 
material to product. Compound was extracted with 30 ml of DI water in 3x 30 mls of DCM. The 
organic layer was then washed with 10 mls DI water and organic layer concentrated and purified 
on the column (0-10% methanol in DCM) to give 62 as a thick colorless oil. (30 mgs, 0.047 
mmol, 100% yield) 1H NMR (400 MHz, DMSO-D6) δ 10.33 (s, 1H), 9.58 (s, 1H), 8.63 (s, 1H), 
8.02 – 7.91 (m, 3H), 7.77 –7.70 (m, 2H), 7.27 (s, 1H), 7.19 (t, J = 8.0 Hz, 1H), 7.14 (s, 1H), 7.10 
– 7.04 (m, 1H), 6.62 (dd, J = 8.2, 2.3 Hz, 1H), 6.52 (s, 1H), 5.44 (s, 2H), 3.96 (s, 3H), 3.83 (t, J = 
10.0 Hz, 1H), 3.56 (dd, J = 28.1, 11.0 Hz, 1H), 3.21 (s, 3H), 1.94 (s, 2H), 1.85 – 1.77 (m, 3H), 
1.50 (s, 1H) 1.39 (s, 9H). MS (ESI) m/z 634.73 [M+H] 

(62)� (63)  

3-((6-methoxy-7-((4-(methylsulfonyl)benzyl)oxy)quinazolin-4-yl)amino)phenol, Trifluoroacetic 

acid 

 62 (1 eq, 33.6 mgs, 0.061 mmol) was mixed with 1 ml DCM and 1 ml TFA. Reaction mixture 
was monitored by LCMS and TLC with complete conversion is 5 minutes. Reaction mixture was 
filtered with PTFE Syringe Filters, 0.22 um, 17 mm before HPLC purification was completed (0-
100% H2O/Methanol with .1% TFA, duration of 28 min, flow rate of 20 mL/min, detection at 
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254 nm) to yield 63 as a white powder. (8 mgs, 0.01 mmol, 20% yield) 1H NMR (400 MHz, 
DMSO-D6) δ 10.33 (s, 1H), 9.58 (s, 1H), 8.63 (s, 1H), 8.00 (s, 1H), 7.98 – 7.95 (m, 2H), 7.77 – 
7.70 (m, 2H), 7.27 (s, 1H), 7.19 (t, J = 8.0 Hz, 1H), 7.14 (s, 1H), 7.10 – 7.04 (m, 1H), 6.62 (dd, J 
= 8.2, 2.3 Hz, 1H), 5.44 (s, 2H), 3.96 (s, 3H), 3.21 (s, 3H). MS (ESI) m/z 450.50 [M+H] 

 

 

 

 

Synthesis of Compound 65 (SAB-02-023) 

 

(55)� (65)  

3-((6,7-dimethoxyquinazolin-4-yl)amino)phenol, Trifluoroacetic acid 

 55 (1 eq, 45.3 mgs, 0.096 mmol) was mixed with 4-chloro-6,7-dimethoxyquinazoline (1 eq, 50 
mgs, 0.145 mmol) in 1 ml of Isopropanol. This was left to spin at 80C ͦ for 3 hours before LCMS 
and TLC confirmed complete conversion of starting material to product 64. Compound was 
extracted with 30 ml of DI water in 3x30mls of DCM. The organic layer was then dried down 
and taken to next step. MS (ESI) m/z 379.46 [M+H] 

6,7-dimethoxy-N-(3-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)quinazolin-4-amine 64 (1 eq, 85 
mgs, 0.22 mmol) was was mixed with 1 ml DCM and 1 ml TFA. Reaction mixture was 
monitored by LCMS and TLC with complete conversion is 5 minutes. Reaction mixture was 
filtered with PTFE Syringe Filters, 0.22 um, 17 mm before HPLC purification was completed (0-
100% H2O/Methanol with .1% TFA, duration of 28 min, flow rate of 20 mL/min, detection at 
254 nm) to yield 63 as a white powder. (4 mgs, 0.01 mmol, 6% yield) 1H NMR (400 MHz, 
DMSO-D6) δ 10.62 (s, 1H), 9.66 (s, 1H), 8.73 (s, 1H), 7.99 (s, 1H), 7.26 – 7.17 (m, 2H), 7.09 (d, 
J = 2.2 Hz, 1H), 7.07 – 7.01 (m, 1H), 6.66 (dd, J = 8.1, 2.3 Hz, 1H), 3.94 (d, J = 2.1 Hz, 6H). MS 
(ESI) m/z 297.31 [M+H] 
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