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Abstract

Electrophilicinhibitors have, until recently, been underutilised in drug de8ghthere
has been growing recognition for their utty aspowerful tools for exploring biological
mechanisra The irreversible covalent interactiofmed make identifying targetsf
compoundsn cells more straighfiorward thanfor non-covalent inhibitors, as chemical
proteomics approaches can be wiigo isolate and identify interacting proteins. This is
particularly attractive for phenotypic screening approaches, wheneathe of actiorand

proteintargets are unknown

Generation of these electrophilic screening libraries typically udesitad synthetic
toolkit, resulting in libraries with poor diversity that do not efficiently explore
biologically relevant chemical spaceherefore, we aimed to develop a workflowttha
movesfrom the creation of a library daflectrophilic compoundghroughto inhibitor
discovery and profiling biological mechanisms in cells using chemical proteomics.
Building a structurally diverse compound library using an iridium catalysed
dehydrogenative coupling based around sulfonyl fluoride warheads, to exploit their
reactivity and stability under physiological conditions, and their reaptiwmiscuity to
several protein amino acid side chaimsming to reveal novel protein targets not
accessible to traditional synthetic design.

Working in collaboration with the Snhitgroup at the University of St. Andrews, the
sulfonyl fluoridebased library wathen screened in phenotypic assays against the human
African trypanosomiasis parasife brucej obtaining several active compounds with-sub
micromolar potencywith significant selectivity over human HelLa cell§Ve then
designedchemical probg, analogous compoundsntaining an alkyne tag to directly
explore theprotein targets and mode of action of the active compounds using chemical
proteomics methodslnitial work was unddaken to visualise these protginobe
interactions by SD®AGE from ingel fluorescence. From here, future work should
focus on the identification of these reactive proteins by mass spectrometry.
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1. Introduction

1.1. Trypanosoma Kinetoplastid Parasites

Parasites arerganisms which live on or in a host to gain food and nutrients at their
expenseParasites can cause or transmit many diseases to host organisms; including
animals, humans and plahtsThis project focuses on trypanosoma kinetoplastis

subset of protozoan parasites, mastigophora.

1.1.1. Introduction to Trypanosoma kinetoplastids

Trypanosoma Kinetoplastids are characterised by their single flagellum, used to propel
the organism, as well as their kinetoplasts, a network of DNA, arrangediiregular,
circular disk like structure®’. The trypanosomes are able to change morphology during
their life cycle(Figure 1.1), allowing for cell division and transportation, enabling the

parasite to infect a host organtsm
Amastigote Trypomastigote

Direction of Motion

A
Flagellum \
Nucldus Flagellum
Kinetoplast Nucleus
Kinetoplast
Epimastigote Promastigote
Direction of Motion Direction of Motion

\

F'Iagellum

; Fl Il
Kinetoplast Kinetoplast agelium

Nucleus Nucleus

Figure 1.1: Morphology of trypanosoma kinetoplastid parasites. Their morphological changes
enable infection of a host. Figure adapted from souraad®.

Trypanosomes can infect humans and other animals through insect bites. The specific
carrier of the disease is dependent on the parasite species and its geographical location
For example, African Sleeping Sickness is transmitted by tsetse flies, found throughout
central Afric&, whil e Chagas disease is spread
South America

k



Figure 1.2shows the typical life cycle of trypanosoma parasites and how they are spread.

The parasites are found in the saliva of infected insects and are injected into the blood of

mammals when the insect takes a blood niBallthe trypomastigotparasites penetrate
blood cells and differentiate as amastigotes via binary fis&8h Once the parasite has

multiplied within the cell, it ruptures, allowing metacyclic trypomastigotes to spread,

infecting other cells (4). The parasite can spre#ueithost is bitten by another inses} (
which ingests the parasites where they multiply in the gut as epimastigptesf@re
transporting through mucosal 7)noenfettanatiee s

host on its next me&l.

2
7 Initial Infection:
Transportation: Penetrate cells to differentiate

Move to mucosal as amastigotes
membranes and saliva
as metacyclic 1
3

trypanomastigotes

Insect Bite:
Takes a blood meal. Differentiation:
transmits metacyclic Intracellular amastigotes
trypomastigotes multiply by binary fission
Insect Human
Stages: Stages:

6
Differentiation: 4
Tranform to 5 ) P
epimastigotes to Insect bite: Secondary Infection:

multiply in the Injesting blood and Amastigotes transform to
trypomastigotes to leave

midgut trypomastigotes
e V\_/ cell, and enter blood
stream

Figure 1.2: Life cycle of trypanosoma Kinetoplastid parasiteghlighting the infection and
trarsmissionfrom insect to human. Figure adapted from sodrce

The trypanosomes include two main spedigganosoma and leishmania, both of which
cause a range of diseases affecting humans and other alm(iiable 1.). Of the

b

~

C

di seases caused by trypanosoma parasites,

tropical Diseases; African Sleeping SickngShagas Disease ané@ithmaniasisThese

diseases affect hundreds of millions of people but are generally not typically addressed

by pharmaceutical companiés



Table 1.1: Disease caused by Trypanosotnparasites, divided by the sglets of trypanosoma
and leishmaniadighlighting the three neglected tropical diseases affecting humans{Bfue)

Trypanosoma
Species Disease Host Region
brucei Nagana Cattle, Horses, Africa
Game
East African Humans, Pigs,
rhodesiensis | Sleeping sickness Game East Africa
(Severe)
L We_st Aff'ca” West/ Central
Tb ] gambiensis Sleeping Sickness Humans, Game .
. brucei . Africa
(Mild)
South/ Central
. Horses, Camels, . .
evansi Surra America, Asia,
Buffaloes .
Europe, Africa
South/ Central
. . Horses, . .
equiperdum Dourine America, Asia,
Donkeys, Camels .
Europe, Africa
: N Humans, Wild South/ Central
T. cruzi Chagasé . :
Animals America
. Horses, Donkeys .
T. cogolense Trypanosomiasis Camels. Africa
Leishmania
Species Disease Host Region
L. braziliensis Mu_cocutan_eogs T, South America
Leishmaniasis Rodents
L. mexicana Visceral Leishmaniasis Humans, Central America
Rodents
L. donovani Sleeping Sickness (mild) H%”;ZZS' Africa, Asia, Europe
. Cutaneous Humans, . .
L. major Leishmaniasis (Wet) Rodents AL AETES
. Cutaneous Humans, . .
L. tropica Leishmaniasis (Dry) Hyrax Africa, Asia Europe
L. infantum Visceral Leishmaniasis Humans, A Europe, S
Dogs America
. I h
Phytomonas Hartrodt Disease Cpconut, Central/ .SOUt
Oil palms America

African SleepingSickness, oHuman AfricanTrypanosomiasi§HAT), is caused by the
T.bruceisubspecies. Specifically, two parasites cause the djsedsaceirhodesiensis,

which causes East African Sleeping SickneBRAT), the less common, but more severe

form, andT. brucei gambiensisausing West African Sleeping Sickng¢gslAT)®. In its

early stages, thgambiensigarasitecauses fevers, rashes, swelling of the lymph nodes
and joints and an enlargement of the liver. As the disease progresses, the parasite infects

the central nervous system as the parasite is able to penetrate thérbioodarrier,



causing physical and mental deterioration, comas and eventually.dgatih forms of

the disease are transmitted by the tsetse fly bite and exhibit the same symptoms but differ
in the rate of infection. The infdon ofrHAT is more rapid and patients often die before
exhibiting inflammation in the brainThis often causes a misdiagnosis of the disease.

Over 60 million people live within the tsetse fly habitat, so are at risk of infection. In
1995, it was estimated that 300,000 people weeeted with HAT, but less than 30,000

of these cases were actually treated as a result of limited access to health care. In 2014,
the number of estimated cases dropped to 15,000 with 3,796 reporteld ttasds to
increased support to rural communities by WH®reviously, there were four main
treatmers for African Sleeping Sickness, depending on the type of infection and severity
(Table 1.3. Although they appear to treat the disease successfully, they have many
adverse effects associated with them, highlighting the need for safer alternatives.

Table 1.2: Currentdrug treatments for African Sleeping Sickriéss

Drug Structure Treatment Adverse Effects
O~ 0 T. brucei Hypoglycaemia,
Pentamidine 4 Hzmp/ \©\WNH2 gambiensis diarrhoea,
NH NH (Early stage) nausea
; T v
Eflornithine ° HoN OH gambiensis PRI .
F— NH gastrointestinal
£l (Late stage) .
issues.
Rash,
T. brucei nepzrriotrc]):::lty,
Suramin 8 rhodesiensis perp
(Early stage) neuropathy,
hypersensitivity
(rare)
. Brain damage
R As. T. brucei OO b
Melarsoprol 14 NI S OH rhodesiensis (5 1O.A) ”Sk).
P (Late stage) which is fatal in
N N H 9 50% cases

In 2009, a NifurtimoxEflornithine Combination Therapy (NECT) was shown to
successfully treat last stade brucei gambiensiérigure 1.33. Treatment requires 10
days of oral Nifurtimox to be taken, followed by 7 days of intravenous eflornithine. NECT
hada much higher efficacy and selectivity than an eflornithine monotreatment, with a
cure rate of around 97% It also reduces the number of intravenous treatments from 56



to 14'6. As of 2018, fexinidazole is the first orally bioavailable drug for treating West
African Sleeping sicknes§igure 1.39'7 and is the first new drug approved for treating
HAT in nearly 40 yeaf$. Originally identified as a broad spectrum amicrobial,
fexinidazole was found to be active against HAT from a screening library of existing anti
microbials against a range of parasitic &a8§. Further testing showed no toxicity or
genotoxicity® and had an activity, comparable with the NECT treatfiei¢xinidazole

is convertedn vivointo two active metabolites,salfone,and a sulfoxideRigure 1.39,

both are shown to be equally as active as the parent molecule and also show increased
permeability of the bloodbrain barrierin vivo modelg!. As of 2021, there were 805
reported cases of HAWwith only 55rHAT, showing a significant reduction, resulting
from advances in treatment and increased access to reliable healthcare foPpatients

a)
0]
/D\/
_N.
O,N" 0 N H,N OH
A_s=o F— NH,
O F

Nifurtimox: ECsg = 2.4 uM Eflornithine: EC5¢ = 16.4 uM

b)

S
RO
N_ _NO,
(@)
~"r

Fexinidazole: EC5q = 1.0 pM

o

0, 0

N_ _NO, \©\ N__NO;
(o) 0]

Fexinidazole Sulfone: EC5g = 0.6 pM Fexinidazole sulfoxide: EC5g = 1.4 uM

Figure 1.3: Alternative treatments of. brucei gambiensjsincluding a combination therapy
NECT, of nifurtimox and eflornithined) with increased efficacy compared to the monotherapies
showrt®, as well as the first orally bioavailability treatment fexinidazblealong with the active
metabolites€) highlighting their poteay in vivo mouse models




1.1.2. Phenotypicvs.Target-Based Screening of Trypanosoma Kinetoplasts

There are many examples of both phenofsit and targebased screenidg?®
approaches being used to develop novel inhibitors of trypano3bniesgetbased
screening aims to disrupt a specific protein function that is essential to the parasite to have
a therapeutic effect. The protein target is initially identified from genomic data and the
isolated, recombinant protein can be assayed usitgthigughput screening to rapidly

find active compounds for this interaction. Limitations of this method are caused by
reproducibility of resultén vivo. For an initially potent inhibitor to be taken forward as a
lead compound, the compound must also Hagé selectivity to the parasite without
affecting the host. The inhibitor must additionally be cell permeable and remain stable to
the metabolism of the host and parasite & This information cannot be gained from
thein vitro assay on the target protein, so secondary studies are needed to validate the
compound as a potential lead compound for further optimisétion

In comparison, phenotypic screening allows for a full cell analysis of potential inhjbitors
identifying active compoundsthat meet drugike requirements such as being cell
permeable and metabolically stabldese screengften results in a low hit rate, as the
compounds need to exhibit all of these properties to produce a phenotypié-éffect
Phenotypic screening can be usedistovernew druggable protein targetsy using a
structurally diverse compound librarigetbetterexplore 3D chemical spaddentifying
novel reactive scaffolds with dreldke properties.This also reduces thathate as the
library would need to be target agnostic and not influenced by existing inhibi#sit
identified from anin vitro phenotypic screen will require further testing to investigate the
compounds selectivity and broagectrum toxicity profiles against other cell lines to
build a picture of the compounds efficacy asaéential drug candidate Optimisation

of these active compounds requires the target site to be identified to aid*teBhim
can be achieved with chemical proteomics by functionalising the compound-mupull
the protein targets of intereSt or by functionalising the inhibitors to form reactive
chemical probés.

In parasitebased phenotypic screens, the main limitation arises from the changing
morphology of parasites during their life cy@€. Inhibitors may not maintain tlre
activity against different forms of the parasite. For example, in a study to identify novel
Leishmaniainhibitors, only 4% of compounds active against promastigotes maintained
their activity against intracellular amastigotes found in the’hdstvivo, the amastigotes



penetrate the granular cells of the host, protecting them from the drug molecule making
them harder to treat, the molecule must enter the hodiefelle it can interact with the
parasité®. The intracellular amastigotes are the most clinically relevant stage of the
parasites life cycle but are also more difficult to identify active inhibitors

Using a targetagnostic approacln phenotypic screeningnovel antitrypanosomal
compoundscan be created without the influence of existing inhibitors. Aintimg
discovery new protein targeighen combined with chemical proteomitkderstanding
thesecompoundproteinbinding interactions caguidefurther optimisation of the active
compounds such as exploring their structuaetivity relationship (SARYXo improwe
potency and selectivity of the compou#fti¥.



1.2. Exploring Diversity Generating Synthetic Strategies

Typically, compound libraries are designed and synthesised uslingitad synthetic
toolkit, creating libraries that only explore a snadrtion of druglike chemicalspacé®.

In this work, diversity generating chemistig utilised tobuild complex libraries from
simple starting materialfor use in phenotypic scregnThis approach leads to the
discovery of novel actercompounds thatvould not be accessibleéhroughtraditional
synthetic méods™.

1.2.1. The Medicinal Chemistry Toolkit

Traditional methods of drudesign, using lead discovéfyidentify hits by screening a
largelibrary of compoundsigainst a variety of different targetsit$dare theroptimised

by synthesising analogues of the@&tivemolecules, aiming to improwveeir potency and
pharmacological propertit’s This method consistently uses reliabtemical reactions
that produce limited libraries of possible drug l¢dds The o6t ypiofadadg 6 sy
design produces large, flat, and achiral molecules, wdftem results in lead molecules
with poor druglike properties In medicinal chemistry, the top 10 most used chemical
processes in organic synthesis account for over 60% of the total nsacdimied out in
small scale drug desiéf This shows the reductive and repetitive nature of traditional
drug discovery, where reactions produce single and predictable prddgblghtng the
need for alternative techniqutsbetter explog biologicallyrelevant chemical spat®e

This methodology is also commonly applied to the discovery of electrophilic litfeiids
Often functionalising substrates with reactive warheads via safe and reliable chemistries
such as amide bond formations, between amines and carboxylic acids or acid éflorides
to create limited librariesFigure 1.4). These libraries also tend to focus on cysteine
reactive warheads includiracrylamides, oa-halo acetamidé& which further reduces

the scope of protein targets that can be explored.
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Figure 1.4: lllustrative example of an electrophilic fragment library containing cysteine reactive

a-halo acetamides and acrylamide warheads synthesised via amide bond féfmation




This work aims to utilisdiversity generating chemistry and using electrophilic warheads
selective for nortysteine residues to move away from using typical chemistry, with the
aim of better exploring chemical space, agehitify novel, druggable targets that are not
accessible to traditional discovery.

1.2.2. Introduction to Photoredox-Mediated Dehydrogenative Couplings
Photoreactive dehydrogenative crassiplings can be used to functionalise two
substrates by inserting inGi H bonds, resulting in a formal loss ok Mia a single
electron transfer cascade. Functionalisation of both substrates creates the potential for
several unique products to form. The reactions are facilitated by photocatalysts, activated
by light. These atalysts include transition metal complexes and organic dyes capable of
absorbing UV light, exciting the catalyst to a redtive state. In this form, by oxidising

and reducing the reagents and substrates, the catalyst initiates thesemadiatéd
reactiong!49:50,

An example of a dehydrogenative coupling is shown between an eleetfiorent
hetarene and a hydrogen donor, such as a saturated nitrogen hetefagucie .5
This outlinesan illustrative reaction between the benzothiazole hetarene (blue) reacting
with the hydrogen donadX-Boc-pyrrolidine (purple) to form the crosoupled product.
The reactions proceed under Aaert conditions using stable reagents and have been
shown to be compatibleith a range of electron deficient hetarene and doridrese
couplings do not requirpre-functionalised substrates to drive the formation of reactive
radical precursors, such as borates and silicates previously used in these reactions,
increasing the scapof compatible donots495,
S>7H Boc (dtt!gg;(g;; 3pr¥1]§| /o Roc
@EN/ ¥ UH TFA (2 eq), tBPA(2eq @[ >_O
Acetone,

Heteroarene Hydrogen Donor 40 W blue LED lamps,
(1eq) (2eq) rt, 24 hrs Cross- coupled Product

Figure 1.5: An example of adehydrogenative coupling reaction betwdrmmzothiazolgblue)
andN-Boc-pyrrolidine (purple), highlighting the sites of reactivity in féd

This photecoupling proceeds in a Ministype reaction, using either an irididbased
catalyst, [Ir(dF(CE)ppyk(dtbbpy)]PF, or an organocatalyst, 4CzIPN, illustrated in



Figure 1.6using iridium as an example. Initially, a photon of blue light absoblyetie

Ir(11) catalyst @), promotes it to a stable excited state Ir(ll11*), this can relax back to the
ground state by emitting a photon. Alternatively, the active state can act as a reducing
agent for TBPA, the activated peroxide, via a proton coupledtreh transfer 2).
Coordination to the peroxide carbonyl creates an electron deficient d>ypggen bond

that can be readily reduced to generatrtebutoxy radical and an acetic acid-pyoduct

while the iridiumcomplex is oxidised to Ir(IV). The boty radical can then abstract a
hydrogen atom from the donor substrateBoc-pyrrolidine @). Pyrrolidinesalpha
hydrogenis most acidic, and more reactive to abstraction by the butoxy radical, the
resulting alphaadicalis then stabilised by electron resonance from the neighbouring
amide lonepair2 This radicalcan then react with an electron deficient hetarene in the
Minisci-type reaction4). Finally, Ir(IV) quencheshe crosscoupled species via a single

electron transfers), reforming the hetaromatic ring and regetiagpathe Ir(111) catalyst.
H
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Figure 1.6: Reaction cycle of an iridium catalysed photmpling, betweemN-Boc-pyrrolidine
and benzothiazoté Figure adapted fror.
[Ir*] = [I(dF(CFs)ppy)(dtbbpy)]PFs

Building on this reaction, previous currently unpublished worked within the group by
Dr Andrew Gommoptimised this reaction to run under ambient conditions for use in a
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high-throughput array formatJsing the coupling between benzothiazole &hBoc
pyrrolidine Figure 1.5 as a modaleaction A series of reaction grecarried out across

a 96well plate on a500 nL scale 0.05 mmolscalewith respect to the hetarene
following a standard protocob(2.]). The reagents were prepared as stock solutions in
acetone,adding thebenzothiazolehetarene(100 ni, 0.5 M), along with varying
concentrations of the hydrogen dondiA, the iridium catalyst and t-BPA. The
reactions werérritatedunder blue UV light 390 nm) for 24 hours anthonitored the
conversion using LS and analytical HPLC=rom this, an optimised set of conditions
were identified Table 1.3, improving the reaction conversion from 15% to 70%.

Table 1.3: Optimisation ofthe dehydrogenative photocoupling reaction for amhkgenditions
carried out by Dr Andrew Gomm

Literature Conditions Optimis ed Ambient Conditions
Hetarene leq leq
Hydrogen Donor 2 eq 5eq
Iridium Catalyst 1 mol% 1 mol%
TFA 2eq 2eq
t-BPA 2eq 5eq
| Conversion | 15% | 70% |

These optimised conditions were then used to explore the scopetarenesand
hydrogen donorthat are compatible with this dehydrogenative photocouphnsgries

of substrates were selected freommercially available compounds, or compounds that
requred only a single step to protect free amirg&slectingfragments with less that 15
heavy atoms for decoration with this chemisayi mi ng t o produee mo
| i ke d c h éndomppundssvereselected to include multiple potential sites of
reactivity, b produce multiple products per reaction, to further increase the size and
diversity of the library23 hetarenes substrai@sgure 1.7) were examinedby reacting

with N-Boc-pyrrolidine under the standard procedure as described above and analysed by
LC-MS and HPLCto identify an intermolecular mass (HA + HBl2), and novel peak
formation in the HPLC chromatgraph Additionally, 25 hydrogen donors were
investigated by reacting with benzothiazole for analyResults from this experiment
showed 16 of the 23etarenes and 16 out of 25 hydrogen do(gnesen)were compatible

with the dehydrogenative coupling to form intermolecular products with the
benzothiazole oN-Boc-pyrrolidine (Figure 1.7). These substrates can then be used to
form the bases of a reaatiarray for compound generation, while incompatible substrates
(red) were removed from consideration for future synthesis.
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Figure 1.7: Scope oftompatibledehydrogenative coupling substrates under optimised ambient

conditions.Highlighting the hetarenes and hydrogen donor$) in green, that successfully
reactwith the model substrates to form an intermolecular pro@@astied out by Dr Gomm.

Using these results, a reaction array was designed around compatible sulastnatgs,
to produce a diverse, targagnostic compound library that explores a diverseeanig
chemical space from simpleheap,and accessible fragmen#n exhaustive 1$ 19
array of hetarene and hydrogen donor combinations was perfamad00nL scale,
following the standard procedure outlined above arffeiction 5.2.1resulting in aotal

of 361 reactions. Analysis of a portion of these reactions byvISCwas conducted to
identify intermolecular product formatiprdetermining a 68% success rdtg the
productivity of the chemistry, highlighting the success of the initial screenge ga

substrate compatibility.

The reaction array was then screened as crude mixtures against several phenotypes
including trypanosomal parasiteéBhe reactions were concentrated to remove volatile
agents such as TFA and suspended as DMSO stbeksoncetnation based on the total
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product formation, assuming 100% conversiothaf hetarene as the limiting reagent to
product.A selection of promising reactiongere idetified that showed clear product
formation by LGMS and NMR These reactions were repehten a larger scale and
purified to isolate intermolecular producEdure 1.8) in work carried out by Dr Andrew
Gomm and Dr Sam Griggsighlighting the scope of this chemistry to produce an

interesting and diverse compound library for exploration of chemical space.
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Figure 1.8: Isolated compounds from a dehydrogenative coupling afretwveen a set of

hetarenes (blue) and hydrogen donors (purple), showirggtéseof reactivity in red, highlighting
the scope and diversity of compounds accessible to this chemistry. Work carried out by Dr
Andrew Gomm and Dr Sam Griggs of the University.eéds.

Theseisolatedcompounds were taken forward for screening agdinstucei bruceiby
Dr Will Mosedale at the University of St. AndrewBhis led to the discovery of two
potent antitrypanosomal compoundd-igure 1.9 to be taken forward for furér
investigationto explore their selectivity against human celeneration of photo

reactive chemical probe analogues of these compouyaisendix A) will reveal these
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compounds protein targets and explore their mode of action within @aitently being
investigated in ofgoing work.

T.brucei Ec50:

(0]
K/ NBoc
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01=14.0+0.1 uM 11=3.7x03 uM

12=73+0.2 yM
Figure 1.9: EGso values of active compounds identified from a phenotypic screen against

brucei bruce, taken for furthemvestigation Appendix A).
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1.3. Covalent Inhibitor Discovery

Covalent inhibitors are designed to disrupt protein function by forming a covalent bond
to the protein and blocking its reactivity. These interactions can be reversible or
irreversible depending on the kinetics and thermodynamic reactivity of the

electrophil&3>4

1.3.1. An Introduction to Covalent Inhibitors

Covalent inhibitors contain weakly electrophilic warheads thquire a catalytically
activated nucleophiles to react, found in the active sites of proteins. This means that the
warheads are unable to react indiscriminately with nucleophiles in the protein side
chain§* Selectivity for specific amino acid residues in the active sites can be gained by
tuning the type of electrophilic warhead u¥ed

Ideally, covalent inhibitors should contain specificity groups to improve their selectivity
(Figure 1.10 and reduce offarget effects. These groups allow ihieibitor to come into
proximity of the active sites, initially forming necovalent interactions1j. This
increases the effective concentration of the inhibitor at the target site, facilitating covalent
bond formation Z) between the electrophilic wartteand the activated residue. The

active site can no longer react with native substrates to hinder a biological r&€ponse

Electrophilic
Active site Warhead
. /E “Nu

0
HA
I
DQ)

Specificiy
Tag Warhead forms a
Initial Non-covalent covalent bond to
Interaction activated nucleophiles

Figure 1.10: A schematic representation of covalent drug inhibitimitially, non-covalent
interactions between the ligand and protein (1) bring the electrophilic warhead into proximity
with the catalytic nucleophile. Now the electrophilic can react with the activated nucleophile of a
specific protein, forming a covalebond to produce a therapeutic efféct

Non-covalent inhibitors produce a biological effect by-oampeting natural substrates
for the proteins reactive sitdhe halflives of these compounds are dependent on a
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variety of factors, includig their metabolic stability and rate of elimination from the
body’*. Covalent inhibitors permanently bind to the protein active sitejeramy it
inactive. The activity window of covalent inhibitors becomes the time taken-to re
synthesise the inactivated protein so creating a longer therapeutic effect. Inhibition of the
protein target is stoichiometric, thus requiring lower, and less éreqilosing®.

Around two thirds of market drugs that target enzyme active sites either contain a native
substrate mimic or undergo covalent interactions with the pPéféinThese covalent
inhibitors include penicillin and aspirin, as well as the blockbuster drug ibrutinib
(Table1.4) 58€0. Many of these inhibitors were not designed with covalent intention, and
their mechanisis of action were discovered lateén

Tablel.4: Common commercially availabt®valent drugs, highlighting their reactive functional
groups (red), along with their biological target to cause a therapeutic&ffect

Penicillin Aspirin Ibrutinib

0]
O OH
Structure \ \)L O\fo

0 g
4/ —OH
O
Treatment Anti-bacterial Anti-inflammatory | Lymphocytic Leukaemia
Target DD-transpeptidase®! Cyclooxyger;;sl € | Bruton Tyrosine Kinase®®
Enzymes

The antitrypanosomal drug eflornithind @ble 1.2 p4), used to treat the late stage form
of gHAT?®® acts as acovalentsuicide inhibitof2. The drugirreversibly binds in the
ornithine decarboxylasactive site blocking the native substrate, ornithine to inhibit
polyamine biosynthesig-{gure 1.11). The suicide inhibitor is structurally similar to the
native substrat@~igure 1.113 to allow binding to the targethe enzyme active site is
activated by a molecule glyridoxal phosphate (PLP) to form a reactive Schiff base via
a condensation of the aldehyde grdbmure 1.118. Eflornithine then reacts with PLP
via a transamination reactiomsubstituting lysine. Heréhe nativesubstrate ornithine will
react via a decarboxylation to form the polyamine prddudthereas, with eflornithine,
the difluorides act as leaving groups form ahighly reactive imine electrophile to react
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with an activatedhiol in the enzyme active si(Eigure 1.119 ¢4 The PLP transaminates
back to the lysine residue to complete the catalytic cycle. The molecule of eflornithine is
irreversible bound to theysteineresidue and can cyclise by lodsasnmonia to form a
cyclic imine, blocking the active site to produce a therapeutic éfigotre 1.119 ©2.

a) b)
0 @s
HO)J\‘/\/\ NH2 Ly§69 \CySSGO
NH; Ny
- O
Ornithine o) ©
0 A | X OPO3H
N” Q
\ r \\ @ @
=" | & : QOWNH:,\
CYS35°< ~ PLP HoN 7/
PLP .
\ : Eflornithine
\N \
d)
Ly369 CySSGO
. N S
\ ~ 9
: ©
[ | HOzPO™ | SN
SN
Oh

Figure 1.11: Covalent inhibition ornithine decarboxylase for treatittAT. Outcompeting the
native substrate ornithine (a) for the binding site (b), catalysed by a molecule’af Fidrcrystal
structure (c) highlights the reaction intermediate (green) on bindingcystaineresidue after
substitution of the fluorine groups, stabilised by hydrogen bonding to neighbouring residues
(bluef*. The complex cyclises (d) to permanently inhibi¢ fprotein active site and reforming
PLP33.64
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1.3.2. Reactive Electrophilic Warheads

The covalent warhead is weakly electrophilic group that requires an activated
nucleophile in a protein active site to rédcThe selectivity of these covaldanhibitors

to this active site can be tuned by varying the specificity tag gtbupsaddition, the

type of covalent warhead used can altered to tune the reactivity and selectivity of the
inhibitor®®. There is a diverse range of functional groups that are used in covalent ligand
design, each with different affinities for specific nucleophilic aminl aesidues in
protein active sites such a cysteine, serine, lysine, and tyrobaide(1.5. These
warheads can react reversible, such as Michael accé&ptoend nitriles®’, or
irreversible, to permanentlyedctivate the protein site, such as epoxtdeand Sy(AR)
warhead® . The reactivity of covalent inhibitors can be tuned using different warhead
groups, depending on the properties of the active site. For example, fluorosulfate
warheads are less electrophilic than sulfonyl fluorides, due to the addition@bele
donation from the oxygen. While both warheads favour binding to activated lysine
residues, thdluorosulfatecan be used as milder warheads, increasing selectivity, and
reducing off target reactivity of the inhibitére.

18



Table 1.5: Examples of electrophilic covalent warheads, divided by their reactivity preferences
for specific nucleophilic amino acids, highlighting their mechanism of action as well as additional

reactive residué.

Reactive Warhead Further . .
Class Structure Residues General Mechanism of Action
Cysteine
O
Acrylamide®5:66 TG~NM R
H
Lys Cys Cys
Propiolamide i HS) )
piok TG\NJ\ o r HS OH~S
Ho S NS VNS §
R N“ N S R
N < H H
~C
Acrylonitriles7.68 \/q" R His
TG
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Electron EWG H )
Deficient \ ) EWG \_S_ S)
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(X=H) 0 J Cys
(X = CRH) TG~ X =~ 16 X
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(X = NH)i™2 X P HS) Cys
Epoxide73 T )é 5 XS ~
- TG R | Lys, His AN G >—\
X=0 TG R TG R
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LT TR T
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© &)
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Jooxe WC
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Reactive Warhead Further . .
Class Structure Residue s General Mechanism of Action
Cysteine Cont.
Cys
Cys
_ . y
Isothiocyanate | L . Lys HS H
7L S N s NJ_S
TG t,\C\\S = TG Y\‘s
g
Cys Cys
N
Nitrile70.85.86 X Ser I = N > /g
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H
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&0 OH
S Hé
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s oH el
TG™ °N éCI)H
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ny \ /@ | Asp, Cys 0
Isoxazoliums8
H O HN™ L
Glu OH
JA =0
TG 0O -w-—— )QC/’
/§ TG =
Glu (@)
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Reactive Warhead Further . .
Class Structure Residue s General Mechanism of Action
Lysine
Amide
(X = NH)®° o )Lys
Ester
d 0] HoN 0]
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1.3.2.a Sulfonyl Fluorides as Reactive Electrophilic Warheads

Of particular interest to this work, sulfonyl fluorglorm interesting interactions with
protein and are explored further in this work, forming the bases of an electrophilic library
of potential inhibitorsChosen for their reactive promiscuity, reacting predominately with
lysine and tyrosing sulfonyl fluaides are also known to react with serirtereonine,
cysteine,and histidine residu&s®®. The reactiity of sulfonyl fluorides with activated
amino acids is relatively slow compared to other electrophilic warheads, meaning their
reactivity is heavily templated by additional functionality of the probes targeting
groups®, so can allow for selective binding to a protein targéning to limit broad
spectrum toxicity, typically associated with electrophilic warh&ads

Simple sulfonyl fluoride containing compoundsave been shown to exhibit anti
trypanosomal activity against parasites suchl arucet®® 193 Pnhenylmethylsulfonyl
fluoride (PMSF), an alkyl sulfonyl fluoride used in protease inhibitor cocktails
(Figure 1.12 is known toinhibit the serine protease inositol acyltransferaseessary
for Glycosylphosphatidylinositol (GPI) biosynthesi&Plis used tanchor proteinsuch
as transporters and recepttoghe cell membranglaying an important roles survival
and virulence Thereforejnterruption of GPI synthesis can lead to a range of defects
cell division, motility, and infectivity}L. The absence of GRInchored proteins can also
make the parasite morsusceptibleto the hosts immune responggPIl anchors are
significantly more abundant in trypanosomes than in other eukaryotit®€etisking its
biosynthetic pathway an attractive target for new therapeuimsed around sulfonyl

©/\SOZF

Figure 1.122. PMSF, a simple alkyl sulfonyl fluoride with knowantitrypanosomal activity

fluoride containing compounds.

againsfT. brucet°¥103,

Sulfonyl fluorides ar&knownto react predominately with lysine and tyrosine residues,
forming stabile sulfonamide and aryl sulfonate add8€iqFigure 1.133, both with
nucleophilic amino acids in protein active stfeand with noractivated amino acid side
chaing®. They also show potential to react with activated serine and threonine residues
but form unstable sulfonate adducts that are readily hydrolysed, or substituted by reactive
nucleophiles such as DTT, used as a reducing #gé€niFigure 1.130. Using sulfonyl
fluorides in the dsign of an electrophilic compound library can aid in the discovery of
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novel protein targets, moving away from traditional, cystegeetive warheads. Further
work towards stabilising the interactions between sulfonyl fluorides and serines and
threoninesresidues can be used as a method to profile lysine, tyrosine, serine, and
threonine amino acids.

a)
Tyrosme

Targeting TG - Stable Adduct
Group
HN
0 0 Lysme
TG’S‘

Stable Adduct
b)

\.. DTT H SH
O\\//O

Serme

Unstable Adduct Hvdroly5ls

Figure 1.13: The reactivity of sulfonyl fluorides with amino acid S|de chains, forming stable
adducts with lysines and tyrosine resid&% (a), and unstable interactions with serinkpsthat

can be readily hydrolyse or substitlAi&d>

1.3.2.b a-Nitriles as Reactive Electrophilic Warheads

U-Nitrile groups are known to react as a reversible electrophilic warhead reacting with
serine and cysteine proteasés This is evidenced inUnitrile containing drugs
(Figure 1.14a), Nirmatrelvir'®®, reacting with a cysteine proteases and Saxaglptin
reacting witha serine proteasd-igure 1.140. This can be illustrated by the crystal
structure of Saxagliptin bound to the target protein PR surface glycoprotein, by
reacting with the activity serine residue, SerSRigre 1.149. inhibition of this protein
prevents the breakdown of the incretin hormone and promotes insulin formation to treat

type 2 diabetes.
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Figure 1.14: a-Nitriles as reversible electrophilic warheads, illustrated by drug compounds
containing a-nitriles, Nirmatrelvit® and Saxaglipti#f'%’ (a) shown to react with activated
cysteine or serine residud®.(Saxagliptin is known to react via attack of the electrophilic carbon
by an activated serine residue (8#rnf the DPP4 glycoprotein as shown in its crystal structure
(c), PBD = 3BJM®,

The reactivity of thesErnitrile warheads will be exploredrther in this work, exploring
their antitrypanosomal activityAiming to identify their protein targets, amino acid

selectivity, and there stability as reversible warheads through chemical proteomics.
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1.4. Chemical Proteomics

Proteomics terms the study of proteomes and their function. Chemical proteomics is the
use of smalmolecule tools that can interact with proteins of interest to identify proteins
for identification and to understand their funcii$h

1.4.1. Chemical Probes
In chemical proteomics, a small molecule chemical tool is used to label specific proteins
in a proteome to be visualised or pulled down for analysis. The aim is to give an insight

into the protein interactions occurring within the €€l

There are several definitions of a chemical ptébén this report, a chemical prole

made up of threeomponentgFigure 1.15. The main body of the probe (purple) acts as

a recognition unjtoptimising its structure to allow fatrong and selective binding a
target.Once the probe interacts with the target proteinwtaehead (red), can react to
form a covalent bond, fixing the probe to the binding site. Here the reactive group can be
a photeactivatable species that can insert iniddXonds on the protein of interest after
irradiation with light to form a new covalérbond, crosslinking the probe and protein.
The reactive group could also e electrophile that reacts specifically with an activated
nucl eophi |l e 1 n arhepproloetcanibe dsed toaidentify vrasolate thee .
probeprotein complex for ana$ys. To do this, the probe is fitted with a tagging group
(blue) which can incorporate a florescent group to visualise the pid\ed proteins on
SDSPAGE gels. An affinity or bioorthogonal tag can used to attach a variety of tabels.

Figure 1.15: The key components of a chemical probe, showing the selective binding groups to
the target protein (purple, the reactive warhead (red) and the tagging groep {ilis is
highlighting on two probes used for labelling kindses4
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During this project, it is intended to use two main classes of chemical probes, reactive
electrophilic probes, and affinity based, photoreaa probes!®. Electrophilic warheads

have been outlined previouslgdction 1.3.2 In chemial proteomics they are used to
identify the active sites of proteins, the electrophiles are too mild to react with
nucleophiles along the protein backbone. Electrophilic probes are used to label protein

reactive sites, but are not reactive enough to lathelr types of proteins in a céll

Photoreactive warheads are used in photoaffinity labelling. A reactive species is formed
in situ after irradiation with UV light, so can be activated after the probe interacts with
the target protein. There are three main types ofquhactive warhead that form reactive
groups on irradiation with light Figure 1.16). Diazirined'® (Figure 1.163,
predominately react via a diazo species with acidic residues, to create an ester with
glutamic acid, aspartic acid or thet€&minus of the protetf’. Diazirines can also react

via activated carbenes, to react indiscriminately with the protein$ bond3!8 The
reaction pathway of diazirines is heavily dependent on neighbouring group properties.
Electron withdrawing groups such as trifluoromethyl drive and stabilise the formation of
a triplet state carbene, having a longer lifetime and higher reactivitysthglet state.
Inversely, electron donating groups favour the formation of the less reactive, and less
stable singlet state carbene, and also promote its rearrangemermliéz thgpecieOther
factors such as the presence of oxidising agents and tstakgsperature, and
wavelength of light used also influence thiazirinereactivity. The small size of these
diazirine groups make them ideal for proteomics experiments and target identification of
hit compoundsmaking minimal changes to the originar@at compound, and having a
higher chance of retaining its activilgenzophenoné¥® (Figure 1.168), react with UV

light to form a diradical speciesreacting favourably with methionine residues. The
lifetime of these radicals is very short, typically natmmicro-second’'®, requiring a
potentand selective recognition unit to ensure proximal binding to react once irradiated.
The bulky diphenyl group also limits the probesdinding ability, appending them to
active compounds for target identification may siguifity impact thé& potency
Arylazides(Figure 1.169, form a high active nitrengpecies and reacts with any X

bond in the protein. The nitrene can also rearrange to the less reactive didehydroazepine,
reacting as a covalent electropkife The didehydroazepinis significantly more stable
thanthenitrene butequires activated nucleophile to reaath a protein target.
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Figure 1.16: Photoreactive groups used to label proteins. UV light betwedr830(hm activates
the species, allowing it to react witki H bonds on the proteif.hese reactive groups include
diazirines'’ (a), benzophenonés (b) and arylazidées® (c).

The active species fimedfrom these photoreactive groups can insert initéiXonds,
(X=C, O, N, S etcl}®, so ract more broadly with protein chains than electrophilic
moieties. The probe has high selectivity for the target if thelifalbf the active species

is shorter than that of the equilibrium interactions of the probe and pretgiexample,
depending omhe wavelength of UV light use, the diazirines reactive carbene species has
a haltlife of around 20 seconds, while the diazo has a longerlifealbf over 20
minutesd!S. The probe is able to react with the nearestbond, so can be used more
generally than electrophilic groups which require activated nucleop@iteslimitation

of photoreactie probes is that the short wavelengths of light required to active the

warhead (306850 nm) can be damaging to proteins and &éit$2
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These activitybased and photoaffinity probes can be used to isolate proteins of interest
(Figure 1.17. The small molecule probe is designed to interact with a target site in the
cell (1), so that theeactive warhead, containing an electrophile or a photoreactive group,
can then form a covalent bond to the proté&hn The cell can then be lysed, and the
proteins extracted3] so that a label can be attached to the ppbé&in complex for
analysis, 6r example, via a coppeatalysed click reaction between the alkyne and an
azide. Attachment of a fluorophord)(can be used to visualise the protein of interest
following an SDSPAGE gel. Alternatively, attachment of an affinity tag allows the
protein b be isolated. When passed through a resin, the protein complex containing the
tag will bind and everything else can be washed away. The protein can be digested from
the resin into peptides and analysed by-MS/MS mass spectrometry for
identification'?3,

Alkyne

-
= | I

4?_ 1 ‘_ / 2 N /

\ /4 \/\ h 4

Warhead Small Molecule : Active Site
Probe Protein
3
) =N
/N% |
N3
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SDS Gel — ) - = d
[ 4 v
v
N3
5
Affinit
Resin N Tag /

N=N N N=N
Nw/ N\%
Pull Out and ./ ./
Analyse With MS i 6
r : A |— 4

v v
Figure 1.17: Workflow of chemicalproteomics, using a twstep labelling strategy with a

chemical probe to covalently bind to the active site of the pro®irbéfore cell lysis3). The
probe can then be linked to a fluorophotedr an affinity tag $) for analysis to characterise the
protein of interest. Figure adaptftm referencé?.
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In order to visualise or isolate the target protein, the probe could be directly fitted with a
fluorophore or affinity labelKigure 1.17, but this can add a lot of bulk to the probe,
interfering with or preventing it from binding to the target site so is not as reliable for
identifying the interaction site of an inhibitor. Click reactions use small, bioorthogonal
groups that are gorporated into the probe which have minimal or no effect on the probes
binding interactions but can be further functionalised with a fluorophore or affinity label.
This process requires a bioorthogonal reaction that allows the selective addition of groups
to the probe in a manner that is biocompatible with the cell. The reagents used and the
products formed in these reactions must be stable and the reaction must proceed in
physiological conditiond®. Click chemistry encompasses bioorthogonal reaction that
allows the coupling of two reagents in a high yielding and selective manner. These
reactions are performed under dndonditions and must be water stable with few by
products, making it ideal for tagging prob#ésFigure 1.18outlines some common click
reactions used in proteomics to functionalise probes. This includes the-capglgsed

[3+2] cycloaddition (CuAAc) between azide and alkyne gréttp&), the tetrazine
ligation*?8 (b) and the Staudinger ligatié (c). The reagents used in these reactions do
not interfere with biological molecules and only form nitrogen or methanpldgucts.

The tagging groups can be fitted into the probes design sthéhalick reaction can be
carried out in situ to add fluorophores or affinity labels to the mol&8ula this work,

the CuAAcclick reaction Figure 1.189 has been usedgyrimarily due to the small
functional groups neededlkyne tags can be appended to electrophilic molecules to
generate chemical probley only making small changes to the molectie aim is to
conserve the chemical and physical properties of the parent motecgile accurate
probe mimics. The high stability of alkyne groups atsekesthem idea for synthesising
probes using the diverse chemistries explored in this wamkitations of this copper
catalysed click reaction arise from coppers toxitdgycells when used in phenotypic
work, as well as the reactions sensitivity to oxygen, requiring fresh reagent stocks to be
used for each reactié.
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Figure 1.18: Bioorthogonal click reactions used in chemical proteomics for attaching affinity tags
and fluorophores to chemical probesluding CuAAG*°(a), the tetrazine ligatiofi® (b) and the
Staudinger ligatiot¥’ (c).

A key reaction is the [3+2] cycloadditi between a terminal alkyne and an azide group
(Figure 1.18a, Figure 1.19 The uncatalyzed reactipwithout constrained substrates,
proceeds very slowly, and requires heating to XD0so is not suitable when working

with proteins. The reaction alsorfos a mixture of isomers, depending on the orientation
the reagents come togeth@r Alternatively, a coper(l) catalyst can be used to
selectively form the single 1,4 triazole isomer, in a quick and biocompatible reaction, so
is more suitable for taggingrobesFigure 1.190utlines the proposed catalytic cycle of
Cu(l), formed in situ from CuSfto form tte triazole. The reaction is shown to depend

on two copper ions in the reaction rate determining stég’(B)itially the catalyst inserts

into the terminal alkyne while second coordinates to the alkyne (1), the electron rich
azide can then coordinate to the copper ion (2). The second copper ion withdraws alkyne
electron density, promoting the cyclisation reaction (3) as the rate determining step. The
catalyst fixes the agormation of the azide with the alkyne, so the-i$@mer is formed
selectively in the cyclisation steps (3, 4). Finally, a reductive elimination releases the
triazole product, reforming the catalyst®) This reaction gives a high yield of triazole,

so can be used to couple an affinity label or fluorophore to the probe for analysis.
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1.4.2. Mass Spectrometry in Chemical Proteomics
The final stage in the chemical proteomics workfléug(re 1.17, p29 involves analys
of the isolated protein, labelled with the probe group, by liquid chromatography tandem

mass spectrometry (L®IS/MS).

Figure 1.20 shows the typical workflow for analysis of proteins using-MS/MS
following the bottoraup approach. The protein of interés first digested into peptides
via proteaseslj so that the sample can be ionis2fgnd separated based on their mass
to charge (m/z) ratio. The isolated peptide chains are then fragméyeally across

t he pept i de(@)dollowedibydaesectnd m/zseparati@) ¢o that fragments
can be detected as daughter ions of the peptides in the spectr@nedeqence data
can then be gained from analysis of these ionised peptide fragfaé#tsThe alternative
top-down approach either limits or does not involve an initial digestion of the protein,
instead, fragmentation occurs in the mass spectrometer so createsiaéet iagments

for detection, to build up the protein sequéftt?®

m/z

Protein s i
Sample W
ﬂ% Dlgestlon ; 3 ‘ Ion|sat|on § ‘
Protease %
Sites

Fragmentation | 4

. e

Detection - < 47

%
/ Separation

n+

Figure 1.20: A bottomup workflow of LGMS/MS used to separate and identify proteins of
interest inchemical proteomics experiments. The labelled proteins are digested into peptide
chains {) and ionised in the spectrometer for separation, where n+ is a charged [2,8jeirhe
isolated peptides can then be fragmented and sepagten (4,5 to analge the fragments

compositiors (6).
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1.4.3. Functionalising Trypanocidal Compounds for Target Identification
Previously, bemical probes h& successfullybeen applied to further develophe
understanding of trypanosoma kinetoplasts, for exampleexplore the folate
pathway3>136 as potentials target for drug design. It is also a valuable technique for
exploring the mode of action of trypanosoma inhibi&rddentification of the protein

target can be used to aid further drug design and to optimise compound selectivity and
potency to the target. Limitations in designing these chemical prses from the
structural changes made to the initial active compound to incorporate an alkyne tag and
warhead. The effects of these changes on the inhibitors binding affinity and reactivity are
difficult to predict and may cause a reduction in activignder the probe inactive, or

change the protein targét3°

Previously, analysis of a species of medicinal plants, the Custard Paopily, identified

a potent naturgbroduct inhibitor of T. brucej chamuvarinin Eigure 1.21a)40.141
Simplified analogues were designed that maintained the compounds trypanocidal
activity, based around a core 4rfzole structuremade via a copper catalysed click
reaction. From thiscompound 1 was identified which maintained its potency as an
inhibitor of T. bruceiand showed slightly reduced toxicity to mammalian o@llgure
1.210)'4% In order to explore the mode of action of compound 1, a bifunctional
photoaffinity chemical probe was design8dfigure 1.21d). The probe incorporated a
diazirine reaction group, to bind to the protein of interest, and an alkyne tag, to retrofit a
fluorophore, cyanine5.5, or a biotin affinity tag, via the copper catalysed click reaction
for analysis. I ncorporation of these prot
potency, suggesting the groups do not change the inhibitors mode of action.udd2po
(Figure 1.21c) was used as a contrtd, confirm labelling by irgel fluorescence resulting
from the bound protetprobefluorophore complex and not naelective sticking of the
fluorophore to the target protéf
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Compound 3 was used in a chemical proteomics experiment insingo pulsechase
photo affinity labelling. The compound was incubated with live cells that were
immobilised on a surface before irradiation with a UV pulse to activate the carbene to
react wth the bound proteins. A subsequent copper click reaction was used to
functionalise Compound 3 with a fluorophore. Imaging of the cells via fluorescence
microscopy showed that the inhibitors were reacting with proteins localised in the
mitochondria of ced.

a) Chamuvarinin: b) Compound 1:

ECsp: T. brucei=1.8 0.1 uM
Mammalian=7.0 +1.0 pM

ECsp: T brucei=1.4 +0.1 uyM
Mammalian = 2.0 + 0.7 pM

¢) Compound 2: d) Compound 3:
0] O
0]
N=N N=N HNW
ECsy: T. brucei=11.8 £0.8 uM ECsy: T. brucei=13.0 £ 1.0 pM
Mammalian = 20.9 + 3.0 uM Mammalian = 21.3 £ 2.0 uM

Figure 1.21: Exploring the mode of action of potent T. brucei inhibitoas f), designing
analogous chemical probed) (to identify the proteins of interest. Showing the effdmse
changesad on the EC50 of the molecules against both parasite and human cétPlines

In another experiment, after incubation of Compound 3, the cells were lysed to extract
proteins before a click reaction was carried out to incorporate either a fluorophore, for
visualisation of the labelled proteins with SIPAGE, or an affinity tag via the alkyne
group to extract the proteins of interest. A biaizide tag was reacted with tpeobe

protein complex to bind to streptavidin beads, to identify the bound proteins by mass
spectrometry. A control reaction without the probe present enabled thepaoific
binding proteins to streptavidin to be identified, so they can be ignoredtifimrobe
screen. Analysis of the protmund species identified 18 proteins, two of which are

found in the parasiteos armandb subuhits ofdhe fFa , b i
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ATP synthase. Inhibition of these protein functions caused an interruptmadation
phosphorylation, decreasing the formation of ATP in the parasite. The ATP reaction is
essential in both replicating amastigotes in infected cells and trypomastigotes in the blood
stream during secondargfection (Figure 1.2 p2), so can pronde a promising drug

target. Characterising these proteins target sites can be used to optimise the selectivity
and potency of the inhibitors to develop potential trypanocidal drug molecules.
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1.5. Project Outline
This project aims to develop an approaclkedambinea diversity generating synthesis of
electrophilic compounds with chemical proteomics to identify novel-m@otozoan
unnatural productgo be functionalised into chemical probes for target evaluation. The
specific aims were to:
1. Develop a higkthroughput method for synthesis of a targghostic compound
library containing electrophilic warheads.
2. Screen the electrophilic library to identify aiypanosomal compounds in a
phenotypic screen and pra&their activity.
3. Design, synthesise and explfully functionalised electrophilic chemical probes

for target identification.

1.5.1. Design and Synthesis of a Library of Covalent Inhibitors
Covalent inhibition is a highly useful, but underexplored area of drug design
(Section1.3.2. Here, a library of cealent compounds has been designed based around
photoredox chemistrd?, configured for a higlthroughput methodology, aiming to test
the compatibility of this chemistry with electrophilic warhead@igygre 1.22. These
reactions were screened to identify intermolecular product formation, and successful
reactions taken forwdrfor purification. The library is designed to be target agnostic,
meaning that the compounds created can be screened against several cell lines and
phenotypes.

Ir[dF (CF3)ppylz(dtobpy)PFg

v d (1 mol%)
Heteroarene Warhead m ’
onor TFA (2 eq), +BTA (5 eq),

Acetone,
40 W blue LED lamp,
rt, 24 hours

o= L i

FO,S 4
2 N N
\C[ \>_O OJ\N
s o)
\\

N
N
Figure 1.22: Schematicepresentation of the phetedox reaction between a heteroarene (blue),

Hydrogen
Donor

functionalised with a reactive warhead (red) and a hydrogen donor (purple), to form a covalent
inhibitor. Three potential covalent inhibitors are given as ¢gtasi.
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1.5.2. Phenotypic Discovery of Antitrypanosomal Activity

In collaboration with theSmith group at the University of St. Andrewsphenotypic
assay was designed to screen the compound library against trypamoganealedased

on a resazurin viability assay. AlamarBlue (resazurin) is reduced in celNABDH
(Figure 1.23. Live cells lave a reducing environment, so the observed fluorescence is
proportional to the number of living cells in the system. An active-garasitic
compound will cause a reduced fluorescent readapantifying their activity against the
known inhibitor, pentamdine, as the positive contfdt. The compound library was
screened for activity again$t brucei bruceialong with a comter screen against human
HelLa cells following the same assay protoctud,gage the compounds selectivity as an
antrtrypanosomal compound.

NADH/ NAD*/
H,O

o, 0,

Resorufin

Resazurin Red- Highly Fluorescent

Blue- Weak Fluorescence

Figure 1.23: Schematic representation of the phenotypic resazurin based viability*assay

Working in parallel to this, the reactityiof these electrophilic compounds acrossThe
bruceiand HelLa cell proteome was profiled in cell lysate, by competition with a series
of broadspectrum reactive probes. Visualised bygetl fluorescence to highlight reactive
trends in the compound sesiand to identify selectivity for nucleophilic amino acid side

chains in proteins.

1.5.3. Synthesis of Functionalised Electrophilic Probes

Analogous chemical probes where then designed and synthesised based around the anti
trypanosomal compounds identified ihese phenotypic screens. These probes were
designed to identify the mode of action and protein targets of the active compounds
(Figure 1.24. This illustrative example outlines how chemical probes were designed,
based around the structures of active coamgls. Initially, sites suitable for alkyne
addition were identifiedl)), aiming to modify functional groups that are pessential for

the compounds activity.he generated probes were then screened in the phenotypic assay

to explore the effect of thes¢ s uct ur al c hange strymamosomah e 1 r
activity (2). An investigation into their protein targets and mode of action was then
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initiated, by attachment of a fluorophor8) (via a click reaction to visualise protein
labelling in cell lysate uisg SDSPAGE. An affinity tag can also be incorporatdj (o

pull-down and characterise the bound proteins viaM&MS.

SO,F
?ij henotyplc
SO,F Screening
SLon s
0 N Probe N 3
Functionalisation SO,F Click >
0 N Fluorophore
I X
ﬂ\ N~
4
0 Click
Affinity Tag

//—z

Quantify the
modifications
effect on activity

Visualise protein labeling
Compettion of inhibitor
and functionalised probe
for protein target

Pull-down experiments
to isolate and identify
protein target via
LC-MS/MS

Figure 1.24: An illustrative example of chemical probe design and applicatfanstionalised
from covalent inhibitorsk). These new compounds will be screened for activity in the phenotypic
assay ) to see if activity is conserved, then using chemical proteomics to identify the protein

target @, 5).
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2. Design andSynthesis of a Diverse Library of Electrophilic Ligands

2.1. Generating a Library of Electrophilic Ligands

Photoredox mediated dehydrogenative couplings can be used to react a large range of
hetarenes with hydrogen donor substrates in athighughput format. Here, the potential

for this chemistry to synthesis a diverse library of reactive ligands contaieigoghilic
warheads$asbeen explored.

2.1.1. Selection and Synthesis of Functionalised Hetarenes

A set of eight hetarenes was identified, six containing sulfonyl fluoride warheads
(HA1-6), and two &K(Ar) warheadgHA7-8). The sulfonyl fluorides were inspirday
commercially available precursors, synthesised from the sulfonyl chloride, or in the case
of hetarene 4HA4), from the sulfonic acidKigure 2.18. The sulfonic acid was
dissolved in thionyl chloride (18 eq) with DMF (0.3 exgpdreaction sealed in@imped

vial, heaing to reflux for 4 hours. The sulfonyl chlorid&1) precipitated from solution

as a white solid, so was collectéd filtration and washe®. Analysis by'H (500 MHz)
and'3C (125 MHz) NMR showed sufficient purify to be usadhie next reaction without
further purification. The sulfonyl chlorideand other commercially availabsilfonyl
chlorideswere treated with KHE in a biphasic reaction with water and acetonitrile
overnight to yield the sulfonyl fluoride as alourless solid, after a series of basic
workups to extract residual sulfonyl chloride and $#it&-igure 2.1b). Hetarene 2, 7
and8 (HA2, HA7 andHA8) were commercially availablé-{gure 2.19.

a) SO,OH SOCl i, (2.3 eq), SO,F
SO,CI (18 eq Ho,O-ACCN
( X DMF (0.3 eq ( Bhicacdini BN | X
\N/ Reflux rt, 12 hI’S N/
4 hrs
11, 25% HA4, 51%
b F !
) FO,S s N 792 N
T U @5 »
F
2 N~ FO,S
HA1, 75% HA3, 86% HAS5, 55% HAB, 67%
c) SO,F N F
Cy U »

HA2 HA8
Figure 2.1: Reaction conditions to syntheemsulfonyl fluorides from sulfonic acids. Using

guinoline-3-sulfonic acid as an exampl(a), along with the sulfonyl fluorides generated from
sulfonyl chloride precursord)'43144 along with the commercially available hetarer@s (
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2.1.2. Identification of Viable Hetarene Substrates

The functionalised hetarenes previousiythesisedSection 2.1.) were screened for
viability in the dehydrogenative coupling reactioBicreening 6 sulfonyl fluoride
containing hetarenes, along with twa(&r) warheads chosen for their commercial
availability and ease to explore potential scope of compatible warh&adsfficient
dehydrogenative cqling reaction involvesbenzothiazole andN-Boc-pyrroliding,
combining the most reactive hetarene and substrate to prodaodyeld of the coupled
product Gection 1.2.2Figure 1.5 p9)*L. Because of thid\-Boc-pyrrolidinewas used
as a test hydrogen donor for the sdtethrens (Figure 2.2), along with a control reaction
with benzothiazole. These reactions were carried out on both g2@0lmmol) and a
100 pL (10 mmol) to compare their productivitgcross larger volumes, ensuring enough
product could be generated foethbrary. The reaction mixtures were analysed.By

MS and NMR before purification of the those where product formation was observed by
massdirected HPLC.

HA1 HA2 HA3
SO.F
$O=F ° . IN[dF(CF)ppyl,
N X S NOC (dtbbpy)PFg (1 mol%) Screen to
| \ + Determine
N~ N7 Q TFA (2 eq), +BPA (5eq) |Reaction Success
Acetone,
HA4 HA5 40 W blue LED lamps,
rt, 24 hrs
FO,S
N F N F
|\ = =
N | |
| - N
HA6 HA7 HA8

Figure 2.2: Screening to identiffhetarene compatible with photoredox chemistggainstN-
Boc-pyrrolidine as the model coupling agetot determinereactionsuccess by L@AS and
NMR4L,

Initially stock solutions of the substrate, reagents and catalyst were prepared in acetone.
The functionalised hetarenesmda benzothiazole contro2Q ni, 0.5M) were added to
separate 1.5 mL glassals, along withN-Boc-pyrrolidine(33.3ni, 1.5 M), TFA (10,

2 M), the iridium catalyst (1@, 10 mM) were added with TBPA (151, 50% w/v)

and acetone (10.8L). This gave final concentrations of hetarene (100 mM), hydrogen

donor (500 mM), TFA (200 mM), catalyst (1 mM) ardutyl peracetate (500 mM). This
process was also carried out on afdld higher scale, at a total volume of 1 mL. The
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reaction vials wersealed with stirrer bars in amdadiated with a 390 nm Kessil Lamp
whilst stirring in afan cooledHepatoChem lightbox fa24 hours The reaction mixtures
were then concentrated for analysis.

An effective method to screen these reaction mixtures fress was required, to help
streamline the synthetic protocol and efficiently build a library of electrophilic inhibitors.

A combination of analytical techniques can be used to gain confidence in the success of
these reactions. Initially, a l-®S wascarried out on the reaction mixtures, aiming to
identify an intermolecular product between the hetarene and hydrogenidéndor

monao and disubstituted product@ppendix B). After the reaction mixtures have been
evaporated to drynes$l NMRs (500 MHz) ae carried out to determine success based

on characteristic peaks, from the loss of an aromatic proton, as well as a novel
characteristic peak forming 5.6.0 ppm, for the proton, alpha to the aromatic ring, often
appearing as a broad doublet when rotanm(@mppendix B).

The most useful method for analysing sulfonyl fluoride containing reactions is through
1% NMR (565 MHz), due to the their unusual chemical shift, betw®&&i 70 ppni*.

The shifts of fluorine atoms are highly varied, depending on several conditiohsas
temperature and pH.FA present in the reaction can protonate the hetaredecing the
electron density around fluorine, to lower its chemical shift. T&$o reduceghe
solvents polaritythus reducindluorineselectron densitylowing its shift'46. Figure 2.3

shows the how the chemical shift of sulfonyl fluorides can vary with the amount of acid
present in the reaction. On a 1 mL scale, the photoredox reactions contain THAL(15.2
200mM), but an unknown amount of TFA is present in the crude mixtures once
evaporated to dryness. To control for this, a samplel#r&othiazolesulfony! fluoride,

was dissolved in 600 L of deuterated chloroform and treated with varying concersrati

of TFA from 330 mM, (pink), if no TFA evaporates (15.2 pL) to no TFA (red). A clear
trend can be observefigure 2.3 where the chemical shift reduces with increasing
amounts of TFA. This creates an expected range for the sulfonyl fluoride startergaima

in the reaction mixture, between 67.8%.75 ppm. When comparing this to a reaction
mixture, it can be assumed that the starting material peak appears within this range, while
any external peaks are predictednedan be
ampoule of pure TFA to reference the specff&.65 ppm) to allow for this comparison.
Fluorine NMR also allows for an estimate conversation to assess the success of these
reactions, based on the ratio between the starting material and prodgcitions.
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Figure 2.3: Variability in fluorine shift in thé®F NMR of 6-benzathiozolesulfonyl fluoridg€1.7
mg, 0.166 M) depending on TFA concentration. Compared to a crude reaction mixture of

benzothiazole and-Boc-pyrrolidine. Referenced against an ampoule of TFA7&.5% ppm.

On analysis of these reactionBaple 2.}, three hetarenes were found to react \Wth
Boc-pyrrolidine,HA1, HA3 andHA5, showing clear product formation by LS and
NMR, illustrated by the reaction 6fA1 and NBoc-pyrrolidine inAppendix B. Whereas

the other hetaryl sulfonyl fluoridedA2, 4 and 6, showed no product formation. The
Sn(Ar) warheadsHA7 and 8 showed new peaks weakly in both IMS and NMR
compared to starting material. Purification was aptest but did not yield significant
product for analysisCrosscoupledproducts were isolated from the sulfonyl fluoride
containingHA1, HA3 andHAS reactions as well as the model test reaction between
benzothiazole and-Boc-pyrrolidine(Figure 2.4). Theregioselectivity of theseactions
were assigned by the loss of the distinctive aromatic protons in 500'MINMR, and
confirmed by analysis of-B, COSY, HSQC and HMBC spectra. The reaction kil

was isolated in a comparable yield to the model, shgwihe compatibility of these
sulfonyl fluoride containing compounds with the photoredox chemistry. The isolated
yield decreases significantly when moving away from the modélA8 and HA5,
although this was to be expected, pyridine substrates are kadogridss reactive for this
chemistry®, due to the ring system being less electron deficieraking them less

reactive towards thieydrogen donor radical in the mechanism
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T-1, 35% 1-1, 30% 3-1,2% 5-1,12%
Figure 2.4: Isolated compounds from the test screehatfiryl sulfonyl fluorides with a known

substrateN-Boc-pyrrolidine, showing the threketarens to be used in the arrapmpared to the
known reaction

Isolating these compounds highlights the successediadbility of the reaction screening
(Table 2.1 to identify reactions suitable for purificatiohreaction mixture characterised
assuccessfufjavea clear product mass was identified by-MS [HA + nHD T nH2J*,
wheren was either one or twuccessful reactions also showed showing characteristic
peaks intH NMR, through a new peak between 4 ppm, and removal of an aromatic
proton as illustrated iAppendix B, as well as seeing novel peaks forming°’i NMR
spectruns. From the fluorine NMR spectrum, an estimated converaias gained by
integrationof the new peaks relative to starting materigtis tended to overestimate
conversion compared to the isolated yields, likely due to loss of material during analysis
and purifications, as well as impurities in the crude mixtur€bree electrophilic
hetarenesHA1, HA3 and HA5 performed successful couplings, amgresent viable
substrates for the library. With both reaction scales being succeisifle 2.3, the 1mL

scale will be used to generate sufficient product material, although a smaller scale is also
productive, for example, if starting materials are precious.
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Table2.1: Screening of compatibleetarens, functionalised with electrophilic warheads, against
N-Boc-pyrrolidine as amodel substraten a100 pyL and 1 mL scajeusing LGMS, *H and
FNMR.

*Conversion determineffom starting material to product peaks ratid% NMR (565 MHz).

100 pL 1mL
LC-[ *H [ ®™F [LC-[ ™H [ ™F [_ . . |lsolted
MS | NMR | NMR | MS | NMR | NMR Yield

15

HAT N
o o] [elel ]
S
HA1 g SO,F
ol
N

HA2 _N_ _SO,F

40% 30%

1>
=
=)
=)
=)

HA3 N
| n n n n n n 30% 2%
=
SO,F
HA4 SO,F
X ? X X X X X X
»
N
HA5 SO,F
| X n n X n n n 20% 12%
N~
HA6 |
N,
E\ N X X ? X X ? X
FO,S
HA7 N\ F
| ? n n ? n n i
=
HAS8 N\ F
[ ? X ? ? X ? i
~
N
LC-MS n: Clear peak of cross-coupled product mass identified
?: No or weak cross-coupled mass seen, no starting material found
X: No cross-coupled mass, predominantly starting material
'H NMR  n: found the characteristic peak around 5 ppm and loss of an aromatic proton
?: New peaks identified but minor to starting material
X: No new peaks seen
F NMR  n: New distinct peak from that observed for the substrate in the presence of TFA
?: New peaks identified but minor to starting material
X: No new peaks seen
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2.1.3. ldentification of Viable Hetarene and Hydrogen Donor Combinations

A set of 20 hydrogen donor compounds was selected to react with the viable hetaryl
sulfonyl fluorides tgproduce the reaction arrélyigure 2.5. The hydrogen donors were
selected to bear diverse functionality, guided by their molecular properties such as heavy
atom count and hydrogen bonding ability to create lead like compounds for screening.
The compound$uild on previous worSection 1.2.2 Figure 1.7, p12), carried out

within the group, using core heterocycles that react under photoredox conditions with the
hetarene, benzothiazole, and incorporate a wide variety of amine capping groups to
further diverdy the library.

Ir[dF(CF3)ppyla(dtbbpy)PFg

(1 mol%),
. Fydogen _
onors TFA (2 eq), +BPA (5 eq),

Acetone,
40 W blue LED lamp,
rt, 24 hours

SO,F
FOZS S N\ :
> L )
\©iN 7 50,F | \
HA1 HA3 HA5
(0] Ac Boc |
Boc Boc N N 0
N lﬁN)K/CN G/CN N///\r‘usoc [ j (07 [ j U
g o s S
HD1 HD2 HD3 HD4 HD5 HD6 HD7 HD8
Boc ~_S. 0O
L ¢ Lo 7R
N~ H [ j 0 N N
@ o AN ()
HD9 HD10 HD11 HD12 HD13 HD14 HD15
ey QI w
N 0. .0 o 0 O« _N
~ A
o) o)
N \,T © N Fe. NJW T\l/
G W O G
HD16 HD17 HD18 HD19 HD20

Figure 2.5: Overview of substrates used for the synthesis of the electrophilic library. Reacting
hetarenegqblue), functionalised with sulfonyl fluoride warheads (red) wiydrogen donor
substrategpurple) in the photoredox cressupling.

This set of hydrogen donors were selected from commercially available substrates, or to
be prepared Hnouse by protection of the free amirlggure 2.6). Several pyrrolidine
based subsites were used in this array, as it is known to be highly reactive with this
photoredox chemistfy4° Initially, N-Boc-pyrrolidine (HD1) was synthesised by from
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pyrrolidine in DCM (0.4 Min respect ta1D1) with Bocanhydride (0.9 eq), catalysed by
DMAP (0.1 eq) andriethylamine (1.1 eq) in an overnight reactiofigure 2.63.
Pyrrolidine was also used to form a utessed substratélD20), using CDI (1.1 eq) in
water, to form a reactive carbonylimidazoéidintermediate, before coupling with a
secondary amine-thethoxyN-methyktharamine (1.2 ed}’. Additional reactions were
carried out to form a series of carbamates using thesonding acid chlorid&s,
illustrated by the formation dfiD18, (Figure 2.6. The amine was dissolved in DCM

(0.4 M), with triethylamine (1.2 eq), and cooled to@, before the acid chloride was
added dropwise. The reaction was warmed to room temperature and stirred overnight.
These amines were often HCI salts, so an additional equivalent of triethylamine was used.
This procedure was followed to generate substreties, HD16, HD18 and HD19
(Figure 2.69. A final reaction used to protect a carboxylic acid precursorrasthyl

ester HA17)'%° The acid (1 M) was dissolved in methanol, cooled t€ Gnd reacted

with thionyl chloride (1.3 eq) to form the acid chloridesitu. The adivated acid reacts

with methanol to form the methyl ester. Each of these substrates was purified via an

aqueous workup, followed by column chromatography, befsem the reaction array.

a) b)
Boc O

N
Q \O/ c (12eq) 0
HN
o - - 0
HD1, 81% NEts (2.2 eq) @)L'\D
‘HCI  DCM,0°C —1t,

12 hrs HD18, 44%

O O(0.9eq)| NEt;(1.1eq)

DMAP (0.1 eq)
BuO” "O” "OBu |DCM, rt, 24 hrs c)
Ac
H N i
t [ j Fi. N%
) S O
1) O (1.1 eq) 2)H,ll (1.2eq) HD5, 52% HD16, 67% HD19, 66%
N//\N N/\\N ~ 07
\—/ l—/ rt, 2 hrs d)
H,0,
0°C - r2t, 2 hrs (1.3eq) 1

o)
cbz & PER cbz &
| N Cl Cl N P
OY N0~ OH “MeoH. 0°C—1t. 0
N 12 hrs
< 7 HD17, 84%

HD20 43%
Figure 2.6: Preparationof the hydrogen donor substraté®m secondary amine cores.

Functionalisedo form carbamate@@ andb), ureaqa) andprotectcarboxylic acidsd)4" 14,
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The hydrogen donor substrates were reacted with the electrophilic hetarenes in the
photoredox reaction. Initially, reacting withAl and screening for reaction success by
MS and NMR allowed for viable hydrogen donors to be identified, and then reacted with
subsequent hetareneghereaghose that were not compatible wiHA1 were removed

from future synthesisThe reactionsvere carried out on a 1 mL scale, following the
procedure previously outlined&séction 2.1.2, and in accord to the standard protocol
(Section 5.2.2. After the reaction was complete L@Ss were run of the reaction, before
concentrating the mixtures torrdH (500 MHz) and®F NMR (565 MHz) for analysis
(Table 2.2. In cases where potentialosscoupledproducs wereobservedthereaction
mixtures were purified by mass directed HPLC.
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Table 2.2: Summary ofanalysis and purifications of the compound library. Reactions showing
intermolecular product formation (green) by MS and NMR were taken forward to purify by
HPLC-MS, while unsuccessful reactions are highlighted in red. Several reactions showed
potential poduct formation (yellow), so a purification was also attemp&tdictures of these
isolated compounds can be found-igure 2.7.

*Conversion determinefiom starting material to product peaks ratid NMR (565 MHz).

Combination Reaction Success Purification
ore | boner | M5 | wwr | g | Comersiont | Produet | "8
HAT HD1 n n i i T-1 32%
HD1 n n n 40% 1-1 30%
0, - 0,
0, - 0,
HD4 n n n 25% 1-4 6%
HD5 X X X i i i
HD6 ? n n 20% 1-6 10%
HD7 X X X i i i
HD8 ? n n 30% 1-8 16%
HD9 X X ? i | T
HA1 HD10 ? n n 15% 1-10 15%
HD11 X X X i | T
HD12 n n n 20% 1-12 25%
HD13 n n n 20% 1-13 15%
HD14 n n n 30% 1-14 24%
HD15 X X X T T )
HD16 n n n 20% 1-16 6%
HD17 n ? n 30% 1-17 3%
HD18 ? n ? 20% X T
HD19 ? n ? 20% X i
HD20 n n ? 40% 1-20 18%

: Clear peak of cross-coupled product mass identified

: No or weak cross-coupled mass seen, no starting material found

: No cross-coupled mass, predominantly starting material

: found the characteristic peak around 5 ppm and loss of an aromatic proton
New peaks identified but minor to starting material

: No new peaks seen

: New distinct peak from that observed for the substrate in the presence of TFA

: New peaks identified but minor to starting material

: No new peaks seen

LC-MS

) 15

H NMR

1%F NMR

XS X VD X

48



Combination Reaction success Purification
wene | borer | M | wwk | g | Comersion | Product | “0C
HD1 n n n 30% 3-1 2%
HD2 n n n 30% 3-2 23%
HD3 n n n ;gz//z 3-3 11%
HD4 n ? n 15% 3-4 9%
HD6 n n n 10% 3-6 4%
10% 3-8a 8%
HD8 n n ? 20% 3-8b 17%
5% 3-8c 1%
wa | oo | o | o | 0 | el
HD12 X ? ? T T T
HD13 X X T T )
HD14 ? X X T T )
HD16 X ? ? T T )
HD17 X X X i | T
HD18 ? X ? i | T
HD19 ? X X | | T
HD20 ? ? ? i | T
HD1 n n n 20% 5-1 12%
HD2 n n n 15% 5-2 2%
0, - 0,
HD4 n n n 20% 5-4 11%
HD6 n ? X T T T
HD8 n n n 20% 5-8 22%
0, - 0,
o0 |0 | o | o | me o
HAS5 HD12 X X X i i i
HD13 n ? X 15% 8%
HD14 X X ? i i T
HD16 n n ? 5% 5-16 1%
HD17 n n n 20% 5-17 7%
HD18 n ? n 25% 5-18 16%
HD20 X ? X i i T
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From theseeactions wittHA1, 15 hydrogen donorhowedpotential product formation

with LC-MS, H (500 MHz) and®F NMR (565 MHz) NMR. These hydrogen donors
were then used in reactions wiHtA3 andHAS. Reaction purification was attempted on

all mixtures that showed clear (green) and strong potential (yellow) for an intermolecular
product formationTable 2.3.

A Summary of the reaction and purification success can be sdabla 2.3to compare

the three hetarenddAl was shown to be the most reactive hetarertl, clear product
formation with 13 substratesbserving the crossoupled mass in LBAS and new peaks
forming clealy in NMR, two additional reactions showed potential product formation,
with weak peaks seen in EKIS and NMR compared to the starting materidl&3 was
shown to be less reactive with this chemistry, with seven mixtures successfully purified
after clear product formation is seen in NMR and-MS. This was expected due to the
lower readwity seenfrom HA3 with N-Boc-pyrrolidine HD1). Finally, HA5 was seen

to be relatively compatible with the chemistry, with 12 reactions purified to yietdcro
coupled productsSeveral of these reactions produced multiple products, either as
regioisomers (e.gl-2a, 1-2b), diastereomers (e.d-3a, 1-3b) or combinations of monro

and dt substitution (e.g.3-8a, 3-8b, 3-8¢). outlining theirstructures irFigure 2.7.

In total, the array contained 61 potential reaction combinationgaglionsvere carried
out after screeningvith HA1 removed 5 incompatible hydrogen donofsalytical
screeimg (Table 2.2 Table 2.3 found30 reactionsith clearproductformationand an
9 that showed potentiabn purification of these reaction mixtures by HPIMCS, 33 of
the 39 reactionsuccessfullyielded products to isolate &ectrophilic compounds plus

the control compoun(Figure 2.7), afterseverakeactions forrad multiple products.

Table2.3: Summary of hydrogen donor reactivity against the thetarene used to build up the
compound library

Reaction Reaction Reactions Total
success by success by successfully products
NMR and MS NMR or MS Purified isolated
HA1 13/20 2/20 13/15 15
HA3 7115 3/15 7110 10
HAS 9/15 4/15 12/13 14
Total 29/50 9/50 32/38 39
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Figure 2.7: Covalent library of 40 compounds, formed in the dehydrogenative coupling reaction between sulfonyl fluoride (red)gbatameins (blue)
and a diverse set of hydrogen donompounds (purplé}, andpurified by Mass directed HPLC
Reaction screening and isolatedlggeare shown ifable 2.2
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2.2. Compound Screening AgainstrypanosomeKinetoplasts

The library of covalent compounds containing reactive sulfonyl fluoride warheads was
screened in a phenotypic assay agdinstrucei brucél These phenotypic screens were
carried out by WillMosedale of the Smith group in St. Andrews.

2.2.1. Initial Identification of Active Compounds

An initial activity test was carried out on the three hetarene cores used in the library, along
with a control compoundyhenylmethylsulphonyfluoride, PMSF, a sulfoyl fluoride
protease inhibitor with known activity againstbruceit®1%? This was included to gain

and activity baseline and demonstrate how functionalisihgsd cores via
dehydrogenative coupling can influence their activity. These compounds were screened
againstT. brucei bruceiin quadruplicate in a point screen at final concentrations
between 200° 0.4 nmM via a twefold dilution in a resazurin based,ability ass
(Figure 1.23 p37). The compounds were incubated for 66 hours befesazurinwas

added and the fluorescence recorded after a total of 72 hours. The hetarenes were shown
to have limited activity against the parasites, withsE&@lues greatethan 100nM

(Figure 2.8). From this, library screening at 1@ can identify compounds where

activity is improved by functionalisation of the inactive core.

FO,S S N\ SO,F
/> — |
N SO,F N
PMSF HA1 HA3 HA5
EC50=222112 IJM E050=11113HM EC5°=15412 IJM EC50=12413 l.lM

Figure 2.8: EGs values of thenetarenecores screened againkt brucei bruceto identify an
appropriate screening concentration for the compound libfidrg. dose response curves are
shownin Appendix C.

Based on this, the complete compound library was screenedifotyaagainstT. brucei
bruceito identify compounds with significant activity over the hetarene cores for further
investigation. Stock solutions were prepared in DMSO (20 mM) to be screened in the
phenotypic assay. A 3foint, 2fold serial dilution was arried out for screening at final
concentrations between concentrations of 100.1 M with 0.5% DMSO. These
experiments were carried out as a single replicate to gain a provisional insight into the
|l i braryds activity.
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The fluorescence response of resiorwas normalised between the positive control,
containing pentamidine (100 nM), and the negative control of DMSO (0.5%) to give cell
viability as a percentage. The data is presented as a he@Apmmdix D). pEGso values

was calculated to determineenésting hitgFigure 2.9) showing a range of activity from
100mMM (pEGso = 4.0) to submicromolar (pEGo > 6.0) An initial activity threshold was
setfor pEGoO s g r e a tn#), to allowdintereétitigohits to be pursued in detail, to
gainaccurate E€p values and selectivity against mammalian cells. This threslaoid g

12 interesting hits to investigate. These compounds contain varied structures across the
hetarene cores and several hydrogen donor substsaiggestingseveral of these
conmpounds have unique protein targeasising their antirypanosomal activity

7 - HA1

== HA5

Figure 2.9: Initial screening data of the compound library againdirucei brucein a resazurin
based viability assaypEGCso values have been plotted from the summarised normalised data
(Appendix D) to determine interesting hits to investigate further. An activity threshold (red) was
implemented, charactering a hit with a sifbbnM activity, identifying hits across the three
hetarenecores, HAL (green HA3 (blue) and HA5 (purplelScreening as a single replicate, the
error is indicating a fitting error in the EB§&alculation.
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2.2.2. Validation of Potential Hit Compounds

The 12 most active compounds found in the ing@keningEigure 2.9 were taken for
further investigation, validating their activity agaifistbrucei brucei.The compounds
were screened in a y@bint serial dilutionscreening over a narrower concentration range.
The assay was carried out in quadregte to gain technical replicatefiustrated by
compound3-1 (Figure 2.10. Thefull screening data can be foundAppendix E.

The selectivity of these compounds was determined via a counter screen against a human
cell line, HelLa, to examine whethehese active compounds act specifically as
trypanocidal compounds or show broad toxicity. This was carried out using a resazurin
based viabilityassayHeLa cells at around 15% confluency were incubated with an active
compound aB7 °C for 66 hours before adding resazurin for a final 6 hoarsl reading
the resorufins fluorescence response, correlating to cell vialgitgdruplicate screening
was carried out and the data was normalised between a positive (no cell) control, and a
negdive control (DMSO, 0.5%), to gain a dose respoirsguie 2.10 for comparison to
T. brucei brucescreenind Appendix E).

a) b)

Parameters 70000 Parame ters
100000 — Estimate Std. Error tvalue pvalue Estimate Std. Error tvalue palue

Upper Limit 69000 598 115 22616 60000 Upper Limit 44600 996 443 22e-16
EC 3 X EC 12 9 66

80000 —
50000

60000 — 40000

Fluorescence
Fluorescence

30000
40000

20000 —
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10000 —

50 100 1000 01 1 10 100 1000

Concentration (niM) Concentration (uM)

Figure 2.10: Comparison of toxicity for compouri1 againstT. brucei(a) and HeLa(b) cells.
Collected from a resazurin basedmparingtheirE§gd s t o i denti fy selecti
Thefull screening data shown inAppendix E.

This focused screen, ahdman counter screen was carried out on all 12 provisional hits
with an activity lower than 16M (Figure 2.11), aiming to identify the most potent and
selective compounds to pursue into further study while eliminating any compounds that
showed broad togity to cells. Following this screerFigure 2.113, the activity

threshold was reduced, and a hit characterised as havingsalo&€r than InM and at
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least a 1dfold selectivity forT. bruceioverhuman cells. From this, 5 active compounds
were identified Figure 2.110 with submicromolar activities, showing between a 35 and
66-fold selectivity over human cells.
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Figure 2.11: Full screening data of the 12 active compounds compdrirtrucei bruceiand
HelLa cells &), identifying 5 compounds with subicromolar activity b) with at least a 1@old
selectivity over human cells. The data of thassays are shown Appendix E.
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From this screen, the 5 active compounds with-reidgsomolar activity, all show a
significant selectivity forT. brucei bruceicompared to the human, HelLa cell line.
Decoration of hetarene cores using the photoredox icgupteated compounds with a
broad range of potencies against the parasites, identifying compounds with a greater than
100-fold improvement in activity compared to the parent compounds. Active compounds
arise from each of the three hetarene cores and iexhibroad range of chemical
properties such &LogPand heavy atom courfigure 2.12), highlighting the potential

for exploring multiple targets. A comparison of these properties shows the library
explores a broad range of chemical space across &l lietarene coreslAl (green),

HA3 (blue) andHAS5 (purple). Highlighting the trend of increasing activity with
decoration, from initially inactive cores, to identify active compounds from each hetarene

core, covering a range of lipophilicities.

— —

_— 8 132
— 5-108 @

{ 5-3

a e

20
Figure 2.12: Plotting molecular properties of the compound library vs activity ggE@&lative

to heavy atom count ar@lLogP, calculated with ChemAxon, at pH =41

The compound library was designed to be structurally diverse aimhton limited SAR
between these active compoundskey trendobserved wa a potency change between
diastereomers of the hit compounds, illustrated by compodr@s/b and 5-3a/b,
suggestingthere is astereoslective binding interaction with their target proteins.
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Whereas some of the |librarybés most activ
diastereomersl{16, 5-10b), or enantiomers3{1), so an improvement in binding affinity

could be observed on purificationdascreening of these isolated compoyrsgparating
diastereomepairs using longer gradients on HPE@S or separating the enantiomers

using chiral chromatographinterestingly, the increase in activity shown between the di
substitutecb-10b, compared téhe mono substitutebt10a, this could be used to further
functionalise other active compounds containingti#&b corealong the 3 position of
isoquinolineand could further improve their activitifor example, taking compounés

3a/b and reacting with dixane to functionalise into thesition of the isoquinoline

core to explore this modifications effect on activity.

The SAR of these active compounds could be explored further with the design and
synthesis of hit analogues, aiming to improve activitydepntifying key areas to decorate

into or avoid. These can also indicate sites for potential alkyne addition, without

disrupting the compounds activity, to create fully functionalised covalent probes for use
in target identification.

2.2.3. Potential a-Nitril e Electrophiles, a Second Covalent Warhead

A common feature of these hit compounslas t he pr e snirilecgeouppo f ar
occurring in 6 of the 12 actives. This group could be forming important interactions
within the protein binding site that help promaulfonyl fluoride reactivity, but there is

also precedent for these groups to react covalgh#ynselves Section 1.3.2, thus
potentially functionalising these compounds with two warheads.

The Unnitrile group could act as a stable leaving group,tiegwia [1,2}elimination to

form a reactive iminium that reacts with a nucleophilic residue. This i®utdikely due

to the carbamate protecting group delocalising the lone pair and would require an initial
deprotection to occur. Alternatively}nitriles have been shown to react as reversible
eledrophile$>1% The was investigated bfurther analysis of thepyrrolidine-based
benzothiazole structures from the compound librergyre 2.13, highlighting the nitrile
groups (purple). An additional compound was synthesisEeB, by reacting
benzothiazole,HAT, with N-Boc-2-cyanopyrrolidine, HD3 using the photoredox
chemistry, to explore the effect of both the sulfonyl fluoride Emdtrile functionality

has on the compounddés activity.
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Compounds in this family without dnnitrile (T-1, 1-1) show limited/ no activitfor the

parasites buhcluding the nitrile grouplt3a/b) cr eat es some of 't he
hits. This activity is retained in the control compoume3, when screened as a mixture

of diastereomers, and has a significantly improved selectivwitthéoparasites compared

to the sulfonyl fluoride containing analogues. This shows that)thiérile is not just
acting as an i mportant directing group f
fluoride and could be reacting covalent with the protaiget. This will be investigated

further inChapter 3, with chemical proteomics.
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Figure 2.13: Comparison of the benzothiazgdgrrolidine compound family, highlighting the

effects ofUrnitrile groups(purple) and sulfonyl fluorides (red) on the compounds@®E&) and
PEGO o). (

2.3. Conclusion of Covalent Library Generation
A diverselibrary of covalently functionalised compounds was designed and synthesised,
aiming to better explore chemical space compared to traditional covalent liSr&ries
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This library was generated using a dehydrogenative photocoupling to functionalise
hetarene cores, containing reactvarheads with a series of diverse hydrogen donating
substrates.

Using a workflow designed to screen the crude reaction mixtures BMECH NMR

and F NMR, successful reactions were identified fourification by HPLGMS
(Table2.2, p48. This createda highthroughput method to generate this compound
library. This method was used to yield a library of 40 electrophilic ligands, including pairs
of regioisomers, diastereomers and moand disubstituted products. The generated
library contains a diverseange of functionalities to form interesting interactions with
protein targets, creating potentially leliice compounds, ranging in molecular weight
from 3007 450 da, allowing space for further decoration, and hit optimisation through
additional round®f screening. Each reaction that showed significant product formation
by LC-MS and NMR was successfully purified to yield an intermolecular pro@ic¢he

9 reaction mixtures tere potential product formation was seen, as weak signals in both
NMR and LGLS, only 3 were purified successfullin future, the screening procedure
could be made stricter, only purifying reactions where a clear product formation is shown
in LC-MS and NMR, could improve the efficiency of library generation.

The compound library as screened against brucei bruceiparasites at St. Andrews
initially by a 10point serial dilution as a single replicafa initial activity threshold of

10 MM was identified,identifying compounds with similar activities to existing anti
trypanosomalactivity'>'¢ |leading to 12 compounds been taken forward for further
investigation A full screen in quadruplicate against the parasites was carried out against
these 1Zompounds, as well as a counter screen against human, HelLa cells to assess
broad toxicity. Five potent and selective compounds were identified with a sub
micromolar activity, and at least a-8@ld selectivity over human cells-igure 2.14.

These compouts can be taken forward, for mode of action studies using chemical
proteomics. Screening of these compouneisulted in the identification cd-nitrile
functionalgroupsas a potential second covalent warhead, appearing in six of the 12 active

compounds, which can be investigated further using chemical proteomics.
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Figure 2.14: The five active compounds identified in the library screening, each with sub

micromolar activity, and at least3®-fold selectivity over human, Hela cells.

The library was generated around sulfonyl fluoride warheads due to a known activity
against trypanosomal paras#&s©® (Section 1.3.2% but the resulting library was
designed to be target agnostic by focusing on substrate div@isisymeans the library

could be screened against a variety of phenotypes When performed alongside a counter
screen to ensure selectivity for the chosen target.
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Chemical Proteomics for Target Identification of Anti-Trypanosomal
Compounds

3.1. Profiling the Reactivity of the Electrophilic Ligand Library

In Chapter 2, a library of sulfonyl fluoridebased compounds was synthesised and
screened againgt. brucei bruceiin a phenotypic, cell viability assay to identify five
compounds with sumicromolar antitrypanosomal activity. Here, we theorise that their
bi oactivity I S caused by the <covalent
warheads when interacting with proteins. We aimed to identify the proteins these
compounds engage, to deduce a potentialeddction that causes asitypanosomal

activity.

Broadspectrum electrophilic probes containing a reactive warhead and a tagging group
(Section 1.4.) can be used to label cell proteomes by reacting with activated amino acid
sides chairf$-°¢ tuning their reactivity and amino acid specificity depending on the
reactive warhead useédTable 1.5 p19. These probe interactions can be visualised by
in-gel fluorescence of fluorophore containing probes, or by dizaion by mass
spectrometry. When used in competition with the sulfonyl fluebdsed library, we can
indirectly visualise protein labelling, building a unique competitive profile of the library
compound, identifying key protein interactions that coblel responsible for the

compoundbs activity.

3.1.1. Synthesis of BroadSpectrum Sulfonyl Fluoride probes

A series of sulfonyl fluoriddoased probes were synthesised to broadly label cell
proteomes. Sulfonyl fluorides are known to react with lysines, tyrdSjreesl potentially

also serines and threonifié¥> These broadpectrum probes weresed incompetition

with the electropilic compounds prepared ifSection 2.1.3 Incubating these
compounds with cell lysate, followed by the addition of a brgectrum probe to
visualise labellingvia in-gel fluorescence. Providing these probes label similar protein
targets, the libraryampound can outcompete select bands, due to their more specific

reactive nature to identify potential protein targets.

Initially, a sulfonyl fluoriderhodamine probe was synthesised, based around

commercially available4-(2-aminoethyl)benzenesulfonyl flumle, AEBSF, an aryl
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sulfonyl fluoride, to mimic the reactivity of the ligand library. A functional fluorescent
probe was formed via an amideuplingwith 5(6)-carboxytetramethyrhodamineusing
Oxyma Pure and DICHgure 3.1). Carboxy tetramethyl rhodane (2.2 eq) was
dissolved in DCM with the coupling reagents to a concentration of 20 mM relative to the
sulfonyl fluoride. AEBSFBICI (1 eq) was added in one portion as the limiting reagent, to
avoid over substitution to the rhodamine. The reaction was stirred at room temperature
overnight in the dark and the product was observed bYISC concentrateth vacuo

and purified via masdirected HPLC in a gradient of watéracetonitrile to yield the
sulfonyl fluoriderhodamine $~RH) probe, as a 50:50 mixture of the &nd 6
regioisomer¥® (41%, 80% purity).

The reactivity of sulfonyl fluorideareknown to be heavily templat&d, relative to other
electrophilic warheads; the reaction is slow so requires proximal binding to an reactive
nucleophilic site to facilitate a reaction. This means that the structure of the probe can
direct its reactivity and prevent an exploration of the full proteome. To mitigate this, two
control probes$FPEG-RH andSFAlkyne) were synthesised to limit the templating
effect of the bulky rhodamine §ggueBfh). on t
The second prob&FPEG-RH, includes a PEG chain linker to separate the sulfonyl
fluoride and rhodamine groups. Initially, AEBSF was coupleddo-BH-(PEG)}CO:H

(1 eq), via an amide coupling using oxyma pure (1.2 eq), DIC (1.2 eq), DIPEA (2.0 eq),
dissohed in DCM (40 mM) in respect to AEBSF. The reaction was stirred overnight at
room temperature until product formation was shown byM&. The reaction was
concentrated, and the crude mixture dissolved in a solution of 20% TFA in DCM (40
mM) and stirred forl hour, until deprotection of the Boc group was shown byM&

The rhodamine group (2.2 eq) was attached by a final amide coupling following the
procedure previously discussed, reacted in excess to avoid over substitution, and purified
via massdirectedHPLC to afford the PEG containing prot&f~PEG-RH, as a 50:50
mixture of regioisomers (41%, 80% purity). A final sulfonyl fluoride probe, was made to
containing an alkyne tagFAlkyne, for visualising proteins by attaching a fluorophore
azide in the CuAc reaction, removing functionality from the probe that could cause
templating®152 This probe was also synthesised via an amide bond formation, between
AEBSF and ehexynoic acid using the coupling agents Oxyma pure an@ DI
(Figure 3.1), to yield SF-Alkyne in a 30% yield. The three broagectrum probes were

dissolved in DMSO to give master stock solutions (10 mM) for use in future experiments.
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SF-RH, 41%, Purity: 80% SF-Alkyne, 30%

Rhodamine (2.2 eq
Oxyma pure (2.4 eq

E ; 6-Hexynoic acid (1 eq)
DIC (2.4 eq)
)

Oxyma pure (1.2 eq)

DIC (1.2 eq)
DIPEA (4.4 eq SO.F DIPEA (2 eq)
DCM (20 mM /\/@/ 2 DCM (40 mM)
HoN
2) TFA (20%)
DCM (40 mM)

1) Boc-NH-(PEG) acid (1 eq)

Oxyma pure (1.2 eq) | 3) Rhodamine (2.2 eq)

DIC (1.2 eq; Oxyma pure (2.4 eq)
)

DIPEA (2 eq DIC (2.4 eq)
DCM (40 mM DIPEA (4.4 eq)
DCM (20 mM)

SF-PEG-RH, 19%, Purity: 91%
Figure 3.1: Synthesis of broadpectrum sulfonyl fluoride reactive probes, using B@boxy

tetramethylrhodamine dye or an alkyne linker, for broad proteome lab&ling

The labelling profiles of these sulfonyl fluoride probes were compared on &kdlLa
lysate Figure 3.2). Cell lysate was prepared from a confluent plate of HeLa cells, washed
with PBS (pH = 7.4 and scraped to detach from the surface and lysed by sonication. The
suspension was centrifuged to pellet whole cells, and the supernataimted for
proteomelabelling experiments. The protein concentration of the lysate was determined
by DC assa¥?, and aliquots flysate (100hg) were snaffrozen and stored a80 °C for
future use to avoid freezbaw cycles. Protease inhibitors were omitted from lysate
preparationdue to the broad reactivity of sulfonyl fluorides to several activity amino
acids.Additional expemmentation should be carried out to test each protedmsleitor

used in standard cocktatls identify those that do not compete with the reactiprgbes

andcould be included to increase lysate stability
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The labelling profile of these threbroadspectrum sulfonyl fluoride probes was
visualised with gl electrophoresis. Due to the known instability of sulfonyl fluorides
reacting with serine addué#s®, a series of optimised conditions were explored to
visualise sulfonyl fluoride labelling of serine proteases seagch projects carried out by
Sanya Hussain and Alfie Doherty. This workpt shown here, illustrated the
susceptibility of these adducts to thlmsed reducing agents such as DTT, as well as
sample boiling In order to mitigate thigor future experimets, TCEP was used as a
reducing agent and samples were not boiled prior to gel loadinthiBprreliminary data
requires further validatioand optimisatiorio improve sulfonyl fluorideserine stability.

Eachof the sulfonyl fluoridebasedprobes wereincubatedindividually with HeLa cell
lysate (25ng) at a finalprobeconcentration of 1@M, adjusted to 1 mg/mL with PBS
(pH = 7.4) at a final DMSO concentration of 1%. The reactions were incubated with
shaking at room temperature for 30 minutes. A CuAdaction was carried out on the
alkyne containing probeSEAlkyne) through incubation with a mixture of click
reagents, containing a final concentration of rhodamine azidenflpOCuSQ (1 mM),
TCEP (1 mM) and TBTA (100rM) for one hour, following therocedure outlined in
Section 5.4.4 After these incubations, the click reaction was quenched with EDTA (10
mM), and the reactions precipitated in acetone overnight to remove excess probe and
reagents before being resuspended for gel electrophoresis with 2% SD$ aathgle
loading buffer §LB) using TCEP (200 mM final concentration) as the reducing agent.
10ny of each sample was loaded onto a 12% $A&E gel to compare labelling profile

of the three broad spectrum probes usingehfluorescence scanningigure 3.29).

Comparing the three broabectrum probed~{gure 3.29 shows a strong difference in

their labelling intensity. The short linker rhodamine proB&RH) shows significantly
stronger labelling, likely due to the templating effect of the rhodamine gRhgdamine

is able to form strong protein interactions fragtectrostatic interactiond)ydrogen
bonding andp-p stacking bringing the sulfonyl fluoride into the proximity of active
nucleophiles to reacthis is evidenced by the weaker labelling of the longer rhodamine
probe SFPEG-RH), where rhodamine presumably has less of an influence omgjndi

and with the alkyne containing prot#f~Alkyne. Without these stabilising interactions

from rhodamine to enhance binding, these probes are less reactive with a weaker
fluorescent responsManually adjusting the image contrast of each préligufe 3.2b)
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allows for a better comparison of the three probes, having high similarity in their labelling
profiles, suggesting they hit similar protein targets, particularly the two rhodamine
containing probes, highlighting the influence of bulky templatinggraups t he pr ok

selectivity.
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Figure 3.2. Comparative gel of broaspectrum sulfonyl fluoride probes)(along with an
enhanced image to better compare the labelling profiles of each prplégklighting key
differences (purple)incubating each probe (M, 1% DMSO) with HeLa cell lysate, loading
10 ng protein to each lane, running against agned molecular weight ladder, and reaction
DMSO control containing lysate and DMSO (1%). Showinrrgéhfluorescence using a DyLight
550 602/50 epifluorescence filter overlayed with Coomassie image of thstaimed protein
ladde using 715/30 far red epifluoresceriter (left), compared to thiotal proteinCoomassie

stain (right).

Although these three probes show broadly similar labelling proffiegure 3.2b
highlights key differences (purple), particularly between the rhodamine containing
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probes, an&FAlkyne. Proteins labelled that are unique to the rhodarhased probes,
e.g.~125 kDa and 25 kDa, could be caused by the templating effect, with rhodamine
directing probe labelling to specific binding sites. This can also be seen in the labelling
of SFPEG-RH with a specific protect around 12 kDa, this could be caused by rhodamine
templating, as well as the longer linker, allowing the sulfonyl fluoride to access a buried
binding pocket.

From these experiments, broad labelling was shown across the proteome after 30 minute
incubations at 25C with each sulfonyl fluoride prob&hese conditions were then used

for all getbased experiments with sulfonyl fluoride probes. For future work, the effect of
reaction time and temperature can be explored to optimise these labelling reactions,
coupled with exploring reaction conditions to sliab serine and threonine labelli{g

These three probes were then taken forward, to indirectly visualise the labelling of the
compound library previously generated through competitive labelling experiments.
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3.1.2. Competitive Profiling Against Sulfonyl Fluoride Probes

Using these broagpectrum sulfonyl fluoride probes, a series of competition experiments
were carried out. Following a standard workfldwgure 3.3), the probes can be used to
label reactive protein®\) and can be used as a control. If the lysate isnugbated with

an electrophilic compoun®j, the compound can interact with these proteins and prevent
probe labelling €), resulting in a loss of specific protein bands in fluorescent scanning
SDSPAGE D) when compared to the control.
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Figure 3.3: lllustrative example of competitive reactivity profiling. Comparing preincubated cell

Compound

lysate with DMSO Q) or competitor B), Showing the reactivity of broaspectrum probes and a
loss of labelling C), visualised by SDSAGE ). Figure adapted froft4

This profiling was initially attempted using th8~RH and SFPEG-RH probes
following the procedure outlined $.4.3 For each of the 40 library compounds, HelLa
cell lysate (251g) was adjusted to 1 mg/mL with PBS (pH = 7.4), to which the competitor
(2.5nL, 1 mM) or a DMSO control (2.5L, 10%) was added from a fresh-fidld stock
prepared by diluting the competitor in PBS. The reactions were incubated at room
temperature with shaking for 30 minutes. The proB&sRH or SFPEG-RH were then
added to eacheaction (2.51, 100 nM) from a 1Gfold stock containing 10% DMSO
and incubated for a further 30 minutes. The reaction mixtures contained final
concentrations of competitor (library compound, 1) and probe (10vM) in 2%
DMSO. After this incubation, theeactions were precipitated with acetone (4 volumes)
overnight to remove excess probe, washed, and resuspended, separatedRAGEDS

gel and imaged using-gel fluorescence scanning as befdfg(re 3.4).

a)
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Figure 3.22:‘”88(;npetitive labelling of the broa&bec?rljem sulfonyl fluoride probeSFRH (a) and
SFPEG-RH (b) against a set of electrophilic compounds. Incubated on HelLa lysate with a final
concentration of competitor (16@M) and probe (10rM), at 2% DMSO, loading 16y protein

to each lane, running against a-ptained molecular weight ladder, and reactiorcampetitor
control containing lysate and probe. Imaging fluorescence using a DyLight 550 602/50
epifluorescence overlayed with Coomassie image of thatpieed laddeusing 715/30 far red
epifluorescencéeft), compared to thtotal proteinCoomassietain (right).

Figure 3.4ashows an example gel of the compound library betwie8rand 1-16 in
competition withSFRH. Unfortunately showing no clear or significant competition
across the compounds against any specific protéhis.trend is also seen ftre other
library compounds, with no clear competition observed, so for that reason the full data
set has not been included in this report. The lack of competition beuttbie to the
SFRH probe and the competitor compounds not hitting the same pratgeig, or the
competitors dondét | abel strongly enough

A templating effect could also cause the lack of competition in this experiment, the bulky
rhodamine group could prevent the probe from binding in Iemalbckets that the
competitors may sit more favourable in. This was explored by competition wiBFthe
PEG-RH probe Figure 3.4h, designed to contain a longer linker to reduce any
templating effects. A test experiment was carried out between six coigpdom the
library competing againss~PEG-RH. Again, there was no significant competition
observed against this probe except for a protein (~75 kDa), highlighted in purple, where
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a slightincreasan labelling is seen when competed with compo8+id An increase in
labelling of this protein can also be seen when competing agattwhich could be
caused by weak competition across the proteome resulting in additional probe available
to label.

Screening of the full compound library agaifétRH, and the test experiment against
SFPEG-RH, all showed competitive labelling against bregoctrum sulfonyl fluoride
probes is not a viable option to visualise the reactive profiles of these compounds. This is
likely due to the unselective labelling biise probes meaning there is enough free protein
for both competitor and probes to react with. These reactions could be attempted at a
higher ratio between competitor and probe in order to drive competition but lowering
probe concentration would cause aaker fluorescence and increase noise. A cleaner
labelling profile, with sharper bands was seen withSkRePEG-RH probe. This probe
should be used preferentially for any future experiments, to minimise any templating and
also allow labelling in smaller nleophilic pockets accessible to the compound library.

3.1.3. Competitive Profiling Against a Fluorophosphonate Probe

Sulfonyl fluorides are known to form unstable interactions with serine resftdues
(Section1.32.a). We can use competitiverpfiling to indirectly visualise these adducts
when competing against a serine selective probe such as a fluorophosishdratthese
experiments a commercially available fluorophosphomatelamine probeHRP-RH),
ActivX O TAMRA-FP Thermo: 88318), was used, a fluorescent probe highly selective
for serine hydrolasé® (Figure 3.5).

Competitive labelling experiments with the fluorophosphonate prBPeRH, were
carried out following the same procedure previously outlingsection 3.1.2
Section5.4.3 on Hela cell lysate. Theompetitor compounds were added at a final
concentration of 100nmM and incubated for 30 minutes=P-RH (2 nM final
concentration final overall DMSO concentration 2%) was added, and the reactions
shaken at room temperature for an additional 30 minutes. Following this, the reactions
were precipitated and analysed by SBSGE and fluorescent scanning as described
above.
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An initial experiment was carried out to visualise the effect of decorating the hetaryl cores
in the photoredox chemistry, by comparing the initial, inactive cdét#éd,, HA3, and

HA5, against those decorated withD1, N-Boc pyrrolidine Figure 3.5. These
compounds were tested in competition wiR-RH to detect any changes in labelling
using ingel fluorescence. When compared to acompetitor control, we see some
interesting competitions across the proteome, highlighted with purple arrows. In
particular,HA3 and 3-1 both show specific competition of protein labelling, with the
hetarene core competing bands~@b and 35 kDa and the functionalised compound
competing with a band at 250 kDa. This hi
on its structee. Presumably decoration enhances binding to a certain protein, promoting
binding and hence reactivity via n@ovalent interactions in some cases, but in others

prevents binding, due to the decorated compound not being able to access certain pockets.
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Figure 3.5: Competitive profiling against a serine selective fluorophosphoRBt&H on HelLa

cell lysate (a)screening the library compoundx-(), (b), based aroundN-Boc-pyrrolidine

(HD1), in comparison with their hetaryl cordd4AX) at a final concentration of 1G@M against

the FP-RH (2 mM) at 2% DMSO, loading 10rg protein to each lane against a {gtained
molecular weight ladder, and reaction-campetitor contrbcontaining lysate and prolg).
Imaging fluorescence using a DyLight 550 602/50 epifluorescence overlayed with Coomassie
image of the prestained laddeusing 715/30 far red epifluorescer(éft), compared to thiotal
proteinCoomassie stain (right).

Following this, the entire compound library was competed against the fluorophosphonate,
to build up a unique reactive profile for each compound, following the procedure

previously outlined (library compound at 160 and reactive probd;sP-RH at 2niv).
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The reactions were analysed by-gel fluorescenceAppendix F). From this, clear
competition can be seen across multiple bands in a comptpehdent manner. The
degree of competition was quantified by densitometry. Initially, key bands were identified
by eye that showed clear competition compared to the control lane. The degree of
competition was calculated from the fluorescence intensity of these bands, taken using

the software o0l mage Labd and normalised

This data is represented as a heat ntagure 3.6) for 10 key protein bands shown to
compete with a signification portion of the compound library. Other proteins in the
control lane that are not highlighted did not show any significant competition with any
compounds. From this, each compound is showmatee a unique competitive profile,
competing with several protein targets. For example, compolk&dsnd 5-4 show
degrees of competition for all 10 proteins. There are also some interesting trends, for
example protein 10 (~25 kDa), where competition isnsky every compound in the
library. This suggests that protein 10 may possess a highly reactive, solvent exposed
serinefor the sulfonyl fluorides to react wittProtein 1 (~250 kDa) also shows an
interesting selectivity for the compounds based ardd#d andHAS5, the pyridine and
isoquinoline cores, while being unreactive to benzothiazole contairtifyl,
compounds.
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Figure 3.6: Competitive profiling of the reactive library agaiid®-RH, visualised with irgel
fluorescence in SDBAGE. Separated into the family of Hetarert#&1 (a), HA3 (b) andHAS
(c). Quantifying competition with densitometry of specific protein bands lyh#uorescence,
relative to the control lane. Fluorescent gels can be fouAdpendix F.
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When profiled against a more resiesmlective probe such d&P-RH, competitive
profiing is an effective method to indirectly visualise the labelling profiles of
electrophilic compounds. Competition of the serseéective fluorophosphonate probe
shows that these sulfonyl fluoride compounds are likely reactive to serine hydroldses a
can be used to indirectly visualise sefis@fonyl fluoride adducts, although it is possible
that these sulfonyl fluorides could be acting as allosteric competitors, reacting with
neighbouring groups to indirectly inhibit serifkeiorophosphonate bindg, without
being seringeactive themselves. Competition withFR-Biotin reagent in conjunction
with a proteomics (mass spectromebgsed) workflow could be used to identify these
putative reactive serine hydrolases in future. A similar experiment éeutdrried out
using a sulfonyl fluoride probe such@B-Alkyne to identify reactive lysine and tyrosine

groups?®, in order to quantify the full reactive proteome of sulfonyl fluorides.
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3.2. Competitive Identification of Protein Targets

The library compounds outcompefd-RH binding for selectiveproteins in select
proteins of HelLa cell lysate incampounedependent manndfollowing the established
protoco| the labelling of T. brucei bruceilysate was evaluated, aiming to identify
selective competitiomiactive compounds that could repregéetbiologically relevant
protein targets responsiblerftheir antitrypanosomal activity.

3.2.1. Serine Hydrolases as Potential Antirrypanosomal Targets

Previously, we have demonstrated the ability of the sulfonyl fluoride compound library
to react with serine hydrolases, visualised usingahfluorescence wimein competition

with the serine hydrolase selective prob®-RH. This can be applied to the reactive
serine proteases af. brucei bruceiysate, exploring the key interactions that could be
responsible for the active compoundbs t o:

T. b. bruceicells lysate was prepared by osmotic pressure lysis by Will Mosedale.
Confluent cells were pelleted by centrifugation and washed with trypanosome dilution
buffer. The cells were resuspended in pure water, and fteawned twice over cardice.
Unlysed cellswvere pelleted by centrifugation for 5 minutes and the supernatant retained
for proteomic labelling experiments. The lysate was buffered in PBS (pH = 7.4) without
protease inhibitors to give a final protein concentration of 2.0 mghinjuiots of lysate

were snapfirozen and stored aB0 °C for future use to avoid freetteaw cycles.

The 12 active compounds identified from phenotypic screening adaiBsticei brucei
(Figure 2.11, p55) were profiled in competition against the fluorophosphonate pFébe,
RH. The compounds were incubated withbrucei brucelysate for 30 minutes at a final
concentration of 10@&M, before addition oFP-RH to a final concentration of &M.

The reactions were then precipitated overnight in acetone (4 volumes) and prepared t
run on a 12% acrylamide gels to visualise competition vigeinfluorescence
(Figure 3.7). Comparing these competitions to the probé/ control, several protein
bands show competition by the sulfonyl fluoride active compouratslling of protein
Band 6 (~27 kDa)by FP-RH is shown to be outcompeted by each of the active
compoundsdemonstrating a potential target of amgpanosomal activityln addition,
there a several FRH labelled bands at ~75 kDa (band 1) and ~37 kadb 2 and 3)
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that are more selectively inhibited by compounds inHAS and HAS hetarene sets,

suggesting the active compounds could have several modes of action.
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Figure 3.7: Competitive profiling of the 12 active compounds agatsRH in T. brucei brucei
lysate, based around hetaryl corsl (a) andHA3/ HAS (b) at a final concentration of 10V

against thé&P-RH (2 M), at 2% DMSO, loadind0ny protein to each lane against a{stained
molecular weight ladder, and reactiorrcmmpetitor control containing lysate and probe. Imaging
fluorescence using a DyLight 550 602/50 epifluorescence overlayed with Coomassie image of
the prestained lader using 715/30 far red epifluorescer@eft), compared to theotal protein

Coomassie stain (right).

The most potent active compour®i]l, was selected for further investigation. A serial
dilution againstFP-RH was perfoomedt 0 gauge the compoundodo
densitometry was used to quantify the change in fluorescence relative to concentration,
giving a labelling IGo (the concentrigon required to inhibit 50% dfP-RH labelling), (

Figure 3.8). Initially, compound-1 was incubated witfi. bruceilysate at concentrations

of between 1i 200 nM (Figure 3.83, or with a DMSO control, before addifdg-RH

(final concentration: 2rM). The samples were analysed bygel fluorescence. From
this, five key proteins between 5@®5 kDa were competed I3/1, causing a loss iRP-
RH fluorescence. One protein around 25 kDa was competed at all tested concentrations,

so the experiment waspeated at lower screening concentrations from 1in#ni
(Figure 3.8h. Competition by3-1 of these five protein bands was quantified using
densitometry. Fluorescence intensity of each concentration was normalised tgminst
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FP-RH probe only control (lam 2) and plotted to calculate a labelling affinitysiGor
each proteinKigure 3.89. 3-1 has a labelling affinity IC50 of 1050 niM for the four
protein bands between 50 kDa. In comparison to thiband 6 (red) gave an 16 of

60 nM, showing highyl potent labelling of this protein by B
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Figure 3.8: Competitive profiling of the compouril in dilution againsFP-RH. Screening at
micromolar @) and nanomolarb() concentrations 08-1 with T. bruceilysate to calculate a
labelling affinity IGyofor five protein bands shown to compet® Quantifying competition with
densitometry of specific protein bands by their % fluorescendatives to the control lane,

calculated from a single replicate, representing the fitting errorspcblculation.

Labelling of these protein bands was shown to be inhibited by several of the active
compounds tested, and at low concentratiorg&sDfin order to validate these as potential
protein targets responsible for theirantr y panos o mal activity, w
of these to be unique to active compounds. This was explored by comparing the
competitive profile3-1 against-P-RH (2 nM) with theinactive hetaryl cordlA3, and

an inactive analogu&-2, eachat a final concentration of @M (Figure 3.9. At this
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concentration, a similar profile can be seen betvg@gand3-2, both partially inhibiting
fluorescence of protein bands betw&@ri 30 kDa. The strong proteband 6(~ 25kDa)
is partially inhibited by the hetaryl cordA3, and mostly competed wit2, compared

to completely inhibited bg-1. The nhibition ofband 6 at low concentrations could be

a biologicallyrelevantinteraction for the activity3-1, which can be validated through

mass spebased experiments to identify this protein.
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Figure 3.9: Comparison of competitive profiling of the active compo®At against inactive

hetaryl coreHA3 and inactive analogug2 at a final concentration of iM. Competing against

FP-RH (2 nM), at 2% DMSO, loading 16y protein to each lane against a-gtahned molecular

weight ladder, and reaction fo@mpetitor control containing lysate and probe. Imaging

fluorescence using a DyLight 550 602/50 epifluorescence overlayed with Coomassie image of

the prestained laddeusing 715/30 far red epifluorescen@eft), compared to th&tal protein

Coomassie stain (right).

This methodology highlights proteins interactions that could contribute to the compound

biological activity. This can be explored further in future work, carrying out a serial

dilution of HA3 and 3-2 to gauge selectivity for these specific protein interactions.

Applying these competitive experiments on live cells, initially reacting with the

competitor followed by lysis and incubation with the fluorescent probe could give a

deeper understandingiraso c o mpoundés

activity,

account

as compound uptake and transport throughout theTde8. protocol can be applied to

mass spectrometiyased proteomicscompeting a fluorophosphondbéotin  probe

against the active compoundor enrichment and identificatiosf these proteins. This

can be used to build up a picture of the compounds mode of action.
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3.2.2. Competitive Profiling of a-Nitrile Protein Targets

Previous literature reported examplesgtitrile containing inhibitors $ed¢ion 1.3.2.H
havea preference foreacting with active siteserine and cysteine residfe!% as well
as potential interactions with lysines and tyrosifieéd/e explored the reactivity of the
electrophilic library compounds that contamnitriles (Figure 2.13 p58 through
competition against severaidadspectrum reactive probdsP-RH, which is active site
serinereactive, a maleimidélal-Flu'®¢, which is cysteingeactive, and iodoacetamide
IA -Flu'®4 also cysteine reacti&igure 3.109.

The residue selectivity od-nitriles was exploredising the compound$-3a and b,
synthesised to include a nitrile warhead but no sulfonyl fluoride group to determine the
a-nitriles influence on bioactivity. The reactivity of these compounds to serine hydrolases
was explord through competition witlrP-RH, carried ouusingT. brucei brucelysate,

by incubating the control compounds at a final concentration ofl€r 30 minutes,
before addition of the broagpectrum probe following the procedure previously outlined
to visualise theirreactivity using irgel fluorescence of the rhodamine fluorophore
(Figure 3.100h. From this experiment, no competition was observed, including of the
strong fluorescent band ~ 25 kDa, previously competed by all sulfonyl fluoride containing
active compoundsA second experiment was carried out to test for competition against
the probedval-Flu andIA -Flu, using HelLa cell lysate due to limited supply of parasite
lysate. These two broagpectrum probes have high specificity for cysteine residues, but
show largly different reactive profiles, targeting unique cystainataining
proteind®’:158 by competing against both we aimed to explore a larger portion of the
cysteineproteome. A short serial dilution was carried out screening the compge{&ar

between 07 100 nM before addition of thecysteinereactive probes to a final

concentration of 1&M, using ingel fluorescence of the fluorescein fluorophore to assess
competition Figure 3.109. No competition was seen against these probes either. It is
unclear whether this result is caused by thesdtrile compounds being unreactive
towards labelled cysteine residues, or these nitriles are not reactive towards the same
cysteines as the broagectrum probes. The short linkers\l -Flu andIA -Flu could

bias labelling away from smaller binding pocketsemsible tar-3a andb.
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Figure 310 Eompetitive profiling ofa-nitriles to iaentify amino acid selectivity against bread
spectrum serine and cysteine reactive probgsScreening the compounds3 (100 M) in
competition against a serine selective brspdctrum probdrP-RH (2 mM) in T. bruceilysate

(b) and cysteine reactive probésal -Flu, andlA-Flu (10 M) (c) at 2% DMSO, loading 16y
protein to each lane agaire prestained molecular weight ladder, and reactiorcompetitor
control containing lysate and probe. Imaging fluorescence using a DyLight 550 602/50
epifluorescence overlayed with Coomassie image of thstareed laddeusing 715/30 far red
epifluorescenceleft), compared to thtotal proteinCoomassie stain (right).

An alternative method to investigate the reactivity of thagatrile towards activity

amino acid residues would be to evaluate labelling of serine and cysteine proteases by
intact protein MSThis could also be explored using short peptides or protected amino
acids,assessing labelling by @IS or by changes itH NMR. The reactivity and amino

acid selectivity of these compounds can also be explored with the development of
chemical probes, functionalising the molecules with an alkyne tag to visualise protein
labelling by attachment of a fluorophore forgel analyss, or bytarget identification

using an affinity tagandidentify residue specific interactions using mass spectrometry.
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3.3. Identification of Reactive Protein Targets with Chemical Probes
Competitive profiling was used to indirectly visualise a seriegaten targets reactive
with the sulfonyl fluoride compound library, identifying potential protein targets that
could contribute to their activity. Next, we explored a more direct method of target
identification through the synthesis of functional eledhitp probes. Previouslyfive
antrtrypanosomal compounds have been identifeedhibiting sulbmicromolar activity
againstT. brucei brucei(Figure 2.14 p60). Functionalised chemical probe analogues
were then designed and synthesised to incorporateealiags, to explore the mode of
action and identify potential protein targets of both the sulfonyl fluorideaanrile

containing compounds.

3.3.1. Generation of Anti-Trypanosomal Electrophilic Probes

Two active and selective sulfonyl fluoride containing coompis with submicromolar

activity, and at least a 4i@ld selectivity over human cell§;16 and3-1, were selected

for further investigationKigure 3.119. Alongside these, analoguesle8 andT-3 were
designed to explore the reactivity of tlaenitrile warheads Kigure 3.11h. These
compounds were evaluated for sites for potential inclusion of a terminal alkyne for
downstream click chemistry. Each compound contains a secondary aepresenting

an accessible site for addition of an alkyne via an amide bond formation, using an
analogous propargy! alkyne group to mimic the small Boc and ester protecting groups in
the active compounds. Structural variations between the two active comgdeli6dsd

1-17, based around a benzothiazole hetarene, and a piperidine hydrogernsdgget,

the T and 6piperidine positions could be suitable sites for alkyne addition. Both
compounds contain an ester group or an aromatic system in these positions and retain
their activity, so additional variation in these groups could be tolerated. A cisompaf

the compound8-1 and3-3 show the nitrile substituent in the pyrrolidingo8sition is not
essential for the compound activity, having a slightly negative effect, so could be a
suitable position for alkyne insertion. Analysis of the8 family shavs the sulfonyl
fluoride has no effect on the compoundds

decoration.
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chemical probe desigreas for alkyne addition are highlighted foe sulfonyl fluoridebased
(a) or a-nitrile (b) compounds by reaction with the amine group (purple) or iaddit

functionality of the molecule (pink).

Initially, synthesis of these probes of these hit compounds was attempted by making
alkynecontaininganaloguesof the hydrogen donor substrates. These could then be
coupled to hetarenes via the photoredox reacpreviously utilised ection 2.1.3.

These hydrogen donor analogues were synthesised or purchased. The free amines were
protected with a N-Pocprotecting group, using propargyl chloroformate
(Figure 3.129'*® as previously outlinedor similar amine protection$2.1.3. For
synthesis of hydrogen donor analoguesldf6, the aryl alkyne , compount, was
synthesised via a Sonogashira coupling to attach an alkyne drigupg(3.1201°°. After

an initial protection of the piperidine amine using methyl chloroforma8gz, the
Sonogashira reaction was used toumle the aryl bromide, 13, with
(triisopropylsilyl)acetylene using Pd(GPPh)2, Cul, and heating to reflux in
triethylamine for four hours, until shown to be complete by TLC and MS. The protected
alkyne was purified by an aqueous workup and column cht@gnaphy to yield
compoundL4. A portion of this was deprotected to remove the silane group using TBAF
and stirring overnight to isolate the free alkyne after aqueous workup. For synthesis of
thea-nitrile based probe analoguesleB, an attempted synthis of the alkyne analogue

of HD3 (Figure 3.129 was made by first deprotecting the commercially available

substrate N-Boc-2-cyanopyrrolidine, followed by reaction of the product amine with
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propargyl chlooformate From this reaction, onlN-Pocpyrrolidine was isolated and
confirmed by NMR and MS. It is likely that the nitrile group was lost via an iminium ion
formation after the Boc group was removed, catalysed by triethylamine. This method was
therefore deemed not suitable for this8 analogue synthesi
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protection with propargyl chloformaté4® (a), or through a Sonogashira coupling tokedhe
aryl alkyné®® (b). Attempted synthesis ofldD3 analogue ) was unsuccessful.

The synthesised alkyrmontaining hydrogen donor substraté$, 12, 13 and 14, along

with the commercially available compound;Boc-2-ethynylpyrrolidine, were then
reacted with their corresponding hetaryl covésthe dehydrogenative photocoupling
reacton. Unfortunately, analysis of the crude reaction mixtures by NMR andviISC
showed very little product formation, showing predominately hetarene starting material
in 'H NMR, and multiple species present*fir NMR. An attempt at purification was
made usig HPLC-MS but no product was isolate@he lack of reactivity could be due

to thesehydrogen donor substategingincompatible with the chemistryr potential

side reactions between the alkynes and the iridium ca@&ly&icould be interfering with

the reactionSynthesis was attempted using both the protected and deprotected alkyne
analogues ofiD16, compoundd4 and15 under the photoredox reaction, but no product

formation was observed.

82



An alternative route for synthesising chemical probes was used, by directly modifying
the original parent compoundsl6 and3-1 after their synthesis in the dehydrogenative
photoredox reactiorAlkyne groups were installed by removal of the amine pratgcti
groupusing TFA (20%)andthenreactingthe free aminavith propargyl chlooformate
(Figure 3.13. This removed the issue of alkyne compatibility with the photoredox
reaction. Due to the ease of removinly-8oc group, compared to an acetyl protecting
group, the synthesis of a Bqrotected analogue of-16 was attempted. Initially
synthesisingN-Boc-2-phenylpiperidine from the free amine, using Buothydride,
following the procedure previously outlineBigure 2.6 p46). A coupling between the
Boc-protected analogue dfiD16 and the hetaryl corelAl was then attempted via the
dehydrogenative photocoupling reactidrigure 3.139. Unfortunately, this coupling
was not successful, and no product formation was observed, so instead we chose to focus
on synthessing a3-1 based alkyne probé;(N-Pocpyrrolidin-2-yl)pyridine-3-sulfonyl
fluoride, referred tas3-1 Alkyne. Initially synthesise®-1 by the photocoupling diA3
andHD1, carried out on a 1 mL scal8dction 5.2.2in triplicate to generate enough
material for the subsequent reactions. The hit compdaadwas then deprotected by
stirring in TFA (20%) and DCM (0.2 M) for one houfigure 3.130. The free amine,

16, was then isolated as a TFA salt by concentratingacuo The intermediate was
reacted with propargyl chloformate(1.1 eq) and NEt(2.2 eq) at 0 C for one hour,
before warming to room temperature overnight with product formation shown by LC
MS. The crude reaction was concentrategtacuoand purified by HPLC-MS to afford

the functionalised prob&;1 Alkyne (Figure 3.13h.
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Figure 3.13: Alternative route to synthe3|smg sulfonyl fluoride probe analogues, by additional
functionalisation of the parent compodtfd Synthesis of d-16-based probeaj via forming a
Boc-protected adduct was unsuccessful, so focus was shifted to synth@di\tkyne (b).

This method was also utilised to synthesiseaaritrile probe analoguel-3a Alkyne.

The synthesis and purification of the parent compoun@s and T-3b (Figure 3.149

was repeated, they were deprotected with TFA (20% in DCM) and reacted with propargyl
chloroformate (1.1 eq) and NEt(2.2 eq) before purification of the crude reaction
mixtures by masslirected HPLC. Initial deprotection with TFA did nosudt in the loss

of the nitrile group as previously seen WHiD3, (Figure 3.129. The aromatic ring may

be providing additional electronic stabilisation to make the nitrile less suspectable to
hydrolysis.This reaction was successful for the slfasteremer, T-3a, forminga-nitrile
probe,T-3a Alkyne (Figure 3.149, but the reaction of the antiiastereomerT-3b, was
unsuccessful, with only the deprotected intermedi@g, observed by LEMS and
isolated on attempted purification by masected HPLC Eigure 3.14b), it is unclear

why this reaction did not proceed like tbyndiastereomer.

Finally, because the sulfonyl fluoride group was shown to be unimportant for this
compound f-wypandsgmalsactiaty) wel considered this as a potentiafaite
alkyne decoration. The isolated diastereomers of parent com@de8iBigure 3.149,

were reacted with propargyl amine as a 50% solution in acetone (0.2 M) to assist
solubility. The reactions were stirred overnight at room temperature, until complete
consumption of the starting material was observed bWMSC The crude reactions were
then concentrateth vacuobefore purification by masdirected HPLC to afford the
sulfonamide probed-3aand1-3b Alkyne.
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Figure 3.14: Synthesis ofa-nitrile probes, highlighting the successfa) @nd attemptedb]

synthesis of-3 Alkyne analogue®®, and synthesis of sulfonamidmsed probec].

In conclusion, a series of alkyne functionalised chemical probes weoessiully
prepared to be used for target identification of theseteyptanosomal compounds. Due

to the poor apparent compatibility of the photoredox chemistry with alkgn&ining
substrates, generating probes is limited to using the existing fualityoof the parent
compounds, so alternative synthetic routes may be required to install alkynes in other

positions.

332.Validation of Ch-€ypanosamal Aetiviybe 6 s Ant i
To explore the protein targets of the active compounds, the alkyne confaiologg must

retain the anttrypanosomal activity of the parents. Comparable activity suggests similar
reactive profileand thus suggests that the modifications do not perturb important probe
protein interactions. The alkyne analogues were screened yahgzaroncentrations,
againstT. brucei bruceiin the resazuribased cell viability assay, producing a dose
response to calculate an fg@alue for comparison to the parent compound.

The alkyne analogues were prepared as 10 mM DMSO stock solutionsefeniagr A

2-fold serial dilution of stock concentrations was carried out from 10ind\Mb M. In a
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96 well plateplood stream forrt. brucei bruce{200nL) wasseeded &3 10 cells/mL

The cells were incubated in quadruplicate with the alkyne prausted from 106
stocks at final concentrations between b0 i 50 nM for 66 hours at 37C, before
adding Resazurin sodium salt (4D, 1.1 mg/ mL) to incubate for a further 6 hours. The
fluorescence response of resorufin was normalised betweerpasiéve control,
containing pentamidine (100 nM), and the negative control of DMSO (0.5%) to give cell
viability as a percentage, and plotted as a dose respdppendix G) to calculate and
pEGsovalue Figure 3.15 for comparison to the active parentgmounds.
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Figure 3.15. Comparison of activities between the parent compounds (blue) and their alkyne
analogues (cygnScreening the alkyne probes in quadruplicate agdinstucei bruceby Will
Mosedag, in a resazuribased cell viability assay, presenting the data agREalies Full assay

data is showim Appendix G. Alkyne probe screening data was compared to the original library
screening of active parecompoundgFigure 2.11, p55).

Compared to the parent compounds, a large decrease in activity is seen in the synthesised
alkyne analogues, suggesting that the rinedlipositions provide key interactions that
contribute to the parent compound activitieshould be noted that the screening data of
probe analogues is being compared to the previous library screening, so variability in the
assay and cells used shodid consideredTwo of the probes3-1 Alkyne and 1-3a

Alkyne, both gave a better retention of activity compared to the parent compound, also
maintaining an activity of lower than 1M, previously identified as an activity threshold
during the initial se@ening. By retaining their activity, these probes are more likely to
react with the same protein targets as the parent compounds, giving higher validity to

future proteomics experiments when wor ki
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alkyne tags aa be functionalised with a fluorophore group a click reaction and used

to visualise protein labelling with igel fluorescence. An enrichment group such as biotin
could also be attached to assist protein identification by mass spectrometry. Using the
active parent compounds in competition with these probe analogues can be achieved by
pre-incubation of the parent compound with the cell lysate prior to probe addition. These
competition experiments could be useful in identifying key proteins responsilihefo
antitrypanosomal activity. Further investigation into the strueagtvity relationship of

these hit compounds could identify alternative sites for alkyne addition that results in
probes that better retain the compoundds

3.3.3. Visualisation of Anti-Trypanosomal Protein Targets

The alkyne containing analogues of amgpanosomal hits can be used to identify these
compounds protein targets by functionalisation with a click reaction to attach an azide
tag. Incorporating fluorophore or biotgroup can be used to visualise protein labelling
by in-gel fluorescence, or for enrichment and quantification by MS.

To explore the labelling profile of the sulfonyl fluoride probd Alkyne againstT.

brucei brucej a serial dilution was carried out, incubating the probe with cell lysate at
final concentrations between 50 and BM for 30 minutes at 25C. A click reaction was

then used to attach a rhodamine fluorophore, following the standard protocol previously
described for alkyne containing probeSe€tion 3.1.1 Figure 3.2 p65. The click
reagents were added from a master stock mixture to a final concentration w1100
rhodamineazide as the limiting reagent, incubating for one hour at@5The click
reaction was then quenched with EDTA (10 mM final concentration), and the proteins
precipitated in acetone overnight-20 C, pelleted by centrifugation and washed to
remove excess probe and click reagent. The samples were dried and prepared to run on a
12% SDSPAGE gel, to visualise fluorescent labellirggure 3.163. 3-1 Alkyne shows

a very broad labelling profile across the proteome. By scaling the fluorescesitinte

each probe concentration, we can compare the labelling préfitasé 3.16h to see the
broad labelling profile is maintained even at low concentrations around the profes EC
(3.28M). The labelling profile of this probe is comparable to titaltCoomassie stain,
suggesting the probe is ngelectively labelling the abundant proteins in the proteome.

In parallel with this, competition with the parent compoudd, was attempted. Cell
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lysate was preincubated withl3at concentrations of betee 1000 1 nM for 30 minutes

at 25 C before addition of the alkyne probe and click reagents as previously described
(Figure 3.169. As previously seen with broapectrum sulfonyl fluoriddased probes
(Section 3.1.2, no detectable levels of competitisrere observed. This result could be
due to the broad reactivity of the competitor and probe meaning low levels of competition
are not detectable by-gpel fluorescence, or ti221 and3-1 Alkyne are not reacting the
same proteins, an&1 Alkyne may not bea good probe for understanding the anti

trypanosomal activity 08-1 proteins.
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Figure 3.16: Labelling profile of thé sulfonyl fluoride prob&;1 Alkyne, onT. brucei brucei
lysate screening from 50 0.1 M (&), comparing the labelling profile scaling fluorescence
response at different concentratioby @nd attempted competition againstplaegent compound,

3-1 (1007 1 M) (c), loading 10mg protein to each lane against a-gtained molecular weight
ladder, and reaction rcompetitor control containing lysate and probe. Imaging fluorescence
using a DyLight 550 602/50 epifluorescence overlayed with Coomassie image of-8iaipee
ladde usng 715/30 far red epifluorescengleft), compared to thtotal proteinCoomassie stain

(right).

a-Nitriles are known to act as reversible electrophflgs®¢ because of this it was
unknown whether these-nitrile based probes would form stable adducts with proteins

to be identified by chemical proteomics methods. To investigate thia;titele probe
1-3a Alkyne was incubate with human, HeLa cell lysate at a final concentration of 10
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mM (1% DMSO). Following the standard procedure previously described for these
experiments, the probe was incubated for 30 minutes & ®g&fore addition of the click
reagents to a final conceation of 100nmM with respect to the rhodamirezide. The
lysate was then precipitated in acetoné ¢blume) overnight and the samples prepared
for SDSPAGE. The samples were resuspended in sample loading buffer containing
either no reducing agent, oCEP or DTT (100nM) and half of the samples were then
boiled at 95 C for 2 minutes before running onto a gel to visualised probe labelbng
in-gel fluorescenceHigure 3.17). Comparison of the gel conditions shows a high
stability of these probe proteiadducts to the gdlased workflow, the modification is
stable to different reducing agents with comparable labelling to theduxtion controls,
though there are small differences between the labelling profiles, suggesting the reducing
agent could cles less stabla-nitrile-protein adducts. The probe adducts are also stable
to heat, showing no difference in labelling when comparing the boiledéited controls,

and probe labelling also survives precipitation in acetone.
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Figure 3.17. Assessing the stability o#&-nitrile-protein adductsvia in-gel fluorescence.
Incubation of the probé-3a Alkyne (10 niM) with HelLa cell lysate to compare the effect of
reducing agents, TCEP or DTT (100 mM) and sampiéng (2 min, 95 C) byloading 10ng
protein to each lane against a-stained molecular weight ladder, and reactiorcompetitor
control containing lysate and probe. Imaging fluorescence using a DyLight 550 602/50
epifluorescence overlayed with Coors@simage of the pretained laddeusing 715/30 far red

epifluorescencéeft), compared to thtotal proteinCoomassie stain (right).

To further validate the stability cd-nitrile based probes, additional controls should be
run, to compare precipitatiol@ nonrprecipitation, to see if significant labelling loss is
seen. It is also worth noting the presence of TCEP during the click reaction, at a final
concentration of 1 mM that could affect labelling efficiency and alternative click

conditions could bexplored.
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The labelling profiles o&-nitrile containing probesT-3a-, 1-3a and 1-3b-Alkyne, on

T. brucei bruceilysate were also explored. The parent compoUir8, was also used in
competition with these probes following the procedure outlined above. The lysate was
initially incubated with the competitdr-3 at a final concentration of 10€M, followed

by incubation with the alkyne probe (). The probedabelledproteins werehen
functionalised with a fluorescent ta@ a click reaction with a rhodamirezide reagent

and the labelling profile visualised-gel (Figure 3.18. Thesea-nitrile probes have a

broad reactive profile across tfiebruceiproteomeandwe see similar labelling for all

three alkyne analogues, suggesting that the probes are labelling the same protein targets.
There is also no competition against the parent compound, as previously seen in these
experiments. This could mean the probe angkqtacompounds are hitting different
protein targets, or the level of competition is too small to detect-gglifluorescence.
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Figure 3.18: Labelling profile of the threa-nitrile based probes on. brucei bruceilysate.
Screening the compounds3 (100mM) the threea-nitrile based probes (18M) at 2% DMSO.
Samples were prepared used DTT (100 mM) as the reducing agent, loadipgrb€ein to each

lane against a prstained molecular weight ladd and reaction rRoompetitor control containing

lysate and probe. Imaging fluorescence using a DyLight 550 602/50 epifluorescence overlayed
with Coomassie image of the pstained laddeusing 715/30 far red epifluorescengeft),
compared to theotal proteinCoomassie stain (right).

Both the sulfonyl fluorideanda-nitrile-based probes show broad labelling acros3the
brucei proteome in cell lysate. In future work, incubation of these probes in live cells
prior to lysis and attachment of a fluoroplonay give a different result: it is possible

that not all targets are accessible in the living cell. Next, these probes can be used to
identify these protein targets by MS to provide clues to their targets and their anti
trypanosomal activity. These expaents can be done in competition with their parent
compound to highlight the key proteins that cause activity. Interestingly, when comparing

the labelling profiles of tha-nitrile probes to the sulfonyl fluoride probieigure 3.16a
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p88 we see similaties in the labelling pattern, suggesting #aitrile probes could be

reacting with lysine or tyrosine residues too.
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3.4. Conclusion of A Chemical Proteomics Investigation into Protein Targets

A series of broagpectrum reactive alkyne afildorophore probes were synthesised to
explore the reactive profiles of sulfonyl fluorides in lysate conditions, investigating the
impact of templating, and stability to amino acid residues. Sulfonyl fluorides have been
shown to be reactive with serine rase¥1%so a broagspectrum fluorophosphonate
probe,FP-RH, used in competition experiments with the electrophilic compound library
was successfully used to visualise potential interactions of sulfonyl fluorides with serine
hydrolases. However, the same level of competition was not seen when usag br
spectrum reactive probes including sulfonyl fluortukessed probe§FRH andSFPEG-

RH, as well ascysteinereactive iodoacetamides and maleimides probes. This lack of
competition could be caused by the competitors and probes hitting different protein
targets, or the unspecific labelling meaning low levels of competition are not detectable
by in-gel fluorescencerhe lack of competition seen in these experiments could be due
to the reaction conditions being saptimal for each probe, these could beiroped by
exploring the effects of increasing competitor equivalents, as well as increasing
incubation times to bim line with similar literature experient¥, especially considering

the slower reactivity of sulfonyl fluorides, and their dependence on templating effects for
binding, as well as the relatively unknown reactivityaehitrile containing compounds
under these conditionBor future experirants working with these lysates, the effects of
incubating with specific protease inhibitors should be explored to identify those that do

not interfere with competition and can be used to prevent lysate degradation.

To investigate the activity of the ekeophilic, antitrypanosomal compounds identified
from phenotypic screening againit brucei brucei a series of probes were generated,
functionalising the parent compounds with alkyne handles for exploratigel iand by

mass spectrometry. Initial attgpts at synthesis proved unsuccessful due to an
incompatibility of alkyne groups in the photoredox reactidhis could be caused by
competition reactions occurring with the alkyne functional group, such as
carbxylations®® and insertion$! which proceed under similar photoredognditions

The probes were eventually formed utilising the existing functionality of the parent
compounds, either by a deprotection of the amine followed by a coupling, or a reaction
with the sulfonyl fluoride group to itsll an alkyne tag, where SAR indicated that this
was appropriate. When screened for activity agdingtrucei bruceieach of the alkyne
analogues showed a loss in trypanosomal activity compared to their parent compounds.

Two probes,3-1 Alkyne and 1-3a Alkyne retained an activity of less than hiM,
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showing the smallest reduction in activifjhis suggests they could be hitting the same
protein targets as the parent compounds so should be prioritised for future experimental
work. Further investigation to the SAR of active compoundsin be carried out, by
designing and synthesising a second compound library using similar hetarene and
hydrogen donor substrates to the active compourids.can be used to home in on active
functionality, aiming to identiffcompounds with a higher potency and selectivity than
the initial library. Analogous compounds can also be used to identify grougesseential

to the compounds activity to provide potential sites for alkyne addition that are less
detrimental to the compmds activity, making probes that are better mimics of the parent

compounds.

Next, these probes can be used in-b&Sed proteomics, by attachment of a biotin tag for
enrichment to identify their protein targets. When used in competition with the parent
compound, key proteins that bind both probe and parent can be identified lusing t
workflow described. While both the sulfonyl fluoride anahitrile based probes exhibited
broad labelling across the bruceiproteome when analysed bygel fluorescence, the
increased sensitivity of MS may identify key competing proteins. d-nérile probes

also showed strong labelling of proteins under a range dfageld conditions considering

the reversible nature of these warheads. This suggests that at least sorqeratigiite
adducts are stable enough for the proteomic workflow, meanatgidantification of

protein targets and amino acid selectivity should be possible by mass spectrometry.
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4. Conclusions and Future Work

This project aimedo develop a workflowirom design of a targetgnostic electrophilic
compound library through to photypic screening and target identification by integrating
a highthroughput synthetic strategy with chemical proteomics methods. Here, this work

will be summarised along with some scope of future potential for this work.

4.1. Generation of anElectrophile Library

Summary

This work tested the ability to generate a library of electrophilic compounds using
diversity generating chemistry that moves away from traditional methods of disign
better explore chemical spdfe Utilising a photoredodased dehydrogenative
coupling”* a hetarene coréunctionalised withsulfonyl fluoride warheadsvas reacted

with a range of compatible substrates, combined with a-thighughput approach to
synthesis and reaction screening to identify successful product formation-b\S| &
and®F NMR, for purification. Sulfonyl fluoride warheads were well tolerated with thi
chemistry, leading to the synthesis of 40 isolated compouaradsng upthe reactive
library. These compounds highlight the diversity in chemical structure accessible to this
chemistry for coverage of biologically interesting chemical sffddaroadly covering a
range of chemical properties such as lipophilicity and heavy atom count to access lead
like spacés.

Future Work

A significant reduction in reaction yieldas observeuh this library generation compared
to the model substrates such as benzothiazoleNaBdc-pyrrolidine, initially reported
by Dong et at'. Further optimisation of these reactjas well as running them under
inert conditions could be used to improve the success ohtéhese reactions
Alternatively, exploring other dehydrogeative coupling conditions, such as those
reported byGrainger et at®, could further increase the scope safbstrates for this
chemistry. This could also be usedexplore alternative reactive warheads, such as the
Sn(Ar) warheads previously attempted, along with other -oysieine reactive
electrophilesto increase thdiversity of protein targets accessible to this library. Building
on the successf sulfonyl fluaides, screening other S(Wibased warheads, such as
sulfuramidimidoyl fluoride¥, fluorosulfonate%.7, or sulfurtriazole¥* could beinitial
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starting point for exploring compatible warheads with ogsteinebased amino acid

selectivity.

4.2. Phenotypic Screening for AntiTrypanosomal Activity

Summary

Working in collaboration with the Smith group at the UniversitySif Andrews led to

the discovery of several compounds with-saisromolar antitrypanosomal activity and

at least a 3@old selectivity over human, HelLa cells. These compounds had diverse
structures, with active compounds arising from each of the thtagyheores giving the
potential for these compounds to have different modes of action @syaathosomals.

Future Work

Synthesis of a second covalent library based ar@imdar structures to these active
compounds could be used to build up a strueaatevity relationship (SAR), aiming to
Identify key functional groups, and areas for further elaboration to increase the potency
and selectivity of these arttiypanosomal compouis. The compound library was also
designed to be target agnostic, so could also be scréermmber phenotypic assays
against other trypanosomal parasites suctnyganosoma cruzor leishmania or other
organisms including bacterells. A full libraty screen could also be carried out against
HeLa cells, and other human cancer cell lines to identify potentiacantier agents.

This work would aim to identify inhibitors that are potent and selective for specific

organisms and rule out compounds gtadw broad toxicity.

4.3. Synthesis ofElectrophilic Probes

Summary

The most potent antrypanosomal compounds identified from phenotypic screeBihg,
and 1-3, were taken forward for further investigatiohlkyne containing analogues of
these compoundsere synthesisei generate functional chemical proli@exploreheir
protein targets and mode of actiofhe hitial synthesis attempted utilising the
dehydrogenative couplingf alkynecontaining hydrogen donors was unsuccessful due
to anincompatibilty with alkynes and theehydrogenative couplingeaction.This is
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potentially due to competing reactiomsth the alkyne functionality under the iridium
catalysed photoredox conditidfi%'6%. Thereforg an alternative method was used, by
modifying the active, parent compound aftes iititial synthesis in the photoredox
reaction, to install an alkyne containing grodjnis was accomplished hyilising the
existing functionality of these moleculesa addition of alkyne containing protecting
groups to hydrogen donor amindsternatively, for the compounds-3a/b Alkyne, a
sulfonamide was formed using the sulfonyl fluoride group, shown to besssntial for
the compound®&s a itstSAR. Thesg alkyne prabasanerg scieenedaonf
the cell viability assays and showed a significant loss of activity compared to the parent
compounds.This suggestshe areas used for alkyne addition amgortant for the
compound to bind to its target proteFor example, replacing a Boc protecting group
with a more polarPoc groupcould disrupt a favourable interaction in a hydrophobic
pocket Two of the alkyne probe8;1 Alkyne and1-3a Alkyne, still showed a significant
activity, of less than 16M andthe smallest reduction in activity so should be prioritised

for future experiments.

Future Work

Further investigation using chemical proteomics methods is required to determine if these
probes are reactive to the same protein targets as the active compounds. In addition to
this, exploring the active compounds SARgenerating a second library basedund

the active structures could be useful to identify areas of the compounds more productive
for alkyne additionldeally these areas would not be important for compound activity,
such that the activity of the parent compound would be retained inkghveegbrobe.

Exploring alternative reaction conditions to improve the scope of the photoredox reaction
could be applied to the compatibility with alkyne substrates. Alternative reactions could
also be identifiedo synthesis¢hese probée$§>.

4.4. ldentifying a-Nitriles as A Second Reactive Warhead
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Summary

a-Nitriles were shown to be a conon functional group in active arttiypanosomal
compounds, leading to an investigation to their potential electrophilic reactivity. There
are many examples of nitrileased warheads, acting as reversible electroghiles
including a- nitrile containing drug compounds known to react covalently with séfine
and cystine'® proteases. Exploring the reactivity of annitrile containing family of
active antitrypanosomal compounds showtt the a- nitrile was essentidor their
activity. This work highlighteda- nitriles as a second covalent warhead compatible with
the photoredox chemistry. Furthermoeenitriles are known in the liteture to react
reversibly with proteins, but the synthesised alkyne probes showdd siighle labelling

of proteinsunder a range of gddased conditions including precipitation, the click

reaction, reduction, and heating.

Future Work
Thea-nitrile cortaining probes generateti3a/b Alkyne andT-3a Alkyne, can be used
to explore the reactivity od-nitriles. Using them to investigate ttamti-trypanosomal

activity of the parent compounds, as well as using them to broadly assess the reactivity
of thesewarheadsn terms of their amino acid selectivity and stability.

4.4.1. Identifying Protein Targets Using Chemical Proteomics

Summary

In preliminary workthe profile of proteins by thesdkynecontaining analogues of the
active compounds were visualisedTinbrucei bruceicell lysate, visualised by igel
fluorescence after attachment of a fluorescentuiaga click reaction. Under these
conditions reacting in cell lysatethe sulfonyl fluoridebased probe3-1 Alkyne was
shown to have a broad reactivity across the progo

Competitive profiling against a broabectrum serine hydrolase probeR-RH7,
highlighted the reactivity of the sulfonyl fluoridegth active site serines ianzymes
These | abelled proteins could be rEepons,|
broadspectrum labelling of these compounds under these #psatd conditions, could
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be irrelevant to the bioactivity seen in celisNitriles are shown to react reversibly with
proteing® but the synthesised alkyne probes showed high stability and broad labelling
across the proteomander a range of gélased conditions.

Future work

Next, the protein targets of theseiae compounds can be explored using the alkyne
probes, functionalising with a biotin tag can be used to enrich the samples for identifying
of target proteins by MS/MS. When used in competition, byimrebating cell lysate

with the active parent compounae could highlight key proteinsotentiallyresponsible

for the antitrypanosomal activityLabelling can also be carried out on live cells after
incubation with the probe compounithjs mayincrease the selectivity of labellingy
restricting probe commtration able to permeate the cealhd track how the compounds
move throughout the cell, a feature whishost when cells are lyst§-167,
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5. Experimental Procedures

5.1. General Information

All commercially available starting materials used were acquired for Sigdrech,
Flurochem and Alfa Aesar. Alarger scalereactions were carried out under nitrogen
atmosphere unless stated otherwtbe, reaction arrays were carried out under normal
conditions,with care &ken to minimise exposure to water, using dry solvetien
carrying out the reaction arrayy\nhydrous solvents for reactiongbtained from a
PureSolv MDS Purification System. Anhydrous -tlidxaneand ethyl acetatevere

obtained from SureSeal bottles. All other solvents and reagents were of analytical grade

and used as supplied. Solvents were remawsdg a reduced pressure, Blichi rotary

evaporator and a Vacuubrand PC2M@rio Diaphragm pump.

Thin layer chromatography was carried out with commercial, aluminium backed silica
plates (Merck silica 2880 gel, 60 F254) and visualised using an ultravastgd
(®max=254nm). Flash column chromatography was carried out with silica gel 60535

pum particles).

Analytical LGMS was performed using Ultimate3000 HPLC, with a UV diode array
detector and a MS detector Bruker Amazon Speeds with electrospiiagtim run
positive and negative switching mode. This uses Phenomenex Kingt2XL€ 50 mm

2.6 micron column and two solvent systems: MeCIXVH+ 0.1% formic acid or
MeCN/HO. Accurate masses were obtained with a Bruker MaXis Impact with
electrospray inisation in positive modeRurifications by HPLE@MS was carried out
using aAgilent 1290 Infinity with Diode Array Detection and an Ascentis Expregs C

Column, 5¢ 2.1 mm, 2.7nm patrticle size.

Infrared analysis was performed using a Petdimer One FHIR spectrometef:H and

13C NMR spectra were gained at 300 K on a Bruker 300, 400 or 500 MHz NMR
spectrometer. Chemicalshifi§ ] ar e st ated in parts per
the residial solvent peak trimethylsilane (0 ppm) and coupling constangsd reported

in Hertz (Hz). The splitting patterns 81 NMR data is reported: s (singlet), d (doublet),
dd (doublet of doublets, t (triplet), m (multiplet). Assignment of structures avéeel by
COSY, DEPT and HMQC spectrums.
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Al buffers wer e 0 todhe dinalevaume stated. §he pH dthe H
solutions was adjusted using 1 M NaOH5M HCI. ThermoElectron Corporation
Holten LaminAir laminar flow cabinet was used to mainta sterile environment when
necessary. Centrifugation was performed using either a Heraeus multifug® 3 S
centrifuge or a Heraeus Frest@d centrifuge. SD$AGE was carried out using a BioRad
Mini-PROTEAN Tetra Cell system and a BioRad Power PAC 1@G00BioRad
ChemiDoc MP Imaging System was used to image polyacrylamide gels using a
combination of UV and white light Rhodamine DyLight 550 602/50 green
epifluorescencefFluorescein DyLight 488 532/28,Coomassie Blue715/30 far red
epifluorescence).
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5.2. General Procedures for Chemical Synthesis

5.2.1. Synthesis of Sulfonyl Fluoride Hetarenes

The relevant hetarene sulfonic acid was dissolved in thionyl chloride to a final
concentration of 1 M with a catalytic amount of DMF (0.1 eq). the solution was sealed in
a crimped vial and heated to reflux at T for 2 hours. Solvent was removiedvacuo

and the crude product resuspended in DCM and washed with saturated NaH&O
organic layer was dried with MN&Os and concentrateoh vacuoto afford the sulfonyl
chloride. Without further purification, the hetares@fonyl chloride was dissolved in
acetonitrile (1 mM, 1 egandadded to a suspension of potassioydrogeriuoride in
water (4.5 mM, 2.3 eqptirring for 12 hours at RT. The eetion mixture was diluted in
water (5 3 volumes)and the product ésacted with DCMthree times. The combined
extracts weravashed once with a 10% solution of NaH{@nd saturated NaCl before
drying Na&2SQu) and concentrateid vacuoto give the pure sfonyl fluoride'se,

5.2.2. Synthesis of Photoredox Mediated Dehydrogenative Coupling Array

100 uL TestScale To aLC-MS vial as acetone stock solutions, a functionalised hetarene
(20.0 uL of a 1.5 M stock) were added, followed by a hydrogen donor |(B3p8al.5M
stock), TFA (10.0 pL of a 2 M stock), the iridium catalygtt[dF(CFs)ppy]2(dtbpy))PFk

(10.0 pL of @0.01 M stock, CAS: 8709863-6) andt-butyl peracetate (15.9 pL of5%

wi/v solution) were added along with acetone (10.7 L) to a total volume of 1@fMirhg

final concentrations of hetarene (100 mM), hydrogen donor (500 mM), TFA (200 mM),
catalyst (ImM) andt-butyl peracetate (500 mM). The reaction vials were seated
stirred on a fan cooled HepatoChem lightbox with irradiation und#®0anm Kessil
Lampfor 24 hrél. The mixtures were concentrated under air to give the crude product.
The crude reaction mixture was dissolved in acetonitrile and purified via Mesged
HPLC with acetonitrile to watewith a gradient between95%, the eluted samples were
lyophilised to give the pure product.

*In some cases, an alternative, organocatalyst was used, 4CzIPN (10.0 pL, 0.05 M, CAS:
141688152-1) and the reaction irraded with aKessil AL60OWE LED Tuna Blue lamp.

1 mL Array Scale To a LGMS vial as stock solutions, a functionalised hetarene
(200pL, 1.5 M), a hydrogen donor (333 uL of a 1.5 M stock), TFA (100 pL of a2 M
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stock), the iridium catalyst*, (Ir([dF(Gppylz(dtbpy))PF (100 pL of a 0.01 M stock
CAS: 87098763-6) andt-butyl peracetate (159 pL of a 50% w/v solution) were added
along with acetone (107 pL) to a total volume ahl, to give final concentrations of
hetarene (100 mM), hydrogen donor (500 mM), TFAQ(28M),catalyst (1 mM) ant

butyl peracetate (500 mMT.he reaction vials were sealed and stirred on a fan cooled
HepatoChem lightbox with irradiation under380 nm Kessil Lamgor 24 hrgl. The
mixtures were concentrated under air to give the crude product. The crudenreactio
mixture was dissolved in acetonitrile and purified via MBgected HPLC with
acetonitrile to water with a gradient betweef®%, the eluted samples wéyephilised

to give the pure product.

*In some cases, an alternative, organocatalyst was usell?MCZ00 uL, 0.05 M, CAS:
141688152-1) and the reaction irradiated witiKassil ALGOWE LED Tuna Blue lamp.
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5.3. General Procedures for Cell Culture
All Cell culture of trypanosomes and cell viability assays of both HelLaTariucei
were carried out by WiMosedale at the University of St. Andrews.

5.3.1. General Procedure for HeLa Cell Culture

HelLa Cell Culture

HeLacells were grown at 37 °C, in DMEM media, containing FBS (10%glutamine
(1%) and penicillin/ streptomycin (1%). The cells were grown in EZdMumvented
flasks in an atmosphere containing 5%2CThe cells were passaged by transferring into
fresh media as to not exceed a cell density of arounti® cells/mL.

Cryogenic Storageof HeLa Cells
HeLacellsat confluent density4(x 10° cells/mL) in a T75, were washed with PBS3(2

5 mL), trypsinised, and diluted in media. The suspensiascentrifuged at 808 g for

5 minutes. The supernatant was removed, and cells resuspended in 9 mL of fresh media
contaning DMSO (5%) to a density of around & cells/mL. The cell suspension

was aliquoted into cryovials (1 mL), and frozen in a Mr Frosty (ThermoFisher Scientific
Cat No. 51060001) containing isopropatrol, which was then surrounded with dry ice

and Ekft for 24 hours. Cryovials were then stored1at0°C in the liquid nitrogen vapour
phase for longerm storage.

Cellswere revived from cryogenic storage by firemovingthemfrom liquid nitrogen
onto ice for 15 minutesthe cells are then allowed tearm to room temperature in a
culture hood. Once defrosted, the cells were transferred into-semded 25 mL cell
culture flask with fresh medium (9 mL) and incubated/@C3After 4 hours, the DMSO
containing media was removed, and fresh media wasdadd

Standard HelLa Resazurin Cell Viability Assay

Performedoy Will Mosedaleat the University of St. Andrews

Cell viability assays carried out in 96 well plates with 200 plmeidiaper well. Cells
were seeded aR.5 32 10* cells/mL and incubated withhe library compound in
guadruplicate as technical replicafes 66 hours (in the same conditions as culturing)
The plate included wells containing acell positive control, and the negative control of
0.5% DMSO. Ater 66 hours,10 pL of 1.1 mg/mL Resazurin sodium salt (in PB&s
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added angblatesincubated for a further 6 hours (for a total assay duration of 72 hours).
Plateswere then read on a plate reader using excitation/emission 560/598a%@®.
values were calculatagsing a sigmoidal dose response fitting algorithm programmed in
R using the LL.4() logarithmic fitting function and plotting the replicate data to output an
Ec50 and error values.

Preparation of HeLa Cell Lysate

HeLacellsat confluent density4(® 1P cells/mL) in a T75, were washed with PBS3(2

5 mL). PBS (1 mL) was added, and cells scraped to detachttfiesarface, transferred

to anEppendorfwith additional PBS (1mL) and centrifuged for 5 minutes (50§ 4

°C). The cell pellet was resuspending in PBS (1 mL) and sonicated at 60% interisity, (3
10 seconds) over ice, cooling for 30 seconds between sonications. Unlysed cells were
pelleted by entrifugation for 5 minutes (1000g, 4 °C) and the supernatant transferred

to a newEppendorfThe protein concentration was determined by DC assay, and aliquots

of lysate were snafyozen in liquid nitrogen and stored-&80 °C

5.3.2. General Procedure forTrypanosoma bruceCell Culture
Performedoy Will Mosedaleat the University of St. Andrews

Trypanosoma brucei brucesulture

Trypanosoma brucei brucéi. b. brucej bloodstream form strain 427 were grown at
37°C, in HMI-11 media in vented flasks in atmosphere containing 5% @ he cells
were passaged by transferring into fresh media as to not exceed a cell den3itytbf 2

cells/mL.

Cryogenic Storage offTrypanosoma brucei brucei

T. b. brucei(5 mL) at confluent density2@ 1 cells/mL)wascentrifuged at 808 g for

5 minutes. The supernatant was removed, and cells resuspended in fresh media to a
density of around 2 10’ cells/mL. A sterile solution of 60% glycerol in water was added

to the cell suspension to give a final concentration of 10% glycerol. The cell suspension
was transferred to a cryovial, into a Mr Frosty (ThermoFisher Scientific Cat No.
51000001) containing isopropatrol, which was then surrounded with dry ice and left
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for 24 hours. Cryovials were then storedBI0 °C in the liquid nitrogen vapour phase
for long term storage.

Cells are revived from cryogenic storage by fiestovingthem from liquid nitrogen
onto ice for 15 minutesthe cells are then allowed to warmrtwom temperature in a
culture hood. Once defrosted, the cells can be transferred into\sentad 25 mL cell
culture flask with fresh medium (9.4 mL) and left to grow i7&®3 shaking incubator.

Standard Trypanosoma brucei brucdResazurin Cell Viability Assay

Cell viability assays carried out in 96 well plates with 200 pL of culture per well. Cells
wereseeded at 3 10° cells/mL and incubateth quadruplicateas technical replicates
with the library compoundor 66 hours (in the same conditions as culturifigie plate
included wells containing the positive control pentamidine (100 nM) and the negative
control of 0.5% DMSO. &er 66 hours,10 pL of 1.1 mg/mL Resazurin sodium salt (in
PBS)was added and inculied for a further 6 hours (for a total assay duration of 72
hours). Platesverethen read on a plate reader using excitation/emission 560/590 nm.
Ec50 values were calculated using a sigmoidal dose response fitting algorithm
programmed in R using the LL.4Qgarithmic fitting function and plotting the replicate
data to output an Ec50 and error values for replicate data

Preparation of Trypanosoma brucei bruceCell Lysate

T. b. bruceicellsat confluent density2(® 10° cells/mL) were transferred to a falt tube

and pelleted by centrifugation for 10 minutes (30§, 4 °C). the cells were washed by
resuspending in trypanosome dilution buffer (5 mM KCI, 80 mM NaCl, 1 mM MgSO
20 mM NahlPQO; and 2 mM glucose in water) and centrifuged. The cells were then
resuspended in pure water, and fretmeved twice over cardice. The suspension was

then sonicated at 60% intensity,3(10 seconds) over ice, Unlysed cells were pelleted by
centrifugation 6ér 5 minutes (1000 g, 4 °C) and the supernatant transferred to a new
Eppendorf the lysate was then diluted in 1 volume of PBS solutiorto give a final

protein concentration of 2 mg/mOhe lysatewas snapfrozen in liquid nitrogen and
storedat-80°C.
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5.4. General Procedures for GelBased Imaging

5.4.1. Buffer Preparation

PhosphateBuffered Saline (PBS) pH 7.4 (purchased as tablets from Sigfddrich,
79382 containing phosphate (10 mM), potassium chloride (2.7 mM) and Sodium
chloride (137 mM).

SDSPAGE Resolving GelBuffer: pH 8.8, Tris (1.5 M)

SDSPAGE Stacking GelBuffer: pH 6.8, Tris (0.5 M)

SDSPAGE Running Buffer: Tris (25 mM), Glycine (192 mM), SDS (0.1% w/v).

23 Sample loading buffer (SLB) Tris (100 mM), SDS (4% wl/v), Glycerol (20%),
bromophenol blue (0.002% w/v) and a reducing agent* (0.4 M).

*When required DTT was added to the buffer mixture for use, or TCEP was added
separately to reactions from a fresh 1M stock made in water.

Coomassie StainCoomassie G250 (0.2% w/\Wlethanol (50%), Acetic Acid (10%).
Coomassie Destain: Methanol (50%), Acetic Acid (10%).

5.4.2. Protein Labelling with Alkyne Containing Probes

On a 25 pL scale, cell lysate was diluted to 1 mg/ml with PBS (pH 7.4) in an Eppendorf.
A 100-fold stock solution bthe probe compound was prepared in DMSO and stored at
20 or-80 C depending on probe stability. A fresh-fblld stock was prepared for each
reaction by dilution into PBS to give a final DMSO concentration of 10%. The probe
stocks (2.5 pL, 1dold stock were prepared to give the final probe concentration as
specified in each reaction, typically between 0.100 pM, with a final DMSO
concentration of 1%. A DMS{@ysate control was also used containing 1% DMSO to
explore the effect of probe addition o tproteins. The Eppendorfs were then incubated
with gentle agitation for 30 minutesit 25 C.

*Incubation for 30 minutes was found to be sufficient to produce strong labelling with
sulfonyl fluorides across the proteontésing a shorter incubation time prevent protein
degradatiorcaused by lack of protease inhibito¥¥hen using other warheads, initial
experimentshould be carried out to find optimal reaction times, tantést for protease
inhibitor interference.
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5.4.3. Competitive Profiling of Electrophilic Compounds

On a 25 pL scale, cell lysate was diluted to 1 mg/ml with PBS (pH A.4) mM stock
solution of the electrophilic competitor compound was prepared in DMSO. A fresh 10
fold stock of competitor was prepared for each experiment by dilutionABIS to a
concentration of 1 mM, 10% DMSO. The competitor (2.5 pL, 1mM) along with a DMSO
control (2.5 uL, 10% DMSO) was then added to the lysate to a final concentration of 100
UM in 1% DMSQ the samples weiiacubatedwith agitation for 30 minutes at 2%.

From a 10€fold stock solution in DMSO of the relevant probe, afdld stock was
prepared by dilution into PBS. The probe (2.5 pL-fdd stock) was then added to every
reaction to give the final probe concentration as specified in each reagparally
between I 10 puM*, now with a final DMSO concentration of 2%. The reactions were
incubated for a further 30 minutes at Z&

* Additional experiments required to increasempetitor: proberatio for stronger

competition. Experiments limited byosk concentrations of competitor library.

5.4.4. Visualisation of Probe Labelling
Labelling of alkyne or fluorophore containing probes used in the above experiments were
visualised through SDBAGE following a standard procedure outlined below.

Click Reaction:

As required (for alkyneontaining probes). A master mixture of click reagents was
prepared as a fresh stock for each reaction. The reagents as stocks in DMSO or water
were added together in the order given below and vortexed briefly. For experiménts wit

a probe concentratioof <100nM, including the DMSO control, the click reagents (1.5

nL) wereadded to each reactidfppendorfand incubated at 25C for one hour with

gentle agitation. For experiments with a probe concentrati®0niM, the master sttk

was added to give a final concentration of azide of 2 equivalents over the probe.

Reagent Final concentration Reagent stock Per Reaction
Fluorophore -azide 100 &M | 10mMin DMSO 0.6 €L
CuSOq4 1mM 50 mM in H,O 1.2 ¢lL
TCEP 1 mM 50 mM in H,O 1.2 ¢lL
TBTA 100 &M | 10mMin DMSO 0.6 €L

After one hour incubation, the reaction was quenched with EDTAQ.6.5 M) to give

a final concentration of 10 mM in solution.



Protein Precipitation:

To remove excess probes and/or excess click reagentsatit®ns were precipitated by
addition of cold acetone (4 volumes), vortexed, and left to precipitate overnigbt &t

The suspension was then centrifuged, (20 mins, 13@)@&nd the protein pellet washed
with cold methanol (2 2 volumes)with brief sonication. The pellet was then vortexed
and centrifuged (10 mins, 1308Qy) to remove additional reagents. The methanol was

then removed, and the pellet left to air dry for 5 minutes.

Preparation of SDSPAGE gels
Each gelbased experiment usadl mm gel with 10 lanes, containing a 12% acrylamide
resolving gel, and a 5% acrylamide stacking gel. $SIA&E gels were made following

a standard recipe, by mixing the listen reagents in this order:

Stacking Gel Resolving Gel
Reagent (50/%]) (120/%])
Water 3.00 mL 4.20 mL
Acrylamide (40% wi/v) 0.625 mL 3.00 mL
Stacking Gel Buffer 0.945 mL )
Resolving Gel Buffer T 2.60 mL
SDS (10% wi/v) 50 nL 100 L
APS (10% wi/v) 50 nL 100 nL
TEMED 5nL 10 nL

Running SDSPAGE Gels and Imaging

Unless described otherwise, precipitated protein samplesgR%ere resuspended in
SDS solution (2% in PBS, 12r8.) and 23 SLB (12.5nl1) with mixing. The samples
were then boiled for 2 minutes at 96 and centrifuged briefly. Samples were loaded
ontoa SDSPAGE gel (101, 10 ng) along with an alblue prestained protein standard
(7.5, Bio-Rad: 1610373). Gels were run with a Btad power supply unit at 180 V,

400 mAmps, for between 4060 minutes.

Gels were imagedsing aBioRad ChemiDoc MP Inging Systemimaging fluorescence
using filtersDyLight 550 602/50 green epifluorescerioerhodamine, and DyLight 488
532/28 filters for fluorescein. The pstained ladder was imaged with Coomassie filter
715/30 far red epifluorescenckotal protein visualisation was achieved by staining with
Coomassie blue G250 solution overnigigfore removindackground with detaining

solutionfor gel imagng using the Coomassie filter.
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5.5. Experimental Detains of Isolated Compounds

1,3benzothiazole-6-sulfonyl fluoride

FOzs S
S
N

HA1

Following the general procedur8€ction 5.2.), 1,3benzothiazolé-sulfonyl chloride
(500 mg, 2.1 mmol) was reacted to form the sulfonyl fludréé as a yellow amorphous
solid (347 mg, 75%)u+ (500 MHz,CDCl) 9.33 (1H, s, H), 8.71 (1H, dJ 1.9, 7-H),
8.36 (1H, dJ 8.7,4-H), 8.14 (1H, dd,J 8.7, 1.9,5-H). lic (125 MHz,CDCls) 159.9 (2
C), 157.47aC), 1348 (3a-C), 1300 (1C, d,J 25.2,6C), 125.7 §-C) 125.1 4-C). 124.1
(7-C). Ur (565MHz, CDCl) 68.2.nmax (neat)/cmt 3091, 3069, 1405, 1200017.HRMS
(ESI) GH4NO2S requiregM+H] *, calculated217.9746 found217.9740.



Pyridine-3-sulfonyl fluoride

Following the general procedu(8ection 5.2.}, pyridine-3-sulfonyl chloride (500 mg,
2.82 mmol) was reacted to form the sulfonyl fluoriti®316°as a clear oil (392 mg, 86%).
U (500 MHz,CDCl) 9.24 (1H, appt tJ 1.6, 2H), 9.01 (1H, dd,J 4.9, 1.6,6-H), 831
(1H, ddd,J8.2, 2.5, 1.64-H), 7.61 (1H, dd,J 8.2, 4.95-H) ¢ (125 MHz,CDCl) 156.1
(6-C), 149.2 (2C), 136.2 4-H), 1304 (1C, d,J 25.5, 3C), 124.3 %-H). U (565 MHz,
CDCl) 69.2. nmax (neat)/cmt 3071, 1572, 1406, 1209, 111HRMS (ESI)Unable to

acquire.
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Quinoline-5-sulfonyl fluoride

SO,F

N\

HA4

Following the general procedu{Bection 5.2.}, quinoline6-sulfonic acid (1.00 g, 4.74
mmol) was reacted to form the sulfonyl fluorild41°as a creamamorphousolid (236
mg, 2 6(SOMHzICDCk)9.19 (1H, dd,J4.3, 1.8, 2H), 8.53 (1H, dd,J 7.4, 1.4,
6-H), 8.2 (1H, dd,J 8.3, 1.8, 4H), 8.24 (1H, dd,J 8.2, 1.4, 8H), 7.72 (1H, ddd,J 8.5,
7.5, 1.3, H), 7.64 (1H, dd,J 8.3, 4.3, 3H). Uc (125 MHz,CDCl) 152.7 (2C), 1438
(4aC), 136.6 (4C), 136.1 (8C), 133.1 (6C), 131.4 (1C, dJ 21.0, 5C), 129.1 (8eC),
125.3 (#C), 123.0 (C). Ur (565 MHz, CDC$) 65.3.nmax (neat)/cm* 3050, 1491, 1399,
1197, 1156.HRMS (ESI) CoHeéFNO:S requires[M+H]*, calculated 212.0182¢ound
212.0173.
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Isoquinoline-5-sulfonyl fluoride

SO,F

/

HA5

Following the general proceduréSection 5.2.], isoquinoline5-sulfonyl chloride
(500mg, 2.37 mmol) was reacted to form the sulfonyl fluoridi&5 as a colourless
amorphoussolid (254 mg, 55%)u4 (500 MHz,CDCl) 9.40 (1H, d,J 1.2, 1H), 8.78
(1H, d,J6.1, 3H), 8.%4 (dt, J 8.3, 12, 8H), 839(1H, dd,J 8.3, 1.2, 6H), 828 (1H, ddd,
J6.1,2.6,1.2,H), 777 (1H, td,J 7.8, 1.2, 7H). Uc (125 MHz,CDClk) 1534 (1-C),
1465 (3-C), 136.5 (8C), 135.0 (¥C), 131.5 (4&C),128.7 (8eC), 1286 (1C, d,J24.8,5
C), 126.0 (6C), 116.7 4-C). Ur (565 MHz, CDCl) 64.9.3max (neat)/cmt 3061, 2982,
1491, 1400, 1319, 1078dRMS (ESI) CoHeFNO:S requires [M+H]*, calculated
212.0182found212.0176.
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1-Methylpyrazole-4-sulfonyl fluoride

Following the general procedu(8ection 5.2.}, 1-methylpyrazole4-sulfonyl fluoride
(500 mg, 3.05 mmol) was reacted to form the sulfonyl fluokid as a colourless
amorphousolid (300 mg, 67%)ix (500 MHz, CDC#) 8.02 (1H, s, ), 7.94 (1H, s, 3
H), 4.01 (3H, s, Me)ic (125 MHz,CDCl) 140.0 (3C), 133.9 (5C), 144.6 (1C, dJ
31.4, 4C), 40.1 (Me).Ur (565 MHz, CDC4) 71.4. nmax (neat)/cm 2136, 2958, 1525,
1410, 1389, 106841RMS (ESl)Unable to acqué.
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N-Boc-pyrrolidine

0
C/NJJ\OJT
HD1

Di-tertbutyl dicarbonate (6.98 g, 54 mmol) was dissolved in DCM (250 mL, 0.2 M) with
DMAP (659 mg, 5.4 mmol) and cooled td©. Pyrrolidine (5 mL, 60 mmol) was added
dropwise via an addition funnel before warming to room temperature and stirring
overnight for 24 hours, with consumption of starting material shown by TLC. The
solution was then washed with brine3(50 mL) and water (2 50 mL) before drying
with N&SOs and concentrateith vacuo.The crude product was purified through a silica
plug, elutingwith DCM to giveN-Boc-pyrroliding HD1'"! as a colourless oil (8.23 g,
81%).Un (500 MHz,CDCls) 3.30(2H, t,J6.2, 2 and 5Ha), 3.24 (2H, t,J6.2, 2and 5

Hp), 1.831.80(4H, m, 3 and 4H>), 1.44 (9H, s'Bu 2-H3). Uc (125 MHz,CDCls) 154.8

(‘Bu C=0), 79.0 {Bu Cy), 46.1 (2 or5-C), 45.7 (20r 5-C), 28.7 (Bu C3), 25.9 (3 or 4-

C), 25.1 (3 or 4-C). R- 0.42 (DCM).nmax (neat)/cmt 2974, 2876, 16Q2HRMS (ESI)
CoH17NO2 requires [2M+Nal, calculated 365.2416und365.2413.
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4-Acetyl-thiomorpholine

\’\TO
)

Thiomorpholine (500 mg, 4.85 mmol), was dissolved in dry DCM (20 mL) and cooled to
0 °C on ice to which triethylamine (850rL, 5.50 mmol) was added and the solution
stirred. Aetyl chloride (3.15 mL, 4.4 mmol) was added dropvie the solution, and
stirred for 1 hour before warming to room temperature overnight, until consumption of
acetyl chloridewasshown by TLC. The reaction mixture was then washed with brine
(23 10 mL) and water (2 10 mL), dried with Na&SO4s and concentrateth vacuo.The
crude product was purified through a silica plug, eluting with DCM to draeetyt
thiomorpholine HD5'"? as a yellow 0i(332mg, 52%). Uy (500 MHz,CDCl) 3.84 (2H,

t, J5.2, 3 and 5H,), 3.70 (2H, tJ 5.2, 3 and 5Hy), 2.6%:2.57 (4H, m, 2and 6H>),

2.07 BH, s, Ac2-H3). tic (125 MHz,CDCL) 169.0 (AcC=0), 49.1 (3 or 5-C), 44.1 (3

or 5-C), 27.9 (2 or 6-C), 27.4 (2 or 6-C), 21.7 (Ac 2C). Nnmax (neat)/cml 2910, 1628.

R- 0.51 (DCM).HRMS (ESI) CeH11NOS requires [M+Nal, calculated 168.045&%und
168.0446.
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Methyl 2-phenylpiperidine-1-carboxylate

/oYo

N

HD16

2-Phenyl piperidine (500 mg, 3.20 mmol) was dissolved in dry DCM with triethylamine
(500 ni, 3.55 mmol) and cooled @ °C on ice. Methyl chloroformate (228, 2.91
mmol) was added dropwise, and the solution stirred foour before warming to room
temperature overnight, until consumption of the chloroformate shown by TLC. The
reaction mixture was then washed with briné (20 mL) and water (2 10 mL), dried

with N&eSQOs and concentrateith vacuo.The crudeproduct was purified through a silica
plug to elue methyl 2phenylpiperidinel-carboxylateHD16'? as a colourless oil (427,
67%), U+ (500 MHz,CDClk) 7.35 (2H, m, Ph 2and 6H), 7.24 (3H, m, Ph 3, 4-and 5

H), 5.48 (1H, appt br. s,-R), 4.134.07 (1H, br. m, 61, 3.74 (3H, s, Me) 2.82 (1H,
ddd,J 13.8, 10.43.9, 3Hy), 2.32 (1H, dd) 10.4, 3.9, éHy), 1.931.87 (1H, m, 3Hy),
1.631.42 (4H, m, 3and 4Hy). Uc (125 MHz,CDCk) 156.8 (C=0), 139.8 (Ph-C),
128.6 (Ph 3and5-C), 126.5 (Ph 2 4- and6-C), 53.4 (2C), 52.7 (Me), 40.4 (), 28.1
(3-C), 25.5 (5C), 19.3 (4C). nmax(neat)/cm' 3048, 3021, 2931, 2895, 1675, 1525, 1486.
R 0.80 (DCM).HRMS (ESI) C13H17NO> requires [M+Na}, calculated 242.115%und
242.1160.
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1-Benzyk2-methyl piperidine-1,2-dicarboxylate

1-Benzyloxy-2-piperidine carboxylic aci¢b00 mg, 1.9 mmol) was dissolved in methanol
(2.9 mL) and sealed in a vial under nitrogen. The vial was cooléd@oon ice, before
thionyl chloride (17971, 2.5 mmol) was added dropwise, and the solusimed for

1 hour. The reaction was them warntedroom temperature and stirred overnight. The
reaction diluted in DCM (10 mL) and quenched with watef (20 mL), dried with
NaSQ; and concentrateih vacuoto afford the pure methyl esteHD17**° as a
colourless solid (444 mg, 84%0:50 RofRot,. Un (500 MHz,CDCls) 7.387.35 (2H,

m, Ph 2 and 6H), 7.327.29 (3H, m, Ph3 4- and 5H), 5.16 (2H, s, Cbz Ck), 4.9%
4.94 (1H, br. m, Hiota), 4.864.84 (1H, br. m, ), 4.11 (1H, appt d111.0,6-Haota),
4.06 (1H, appt dJ 11.0,6-Haow), 3.74 (3H, s, Mew), 3.68 (3H, s, Mews), 3.06 (1H,
appt t,J 13.0, 6Hbrota), 2.96 (1H, appt t) 13.0,6-Hbrota), 2.252.19 (1H, m, 3Hj), 1.70
1.61 @H, m, 3-Hp 4-Ha and 5Han), 1.461.40 (1H, m4-Hy), 1.301.24 (1H, m 4Hp). Uc
(125 MHz,CDCls) 172.3 (Ester C=0)156.6 (Cbz C=@), 1561 (Cbz C=Q), 136.8 (Ph
1-C), 1286 (Ph 3 and 5C), 18.0(Ph 2, 4- and 6C), 67.5 (Cbz 4Cy), 67.3 (Cbz 1Cy),
54.8 (2Cy), 54.5 (2Cp), 52.3 (Me), 42.0 (829, 41.9 (6Cy), 26.9 (3Cy), 26.8 (3Cy),
24.9 (5Cy) 247 (5-Cp), 20.9 -Cy), 20.8 (4Cb). Nmax (neat)/cmt 3032, 2946, 2860, 1739,
1697, 1586, 1498R- 0.80 (10:90 EtOAEDCM). HRMS (ESI) Ci1sH19NO4 requires
[M+Na]*, calculated 300.1218%und300.1205.



1-(Furan-2-carbonyl)azetidine

Azetidine hydrogenchloride (500 mg, 5.34 mmol) was dissolved in DCM with
triethylamine (1.60 mL, 11.40 mmognd cooled td) °C on ice. 2Furoyl chloride
(480ni, 4.86 mmol) was added dropwise, and the solution stirred for 1 hour before
warming to room temperature@night, until consumption of the chloroformate shown
by TLC. The reaction mixture was then washed with brirfeX@ mL) and water (2 10
mL), dried with NaSQs and concentrateith vacuo.The crude product was purifieda
column chromatography, elutingth a gradient of @ 50% EtOAc in DCM to give the
amide,HD18'"2as a colourless amorphous solid (351 mg, 44%%}500 MHz,CDCls)
7.46 (1H, ddJ 1.8, 0.9, 3H), 7.00 (1H, ddJ 3.5, 0.9, 5H), 6.45 (1H, ddJ 1.8, 3.5, 4

H), 4.51 (2H, tJ 7.8, 2H>), 4.17 (2H, tJ 7.8, 4H>), 2.36 (2H, pJ 7.8, 3H>). Uc (125
MHz, CDCl) 158.9 (C=0), 148.2 (Z), 144.4 (3C), 115.2 (4C), 111.5 (5C), 52.6 (2

C), 48.6 (4C), 16.5 (3C). nmax (neat)/cmt 3121, 3094, 3013, 2951, 2875, 1621, 1564,
1484, 1474, 1450R- 0.2 (50:50 DCMEtOAc). HRMS (ESI) CsHoNO2 requires
[2M+Na]*, calculated 325.116#hund325.1161.
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(3S)1-Cyclopropanecarbonyt3-fluoropyrrolidine

Oy

HD19

(3S)Fluoropyrrolidine hydrogenchloride (500 mg, 3.98 mmol) was dissolved in dry
DCM with triethylamine (1.14nL, 8.15 mmol) and cooled ®°C on ice. Cyclopropane
carbonyl chloride (3281, 3.62 mmol) was added dropwise, and the solution stirred for
1 hour before warming to room temperature overnight, until consumption of the
chloroformate shown by TLC. The reaction mixture was then washed st (23 10

mL) and water (2 10 mL), dried with N&SOs and concentratesh vacuo.The crude
product was purified through a siligalug to elué (3S)1-cyclopropanecarbonyd-
fluoropyrroliding HD19'"2as a yellow oil (412 mg, 66%0:50mixture of rotamens Un

(500 MHz,CDCl) 5.29 (1H, ddtJ 13.5, 8.2, 3.0, -#), 3.903.50 (4H, m, 2and 5H>),
2.401.90 (2H, m, 4H>), 1.63 (1H, m, prop-Hrotg), 1.53 (1H, m, Hrot), 1.00(2H, m,
prop 2 and 3Ha), 0.77 (2H, m, prop 2and 3Hp). Uc (125 MHz,CDCk) 172.6 (C=Q)
172.4(C=0y), 93.5 (C, d,J 175.9 3-Cy), 91.63 (C, d,J 175.Q 3-Cp), 532 (1C, d,J

22.4 2-Cy), 52.7 (C, d,J 22.4 2-Cy), 44.3 (5Cy), 438 (5-Cp), 328 (1C, d,J 22.4 4-Cy),

31.2 (1C, d,J 22.4,4-Cy), 12.7 (prop ICrotq), 12.6 (prop ACroty), 7.9(prop 2 or 3-Cy),

7.8 (prop 2 or 3Cq), 7.6 (prop 2 or 3Cy), 7.5 (prop 2 or 3-Cp). Ur (565 MHz,
CDCl) -177.0 (Rof), -177.8 (Rof). Nmax (neat)/cmt 2979, 2889, 168 1435.R- 0.43
(50:50 DCM EtOAc).HRMS (ESI)CgH12FNO requires [2M+Nd] calculated 337.1704,
found337.1704.



N-(2-methoxyethyl)}-N-methylpyrrolidine -1-carboxamide

O

C/NJ\’T/\/O\

HD20

Pyrrolidine (355 mg, 5.00 mmol) was dissolved in water (10 mL) and ctm@®%C over

ice. CDI (890 mg, 5.50 mmol) was added, and the solution stirred for 1 hour before
warming to room temperature. Formation of the carbonylimidazolide was monitored by
TLC. Once completed2-methxyethyl)methylamine (6501, 6.00 mmol) and stirred

for 2 haurs. The coupled product was then extracted with ethyl acetat® (8L) and
concentrateth vaclo without further purification to afford the carboxamitt)20'4” as

a yellow oil (398 mg, 43%])i+ (500 MHz,CDCl) 3.52 (2H, tJ 5.9,Et 2-H>), 3.36 (2H,

t, J 5.9, Et 1-H), 3.333.30 (7H, m, NMe and pyrrolidinyl-2and 5H5), 2.87 (3H, s,
OMe), 1.79 (4H, m3- and 4H>). Uc (125 MHz,CDCl) 163.3 (C=0), 71.3 (Et-£), 58.9
(OMe), 49.7 (Et 1C), 48.5 (pyrrolidinyl 2 and 5C), 37.4 (NMe), 25, (pyrrolidinyl 3-

and 4C). nmax (neat)/cm' 2979, 2889, 1689, 1433+ 0.27 (DCM). HRMS (ESI)
CoH18N202 requires [M+HJ, calculated 187.144%und187.1437.
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2-(N-Boc-pyrrolidin -2-yl)-1,3-benzothiazole

Following the general procedurgdction 5.2.2, 1,3-benzothiazole (13.5 mg, 0.10 mmol)
was reacted with-bocpyrrolidine (85.6 mg, 0.5 mmoipllowing purification byMass
Directed HPLCfrom a 10 minute gradient of 3595% acetonitrile in watercollecting
at 8.5 mins tasolate the cross coupled prohuct, T-1%%, as a pale browamorphoussolid
(8.7mg, 28%, 60:40 mixture abtames). Uy (500 MHz,CDCl3) 7.9 (1H, dJ 8.1, #H),
7.87-7.84(1H, m, 4H), 7.48-7.44 (1-H, m, 6H), 7.38-7.34(1H, m, 5H), 524 (1H, br.
s, pyrrolidinyl 2-Hmin), 5.22 (1H, br. d, pyrrolidinyl 2-Hma), 360-3.55 (2H, m,
pyrralidinyl 5-H), 243-2.33(2H, m,pyrrolidinyl 3-H), 2.021.92 (2H, mpyrrolidinyl 4-
H), 149 (9H, s,'Bu 2-Hmin) 1.30 (9H, s,BuU 2-Hma). Uc (125 MHz,CDCl) 177.1 (Bu
C=0maj), 176.3 Bu C=Qnin) 162.0 -C),154.9 (7aC), 153.6 (3aC), 126.1(6-C), 124.9
(5-C), 122.8 (¥C), 121.9 (4C), 80.5 [Bu Czmaj), 80.3 {Bu Comin) 60.2 pyrrolidinyl 2-
Cma)), 59.7 yrrolidinyl 2-Cmin), 47.2 pyrrolidinyl 5-Cmin), 469 (pyrrolidinyl 5- Cma)),
34.3 pyrrolidinyl 3- Cmaj), 33.1 pyrrolidinyl 3- Cin), 28.6 {(Bu Camin), 28.4 (Bu Cama)
24.2 pyrrolidinyl 4- Cmin), 23.5 pyrrolidinyl 4-Cna)). nmax (Neat)/cmt 3064, 2975, 2930,
2879, 1697, 1477, 1455, 1437. HRNESSI) C16H20N202S requires [M+HJ, calculated
212.0182found 212.0176.
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2-(N-Boc-pyrrolidin -2-yl)-1,3-benzothiazole6-sulfonyl fluoride

Boc

T~
N

1-1

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(16.2 mg, 0.10 mmol) was reacted wiiBoc-pyrrolidine (85.6 mg, 0.5 mmaql)
following purification by MasDirected HPLC from a 3 minute gradient of 5 95%
acetonitrile in water, collecting 42.5 mins to isolate the cross coupled prodiet®:,
as a colourlesamorphousolid (99 mg, 25%, B:50mixture ofrotames). Un (500 MHz,
CDCls) 8.5 (1H, apptor.d,J 17.5,7-H), 8.14 (1H, apptbr. d, J 9.0,4-H), 8.06 (1H, m,
5-H), 5.28 (1H, appbr. s, pyrrolidinyl 2-Hrota), 526 (1-H, apptbr. s pyrrolidinyl 2-
Hrotg), 360-3.54(2H, m,pyrrolidinyl 5-H>), 245-2.25(2H, m,pyrrolidinyl 3-H>), 2.05
1.9 (2H, m, pyrrolidinyl 4-Hy), 1.49 (9H, s,'Bu 2-HzRrotn), 131 (9H, s,'Bu 2-Hrow). Uc
(125 MHz,CDCl) 184.1 (Bu C=Omagj), 183.4(‘Bu C=Qhin) 158.1(2-C), 155.0 (7aC),
135.6(3aC), 1B.9(6-C), 125.6(5-C), 124.1(7-C), 1.7 (4-C), 84.6 (‘Bu 1-Crota), 81.0
(‘Bu 1-Crotg) 60.4 pyrrolidinyl 2-Crota), 60.0 pyrrolidinyl 2-Crots), 47.4 pyrrolidinyl
5-Crota), 47.0 pyrrolidinyl 5-Crotg), 34.3 pyrrolidinyl 3-Crota), 33.0 pyrrolidinyl 3-
Crotg), 28.5 {Bu 3-Crota), 28.4 [Bu 3-Croie) 24.4 pyrrolidinyl 4-Crota), 23.6
(pyrrolidinyl 4-Crots). Ur (565 MHz, CDCl) 67.1. nmax (neat)/cmt 3066, 2976, 2931,
1693, 1507, 1477, 1409, 1208, 11HRMS (ESI) CieH1oF N20sS; requires [M-Na]*,
calculated409.0668found409.0675.
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2-[N-(2-Cyanoacetyl)morpholin-3-yl] -1,3-benzothiazole6-sulfonyl fluoride

N
N 0
T
N 0]
1-2a

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted wdtityanoacetylmorpholing77.1 mg, 0.5 mmo))
following purification by MasDirected HPLC from &0 minute gradient o251 40%

acetonitrile in waterjsolating two cross coupledrgucts,initially collecting at 13.0
mins, 1-2a as a colourlesamorphoussolid 2.0 mg, 5%, 6535 mixture ofrotames). U

(500 MHz,CDCl) 8.64 (1H, apptbr. s, 7-Hmin), 8.60 (1H, d, J 1.9, 7-Hma), 824 (1H,

apptd J 8.4, 4Hmin), 823 (1H, apptd J 8.4, 4Hmaj), 8.14 (1H, br. dJ 8.7, 5Hmin), 810

(1H,ddJ 1.9, 8.4,5-Hma), 5.8 (1H, s, morph #Hma), 5.19 (1H, s, morph-Bimin), 4.75
(1H, appt dJ 12.2, morph BHama), 4.32 (1H, appt dJ 12.2, morph BHawin), 4.3L (1H,

appt d,J 12.1, morph 8Hbmin), 409 (1H, appt d,J 12.1, 5Hbma), 4.023.60 (4H, m,
morph 2 and 6Hy>). tc (125 MHz,CDClk) 174.5 (C=Ghg), 173.0 (C=Gin), 162.5 (2

Chin), 161.9 (2-Cmaj), 157.2 (78Cmaj), 156.6 (7aCmin), 136.3 (3aCmaj), 136.2 (38Cnin),

1298 (1C, d,J 25.5,6-C), 1262 (5-Cin), 125.9 (5Cmaj), 125.0 (4Cmin), 124.8 (4Cmaj),

123.9 (#Cnmin), 1238 (7-Cma)), 113.7 (CMhin), 113.1 (Chhaj), 69.0 (Mmorph Zma), 68.5
(morph 2Cmin), 665 (morph 6Cmin), 669 (morph 6Cma), 56.2 (morph 30or 5Cnin),

52.9 (morph 3or 5Cma), 43.9 (morph 30r 5Cmaj), 393 (morph 3 or 5Chin), 25.3
(acetyl 2Cnmin), 25.1 (acetyl Zma). Ur (565 MHz,CDCls) 67.8. nmax (neat)/cm' 3047,
2950, 1725, 1669, 1409, 119B}43. HRMS (ESI) C14H12FN304S, requires[M+Na]*,

calculated392.0151found 392.0141.
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2-[N-(2-cyanoacetyl)morpholin-2-yl]-1,3-benzothiazole6-sulfonyl fluoride

-
N

1-2b

Also obtained from the above reactiosolated at 16.0 mins wds2b as a colourless
amorphoussolid (49 mg, 13%, 70:30 mixture abtames). U (500 MHz, CDC}) 8.68
8.68-8.62(1H, br. m, 7H), 8.248.20 (1H, br. m, 4), 8.148.10 (1H, br. m, 8H), 504
(1H, dd,J 7.9, 3.3, morpl2-Hmg), 4.95 (1H, ddJ 7.9, 3.3, morpl2-Hmin), 4.184.12 (2H,
m, morph3-Hy), 3.923.86 (2H, m, morph-Band 6Ha), 3.76 (2H, s, acetytH>), 3.3-
3.45 (2H, m, morphfand 6H b ) c.(125iMHz, CDC}) 175.8 (C=Q\a), 175.1 (C=GQiin),
160.8 (2Cmaj), 160.5 (2Cmin), 157.3 (7&Cnmin), 157.0 (78Cmaj), 135.9 (3&Ca)), 135.6
(3aChmin), 129.9(1C, d,J 25.3, 6C), 126.0 (5Cma), 125.8 (5Cmin), 124.8 (4Cmin), 124.6
(4-Crma)), 1240 (7-Cma)), 123.9 (7-Cmin), 113.6 (Chha), 113.5 (CMiin), 75.5 (morph 2
Cmaj), 74.6 (morph Znin), 66.6 (Mmorph3-Cpin), 66.0 (morph 3-Cin), 49.3 (morphb-
Cmaj), 46.4 (morplb-Cin), 46.3 (morpt6-Cmin), 42.3 (Morpt6-Ciaj), 25.1 (acetyl 2min),
25.0 (acetyl ZCma) .r (566 MHz, CDC4) 67.9.nmax (neat)/cm* 3087, 2995, 2877, 1684,
1439, 1412, 1210, 1094HRMS (ESI) C14H12FN3O4S; requires [M+Nal, calculated
392.0151found 392.0147.
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2-[N-Boc-(2R)-5-cyano-pyrrolidin -2-yl]-1,3-benzothiazole6-sulfonyl fluoride

FO,S S Boc
T
N

1-3a

N

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) wagacted witiN-Boc-2-cyanaepyrrolidine (98.1 mg, 0.5 mmo))
following purification by MasDirected HPLC from a 20 minute gradient of 250%
acetonitrile in water, isolating two cross coupled products, initially collectingg &t 1
mins, 1-3a, as ayellow oil (2.4 mg, 6%55:45 mixture of rotames). U (500 MHz,
CDCl) 8.60 (1H, br. s, -H), 8.17 (1H, d,J 8.7, 4H), 810(1H, br.s, 5H), 5.42 (1H, br.
s, pyrrolidinyl 2Hma)), 5.31 (1H, br. s, pyrrolidinyl #min), 4.81 (1H, br. s, pyrrolidinyl
5-Hmagj), 4.65 (1H, br. s, pyrrolidinyl #min)*, 2.56-2.44 (4H, m, pyrrolidinyl 3and 4
Hz), 1.56 OH, s,'BuU 2-Hamin), 1.35 OH, S,'Bu 2-Hama). tic (125 MHz,CDCl) 180.2 {Bu
C=0nin), 178.1 Bu C=Qna), 170.3 (2C), 157.9 (7eC) 1530 (3aC), 129.5 (1C, d,J
25.0 6-C),1258(7-C), 124.4(4-C), 123.9(5-C), 118.5(CNmaj), 118.4 CNmin), 83.7 (‘Bu
1-Cmaj), 83.3 (‘Bu 1-Cmin), 61.1 (pyrrolidinyl 5-Cmin), 605 (pyrrolidinyl 5-Cmaj), 48.3
(pyrrolidinyl 2-Cma), 48.0 (pyrrolidinyl 2Cmin), 33.4 (pyrrolidinyl 4-Cmin), 32.6
(pyrrolidinyl 4-Cmaj), 31.9 (pyrrolidinyl 3-Cma), 30.6 (pyrrolidinyl 3-Cnin), 28.4 (Bu 2-
Chin), 28.3 (‘BU 2-Cinaj). Ur (565 MHz,CDCls) 67.9.nmax (neat)/cmt 3026, 2980, 2959,
2930, 1722, 1405, 1212, 112HHRMS (ESI) Ci7H18FN304sS, requires [M-Na]*,
calculated434.062found434.0611.

*Stereochemistry assigneetlative to literature similarcompoundsas illustrated in
Appendix H173.174
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2-[N-Boc-(2S)5-cyano-pyrrolidin -2-yl]-1,3-benzothiazole6-sulfonyl fluoride

N
FO,S s R .z
L0
N
1-3b

Also obtained from the above reactigolated at I.0 mins wadl-3, as a pale yellow oil
(3.1 mg, 7%, B:45 mixture ofrotames).ty (500 MHz,CDCl) 8.57 (1H, d,J 7.6, #H),
8.16 (1H, d,J 7.6, 4H), 8.8 (1H, dd,J 5.6, 7.6 5-H), 5.45 (1H, d,J 8.5, pyrrolidiny! 2-
Hmaj), 5.37 (1H, d,J 8.5, pyrrolidinyl 2-Hmin), 4.85(1H, d, J 7.5, pyrrolidinyl 2-Hmgj)*,
4.75 (1H, d, J 7.5, pyrrolidinyl 2-Hmin)*, 2.84-2.38 (4H, m, pyrrolidinyl 3and 4H>),
1.55 (9H, s,'BU 2Hamin), 1.33 OH, s,'Bu 2Hama). Uc (125 MHz, CDClL) 180.3 (‘Bu
C=0nin), 17.5('Bu C=Cha)), 157.6 (2-Cma)), 157.5 (2-Crin), 152.9 (7&Cnin), 1526 (7a
Cmaj), 1359 (3aCnma), 135.4 (3aCnmin), 129.4 (1C, d,J 24.9 6-C), 126.1 (5-Cmin), 1258
(5-Cmaj), 124.5(7-C), 123.8 (4-Cmin), 123.7 (4-Cmaj), 1185 (CNmaj), 1184 (CNmin), 83.5
(‘Bu 1-Ciaj), 83.1 (‘Bu 1-Ciin), 59.7 (pyrrolidinyl 5-Cmin), 594 (pyrrolidinyl 5-Cinaj), 485
(pyrrolidinyl 2-Cpaj), 483 (pyrrolidinyl 2-Cwin), 32.7 (pyrrolidinyl 4-Cnin), 31.2
(pyrrolidinyl 4-Cmaj), 30.0 (pyrrolidinyl 3-Cma), 28.8 (pyrrolidinyl 3-Cnin), 28.4 (Bu 2-
Cmaj), 28.2 {Bu 2-Cmin). Ur (565 MHz,CDCls) 67.8.nmax (neat)/cmt 3082, 3054, 2987,
2955, 1702, 1409, 1210, 114$1RMS (ESI) Ci7H18FN30OsS, requires [M-Na]*,
calculated434.06®,found434.0618.

*Stereochemistry assignectlative to literature similarcompoundsas illustrated in
Appendix H173174
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2-(N-Boc-N-cyanomethytmethyl)-1,3-benzothiazole6-sulfonyl fluoride

N:—\

FO,S S NBoc
T
N

1-4
Following the general procedur8dction 5.2.2, 1,3-benzohiazole6-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted w2HiN-Boc-N-methylamino)acetonitrile(85.1 mg,
0.5 mmol) following purification by MassDirected HPLC from a 15 minute gradient of
307 80% acetonitrile in water, collecting &t0O mins to isolate the cross coupled product
1-4, as a browmmorphousolid ( 2.4 mg, 6%, 560 mixture ofrotames). Uy (500 MHz,
CDCl3) 8.61 (1H, appt br. s,-A), 8.2 (1H, appt br. dJ 8.7, 4H), 8.10 (1H, appt br. d,
J8.7, 5H), 4.% (2H, br. sN-cyanomethyl), 4.43 (2H, br. s;22rota), 4.30 (2H, br. s,2
Harotg), 1.55 (9H, br. SBu 2-Hzrota), 1.50 (9H, br. sBu 2-Hzrotg). Uc (125 MHz,CDCl)
173.4('Bu C=Qkota), 1733 (‘Bu C=Crots), 1572 (2-C), 153.5 (7eC), 136.0(3aC), 129.9
(1C, d,J 24.1, 6C), 126.1 (5-C), 1246 (7-C), 1239 (4-C), 1154 (CNRrotn). 1152
(CNRrotg), 839 (‘Bu 1-Crota), 837 (‘Bu 1-Crotg), 496 (N-cyano 1Crota), 494 (N-cyano
1-Crotg), 366 (Méerotn), 359 (Merot), 286 (‘Bu 2-Crota), 282 (‘Bu 2-Crow). Ur (565
MHz, CDCls) 66.9.nmax (neat)/cm* 3068, 2977, 2932, 1706, 1592, 1508, 1410, 1210,
1051 HRMS (ESI) CisH16FN3OsS, requires [MNa]*, calculated408.0464 found
408.0456.



2-(Oxolan-2-yl)-1,3-benzothiazole6-sulfonyl fluoride

FO,S S o)
T~
N

1-6

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted widirahydrofurar(216.3 mg, 3 mmo))following

purification by MassDirected HPLC from a 15 minute gradient of 5% acetonitrile
in water, collecting at 11.5 mins to isolate ttress coupled product;6, as a yellow
amorphousolid (2.9 mg, 10%)i+ (500 MHz,CDCls) 8.60 (1H, dJ 1.9, 7#H), 8.15 (1H,
d,J8.7, 4H), 8.07 (1H, dd,J 8.7, 1.9, 5H), 5.38 (1H, ddJ 8.0, 5.4, oxo H), 4.19 (1H,

ddd,J 8.4, 7.3, 5.70xo0 5Ha), 4.05 (1H, ddd) 8.4, 7.3, 5.70x0 5Hb), 2.% (1H, appt
ddd,J 8.4, 7.3, 5.8, oxo-Bla), 2.28 (1H, appt ddd, 8.4, 7.3, 5.8, oxo-Bib), 2.04 (2H,

m, 0x0 4H>). Uc (125 MHz,CDCl) 182.7 (2C), 157.1 (7eC), 134.6 (3eC), 1278 (1C,

d, J 24.8,6-C), 124.4 (5C), 122.9 (4C), 122.7 (¥C). 77.2 (oxo ), 68.5 (oxo0 EC),

32.4 (oxo 3C), 24.7 (0x0 4C). Ur (565 MHz,CDCl) 67.0.nmax (Neat)/cmt 3065, 2955,
2875, 1697, 1591, 1509, 1409, 1210, 106RMS (ESI) C11H10FNOsS, requires
[M+H]*, calculated266.0164found 288.0153.
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2-((2-Oxoazepanl-yl)-methyl)-1,3-benzothiazole6-sulfonyl fluoride

T~
N N
1-8

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted witamethylcaprolactan(381.6 mg, 3 mmo))
following purification by MassDirected HPLC from a 10 minute gradient of 5%

acetonitrile in water, collecting at 3.5 mins to isolde ¢ross coupled prodydt8, as a
brown oil (5.6 mg, 16%)i+ (500 MHz,CDCls) 8.57 (1H, dJ 1.9, #H), 8.17 (1H, dJ

8.7, 4H), 8.06 1H, ddJ 8.7, 1.9), 5.02 (2H, s, Me 3.%4 (2H, t,35.1, *#H>), 2.64 (2H,
t, J5.1, 3H2), 1.761.73 (4H, m, 4and 6H>), 1.651.60 (2H, m, 8H>). Uc (125 MHz,

CDCl) 1765 (C=0), 175.6 (XC), 157.1 (7&C), 136.7 (3eC), 129.4 (1C, d) 25.0, 6C),

125.7 (5C), 124.2 (4C), 123.7 (¥C), 50.9 (aze -), 50.7 (aze X¥), 36.9 (Me), 30.0
(aze 6C), 28.5 (aze &), 23.3(aze 4C). Ur (565 MHz, CDCl) 69.0. nmax (neat)/cmt

3063, 2933, 2857, 1643, 1508, 1481, 1408, 1209, HBMS (ESI) C14H15FN203S,

requires [M+H*, calculated343.0586found 343.0586.



2-(1,4-Dioxan-2-yl)-1,3-benzothiazole6-sulfonyl fluoride

FO,S S ]
)
N (0]
1-10

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted with4-dioxane(264.3 mg, 3 mmo))following
purification by MassDirected HPLC from a 15 minute gradient of 0% acetonitrile
in water, collecting a?.0 mins to isolate the crosoupled productl-10, as a cream
amorphousolid (45 mg, 15%).0+ (500 MHz,CDCls) 8.64 (1H, dJ2.0, #H), 8.18 (1H,
d,J8.7, 4H), 8.09 1H, ddJ 8.7, 2.0), 510(1H, dd,J 9.6, 3.2, dio 2H), 4.053.98 (2H,
m, dio 3H>), 3.883.68 (4H, m, dio 5ard 6-H»). Uc (125 MHz,CDCl) 176.3 (2C),
157.4 (7aC), 13%.6 (3aC), 129.4 (1C, dJ 25.1, 6C), 125.7 (5C), 1244 (4-C), 1239
(7-C), 75.4 (dio 2C), 70.3 (dio 3C), 67.2 (dio €C), 66.5 (dio 5C). Ur (565 MHz,CDCl)
69.1. nmax (neat)/cm' 3067,2968, 2920, 2859, 1696, 1515, 1444, 1409, 1211, 1064.
HRMS (ESI) C11H10FNOsS; requires [M+H*, calculated304.0114found 304.0103.
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2-(1-Methyl-5-oxopyrrolidin -2-yl)-1,3-benzothiazole6-sulfonyl fluoride

\
FO,S S N__O
— T
N
1-12

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted witmethytpyrrolidin-2-one(49.6 mg, 0.5 mmo))
following purification by Mas®irected HPLC from a @ minute gradient of 5 95%
acetonitrile in water, collecting &t5mins to isolate the cross coupled proddet2, as
a yellow oil (7.78 mg, 25%])i+ (500 MHz,CDClk) 8.63 (1H, dJ 1.9, 7#H), 8.2 (1H, d,
J8.7, 4H), 8.11 (1H, ddJ 8.7, 1.9), 5.09 (1H, dd}, 7.6 4.0, pyrrolidinyl 2H), 2.91 (3H,
S, Me), 2.742.70 (2H, m, pyrrolidinyl 4H42), 2.552.49 (1H, m, pyrrolidinyl 3Ha), 2.24
2.19 (1H, m, pyrrolidinyl 3Hp). Uc (125 MHz,CDCl3) 179.3 (C=0), 175.3 (Z), 157.5
(7aC), 136.7 (3eC), 129.9 (1C, dJ 25.3, 6C), 126.1 (5C), 124.7 (4C), 123.9 (¥C),
62.9 (pyrrolidinyl 2C), 29.2 (pyrrolidinyl 4C), 26.8 (pyrrolidinyl 3C). Ur (565 MHz,
CDCls) 69.0. nmax (neat)/cmt 3068, 29292162, 1693, 1591, 1508, 1409, 1209, 1050.
HRMS (ESI) C12H11FN2O3S, requires [M4Na]*, calculated337.0093found 337.0089.
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2-[1-(N-Ethylacetamido)ethyl]-1,3-benzothiazole6-sulfonyl fluoride

0]
T

1-13

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted withN-diethylacetamidg57.6 mg, 0.5 mmo))
following purification by MasDirected HPLC from a 15 minute gradient of 280%
acetonitrile in water, collecting 8t5 mins to isola the cross coupled produttl3, as
a yellow oil (5.1 mg, 15%)i+ (500 MHz,CDCl) 8.5 (1H, d,J 2.0, 7H), 8.18 (1H, d,
J8.7, 4H), 8.(6 (1H, dd,J 8.7, 2.0), 6.02 (1H, g1 7.1, Et tH), 3.523.44 (1H, mN-Et
1-Ha), 3.383.30 (tH, m,N-Et 1-Hb), 2.22 (3H, s, AcH3), 1.83 (3H, d,J 7.1, Et 2H3
), 1.21 (3H, tJ 7.1N-Et 2-H3). lic (125 MHz,CDCl) 179.5 (Ac C=0), 171.1 (£), 157.2
(7aC), 136.5 (3eC), 129.2 (1C, dJ 24.9, 6C), 1255 (5-C), 124.3 (4C), 123.6 (¥C),
52.4 (Et 1C), 40.9(N-Et 1-C), 21.9 (Ac 2C), 17.2 (Et 2C), 16.1 N-Et 2-C). Ur (565
MHz, CDCls) 66.7.nmax (neat)/cmt 3052, 3020, 2990, 2891, 2779, 1679, 1415, 1193.
HRMS (ESI) C13H1sFN2O3S, requires [M4Na]*, calculated337.0089found 353.0400.
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2-(N-Acetylpiperidin -2-yl)-1,3-benzothiazole6-sulfonyl fluoride

@)

FO,S S 4N
O

1-14
Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted winrAcetylpiperidine (63.6 mg, 0.5 mmo))
following purification by MasDirected HPLC from a 10 minute gradient of 5%
acetonitrile in water, collecting at 8.0 mins to isoldte ¢tross coupled produdtl4, as
a yellow oil (84 mg, 24%).0+ (500 MHz,CDCls) 8.55 (1H, dJ 1.9, #H), 8.17 (1H, d,
J 8.7, 4H), 8.07 (1H, dd,J 8.7, 1.9, 5H), 6.3 (1H, appt d,J 5.7, pip 2H), 3.843.82
(1H, m, pip 6Ha), 3.293.24 (1H, m, pip éHb), 2.702.67 (1H, m, #Ha),2.26 (3H, s, Ac
2-H3), 1.971.90 (1H, m, pip Hb), 1.831.81 (1H, m, pip 8Ha), 1.741.56 (3H, m, pip
4-Hoand 5Hb). Uic (125 MHz,CDCl) 179.2 (Ac C=0), 1@.4 (2C), 1577 (7aC), 136.6
(3aC), 1292 (1C, d,J 25.0, 6C), 125.6 (5C), 124.3 (4C), 1235 (7-C), 51.7 (pip 2C),
44.1 (pip 6C), 27.9 (pip 3C), 25.6 (pip 5C), 21.8 (pip 4C), 20.1 (Ac 2C). Ur (565
MHz, CDCls) 69.0.nmax (neat)/cm* 2935, 28611720, 1648, 1591, 1503, 1410, 1209,
1048 HRMS (ESI) Ci14H1sFN2OsS, requires [MNa]*, calculated365.0406 found
365.0402.
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2-(N-Methylcarbonyl-6-phenylpiperidin -2-yl)-1,3-benzothiazole6-sulfonyl fluoride

e 58S
T

1-16

Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 10 mmol) was reacted with methyd-phenylpiperidinel-carboxylate
(109.6mg, 0.5 mmol)following purification by MasDirected HPLC from a 15 minute
gradient of 5 95% acetonitrile in water, collecting@6 mins to isolate the cross coupled
product 1-16 as a mixture ofliastereomex as a yellow oil (ZZ mg, 6%, 60:40 mixture
of rotames). U (500 MHz,CDCls) 8.59 (1H, d,J 2.0, #Hmin), 8.58 (1H, dJ 2.0, #Hma),
8.21-:8.17 (1H, m, 4H), 8.068.01(1H, m, 5H), 7.427.37(2H, m, Ph 2and 6H), 7.32
7.28(3H, m, Ph 3, 4- and 5H), 5.65 (1H, broad s, pip-Bma), 5.63 (1H, broad s, pip2
Hmin), 4.244.22(1H, m, pip 6H), 3.78 (3H, s, Me H), 2.341.92 (6H, m, pip &, 4-H,
5-Hy). tic (125 MHz,CDCls) 1819 (Ac C=0maj), 180.2 (Ac C=Qhn), 172.1 (2C), 1578
(7aC), 157.5 (Ph L), 136.6 (3eC), 129.3 (Ph 3and 5C), 129.0 (1C, dJ 25.9, 6C),
127.3 (Ph 4C), 126.4 (Ph 2and 6C), 125.6 (5C), 124.3 (4C), 123.6 (¥C), 57.0 (pip
2-C), 53.2 (pip €C), 42.7 (Me), 30.7 (pip-&), 24.7 (pip 5C), 20.6 (pip 4C). Ur (565
MHz, CDCls) 69.1. nmax (neat)/cm* 3089, 3078, 3056, 2922, 283%9l7, 1495, 1410,
1209, 1108HRMS (ESI) Ca0H19FN204S, requires [M+H*, calculated435.0849found
435.0847.
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2-(N-Phenyl6-methylcarbonylpiperidin -2-yl)-1,3-benzothiazole6-sulfonyl fluoride

SSUTY
o4 o
L

1-17
Following the general procedur8dction 5.2.2, 1,3-benzothiazolé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reacted wimethyl Xphenyl piperidin€l,2-dicarboxylate
(132.0mg, 0.5 mmol)following purification by MasDirected HPLC from a 10 minute
gradient of40 7 95% acetonitrile in water, collecting &0 mins to isolate the cross
coupled productl-17 as a mixture otliastereomes, as a clear oil (4.mg, 3%, 80:20
mixture ofrotames). Un (500 MHz,CDCl) 8.58 (1H, dJ 2.0, #Hmin), 8.55 (1H, broad
S, ~Hma), 8.17 (1H, dJ 8.7, 4Hmin), 8.13 (1H, dJ 8.7, 4Hmaj), 8.08 (1H, ddJ 8.7, 2.0,
5-Hmin), 8.03 (1H, ddJ 8.7, 2.0, BHma), 7.34 (5H, m, 6z),5.73 (1H, m, pip 2H), 5.27
(2H, s, Cbz CH), 5.175.10 (1H, m, pip &H), 3.21 (3H, s, Me), 2.32.96 (6H, m, pip 3
4- and 5H). Uc (125 MHz,CDCl) 181.1 (Me C=0), 17.6 (2-C), 1640 (Cbz C=0),
158.7(7aC), 1%.8 (Ph 1C), 135.8(3aC), 1286 (Cbz 3 and 5C), 128.5 (1C, d] 25.0,
6-C), 1280 (Cbz 4C), 127.9 (Cbz 2 and 6C), 1252 (5-C), 1242 (4-C), 1235 (7-C),
68.5 (Cbz CH), 66.9(Me), 521 (pip 2C), 40.2 (pip 6C), 29.8 (pip 3C), 5.6 (pip 5C),
168 (pip 4-C). Ur (565MHz, CDCl) 68.9.nmax(neat)/cmt 3067, 2953, 2926, 2855, 1698,
1499, 1409, 1210, 10864RMS (ESI) C22H21FN206S; requires [M+H™, calculated
493.0903found493.0894.
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2-[N-[(2-Methoxyethyl)(methyl)carbamoyl]pyrrolidin -2-yl]-1,3-benzothiazole6-
sulfonyl fluoride

\ /
N O

(@)
FOL,S S Q|(\l
T
N
1-20

Following the general procedur8dction 5.2.2, 1,3-benzothiazoleé-sulfonyl fluoride
(21.7 mg, 0.10 mmol) was reactell-(2-methoxyethyhN-methylpyrrolidinel-
carboxamid€93.1 mg, 0.5 mmoJ¥ollowing purification by MasDirected HPLC from
a 10 minute gradient of 2095% acetonitrile in water, c@ting at 6.5 mins to isolate
the cross coupled produydt20, as a brown oil (Z.mg, 18%).01 (500 MHz,CDCls) 8.52
(1H, d,J 1.9, ZH), 8.12 (1H, dJ 8.7, 4H), 8.03 (1H, ddJ 8.7, 1.9, 5H), 5.64 (1H, t,J
7.4, pyrrolidinyl 2H), 3.723.69 (2H, m, OCHa and NCHa), 3:8%5 (2H, m, OCHb
and NCHb), 3.46.44 (1H, m, pyrrolidinyl EHa), 3.% (OMe), 3.333.29 (1H, m,
pyrrolidinyl 5-Hb), 3.07 (NMe), 2.62.59 (1H, m, pyrrolidinyl 3Ha), 2.162.02 (2H, m,
pyrrolidinyl 3-Hb and 4H3), 1.961.88 (1H, m, 4Hb). Uc (125 MHz, CDCl) 184.2
(C=0), 163.0 (), 158.4 (7&C), 135.6 (3eC), 18.7(1C, d,J 24.7, 6C), 125.5 (5C),
124.0 (4C), 123.6 (¥C), 71.1 (OCH), 61.3 (pyrrolidinyl 2C), 59.0 (OMe), 51.5
(NCHz), 496 (pyrrolidinyl 5-C), 37.4 (NMe), 33.3 (pyrrolidinyl-&), 26.3 (pyrrolidinyl
4-C). Ur (565 MHz,CDCls) 69.0.nmax (neat)/cmt 2931, 2889, 17271635 1496, 1445,
1408,1209, 1068HRMS (ESI) C17H20FN304S; requires [M-Na]*, calculatedt12.1706
found412.1699.
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6-(N-Boc-pyrrolidin -2-yl)pyridine -3-sulfonyl fluoride

NBoc
N

N

7 50,F

3-1

Following the general procedur8éction 5.2.2, pyridine-3-sulfonyl fluoride (16.1 mg,
0.10 mmol) was reacted-Boc pyrrolidine (85.6 mg, 0.5 mmo/)following purification
by MassDirected HPLC from a 15 minute gradient of 480% acetonitrile in water,
collecting at 8.5 mins to isolate the cross coupled pro@tt as a colourless oil ®.
mg, 2%, B:45 mixture ofrotames). U (500 MHz,CDClk) 9.11 (1H, s, 2-H), 821 (1H,
appttJ9.8 4-H), 747 (1H, m, 5-H), 5.065.04 (1H, m, pyrrolidinyl 2Hmin), 4.994.95
(2H, m, pyrrolidinyl 2Hma), 3.66-3.57(2H, m, 5H2), 244-2.38(1H, m, 3Ha), 2.021.%4
(3H, m, 4-Hzand 3Hp), 1.45 (9H, s'Bu 3-Hamin), 1.21 (9H, s'Bu 2-Hama) .c (125 MHz,
CDCl) 172.1 (Bu C=Chaj), 171.0 Bu C=Chin), 1549 (6-Cmin), 154.2 (6Cmaj), 149.0(2-
Chmin), 1488 (2-Cinaj), 136.7 8-Cmin), 136.4 4-Cma), 1281 (1C, d,J25.3, 3C) , 121.0 -
Cmin), 120.4 B-Cma)), 80.3 {Bu 1-C), 63.0 pyrrolidinyl 2-Cma)), 62.5 pyrrolidinyl 2-
Chmin), 47.7 (5Cmin), 47.3 (5Cmaj), 34.4(3-Cinaj)) 332 (3-Cmin), 286 (‘Bu 2-Cnin) 28.3 (Bu
2-Cinaj), 24.2 (4Chnin), 23.5 (4Cmaj)- Ur (565 MHz,CDCl3) 69.5 (SQFmaj), 69.3 (SQFmin).
Nmax (Neat)/cm' 2977,2928, 1697, 1477, 1391, 1214, 11HRMS (ESI) C14H1dFN204S
requires [MNa]*, calculated353.0947found 353.0931.



6-[4-(N-cyanoacetyl)morpholin-3-yl]-3-sulfonyl fluoride

[o
Nj\i\ll
chgo ZN50,F

3-2

Following the general procedur8dction 5.2.2, pyridine-3-sulfonyl fluoride (16.1 mg,
0.10 mmol) was reacted-cyanoacetylmorpholing77.1 mg, (& mmol) following

purification by MassDirected HPLC from a3 minute gradient 061 95% acetonitrile
in water, collecting at4.5mins to isolate the cross coupled prodBe2, as a brown oil
(7.2 mg, 23%, 70:30 mixture abtames). U4 (500 MHz,CDCl) 9.16 (1H, s, Hmin),

9.15 (1H, s, 2Hma), 8.3 (1H, dd,J 8.4, 2.4, 4Hmny), 8.2 (1H, dd,J 8.4, 2.4, 4Hmin),

7.88 (1H, dJ 8.4, 5Hma), 7.81 (1H, d,J 8.4, 5Hmin), 5.00(1H, t,J 2.4, morph 3Hmin),

4.98 (1H, t,J 2.4, morph 3Hma), 4.7 (2-H, dd,J 9.7, 3.0, morph Hama), 4.70 (2-H,

dd, J 9.7, 3.0, morph Hamir), 4.3%4.34 (2H, m, morph 2Hpma), 4.22-4.12 (2H, m,

morph 2Hpmin), 3.883.72 (2H, m, morph 5and 6H,), 3.603.50 (2H, m, morph 5and
6-Hp). Uc (125 MHz, CDCI3) Uc (125 MHz, CDCl) 165.1 (Ac C=0ny), 164.9 (Ac

C=0min), 160.8 (6-Caj), 160.6 (6-Cmin), 1485 (2-Cmin), 1484 (2-Cmaj), 137.4 (4-Cmaj),

137.2(4-Cnmin), 128.7(1C, d,J 258, 3-C) , 1216 (5-Cinaj), 121.3(5-Ciin), 113.7 CNmaj),

113.6 CNmin), 77.3 (morph 2ZCma), 76.6 (morph Znin), 66.4 (morph &min), 663

(morph 6Cmin), 50.0 (morph 3C), 46.7 (morph ECmin), 46.3 (morph 8y, 25.1 (acetyl
2-Cmin), 25.0 (acetyl Lma). Ur (565 MHz,CDCl) 67.5 (SQFmaj), 67.4 (SQFmin). Nmax

(neat)/cmt 3064, 2927, 2870, 1657, 1413, 1210, 11HKMS (ESI) Ci2H12FN304S

requires [M4#Na]*, calculated336.043found 336.0428.
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6-(N-Boc-5-cyanopyrrolidin -2-yl)pyridine -3-sulfonyl fluoride

NC
NBoc

N
.
Z50,F
33

Following the general procedur8dction 5.2.2, pyridine-3-sulfonyl fluoride (16.1 mg,
0.10 mmol) was reacteN-Boc-2-cyanaepyrrolidine (98.1 mg, 0.5 mmoJ)following
purification by MassDirected HPLC from a 20 minute gradient ofi380% acetonitrile
in water, collecting at 11.0 mins to isolate the cross coupled pr&i8cis a yellow oil
(3.9 mg, 11%50:50 mkture of diastereomer§0:40 mixture of rotames, ). Un (500
MHz, CDCls) 9.15 (1H, s, Hmin), 909 (1H, s, 2Hma), 8.29 (1H, ddJ 8.3, 2.4, 4Hma),
8.24 (1H, ddJ 8.3, 2.4, 4Hmin), 7.60 (1H, d, 8.3, 5Hma), 7.52 (1H, d,J 8.3, 5Hmin),
5.17 (1H, appt dJ 8.0, pyrrolidinyl 2SHmgj), 5.135.11 (1H, m, pyrrolidinyl 2Rdmaj),
5.07 (1H, appt dJ 8.0, pyrrolidinyl 2SHmin), 5.025.00 (1H, m, pyrrolidinyl 2RHmin),
4.89 (1H, appt dJ 8.0, pyrrolidinyl 55Hmin), 4.894.87 (1H, m, pyrrolidinyl 2RHmin),
4.77 (1H, appt dJ 8.0, pyrrolidinyl 5SHma)), 4.724.70 (1H, m, pyrrolidinyl 2RHma)),
2.622.22 (4H, m, pyrrolidinyl 3and 4H>), 150 (9H, s,'Bu 2Hama), 1.22 (9H, s,'Bu
2-Hamin). Uc (125 MHz,CDCl) 168.6 (‘Bu C=Qnin), 168.5('Bu C=Chgj), 153.0 (6-Cmin),
152.9 (6-Cmaj), 149.0 (2-Cmin), 1488 (2-Cmaj), 137.0 (4-Cmaj), 1367 (4-Cmin), 129.0(1C,
d,J 257, 3Cnin), 1288 (1C, d,J 257, 3-Cnaj), 122.1 (5-Cnaj), 120.1 (5-Cin), 120.4
(CNmin), 119.0 (CNmaj), 83.0 (‘Bu 1-Cina)), 82.8 (‘Bu 1-Cmin), 63.2 (pyrrolidinyl 5-Cmin),
61.7 (pyrrolidinyl 5-Cmaj), 48.7 (pyrrolidinyl 2-Cnaj), 48.6 (pyrrolidinyl 2-Cnin), 325
(pyrrolidinyl  4-Cpin), 313 (pyrrolidinyl 4-Cngj), 30.4 (pyrrolidinyl 3-Ciin), 29.7
(pyrrolidinyl 3-Cmaj), 28.4 {Bu 2-Cmaj), 28.2 (Bu 2-Cnin). Ur (565 MHz,CDCl) 67.7 and
67.6 (Snin and Ruin), 67.5 and 67.4 (% and Rna). Nmax (Neat)/cmt 2975, 2930, 1702,
1582, 1475, 1367, 1214, 1126IRMS (ESI) CisH1sFN3OsS requires PM+Na]™,
calculatedr33.1902found 733.1906.



6-(N-Boc-N-cyanomethytmethyl) pyridine -3-sulfonyl fluoride

CN
kN N
Boc | _
SO,F
34

Following the general procedur8dction 5.2.2, pyridine-3-sulfonyl fluoride (16.1 mg,
0.10 mmol) was reacted®(N-Boc-N-methylamino)acetonitrile(85.1 mg, 0.5 mmo))
following purification by MassDirected HPLC from a 15 minute gradient of 360%
acetonitrile in water, collecting at 11.0 mins to isolate the cross coupled pradicts
a yellow oil (3.0 mg, 9%, 90:10 mixture aftames). Ux (500 MHz,CDCl) 9.14 (1H, s,
2-Hmaj), 8.89 (1H, s, 2-Hmin), 8.38 (1H, appt $ 4-Hmin), 8.29 (1H, appt $ 4-Hma), 7.59
7.51 (1H, m, BH), 4.73 (2H, sN-cyanomethyl), 4.43 (2H, br. s;Rmin), 4.31 (2H, br.
s, 2 Haomin, 1.2 (9H, br. s,'Bu 2Hama), 140 (9H, br. sBu 2-Hzmin). Uc (125 MHz,
CDCl) 164.1('Bu C=Chin), 164.3('Bu C=Qhngj), 154.8(6-Crmin), 1544 (6-Cmaj), 149.0 (2-
Cmin), 1489 (2-Cpnaj), 137.2 (4-C), 12.3(1C, d,J 26.3 3-C), 121.0 §-Cnin), 120.4 B~
Cmaj), 115.7 (CN),83.2 (‘Bu 1-Cmaj), 82.9 (‘Bu 1-Cmin), 52.6 (N-cyano :Cmin), 52.4 (-
cyano 1Cmg), 37.1 (Ména), 36.3 (Menin), 28.3 (BU 2-Cpa)), 28.1 (Bu 2-Cpin). Ur (565
MHz, CDCls) 67.5 (SQFmaj) 63.5 (SQFmin). Nmax (neat)/cmt 3068, 2979, 2934, 1703,
1564, 1452, 1313, 1213, 1168RMS (ESI) C13H16FN3OsS requires [M+H*, calculated
330.0924found 330.0910.
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2,6-bis(oxolan-2-yl)pyridine -3-sulfonyl fluoride

SUW
N
L
2 50,F

3-6

Following the general procedur8dction 5.2.2, pyridine-3-sulfonyl fluoride (16.1 mg,
0.10 mmol) was reacteétrahydrofuran(216.3 mg, 3 mmo))following purification by
MassDirected HPLC from a 15 minute gradient of Bb0% acetonitrile in water,
collecting at 12.0 mins to isolate the cross codipleoduct 3-6, as a pale yellow oil (2.
mg, 4%).Ux (500 MHz,CDCl) 8.28 (1H, appt dd] 8.4, 2.1, 4H), 7.61 (1H, appt t)
8.4, 5H), 5.67 and 5.13 (2H, dd,7.7, 5.8, oxo 2H), 4.234.18 and 4.081.02 (4H, m,
0Xx0 5H>), 2.512.48 and 2.4@2.36 (2H, m, ox0 3a), 2.242.17 (2H, m, oxo 3Hp), 2.07
2.01 (4H, m, oxo 4>). Uc (125 MHz,CDCl) 170.4 (6C), 161.9 (2C), 138.9 (4C),
126.8 (LC, d,J 25.3, 3C), 1187 (5C), 81.1 and 80.8 (oxo-€), 70.13 and 69.5 (oxo-5
C), 33.1 and 32.2 (0x0-B), 26.4 and 25.8 (€). Ur (565 MHz, CDCl) 66.2. Nmax
(neat)/cmt 3107, 3061, 2981, 1406, 1211, 11B8IRMS (ESI) C13H16FNO4S requires
[M+Na]*, calculated324.0682found374.0847.
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6-(N-methyl-7-oxoazepan2-yl)pyridine -3-sulfonyl fluoride

3-8a

Following the general procedur8dction 5.2.2, pyridine-3-sulfonyl fluoride (16.1 mg,
0.10 mmol) was reactdd-methylcaprolactani381.6 mg, 3 mmoJ)forming three cross
coupled compounds as a mixture of moramd disubstituted productsfollowing
purification by MassDirected HPLC from a 20 minute gradient ofi280% acetonitrile
in water, initially collected at 100 mins, 3-8a, as a yellow oil (2.3ng, 8%,).0+ (500
MHz, CDCk) 9.12 (1H, s, H), 8.22(1H, td,J 10.3, 3.1, 4H), 7.43 (1H, appt t) 10.3,
5-H), 3.763.70 (1H, m, aze-#), 3.443.30 (2H, m, aze-6i»), 3.05 (3H, s, Me), 2.83
2.77 (2H, m, aze-Bl,), 1.751.65 (4H, m azd- and 5H,). tic (125 MHz,CDCL) 175.6
(C=0), 171.9 (6C), 148.9 (2C), 136.9 (4C), 128.0 (1C, dJ 25.3, 3C), 122.5 (50C),
51.2 (aze €C), 42.6 (aze X), 36.4 (aze &), 36.3 (NMe), 35.3 (aze-6), 28.8 (aze 4
C). Ur (565 MHz,CDCl) 67.7. nmax (neaj/cnrt 2939, 1708, 1637, 1413, 1212, 1120.
HRMS (ESI) C12H1sFN2O3sS requires [M+H*, calculated287.0866found287.0854.
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6-[(2-oxoazepanl-yl)methyl]pyridine -3-sulfonyl fluoride

0
Z N 50,F
3-8b

Also obtained from the above reactiosolated at 11.0 mins was8b, as a colourless oil
(4.7 mg, 17%)0n (500 MHz,CDCl) 9.10 (1H, s, 2H), 8.21 (1H, dd,) 8.4, 2.4, 4H),
7.59 (1H, dJ 8.4, 5H), 4.80 (2H, s, NCh), 3.493.47 (2H, m, aze-H>), 2.632.60 (2H,
m, aze 3H), 1.7#1.73 (4H, m, aze-6and 4H>), 1.641.61 (2H, m, aze-bl»). Uc (125
MHz, CDCl) 176.6 (C=0), 166.0 (€), 148.7 (2C), 136.8 (4C), 128.7 1C, d,J 25.5,
3-C), 123.1 (5C), 54.1 (NMe), 50.8 (aze-@), 37.0 (aze &), 30.0 (aze &), 28.3 (aze
5-C), 23.4 (aze &). Ur (565 MHz,CDClk) 67.6.nmax(neat)/cmt 3061, 2930, 2859, 1643,
1562, 1444, 1413, 1211, 11HRMS (ESI) C12H1sFN20sS requires [M+H*, calculated
287.0866found 287.0856.
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2,6-bis(N-methyl-7-oxoazepan2-yl)pyridine -3-sulfonyl fluoride

Also obtained from the above reactjasolated at 14.0 mins w&s8c, as a pale yellow
oil (0.29 mg, 1%, 55:45 mixture ebtames). Un (500 MHz,CDClk) 8.25 (1H, appt dJ
10.0, 4H), 7.38 (1H, appt d) 10.0, 5H), 5.8 and 4.75 (2H, s, aze NGH 3.443.39
(4H, m, aze €>), 2.652.60 (4H, m, aze-Bl»), 1.77#1.74 (8H, m, aze-4and 5H>). Uc
(125 MHz,CDCl) 175.6 and 174.3 (C=R)), 172.3 and 171.9 (C=f) 149.0(2-Cmin),
148.9(6-Cnin), 136.9(2-Cmaj), 136.8 (6-Cma)), 137.0 (4-Cnin), 1369 (4-Cnaj),1283 (1C,
d, J 252, 3-Cnin),1281 (1C, d,J 252, 3-Cmaj) 122.5 (5-Cin), 121.9 (5-Cmaj), 51.2 and
50.2 (NMe), 42.6 and 41.2 (aZeC), 36.4 and 36.3 (aze®), 36.2 and 36.1 (aze®),
35.3 and 33.1 (aze-6), 28.8 and 27.1 (aze-@). Ur (565 MHz, CDCl) 63.7. Nmax
(neat)/cmt 3100, 3072, 2943, 1643, 1401, 119IRMS (ESI) C19H26FN304S requires
[M+H]*, calculatedt12.1706found412.1701.
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2,6-bis(1,4dioxan-2-yl)pyridine -3-sulfonyl fluoride

STve
’ ﬁsol

3-10a

Following the general procedur8dction 5.2.2, pyridine-3-sulfonyl fluoride (16.1 mg,
0.10 mmol) was reacted4-dioxane(264.3 mg, 3 mmoJ)¥ollowing purification by Mass
Directed HPLC from a 10 minute gradient of 2%0% acetonitrile in water, isolating
two cross coupled products as disubstituted regioisomers, initially collecting at 6.0 mins,
3-104, as a pale yellow oil (3.7 mg, 11%, 50:50 mixtureliestereome)sin (500 MHz,
CDCk) 8.38 (1H, d,J 8.4, 4H), 7.74 (1H, appt t) 8.4, 5H), 5.8 (1H, dd,J 9.1 ,3.3, 2

or 6-dio 2-Hpiaa), 5.25 (1H, ddJ 9.1 ,3.3, 2 or 6-dio 2-Hpias), 4.88 (1H, dd,J 9.9 ,3.1,

2- or 6-dio 2Hpian), 480(1H, dd,J 9.9 ,3.1, 20r 6-dio 2Hpia), 426 and 4.12 (1H, appt
td,J11.0, 3.1, 2and 6dio 3-Ha), 4.043.92 (2H, m, dio &H>), 3.833.39 (8H, m, 5and
6-H2). Uc (125 MHz,CDCls) 164.5 (6Cbpiaa), 164.2 (6Cpias), 1558 (2-Cpiaa), 1557 (2-
Cbias), 139.8 (4Cpiaa) 139.7 (4Cpiag), 129.0 (C, d,J 25.5 3-Cpian), 128.1 (C, d,J
25.5, 3-Cpias), 120.4 (5Cqian) 120.3 (5Cpias), 74.5 and 74.4 (dio-€), 70.9 and 70.7 (dio
3-C), 69.1 and 69.0 (dio-€), 66.5 and ®.4 (dio 5C). Ur (565 MHz, CDCk) 65.3
(SOsFpian), 65.2 (SGFpias). Nmax (Neat)/cmt 2965, 2918, 2858, 1730, 1656, 1577, 1449,
1415, 1209, 965HRMS (ESI) C13H16FNGeS requires [M4Na]*, calculated356.05®,
found356.0572.
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4,6-bis(1,4dioxan-2-yl)pyridine -3-sulfonyl fluoride

@)

[o]“g”g
@

3-10b

Also obtained from the above reactiasolated at 6.5 mins w&s10b, as a pale yellow
oil (3.2 mg, 10%, 50:50 mixture dfiastereomedsuii+ (500 MHz,CDCls) 9.09 (1H, s, 2
H), 8.4 (1H, appt dJ 5.0, 5H), 530 (1H, appt tJ 2.7, 4 or 6-dio 2-Hpian), 5.25 (1H,
appt t,J 2.7, 4 or 6-dio 2-Hpias), 4.84 (1H, appt tJ 2.7, 4 or 6-di0 2-Hpijan), 426 (1H,
appt t,J 2.7, 4 or 6-dio 2Hpias), 4.1£3.96 (4H, m, dio H>), 3.8%3.70 (8H, m, 5and
6-Hz). Uc (125 MHz,CDCls) 166.5 (6Cpian), 1663 (6-Cpias), 149.6 (2Cpian), 148.5 (2
Cpiag), 149.0 (4C), 126.4 {C, d,J 23.5, 3-Cpian), 126.3 (C, d,J 23.5, 3-Cpiag), 120.3
(5-Cpian) 120.1 (5Cpiag), 73.9 and 73.8 (dig-C), 70.7 and 70.6 (dio-8), 67.1 and 66.9
(dio 6C), 66.4 and 66.3 (dio-B). Ur (565 MHz, CDCk) 69.2 (SQFpian), 69.1
(SOoFpias). Nmax(neat)/cm' 2963, 2920, 2857, 1730, 1590, 1545, 1449, 1416, 1211, 1056
HRMS (ESI) C13H16FNGsS requires [M4Na]*, calculated356.058, found 356.0583.
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1-(N-Boc-pyrrolidin -2-yl)isoquinoline-5-sulfonyl fluoride

SO,F

\ 7/

NBoc

Following the general procedur8dction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was reacteN-Boc-pyrrolidine (85.7 mg, 0.5mmol), following
purification by MassDirected HPLC from a 15 minute gradient of 5% acetonitrile
in water, collecting at 11.5 mins to isolate the cross coupled prddicas a yellow oil
(4.7 mg, 12%, 55:45 mixture obtames). u (500 MHz,CDCl) 8.758.72 (1H, m, 3
H), 8.68 (tH, d,J 7.8, 8H), 8.56 (1H, appt t) 7.8, 6H), 8.25 (1H, br. tJ 7.8, 4H),
7.78 (1H,tJ 7.8, #H), 5.87 (1H, dd,J 7.8, 3.8, pyrrolidinyl 2Hmg), 5.68 (1H, ddJ 7.8,
3.8, pyrrolidinyl 2Hmin), 3.883.61 (2H, m, pywolidinyl 5-Hy), 2.141.94 (4H, m,
pyrrolidinyl 3- and 4H>), 1.43 @H, s,'Bu 2-H3zma), 0.95 @H, s,'Bu 2-H3min). Uc (125
MHz, CDCl) 163.8 {Bu C=Qnin), 162.9 Bu C=Cha)), 154.9 (2Cmin), 144.9 (3-Cma)),
144.1 (3Cmin), 134.9 (8Cmin), 1349 (8-Cmaj), 133.1 (#Cmaj), 132.7 (#Cmin), 1322 (4a
C), 1296 (1C, d,J 246, 5C), 126.2 (8aC), 125.9 (6Cmin), 125.7 (6Cma), 116.3 (4
Cmin), 115.6 (4Cmaj), 80.1 {Bu 1-Cmin), 79.5 {Bu 1-Cma)), 59.7 (pyrrolidinyl 2Cmaj), 58.7
(pyrrolidinyl 2-Cmin), 47.5 (pyrrolidinyl 5Cma), 47.2 (pyrrolidinyl 5Cmin), 344
(pyrrolidinyl 3-Cmin), 334 (pyrrolidinyl 3-Ciaj), 28.6 {Bu 3-Ciaj), 28.1 Bu 3-Cin), 24.4
(pyrrolidinyl 4-Cpaj), 23.8 (pyrrolidinyl 4Cng). Ur (565 MHz,CDCL) 63.6 (SQFmin),
63.3 (SQFma)). Nmax (neat)/cm' 3002, 2987,2954, 1675, 1574, 1524, 1409, 1198, 1143.
HRMS (ESI) C18H21FN2O4S requires [M+H*, calculated381.1284found381.1281.



1-[1-Cyano-2-(morpholin -4-yl)-2-oxoethyllisoquinoline-5-sulfonyl fluoride

SO,F
N I h
\\\/|/\N _
0” N
L_o
5-2

Following the general procedur8dction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was reactédcyanoacetylmorpholing77.1 mg, 0.5 mmaoj)following
purification ky MassDirected HPLC from a 15 minute gradient ofi305% acetonitrile
in water, collecting at 7.0 mins to isolate the cross coupled prdali@cias a brown oil
(8.1 mg, 2%, 60:40 mixture abtames). u4 (500 MHz,CDCl3) 8.86 (1H, dtJ 8.7, 1.1,
3-Hma)), 8.7 (1H, d,J 8.7, 3Hmin), 8.738.69 (1H, m, 8H), 8.608.56 (1H, m, Hma),
8.548.52 (1H, m, 6Hmin), 8.37-8.35 (1H, m, 4Hma), 8.298.27 (1H, m, 4Hmin), 7.84
7.79 (1H, m, H), 6.2 (1H, appt dJ 4.3, morph 3Hmg), 5.3 (1H, dd,J 7.3, 3.2morph
3-Hmin), 5.28 (1H, dd) 7.3, 3.2,morph3a or 5aHmin), 4.89 (1H, dtJ 12.8, 2.3, 3bor
5b-Hmin), 4.55 (1H, td,) 12.8, 4.2, 3bor 5b-Hmaj), 4.37 (1H, appt d] 12.0, morph 3aor
5aHma), 4.304.22 (2H, m, 30or 5Haandp, 4.134.08 (2H, m, 2and 4H3) 3.80 (2H, s,
acetyl 2Homa), 3.78 (2H, s, acetylRiomin), 3.583.53 (2H, m, 2and 4H,). Uc (125 MHz,
CDCls) 162.8(Ac C=0Omaj), 161.1(Ac C=Cnin), 158.6 (:Cmin), 157.1 (3Cma)), 144.3 (3
Cmaj), 144.0 (3Cmin), 135.2 (8Cmin), 134.8 (8Cmaj), 134.4 (42C), 132.6 (¥Cmaq), 132.4
(7-Cmin), 129.5 (C, d,J 247, 5-C), 127.4 (8aC), 126.3 (6Cmin), 126.2 (6Cmqj), 117.7
(4-Cmin), 116.7 (4Cmnaj), 114.2 (CNha)), 113.6 (CMin), 75.4 (morph Zmin), 74.5 (morph
2-Cmaj), 66.4(morph 6Cmin), 65.5 (Mmorph &ma), 51.8 (morph min), 48.5 (morph 3
Cmaj), 44.6 (morph 8Cmin), 42.4 (morph BChaj), 25.3 (acetyl Zlmin), 25.0 (acetyl Zoma)).
Ur (565 MHZz,CDCls) 63.0 (SQFmaj), 62.8 (SGFmin). Nmax (Neat)/cmt 2965, 2938, 1711,
166Q 1615, 1581, 1493, 1411, 1203, 1108RMS (ESI) CieH14FN3O4S requires
[M+H]*, calculatecB64.0767found 364.0755.
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1-[N-Boc-(5S)5-cyanopyrrolidin -2-yllisoquinoline-5-sulfonyl fluoride

SO,F

\ 7/

NBoc
N

5-3a

Following the general procedurgdction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was react®ddBoc-2-cyancepyrrolidine (98.1 mg, 0.5 mmo])ollowing
purification by MassDirected HPLC from a 20 minute gradient4dfi 60% acetonitrile
in water, isolating two cross coupled products, initially collectinglad thins,5-3, as a
yellow amorphousolid (5.3 mg, 13%, 60:30 mixture aftames). U+ (500 MHz,CDCl)
8.63 (1H, m, 3H), 8.66 (H, m, 8H), 8.58 (1H, m, &), 8.25 (1H, m, 4H), 7.79 (1H,
m, 7-H), 5.95 (1H, br. s, pyrrolidinyl 2ma)*, 5.75 (1H, br. s, pyrrolidinyl Hmin)*, 4.87
(1H, br. s, pyrrolidinyl SHmin), 4.75 (1H, br. s, pydlidinyl 5-Hmg), 2.632.49 (4H, m,
pyrrolidinyl 3- and 4H2), 1.49 @H, s,'Bu 2Hamin), 1.00 @H, s,'Bu 2-Hama). Uc (125
MHz, CDCl) 161.7 (‘Bu C=Cnin), 160.1(‘Bu C=Qha)), 153.3 (2Cmin), 153.1 (2Cmna),
145.6 (3Cmin), 145.4 (3Cmaj), 134.9 (8Cmin), 134.8 (8Cmqj), 134.4 (4eC), 132.6 (¥
Cmaj), 132.4 (#*Cmin), 132.0 (82C), 129.5 1C, d,J 242, 5C), 126.2 (6Cnin), 126.1 (6
Cmaj), 119.6 (4Cmin), 119.1 (4Cma)), 116.2 (CNhaj), 116.1 (CNuin), 82.3 ('‘Bu 1-Cina), 81.1
(‘Bu 1-Cmin), 59.1 (pyrrolidinyl 5-Cmin), 58.5 (pyrrolidinyl 5-Cmaj), 48.3 (pyrrolidinyl 2-
Cmaj), 48.2 (pyrrolidinyl 2Cmin), 32.3 (pyrrolidinyl 4-Cmin), 31.9 (pyrrolidinyl 4-Cma)),
30.3(pyrrolidinyl 3-Cmaj), 29.5(pyrrolidinyl 3-Cmin), 28.4 {Bu 2-Cnin), 28.3 (‘BU 2-Crnaj).
Ur (565 MHZz,CDCls) 64.6 (SQFmin), 64.5 (SQFmaj). Nmax (Neat)/cmt 3101, 2978, 2940,
1701, 1614, 1580, 1561, 1387, 1197, 11BIRMS (ESI) Ci1oH1oFN3O4S requires
[M+Na]*, calculatedt28.1056found428.1061.

*Stereochemistry assigned relatively to literature simd@ampoundsas illustrated in
Appendix H173.174
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1-[N-Boc-(5R)-5-cyanopyrrolidin -2-yllisoquinoline-5-sulfonyl fluoride

SO,F

/

NBoc
N
N

5-3b

Also obtained from the above reactideolated at 1.5 mins wa 5-3b, as a yellow
amorphoussolid (4.8 mg, 12%, 60:40 mixture abtames). Uy (500 MHz,CDCls) 8.65
(1H, m, 3H), 8.57 (tH, m, 8H), 8.57 (1H, m, &H), 8.24 (1H, m, #), 7.81 (1H, m, 7
H), 5.99 (1H, dJ 8.3, pyrrolidinyl 2Hma)*, 5.87 (1H, d,J 8.3, pyrrolidinyl 2Hmin)*,
5.06 (1H, dJ 8.3, pyrrolidinyl 5Hmaj), 4.97 (1H, d)J 8.3, pyrrolidinyl 5Hmin), 2.75 (1H,
m, pyrrolidinyl 3Ha), 2.62 (1H, m, pyrrolidinyl3b), 2.32 (1H, m, pyrrolidinyl 4Ha),
2.06 (1H, m, pyrrolidinyl 4Ha), 1.49 9H, s,'Bu 2-Hzmin), 0.99 @H, s,'Bu 2-Hzma). Uc
(125 MHz,CDClh) 161.7 (‘Bu C=Qnin), 160.9(‘Bu C=Qnaj), 153.3 (:Cmin), 153.2 (%
Cmaj), 144.9 (3Cmin), 144.5 (83Cmaj), 134.9 (8Cmin), 134.7 (8Cmaj), 134.6 (4eC), 132.5
(7-Cmaj), 132.5 (8aC), 132.0 (#Cmin), 129.5 (C, d,J 247, 5-C), 126.2 (6Cmin), 126.1
(6-Cmaj), 119.6 (4Cmin), 119.5 (4Cnaj), 116.2 (CNua), 116.1 (CNiin), 82.3 (‘Bu 1-Cmaj),
81.1('Bu 1-Cmin), 58.7(pyrrolidinyl 5-Cmin), 58.5(pyrrolidinyl 5-Cmaj), 48 4 (pyrrolidiny!|
2-Cmaj), 48.3 (pyrrolidinyl 2Cmin), 32.3 (pyrrolidinyl 4-Cpin), 31.3 (pyrrolidinyl 4-Cmaj),
29.5(pyrrolidinyl 3-Cin), 28.4 {Bu 2-Cin), 28.3('Bu 2-Crmaj), 28.0(pyrrolidinyl 3-Ciaj).
Ur (565 MHZz,CDCl) 64.7 (SQFmaj), 64.5 (SGFmin). Nmax (Neat)/cmt 2977, 2933, 1701,
1614, 1581, 1560, 1381, 1209, 11HRMS (ESI) C1aH19FN30O4S requires [MNa]*,
calculated428.1056found428.1055.

*Stereochemistry assignectlative to literature similarcompoundsas illustrated in
Appendix H173174
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1-(N-Boc-N-cyanomethytmethyl)isoquinoline-5-sulfonyl fluoride

SO,F

Following the general procedurgdction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was react@e(N-Boc-N-methylamino)acetonitrile(85.1 mg, 0.5 mmo))
following purification by MassDirected HPLC from a 10 minute gradient of B95%
acetonitrile in water, collecting at 9.0 mins to isolate the cross coupled préglcs a
brown oil (4.1 mg, 11%, 60:40 mixture aftames). U+ (500 MHz,CDCls) 8.89 (1H, br.
d, J 8.4, 3Hma), 8.80 (1H, br. dJ 8.4, 3Hmin), 8.72 (tH, dJ 6.2, 8H), 8.61 (1H, dJ
6.2, 6H), 8.39 (1H, br. s, Hma), 8.32 (1H, br. s, 4Hmin), 7.897.83 (1H, m, H), 5.26
(2H, br. s, CHma)), 5.21 (2H, br. s, Clhin),4.48 (2H, brs,N-cyanomethyin), 4.33 (2H,
br. s,N-cyanomethyhs), 1.53 (9H, br. s'Bu 2-Hs). Uc (125 MHz, CDCl) 1569 (‘Bu
C=0), 154.2 (1-C), 143.4 (3C), 135.8 (8C), 1353 (4aC), 1341 (7-C), 132.8 (8eC),
1296 (1C, d,J 25.6, 5-C), 127.0 (6C), 118.3(4-C), 1159 (CN), 82.3 (‘Bu 1-Cmnaj), 81.1
(‘Bu 1-Cmin), 49.3 (N-cyano 1C), 35.9 (Me), 28.3'Bu 2-C). Ur (565 MHz,CDCl) 65.2.
Nmax (neat)/cmt 3086, 2978, 2934, 1811, 1703, 1615, 1581, 1561, 1411, 1208, 1158.
HRMS (ESI) C17H18FN3O4S requires [M-Na]*, calculated402.090,found402.0885.
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1-(2-Oxoazepanl-yl)methyl-isoquinoline-5-sulfonyl fluoride

SO,F

2=

O]

5-8

Following the general procedurgdction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1

mg, 0.10 mmol) was reacteld-methylcaprolactan(381.6 mg, 3 mmo)) following

purification by MassDirected HPLC from a@minute gradient ofl0 7 80% acetonitrile
in water, collecting at 7.0 mins to isolate the cross coupled prdat8cias a brown oil
(7.3 mg, 22%).04 (500 MHz,CDCls) 9.03 (1H, ddJ 8.6, 2.2, 3H), 8.70 (1H, dJ 6.2,

8-H), 8.57 (1H, ddJ 7.5, 1.2, eH), 8.3 (1H, br. dd,J 6.1, 1.9, 4H), 7.82 (1H, tJ 7.6,

7-H), 5.28 (2H, s, Me b), 3.46 (2H, t)5.2, aze H>), 2.&-2.58(2H, m, aze H>), 1.66-

1.60(4H, m, aze 4and 6H>), 1.34-1.30(2H, m, aze §1,). Uc (125 MHz,CDCls) 176.0
(C=0), 158.8 (4C), 143.4 (8C), 135.3 (3C), 135.2 (6C), 132.4 (4&C), 129.1 1C, d,J

24.7, 5C), 127.4(8aC), 126.7 (¥C), 117.1 (4C), 50.7 (aze -CC), 48.2 (aze3-C), 37.0
(Me), 29.8 (aze &), 27.8 (aze &), 23.3 (aze €). Ur (565 MHz,CDCl) 64.9. Nmax

(neat)/cmt 3088, 2932, 2857, 1635, 1543, 1408, 1205, BIFAMS (ESI) C16H17FN20sS

requires [M+H*, calculated337.1022found337.1017.
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1-(1,4-Dioxan-2-yl)isoquinoline-5-sulfonyl fluoride

SO,F

| X

N~

6

5-10a

Following the general procedur8dction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was reactdgd-dioxane(264.3 mg, 3 mmo))following purification by
MassDirected HPLC from al0 minute gradient of 40i 50% acetonitrile in water,
isolating two cross coupled products, initially collecting at 11.0 nairi€)a as a yellow
amorphoussolid (2.7 mg, 9%)04 (500 MHz,CDCls) 8.84 (1H, dtJ 8.6, 1.1,3-H), 8.76
(1H, d,J 6.1, 8H), 8.56 (1H, dd) 7.5, 1.1, 6H), 8.25 (1H, dd) 6.1, 0.9, 4H), 7.78 (1H,
t,J7.5, #H), 5.42 (1H, ddJ 9.5,3.0, oxo H), 4.21 (2H, m, oxo-#>), 4.11 (2H, m, oxo
6-H>), 3.89 (2H, m, oxo %1,) .c (1#5 MHz,CDCl) 157.6 (:C), 144.6 (3C), 134.9 (8
C), 134.2 (¥C), 132.5 (8&C), 129.3 1C, d,J24.7, 5C), 127.1 (4&C), 126.0 (6C), 117.2
(4-C), 76.1 (oxo 2C), 70.0 (oxo &) 67.7 (oxo €C) 66.6 (oxo EC). Ur (565 MHz,
CDCl) 64.8.nmax (neat)/cm* 3096, 2958, 2818, 2853, 1755, 1406, 1202, 1065. HRMS
(ESI) C13H12FNO4S requires [M+H], calculated 298.0548und 298.0547.

15¢



1,3bis(1,4Dioxan-2-yl)isoquinoline-5-sulfonyl fluoride

[Oj SOLF
(@) | N
N__~
(@)
o)
5-10b

Also obtained from the above reactjasolated a7.5 minswas5-10b, as a pale yellow
amorphousolid (12 mg, 3%).0+ (500 MHz,CDCl) 8.68 (:H, d,J 5.9, 8H), 8.54 (1H,
d,J8.0, 6H), 8.% (1H, dd,J 5.9, 2.7, 4H), 8.3 (1H, br.d, J 8.0, #H), 5.70 (1H, dd)
9.8, 2.3, ox02-H), 5.20 (1H, tJ 5.7, oxa 2-H), 4.3L (2H, appt dJ 6.2, oxa 3-H>),4.16
4.03 (4H, m, oxo 61,), 3.983.81 (4H, m, oxo &), 3.40 (2H, dd)J 12.0, 9.8, ox93-
H2) .c (125 MHz,CDCl) 156.0 (:C), 1455 (3-C), 143.1 (8C), 134.3 (6C), 133.7 (8a
C), 129.2 1C, d,J 24.6, 5C), 126.2 (#C) 125.5 (4&C) 117.4 (4C). 76.6 (ox@2-C),
75.7 (oxa 2-C), 73.9 (ox@3-C), 70.3 (oxe 3-C), 68.0 and 67.6 (0x@ 6-C), 66.9 and
66.4 (0xa35C) r (568 MHz,CDCl) 64.5.nmax (neat)/cmt 3119, 2963, 2853, 1752,
1402, 1211, 981. HRM$ESI) C17H1sFNGOsS requires [M+H], calculated 384.0917,
found 384.0923.
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1-[1-(N-Ethylacetamido)ethyl]isoquinoline-5-sulfonyl fluoride

SO,F

Following the general procedureSdction 5.2.2, isoquinoline8-sulfonyl fluoride
(21.1mg, 0.20 mmol) was reactéN-diethylacetamid€57.6 mg, 0.5 mmo]J)ollowing

purification by MassDirected HPLC from a 10 minute gradient of ®5% acetonitrile
in water, collecting at 9.0 mins to isolate the cromspled product;-13, as a brown oil
(2.8 mg, 8%).0+ (500 MHz,CDCl) 8.89 (1H, dt,J 8.7,1.1, 3H), 8.75 ((H, d,J6.1, 8

H), 8.55 (H, dd,J 7.4, 1.1, 6H), 8.3 (1H, dd,J 6.1, 2.8 4-H), 7.8 (1H, t,J 8.1, 7-H),

6.90 (1H, g, 6.8, Et 1H), 3.29 (1H, mN-Et 1-Ha), 3.35 (1H, m,N-Et 1-Hb), 2.15 (3H,
s, Ac 2H3), 1.69 (3H, d,J 6.8, Et 2H3), 0.6 (3H, t,J 7.2 N-Et 2-H3). Uc (125 MHz,

CDCl) 170.6 (Ac C=0),160.9(1-C), 1441 (3-C), 13%.0(8-C), 1343 (7-C), 1322 (8a

C), 1292 (1C, d,J24.5, 5C), 127.5 (4&C), 126.7 (6C), 116.8 (4C), 48.9 (Et 1C), 38.4
(N-Et 1-C), 21.7 (Ac 2C), 16.6 (Et 2C), 15.9 N-Et 2-C). Ur (565 MHz,CDCls) 64.8.

Nmax (neat)/cmt 3139, 2980, 2936, 1649, 1576 1410, 1201, 9RARMS (ESI)

C1sH17FN2O3S requires [M+H™, calculated325.1022found 325.10009.
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1-(N-Methylcarbonyl-6-phenylpiperidin -2-yl)isoquinoline-5-sulfonyl fluoride

SO,F

| X
\ON %
)\N

g

@)

J

Following the general procedur8dction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was reactadethyl 2phenylpiperidinel-carboxylate(109.6 mg, 0.5
mmol), following purification by Mas®irected HPLC from a 15 minute gradient of 40
T 95% acetonitrile in water, collecting at 11.0 mingsolate the cross coupled product
5-16, as a crearamorphousolid (04 mg, 1%).04 (500 MHz,CDCls) 8.80 (1H, d,J 6.2,
3-H), 852(1H, d,J 7.1, 8H), 8.38 (1H, dd,J 7.4, 1.1, 6H), 826 (1H, dd,J 6.3 2.4, 4
H), 7.67 (H, t,J 8.1, 7-H), 719 (5H, m, Ph), 5.86 (1H, m, pip-H), 4.3 (1H, m, pip 6
H), 3.63 (3H, s, Me k), 2.262.03 (6H, m, pip &, 4-H, 5H>). Uc (125 MHz,CDCl)
170.5 (C=0)157.2(1-C), 154.8 (Ph 1C), 141.7 (3-C), 135.0(8-C), 13%.8 (7-C), 1328
(Ph 3 and 5C), 131.2(8aC), 128.8 (Ph 4C), 127.2 (1C, d,J 23.2, 5C), 126.9 (4&C),
126.3 (Ph 2and 6C), 125.7 (6C), 114.1 (4C),59.5 (pip 2C), 52.9 (pip €C), 40.0 (pip
3-C), 29.8 (Me), 26t (pip 5C), 22.8 (pip 4C). Ur (565 MHz, CDCl) 64.5. Nmax
(neat)/cmt 3035, 2949, 1603, 1536, 1402, 1201, 106RMS (ESI) CooH21FN204S
requires [M+H", calculatedt29.1284found429.1287.
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1-(N-Phenyt6-methylcarbonylpiperidin -2-yl)isoquinoline-5-sulfony! fluoride

SO,F

(\l \Ij
o N~
549

_0
O
5-17
Following the general procedu(8ection 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was react@dmethyl :phenyl piperidinel,2-dicarboxylatg(131.6 mg,
0.5 mmol) following purification by MasDirected HPLC from a3 minute gradient b
51 95% acetonitrile in water, collecting B4.5mins to isolate the cross coupled product
5-17, as a brown oil (3.3 mg, 7%« (500 MHz,CDClk) 8.72 (1H, dJ 5.9, 3H), 8.55
(1H, d,J 7.5, 8H), 8.39 (LH, dd,J 7.5, 2.8, 6-H), 8.19 (H, dd,J 6.1, 2.8, 4-H), 7.82 (H,
t, J 8.1, 7-H), 7.38 (5H, m, Cbz Ph§.23 (2H, s, Cbz C§J, 5.15 (1H, m, pip &), 5.09
(1H, m, pip 6H), 3.80 (3H, s, Me), 2.2%.89 (6H, m, pip 3 4- and 5H). Uc (125 MHz,
CDCl) 172.5 (Me C=0), 171.7 (Cbz C=0)%4.0(1-C), 14.8(3-C), 134.8(8-C), 1.2
(7-C),132.4(8aC),128.7 (Cbz 3and 5C), 128.6 (Cbhz 4C),128.4 (1C, d,J 23.8, 5C),
128.1 (Cbz 2and 6C), 126.7 (4aC), 126.0 (6C), 115.7 (4C), 67.7 (Cbz CH), 67.0
(Me), 55.6 (pip 2C), 42.0 (pip 6C), 301 (pip 3C), 24.8 (pip 5C), 20.9 (pip 4C). Ur
(565 MHz, CDCls) 63.8. nmax (neat)/cmt 3064, 2945, 2867, 1721, 1675, 1409, 1205.
HRMS (ESI) C24H23FN2O6S requires [M+H*, calculatedt87.1339found 487.1335.



1-[N-(furan-2-carbonyl)azetidin-2-yllisoquinoline-5-sulfonyl fluoride

SO,F

Following the general procedur8dction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was reactett(furan2-carbonyl)azetidine(75.6 mg, 0.5 mmo))
following purification by MasDirected HPLC from a 15 minute gradient of 5%

acetonitrile in water, collecting at 11.0 mins to isolate the cross coupled prod@as
a brown oil (57 mg, 16%).0+ (500 MHz,CDCls) 8.93 (1H, appt d] 8.5, 3H), 8.84 (1H,

d,J6.0, 8H), 8.8 (1H, d,J 7.5, 6-H), 8.29 (LH, br. s 4-H), 7.81 (H, t,J 8.0, 7-H), 7.52
(1H, br. s, fur 3H), 7.05 (1H, br. s, fur®d), 6.48 (1H, br. s, fur4), 491 (1H, m, aze
2-H), 468 (2H, m, aze H), 286 (2H, m, aze 3Hy). Uc (125 MHz,CDCl) 162.1 (C=0),
159.3 (1-C), 14.5(3-C), 144.9 (fur 3C), 1348 (8-C), 138.6(7-C), 1323 (8aC), 1292

(1C, d,J 24.4, 5C), 126.7 (4eC), 125.8 (6C), 116.7 (4C), 116.2 (fur 4C), 111.8 (fur
5-C), 60.0 (aze L), 51.4 (aze L), 24.1 (ae 3C). Ur (565 MHz, CDCl) 62.8. Nmax

(neat)/cm' 3100, 3014, 2966, 2933, 2893, 1747, 1624, 1411, 1204, HE4S (ESI)

C17H13FN204S requires [MNa]*, calculated383.0478found 383.0471.
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1-[(8R)-1-cyclopropanecarbonyt3-fluoropyrrolidin -2-yllisoquinoline-5-sulfonyl
fluoride

Following the general procedur8dction 5.2.2, isoquinoline8-sulfonyl fluoride(21.1
mg, 0.10 mmol) was reacté8S) 1-cyclopropanecarboma-fluoropyrrolidine(78.6 mg,
0.5 mmol) following purification by Massirected HPLC from a 20 minute gradient of
207 60% acetonitrile in water, isolating two cross coupled products, initially collecting
at 12.5mins,5-19a as a browramorphousolid (1.0mg, 3%, 50:50nixture of rotamers

Un (500 MHz,CDCls) 8.78 (1H, appt d) 6.3, 3H), 8.64 (H, d,J 8.4, 8H), 8.60 (H, d,
J7.3,6-H), 8.31 (H, br. 5 4H), 7.83 (H, t,J 7.9 7-H), 6.24 (1H, m, pyrrolidinyl 2H),
5.51 (1H, br. s, pyrrolidinyl 3Hroty), 5.40 (1H, br. s, pyrrolidinyl-3rot), 4.58 (1H, m,
pyrrolidinyl 5-Hg), 4.31 (1H, m, pyrrolidinyl 8Hp), 2.86 (1H, m, pyrrolidinyl 4H3), 2.45
(AH, m, pyrrolidinyl 4Hy), 1.03 (1H, m, prop-H), 0.91 (4H, m, prop-2and 3H>). Uc
(125 MHz, CDCl) 173.0 (C=0),160.6 (1-C), 14.4 (3-C), 134.5(8-C), 1.8 (7-C),
131.9(8aC), 1290(1C, d,J 24.3, 5C), 126.2 (6C), 125.9 (4eC), 116.3 (4C),92.2 (1C,
d,J179.9 3C), 57.6 1C, d,J25.2,3-C), 54.0 (5C), 38.9 (C, d,J 21.2,4-C), 13.1 (prop
1-C), 8.4 and 8.3 (prop-2r 3-C). Ur (565 MHz,CDCl) 63.0 (SQF),-172.3 (pyrrolidinyl
CF). nmax (neat)/cmt 3066, 2929, 1629, 1583, 1402, 1201, 108HRMS (ESI)
C17H16F2N20sS requires [M-Na]*, calculated89.0747found 389.0742.



1-[(4S)-1-cyclopropanecarbonyt4-fluoropyrrolidin -2-yllisoquinoline-5-sulfonyl
fluoride

SO,F

| N
N~
o]
%LN
g
5-19b

Also obtained from the above reactidrolated atl5.5 mins was5-19b, as a brown
amorphoussolid (1.7 mg, 5%, 50:5ixture of rotames). Uy (500 MHz,CDCls) 8.9
(1H, appt dJ 8.6, 3H), 8.72(1H, d,J 6.1, 8H), 8.0 (1H, d,J 7.5, 6-H), 8.28 (LH, br. 5
4-H), 7.8 (1H, t, J 8.0, 7-H), 6.20 (1H, t,J 8.1, pyrrolidinyl 2H), 5.63 (1H, br. s,
pyrrolidinyl 4-Hgrotg), 5.53 (1H, br. s, pyrrolidinyl 4Hrot), 4.44 (1H, m, pyrrolidinyl 5
Ha), 429 (1H, appt dd,) 12.6, 10.5, pyrrolidinyl 8Hy), 2.74 (1H, m, pyrrolidinyl 3Hz),
2.60-2.55 (1H, m, pyrrolidinyl 3Hp), 1.70-1.65 (1H, m, prop iH), 0.87-0.76 (4H, m,
prop 2 and 3H>). Uc (125 MHz,CDCl) 172.8 (C=0),162.3(1-C), 146.9(3-C), 135.4
(8-C), 18.5(7-C), 1325 (8aC), 1293 (1C, d,J 25.2, 5C), 127.0 (6C), 126.3 (4eC),
116.7 (4C),92.8 (1C, dJ 177.64-C), 56.0 (2C), 54.2 (C, d,J 22.5 5-C), 31.2 (LC, d,
J21.2,3-C), 13.0 (prop 4C), 8.3 and 7.8 (prop-dr 3-C). Ur (565 MHz,CDCl) 62.8
(SO:F), -176.2 (pyrrolidinyl CF)nmax (neat)/cmt 3086, 3061, 3003, 2977, 1629, 1402,
1200, 1087HRMS (ESI) C17H16F2N20sS requires [M4Na]*, calculated389.0747found
389.0740.
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2-[N-Boc-(2R)-5-cyano-pyrrolidin -2-yl]-1,3-benzothiazole

Boc CN

Following the general procedurgdction 5.2.2, 1,3-benzothiazole (13.5 mg, 0.10 mmol)
was reacted with-Boc-2-cyanoepyrrolidine (98.1 mg, 0.5 mmo]¥ollowing purification
by MassDirected HPLC from a 15 minute gradient of 2@&0% acetonitrile in water,
isolating two cross coupled products, initially collecting at 11.0 min8a, asa pale
brownamorphousolid (89 mg, 27%55:45 mixture ofrotames). Un (500 MHz,CDCls)
7.9 (1H, dd,J 8.2, 1.9, H), 7.88 (1H, br. s,4#), 7.48 (1H, br. s, 6H), 7.39 (1H, br. s,
5-H), 5.41 (1H, br. s, pyrrolidinyl -Hma)*, 5.27 (1H, br. s, pyrrolidinyl Hmin)*, 4.77
(1H, br. s, pyrrolidinyl SHma), 4.61 (1H, brs, pyrrolidinyl 5Hmin), 2.562.45 (4H, m,
pyr, 3 and 4H), 1.62 OH, s,'BuU 2-Hmin), 1.56 OH, S,'BU 2-Huma). lic (125 MHz,CDCl)
1734 ('Bu C=Qhin), 172.7 Bu C=Qhna)), 1534 (2-Cmaj), 1533 (2-Cmin), 152.9 (7&Cnin),
152.8 (7aCmaj), 1350 (3a-Cmaj), 134.6 (38Cnin), 126.5 (6Cmin), 126.3 (6Cmaj), 125.4 (5
Cmin), 125.3 (5Cmaj), 123.2 (#C), 121.9 (4Cmin), 121.8 (4Cmaj), 118.9 (CNngj), 118.7
(CNmin), 82.9 tBu Cima), 82.5 (Bu Cimin), 59.6 pyrrolidinyl 5-Cnin), 59.2 fyrrolidinyl
5-Cmaj), 48.4 pyrrolidinyl 2-Cngj), 48.1 pyrrolidinyl 2-Cmin), 32.7 yrrolidinyl 4-Cuin),
31.4 pyrrolidinyl 4-Cnaj), 29.9@yrrolidinyl 3-Cmaj), 28.8pyrrolidinyl 3-Cmin), 28.4 (Bu
Coma), 28.2 (Bu Gomin). Nmax (Neat)/cmt 3042, 2993, 2921, 1722, 140dRMS (ESI)
C17H19N302S requires [M+HT, calculated 330.1276&und 330.1265.
*Stereochemistry assigneetlative to literature similarcompoundsas illustrated in
Appendix H173.174
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2-[N-Boc-(2S)5-cyano-pyrrolidin -2-yl]-1,3-benzothiazole

Boc

s N \\\CN
o~
N

T-3b

Also obtained from the above reactjasolated at 2.0 minswasT-3b, as a pale brown
solid (5.3 mg, 16%55:45 mixture ofrotames). Un (500 MHz,CDCls) 7.97 (1H, d,J 8.2,
7-H), 7.8 (1H, dd,J 8.0, 7.5 4H), 7.47 (1H, ddd,J 8.0, 7.7, 4.3, 61), 7.3 (1H, ddd,J
8.0,7.7,4.3H), 5.43(1H, d,J 8.0,pyrrolidinyl 2-Hma)*, 5.3 (1H, d,J 8.0, pyrrolidinyl
2-Hmin)*, 4.85 (1H, d, J 8.1, pyrrolidinyl 5-Hmgj), 4.74 (1H, d, J 8.1, pyrrolidinyl 5-Hmin),
2.552.30 (4H, m, pyr, 3and 4H), 1.54 (9H, s,'Bu 2-Hmaj), 1.31 (9H, s,'Bu 2-Hmin). Uc
(125 MHz,CDCl) 1736 (‘Bu C=Qnin), 172.7 Bu C=Qhgj), 1538 (2-Cmaj), 1535 (2-
Chmin), 153.1 (7&Chmin), 152.8 (7&Cmaj)), 1352 (3aCmaj), 136.0 (3aCmin), 1264 (6-Cin),
126.3 (6Cmaj), 125.4 (5Cmin), 125.3 (5Cmaj), 123.2 (¥C), 121.9 (4Cmin), 121.8 (4Caj),
1188 (CNmaj), 118.7(CNmin), 83.1 (‘Bu Cima), 82.7 (‘Bu Cimin), 61.0 (pyrrolidinyl 5-
Cmin), 60.3 (pyrrolidinyl 5-Cnaj), 482 (pyrrolidinyl 2-Cmaj), 48.1 pyrrolidinyl 2-Cnin),
32.7@yrrolidinyl  4-Cmin), 31.4 (pyrrolidinyl 4-Cma), 29.9@yrrolidinyl 3-Cmaj),
28.8(yrrolidinyl 3-Crin), 28.4 (Bu Coma)), 28.2 (Bu Comin). Nmax (neat)/cm* 3078, 2985,
2942, 1698 1412. HRMS (ESI) C17H19N30O2S requires [M+HY, calculated 330.1276,
found 330.1264.

*Stereochemistry assigneetlative to literature similarcompoundsas illustrated in
Appendix H173174
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Pocpyrrolidine

O
C/N ko/\
03

Pyrrolidine (1.00 g, 14.08 mmol) was dissolved in dry DCM (20 mL) and cooledGo 0
on ice towhich triethylamine (2.181L, 15.36 mmol) was added and the solution stirred.
Propargyl chloroformatél.25 mL, 12.80 mmol) was added dropwise to the soludiod,
stirred for 1 hour before warming to room temperature overnight, until consumption of
the chloroformate washown by TLC. The reaction mixture was then washed with brine
(23 10 mL) and water (2 10 mL), dried with NegSO4s and concentrateth vacuo.The
crude product was purified through a silica plug, eluting with DCM to dlee
pyrrolidine!”?, 03 as a colourless o{R.15 g, 98%)Un (500 MHz,CDCl) 4.0 (2H, t,J

1.5, poc 1Hy), 3.37 (4H, dt,J 15.4, 6.7, 2and 5H>), 244 (1H, t,J 1.5, poc 3H), 1.8

(4H, m, 3 and 4H2) .c (185 MHz,CDCk) 1541 (pocC=0), P.0(poc 2C), 74.3 (poc
3-C), 52.6 (poc 4C), 46.5 and @.0 (2- and 5C), 25.9 and 25.0 (:and4-C). R= 0.42
(DCM). nmax (Nneat)/cm* 3310, 3299, 2965, 2744, 1701.
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6-(N-Pocpyrrolidin -2-yl)pyridine -3-sulfonyl fluoride

SO,F
3-1 Alkyne

A deprotection of6-(N-Boc-pyrrolidin-2-yl)pyridine-3-sulfonyl! fluoride 3-1, (4 mag,
0.012 mmol) was carried out using TFA (20% in DCM), stirring for 2 hours at room
temperature. The solution was concentratedbacuoto remove excess TFA, before
resuspending in DCM (1 mL). The solution was cooled to 0 °C, antdpeargyl chloride
(2 m, 0.024 mmol) and triethylamine @L, 0.026 mmol) were added dropwiskhe
reaction was allowed to warm to room temperature antblstir overnight. The mixture
was concentrateth vacuq dissolved in acetonitrile, and purified via Md3sected
HPLC with acetonitrile to water as a gradient eP®, the eluted samples were
lyophilised to give the pure produdtl Alkyne, as a browroil (1.6 mg, 42%, 60:40
mixture ofrotames). tn (500 MHz,CDCl) 9.13 (1H, s, ), 8.22 (1H, m, &8H), 7.49
(1H, appt dd)J 8.4, 12.7, 4H), 5.10 (1H, appt tdi3.5, 8.4, pyrrolidinyl 2H), 4.688 (1H,
appt qdJ 2.0, 12.2, BHma), 4.5 (1H, appt qd) 2.0, 12.2, 8Hmin), 3.71 (2H, m, poc-1
Ho), 2.47 (1H, t,J 2.6, poe 3-H), 2.39 (2H, m, pyrrolidinyl 3and 4H,), 2.03 (2H, m,
pyrrolidinyl 3- and 4Hy). Uic (125 MHz,CDCl) 170.6 (poc C=Qin), 1699 (poc C=Gha),
154.4 (6Cmaj), 153.9 (6Cmin),1491 (2-C), 136.8 4-C), 1285 (1C, d,J 25.4, 3C), 121.4
(5-Cmaj), 120.8 (5Cmin).78.4 (poc 2Cmaj), 78.1 (poC Xmin), 74.8 (pOC Lmaj), 74.6 (pocC
3-Cmin), 63.0 (pyrrolidinyl 2Cmaj), 62.6 (pyrrolidinyl 2Cmin), 53.2 (pyrrolidinyl 5Cmaj),
52.9 (pyrrolidinyl 5Cmin), 48.0 (poc 1Cmin), 47.6 (pocC 1Cmaj), 34.2(pyrrolidinyl 3-Cmin),
33.0 (pyrrolidinyl 3Cmaj), 24.3 (pyrrolidinyl 4Cma), 23.3 (pyrrolidinyl 4Cmin). Ur (565
MHz, CDCl) 68.7. nmax (neat)/cmt 3104, 3054, 2938, 2214, 1749, 161909,1221,
1153. HRMS (ESI) Ci3H1sFN204S requires [M+H], calculated 313.0658 found
313.0650.
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2-[N-Boc-(2R)-5-cyano-pyrrolidin -2-yl]-5-(prop-2-yl-1-yl)sulfamoyl-1,3-
benzothiazole

1-3a Alkyne

A portion of 2[N-Boc(2R)5-cyanapyrrolidin-2-yl]-1,3-benzothiazoles-sulfonyl
fluoride, 1-3a (10 mg, 0.024 mmoNvas reacted with a 50% solution of propargyl amine
in acetone (5ml) at room temperature overnight, until consumption of starting material
was shown by LEMS. The mixture was concentratedvacuq dissolved in acetonitrile,
and purified via Mas®irected HPLC with acetonitrile to water as a gradier2®60%
over 20 minutes, collecting at 15.0 miit$ie eluted samples welgophilised to give the
pure productl-3a Alkyne as a brown 0i(6.8 mg, 63%, 5:45 mixture ofrotames).Un
(500 MHz,CDClz) 8.47 (1H, br. s, -H), 809 (1H, dd,J 8.6, 0.6, 4H), 7.98 (1H, brs,
5-H), 5.41 (1H, br. s, pyrrolidinyl Hmaj), 5.28 (1H, br. s, pyrrolidinyl-Hmin), 4.80(1H,

br. s, pyrrolidinyl 5Hma), 4.71 (1H, br. s, NH), 4.64 (1H, br. s, pyrrolidinyHain), 3.90
(2H, s, prop 1Hy), 2.612.43 (4H, m, pyrrolidinyl 3and 4H>), 2.06 (1H, s, prop-B),
1.62 OH, s,'Bu 2-Hzmin), 1.56 QH, s,'Bu 2-H3zma). Uc (125 MHz, CDCl) 179.0 {Bu
C=0), 170.9 (2C), 156.3 (7eC) 153.1 (3eC), 136.4 (6-C), 125.2 (#C),123.8 (4-C),
122.4(5-C), 118.6 (CNmaj), 83.5 (‘Bu 1-Cmaj), 83.0 (‘Bu 1-Cmin), 77.9 (prop 2C), 73.5
(prop 3C), 61.0(pyrrolidinyl 5-Cmin), 604 (pyrrolidinyl 5-Cmaj), 48.3 (pyrrolidinyl 2-C),
33.1 (pyrrolidinyl 4-Cmin), 31.9 (pyrrolidinyl 4-Cmaj), 30.6 (pyrrolidinyl 3-Cmaj), 30.1
(pyrrolidinyl 3-Cnin), 33.1('Bu 1-C), 28.3 (‘Bu 2-C). nmax (neat)/cm' 3268, 2977, 2905,
2024, 1708, 1337, 112HRMS (ESI) C20H22N404S, requires [MNa]*, calculated
469.098Q found 49.0976.
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2-[N-Boc-(29)-5-cyano-pyrrolidin -2-yl]-5-(prop-2-yl-1-yl)sulfamoyl-1,3
benzothiazole

1-3b Alkyne

A portion of 2[N-Boc(2S)5-cyanepyrrolidin-2-yl]-1,3-benzothiazolé-sulfonyl
fluoride, 1-3b (15 mg, 0.036 mmolvas reacted with a 50% solution of propargyl amine
in acetone (5ml) at room temperature overnight, until consumption of starting material
was shown by LEMS. The mixture was concentratedvacuq dissolved in acetonitrile,
and purified via Mas®irected HPLCwith acetonitrile to water as a gradient of@0%o
over 20 minutes, collecting at 16.0 mids3b Alkyne as a brown 0i(11.6 mg, 71%,
55:45 mixture ofrotames). Un (500 MHz,CDCl) 8.44 (1H, d,J 7.0, #H), 8.07 (1H, d,
J7.0, 4H), 7.97 (1H, mb-H), 5.47 (1H, d,J 8.5, pyrrolidinyl 2-Hma), 5.3 (1H, d,J 8.5,
pyrrolidinyl 2-Hmin), 4.87 (1H, d, J 7.5, pyrrolidinyl 2-Hmin), 4.75 (1H,d, J 7.5
pyrrolidinyl 2-Hmin), 3.91 (2H, m, prop -Hamin), 3.88 (2H, m, prop iHamg), 3.32 (1H,
br. s, NH), 2.782.33 (4H, m, pyrrolidinyl 3and 4H>), 2.07 (1H, m, prop #ma), 2.03
(1H, m, prop 3Hmin), 1.55 @H, s,'Bu 2-Hama), 1.31 OH, s,'Bu 2-Hamin). tic (125 MHz,
CDCls) 178.4 ('Bu C=Qhin), 177.9 (‘Bu C=Cha)), 156.8 (2-Cma)), 156.7 (2-Cmin), 1529
(7&Cinqj), 1527 (7&Chin), 136.8 (3aCmin), 136.5 (3&Caj), 135.3 (6-Cmaj), 134.8 (6-
Cnin),125.4 (5-Cnin), 1252 (5-Cmaj), 123.8 (7-C), 12.3 (4-C), 1186 (CNmg), 1184
(CNmin), 83.5('BU 1-Cnna)), 82.9('Bu 1-Cnin), 77.9 (prop 2Cmin), 77.8 (prop Lmaj), 73.5
(prop 3Cmaj), 73.3 (prop 3Cmin), 596 (pyrrolidinyl 5-Cmin), 59.3 (pyrrolidinyl 5-Cna)),
485 (pyrrolidinyl 2-Cmaj), 482 (pyrrolidinyl 2-Cmin), 33.1 (prop 1C), 326 (pyrrolidinyl
4-Cnin), 314 (pyrrolidinyl 4-Cnaj), 29.9 (pyrrolidinyl 3-Cmaj), 28.8 (pyrrolidinyl 3-Cmin),
28.4 {Bu 2-Cmaj), 28.2 (Bu 2-Cnin). Nmax(neat)/cmt 3274, 2978, 2121. 1705, 1368, 1162.
HRMS (ESI) C20H22N404S; requires [M+HT, calculated 447.116fgund 447.1157
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2-[N-Poc(2R)-5-cyano-pyrrolidin -2-yl]-1,3-benzothiazole
S
@)
S N
CL—~T
N

T-3a Alkyne

A deprotection of 2-[N-Boc-(2R)-5-cyanapyrrolidin-2-yl]-1,3-benzothiazole T-3a,
(13.5 mg, 0.041 mmol) was carried out using TFA (20% in DCM), stirring for 2 hours at
room temperature. The solution was concentrigt@dcuoto remove excess TFA, before
resuspending in DCM (5 ). The solution was cooled to 0 °C, and pinepargyl chloride
(6 nL, 0.08 mmol) and triethylaminel@ ni, 0.09 mmol) were added dropwis@he
reaction was allowed to warm to room temperature and left to stir overnight. The mixture
was concentrateth vacuq dissolved in acetonitrile, and purified via Md3sected
HPLC with acetonitrile to water as a gradien26f60% over 20 minutes, cadkcting at
9.5 mins,T-3 alkyne as a brown 0i{4.9 mg, 38%, 50:50 mixture ofrotames). Un (500
MHz, CDCl) 8.00(1H, apptddd, J 8.2, 1.2, 0.6 7-H), 788 (1H, br. s 4-H), 7.4 (1H,
br. s 6-H), 740 (1H, br. s,5-H), 5.47 (1H, br. s pyrrolidinyl 2-Hrota), 542 (1H, br. s,
pyrrolidinyl 2-Hgots), 4.91 (1H, br. s,pyrrolidinyl 2-Hmin), 4.78 (2H, br. s, Poc-H>), 4.6
(1H, br. s pyrrolidinyl 2-Hmin), 2.622.39 (5H, br. m, pyrrolidinyl 3and 4H>and Poc 3
H). lic (125 MHz,CDCls) 172.8 (PocC=0rota), 172.8 (PocC=0krots), 1536 (2-C), 151.0
(7aC), 1352 (3aC), 1264 (6-C), 1255 (5-C), 1233 (7-C), 12.1 (4-C), 1181 (CN),
76.6 (Poc Xrote), 75.8 (PoC Lrota), 75.6 (Poc Lrote), 611 (pyrrolidinyl 2-Crota),
60.8 (pyrrolidinyl 2-Crotg), 54.3(Poc XCrota), 54.2(Poc tCrots), 48.7 (pyrrolidinyl 5
Crota), 48.2 (pyrrolidinyl 5-Crotg), 33.4 (pyrrolidinyl 2-Crota), 32.1 (pyrrolidinyl 4-
Crotg), 30.8(pyrrolidinyl 3-Cnaj), 29.8 (pyrrolidinyl 3-Cmin). Nmax (neat)/cm* 3287, 3067,
2956, 2130, 1717,311, 1160HRMS (ESI) C16H13N30-S requires [M+Nd], calculated
3340626 found 334.068.



4-(2-(Hex-5-ynamido)ethyl)benzenel-sulfonyl fluoride

H
N
s
FO,S

SF-Alkyne

6-Hexynoic acid (50.0 mg, 0.40 mmol) was added to dry DCM (10 mL), to which DIPEA
(138ni, 0.80 mmol), oxyma pure (62.5 mg, 0.44 mmol) and DIC (68,90.44 mmol)
were added and the solution was stirredrdinoethylbenzenesulfonyl fluoride (95 mg,
0.40 mmol) was added portionwise and the reaction left to stir over night at room
temperature, until consumption of starting material was observed 3. he mixture
was concentrated in vacyadissolved in acetonitrile, and purified via Md3sected
HPLC with acetonitrile to water as a gradient2@¥95% over 10 minuteselutedat 7.5
mins. Thesamples werdyophilised to give the pure sulfonyl fluoride alkyfe SF
Alkyne as a colourless fluffgolid (17.8 mg, 30%)i+ (500 MHz,CDCls) 7.95 (2H, d,J

10.0, 2 and 6H), 7.47 (2H, d,J 10.0, 3 and 5H), 5.55 (1H, br. s, NH), 3.56 (2H, appt
g,J 8.5, Et 2Hy), 2.97 (2H, tJ 8.5, Et EH>), 230(2H, t,J 8.5, Hex 2H), 2.2 (2H, td,
J8.5, 3.4, Hx 4H>), 1.96 (1H, tJ 3.4, Hex 6H), 1.84 (2 H, p,J 8.5, Hex 3H>). lic (125
MHz, CDCk) 172.5 (C=0), 14.7 (5-C), 1301 (3- and 5C), 129.5 (2 and 6C), 1288

(1C, d,J 25.6, 1C), 833 (5-C), 694 (Hex 6-C), 401 (Et 2C), 5.9 (Et 1-C), 3.9 (Hex
2-C), 24.0(Hex 3C), 177 (Hex 4C). Ur (375 MHz, CDCl) 66.2.nmax (neat)/cmt 3270,
2918, 1675, 1410, 1218, 11062RMS (ESI) C17H16FN203S requires [MNa]*, calculated
389.0747found389.0742.
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4-[2-(5(6)-Carboxy-tetramethyl-rhodamine)ethyl]benzenel-sulfonyl fluoride

Rh-SF

5(6)-Carboxytetramethylrhodamine (2@ mg, 0.046 mmol) was dissolved in DCM (1
mL) and coupledvith 4-(2-aminoethyl)benzenesulfonyl fluoride hydrochloride (5.0 mg,
0.021 mmolyusing DIPEA 6.2ni., 0.092 mmol), oxyma pure (7 mg, 0.051 mmol) and
DIC (7 niL, 0.051 mmol). The reaction mixture was stirred overnight, in the dark, at room
temperature and product formation was confirmed byM& The mixture was
concentratedn vacuo,dissolved in acetonitrile, and purified viMassDirectedHPLC
with acetonitrile to water as a gradient e6@% over a 28minute gradient, eluting at
19.0 minutes. Theurity confirmed by analyticaHPLC, and theeluted samples were
lyophilised to give theRhodamine-sulfonyl fluoride probe'® as a purple amorphous
solid (53 mg, 41%, Purity: 80%). HRMS (ESI) C33H30FN3OsS requires [M+H],
calculated 616.191fund 616.1936.



4-[2-(2-(5(6)-Carboxy-tetramethyl-rhodamine)aminoethoxy)ethoxyacetamido)
ethyllbenzenel-sulfonyl fluoride

H
/\/O\/\ N
T
SO,F

| O

Rh-Peg-SF

4-(2-Aminoethyl)benzenesulfonyl fluoride hydrochlorid@0Q mg, 041 mmol) was
suspended in DCM (2 mL) with DIPEA (#&., 0.41 mmol). To this, BotNH-(PEG)
acid DCHA salt was added alongtlvoxyma pure (68 mg, 0.45 mmol) and DIC (1§

0.45 mmol). The reaction mixture was stirred overnighbain temperature and product
formation was confirmed by LL®S. The reaction was concentrat@dvacuoto afford

an orange solid. The crude productswasuspended in a solution of 20% TFA in DCM
and stirred for 1 hour until Boc deprotection shown by-MS, the mixture was
concentratedh vacuo An aliquot of the deprotected product (~7.5 mg) was dissolved in
DCM (1 mL) to which5(6)Carboxytetramethylrhodamine (20 mg, 0.046 mmadjas
addedand coupledising DIPEA (6.2, 0.092mmol), oxyma pure (7 mg, 0.051 mmol)

and DIC (7nL, 0.051 mmol). The reaction mixture was stirred overnight, in the dark, at
room temperature and product formation wasfirmed by LCMS. The mixture was
concentratedn vacuq dissolved in acetonitrile, and purified via Md3sected HPLC
with acetonitrile to water as a gradient2ff¥40% over a 10 minute gradient to eleute at
9.5 mins, Thepurity confirmed by analyticaHPLC and theeluted samples were
lyophilised to give th&khodamine-PEG-sulfonyl fluoride probe as a purple amorphous
solid 3.0 mg, 19%, Purity: 85%)HRMS (ESI) C3oHa1FN4OeS requires [M+H],
calculated 761.2651ound 761.2682
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5-Hexyn-1-al

w
H

Hexyn1-ol (2.0 mL, 18.10 mmol), was added to dry DCM (40 mL), with DMSO (5.8
mL, 81.60 mmol) and triethylamine (11.4 mL, 81.60 mmol) before cooling ¥€.0
Sulphur trioxide pyridine (13.0g, 81.60 mmol) was added poxtise, and the dotion
stirred. Once dissolved, the solution was warmed to room temperature, and stirred for 2
hours, monitoring by TLC until completion, visualising wikanisaldehyde stain. The
reaction mixture was quenched with HCI, (1M, 40 mL) and the organic layéediin
diethyl ether (200 mL) to help prevent product loss during evaporation. The solution was
concentratedn vacuo,with a maximum temperature of 2€, and pressure control of
400 mbar, due to compounds volatitityThe crude product was purified lmplumn
chromatography in pentane: diethyl ether fromi @0% to elute the pure product,
concentratedn vacuoto 5 mL, 5hexyn1-al*’31’7 was isolated in a solution of diethyl
ether, due to compound volatilitys (500 MHz,CDCI3) 9.68 (1H, t,J 1.4, XH), 2.49

(2H, td,J 8.8, 1.7, 2H»), 2.15 (2H, td,) 8.8, 1.7, 4H>), 1.89 (1H, tJ 3.4, 6H), 1.73 (2H,

p, J 8.8, 3H>). Uc (125 MHz,CDCI3) 201.4 (:C), 83.1 (5C), 69.3 (6C), 42.4 (2C),

20.7 (3C), 17.6 (4C). nmax (neat)/cmt 3292, 2943, 2727, 2117, 1708 0.69 (80:20
Hexané EtOAc). HRMS (ESI) CsHgO requires [2M+Na], calculated 215.104&und
215.1021.

*Purification was attempted via distillatiobut was unable to separate from DCM.

M ethyl 4-oxonon8-ynoate
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Asolutionof 5-hexyn1-al in diethyl ether (~ 1.00 g, 10.40 mmol) was added to a crimped
vial, with dioxane (10.0 mL), methyl acrylate (4.60 mL, 52.0 mmol), triethylamine (1.00
mL, 7.30 mmol). The3-Benzyl5-(2-hydroxyethyl}4-methylthiazolium chloride catalyst
(392 mg 1.46mmol) was added, and the flask briefly flushed with nitrogen. The reaction
was heated to®B°C for 24 hours, monitoring by TLC until consumption of the starting
material was observed. The reaction mixture was conceniratetuoand purified ly
column chromatography, eluting in hexane: EtOAc froinZD% to give the methyl-4
oxonon8-ynoaté’>1"®as a colourless oil (312 mg, 20%%) (500 MHz, CDCl) 3.66

(3H, s, OMe), 2.70 (2H, td,6.8, 1.4, BH>), 2.59 (2H, m, H>), 2.57 (2H, m, H>), 2.21
(2H,td,J6.8, 1.7, H2), 1.95 (1H, tJ 2.7, 9H), 1.79 (2H, p,) 6.8, 6H>). Uc (125 MHz,
CDCls) 208.3 (4C), 173.3 (1C), 83.6 (8C), 69.2 (9H), 51.9 (OMe), 41.2 (&), 37.3
(5-C), 27.7 (3C), 22.3 (6C), 17.8 (#C). nmax (neat)/cm! 3290, 2923, 1703k 0.32
(80:20 HexaneEtOAc). HRMS (ESI) C10H1403 requires [M+Naj, calculated @5.0841,
found 205.0831

*Combined yield of oxidation and acrylate coupling
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4-Oxonon-8-ynoic acid

OH

4
o
o

Methyl 4-oxonon8-ynoate (850 mg, 4.67 mmol) was dissolved in methanol (20 mL) with
lithium hydroxide (559 mg, 23.25 mmol) and water (427 uL, 23.72 mmol) and the
solution stirred at room temperature for 24 hours. The reaction mixture was diluted in
diethyl ether (30 mL) and washed with HCI (1M, 30 mL). The aqueous layer was then
extracted with ether (2 20 mL) and the organic layers combined, dried oveSaand
concentratedh vacuoto afford 4oxonon8-ynoic acid’>¢as a colourless oil (600 mg,

7 6 %)n (5000MHz,CDCl) 5.33 (1H, br. s, OH), 2.70 (2H,1,6.8, 5H>), 2.57 (2H, t,
J6.8, 3H>), 2.55 (2H, 1) 6.8, 2H>), 2.17 (2H, td,) 6.8, 4.0, #H2), 1.95 (1H,tJ 2.7, 9

H), 1.79 (2H, p,) 6.8, 6H>). lic (125 MHz,CDCl) 208.2 (4C), 178.3 (1C), 83.6 (8C),

69.3 (9H), 41.1 (2C), 37.1 (5C), 27.8(3-C), 22.3 (6C), 17.9(7C). nmax (neat)/cm'
3284, 2953, 2115, 1734, 171BRMS (ESI) CoH1203 requires [M+Na}, calculated
191.1818found 191.1773.
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4-(4H-dizirin -4-yl)non-8-ynoic acid

Liguid ammonia (40 mL) was generated dciyndensation in dry ice/ acetonei &8 °C.
4-Oxonon8-ynoic acid (600 mg, 4.26 mmol) was added and the solution allowed to warm
to reflux for 4 hours. HOSA (553 mg, 4.89 mmol) was added as a solution in anhydrous
methanol (5 mL) and the reaction mixtureasvallowed to slowly warm to room
temperature and stirred for 16 hours. Nitrogen gas was bubbled through the reaction
mixture for 1 hour to remove residual ammonia, and the solution was filtered and
concentrated to give a crude oil. The solution was reldied in dry methanol (15 mL)

and cooled to 0 °C with triethylamine (890 pL, 6.36 mmol). iogjmeas added porticn

wise, until the solutions purple colour remained. The solution was then diluted in DCM
(20 mL) and washed with HCI (1M, 10 mL), pEaOz solution (10%, 10 mL) and NaCl
(Sat., 10 mL) before drying over bP&: and concentrateth vacuo.The crude product

was purified by column chromatography, eluting in a gradient of Hex:EtOAc from
75:251 33:66% with 1 % acetic acid to afford the diazirine prettf>17%as an orange oil

(283 mg, 44%)lH (500 MHz,CDCl) 2.17 (4H, m, 2and #Hy), 1.95 (1H, tJ 2.8, 9H),

1.76 (2H, t,J 8.8, 3H2), 1.55 (2H, m, H2), 1.33 (2H, pJ 8.8, 6H>). Uc (125 MHz,
CDCl) 177.9 (2C), 83.4 (8C), 69.2 (9C), 31.7 (5C), 28.3 (2C), 28.1 (3C), 27.8 (4C),

22.7 (6C), 18.0(7-C). nmax (neat)/cmt 3097, 2935, 1708, 158R+ 0.46 (50:50 Hexarie
EtOAc). HRMS (ESI) CoH12N202 requires [M+Naj, calculated 203.079G&pund
203.0809.
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2,4-Bis(Bocmorpholin-3yl)-8-Fluoroquinoline

0]
BocN \)

XX
’E\Bloc
~
")
F
(@]
11 and 12

To a LGMS vial as stock solutionsg-fluoroquinoline (200uL, 1.5 M) and N-Boc-
morpholine (333 puL,1.5 M) were mixed with TFA (100 pL of a 2 M stock), the
organocatalyst€zIPN @00 pL, 0.05M), ) andt-butyl peracetate (159 pL of a 50% w/v
solution) were added along with acetone (107 plL3 total volume of InL, to give final
amounts of8-fluoroquinoline (14.8 mg, 0.1 mmogIN-Boc-morpholine (93.6 mg, 0.5
mmol), TFA (200 mM),catalys{5 mM) andt-butyl peracetate (500 mM). The reaction
vials were sealed and stirred on a fan cooled Hepetwdightbox with irradiation under
aKessil ALGOWE LED Tuna Blue lamgor 24 hré'. The mixtures were concentrated
under air to give the crude product. The crude reaction mixture was dissolved in
acetonitrile and purified via Mad3irected HPLC with acetonitrile to water with a
gradient betweeB0-95%for 20 mins eluting two cross coupteproducts,l1andl12 as
separablaliastereomes of unknown configurations as yellow oils (5.65 and 7.12 mg,
25%).

Diastereomer A (1), Isolated at 10.0 mins:

tin (500 MHz,CDCl) 7.91 (1H, d,J 8.5, 5H), 7.69 (1H br. s, #), 7.47 (1H, m, 6H),

7.37 (1H m, 7H), 5.69 (1H, br. smorph or 43-H), 5.29 (1H, br. smorph or 42-Ha) 4.92
(AH, br. smorph or 42-Ha), 4.2 (1H, br. d,J 12.0,morph or 43-H) 4.04 (1H, dd,J 12.0,
4.2,morph or 46-Ha), 3.91 (3H, m,morph and 422-Hp andmorphs or 46-Ha), 3.8 (2H, appt
br. d,J 12.9,morph and 46-Hp), 3.& (2H, m, morph and 45-Ha) 3.3 (2H, br. m,morph

anda 5-Hb), 1.56 (18H, sSmorph and 4tBU 2-Hamin). lic (125 MHz,CDCls) 159.6 Morph or

4C=0), 157.6 fiorphe or 4C=0), 154.7(1C, d,J 139.0, 8C), 139.1 (4aor 8aC), 127.2
(4a or 8aC), 126.3 (6C), 126.2 (2 or 4-C), 119.2 (5C), 113.6 (2C), 113.5 (2 or 4-C),

81.1 and 80.6'Bu Cy), 69.4 (morph ZC), 69.1 (morph &), 67.1 (morph &), 66.8
(morph 5C), 28.4 Bu G3). Ur (375 MHz, CDCl) -123.4.nmax (neat)/cm* 2975, 2930,
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2859, 1696, 1404, 1366dRMS (ESI) Czo7HzeFN3Os requires [M+HJ, calculated
518.266®, found 518.288.

DiastereomerB (12), Isolated at 10.5 mins:

tin (500 MHz,CDCL) 7.9 (1H, d,J 8.5, 5H), 7.80 (1H br. s, #), 7.46 (1H, m, 6H),
7.37 (1H, m, 7H), 5.71 (1H, br. smorph or 43-H), 5.30 (1H, br. smorph or 42-Hz) 4.90
(2H, br. smorph or 42-Ha), 4.26 (1H, br. d,J 12.0,morph or 43-H) 4.03 (1H, dd,J 12.0,
4.2, morph ora6-Ha), 3.92 (3H, mmorph and 42-Hp andmorph or 46-Ha), 3.82 (2H, appt
br. m,morph and 46-Hp), 3.62 (2H, mmorph and 45-Ha) 3.22 (2H, br. mmorph and 45-
Hp), 1.56 (18H, smorph and 4tBuU 2-H3amin). Uc (125 MHz, CDCl) 159.6 Morph or 4
C=0), 157.6 ihorph or 4«C=0), 154.6 (1C, dJ 138.0, 8C), 139.0 (4aor 8aC), 127.3
(4a or 8aC), 126.2 (6C), 126.1 (2or 4C), 119.3 (5C), 113.6 (2C), 113.4 (2 0or 4C),
81.2 and 80.6'Bu Cy), 69.4 (morph ZC), 69.1 (morph €C), 67.2 (morh 3-C), 66.9
(morph 5C), 28.5 [BU Camin). Ur (375 MHz, CDCl) -123.6.nmax (Neat)/cmt 2975, 2928,
2857, 1693, 1406, 1366G4RMS (ESI) Co7H3sFN3Os requires [M+H], calculated
518.26®, found 518.263.
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2-[N-(4-(4H-dizirin -4-yl)non-8-ynamide)-pyrrolidin -2-yl]-1,3-benzothiazole

T-1 Probe

A deprotection of2-(N-Boc-pyrrolidin-2-yl)-1,3-benzothiazole T-1, (40.0 mg, 0.13
mmol) was carried out using TFA (20% in DCM), stirring for 2 hours at room
temperature. The solution was concentratedbacuoto remove excess TFA, before
resuspending in DMF (10 mL) and cooling to® and stirred. To thid-(4H-dizirin-4-
yl)non-8-ynoic acid (170 mg, 011) was added along with the coupling agents EDC (20.0
mg, 0.13 mmol) and HOBT (15.0 mg, 0.11 mmol). Triethylamine|(B,10.22 mmol)

was added slowly and the reaction stirred for 1 hour, before warming to room temperature
overnight. The mixture was concentratedracuq dissolved in acetonitrile, and purified
via MassDirected HPLC with acetonitrile to water as a gradien8®B5% over a 15
mins, the eluted sample®llected at 9.0 mins, anaerelyophilised to give thd -1 probe
as apaleyellow oil (10.88 mg, 23%65:35mixture ofrotames). Un (500 MHz, CDC4)
8.08 (1H, apptd, J 8.2, 7#Hmin), 7.96 (1H, apptd, J 8.2, #Hmaj), 7.90 (1H, apptd, J 8.5,
7.5 4Hmin), 781 (1H, apptd, J 85, 7.5 4Hma), 7.62 (1H, dt,J 7.2, 1.3, 6Hmin), 7.45
7.40 (1H, m, 8Hmgjand 5Hmin), 7.34 (1H, dtJ 7.2, 1.3, 5Hm4), 565 (1H, dd,J 8.0, 2.1,
pyrrolidinyl 2-Hma), 540 (1H, dd,J 8.0, 2.1, pyrrolidinyl 2Hmin), 393-3.61 (2H, m,
pyrrolidinyl 5-H»), 2.552.31 (2H, m, pyrrolidinyl 3H,), 222-2.02 (8H, m, pyrrolidinyl
4-Hz, non 2 and 3H2maj,non %Hy), 1.93 (1H, tJ 2.7, non 9Hmin), 1.86 (1H, tJ 2.7, non
9-Hmin), 1.821.66 (4H, m, non-2and 3H2min) 1.561.53 (2H, m, non $2mq), 1.421.39
(2H, m, non 5H2min), 1.34 (2H, p,) 7.5, non éH2ma), 1.31(2H, p,J 7.5, non 6Hzmin) .c
(125 MHz, CDC¥) 174.4 (non C=@i), 173.8 (non C=@), 171.1 (2Cmin), 170.7 (2
Cmaj), 153.7 (7&Cmin), 153.5 (78Cmin), 135.1 (38Cmaj), 134.8 (38Cnmin), 126.6(6-Cnin),
126.0 (6Cmaj), 125.6 (5Cmin), 125.0 (5Cmaj), 123.3 (#Cmin), 123.1 (#Cmaj), 122.0 (4
Cmin), 121.2 (#Cmaj). 83.4 (non 8Cmaj), 83.5 (non 8Cmin), 69.1 (Non Cna)), 69.0 (non
9-Chin), 604 (pyrrolidinyl 2-Cmin), 59.2 (pyrrolidinyl 2-Caj), 47.3 (pyrrolidinyl 5-Cpaj),
47.0 pyrrolidinyl 5-Cnin), 35.1 pyrrolidinyl 3- Cmin), 32.1 pyrrolidinyl 3- Cnaj), 32.0
(non 5Cmaj), 31.9 (non ECmin), 28.8 (non 2Cmin), 28.7 (Non Lma), 28.2 (Non LCin),

¢



28.1 (non 3Cna)), 28.1 (4Cnin), 27.7 (4Cmaj), 24.5 pyrrolidinyl 4-Ciaj), 22.9 (non 6
Cmaj), 22.8 (non &min), 22.4 pyrrolidinyl 4- Cnin), 18.0 (non fFCha)), 17.9 (nON Chin).
Nmax (Neat)/cm' 3023, 2945, 1684, 1583,1470, 1458, 1483RMS (ESI) CooH22N40S
requires [M+Nal, calculated8367.1593found367.1595.

17¢



10

11

12

13

14

15

16

17

References
CDC, Parasitess About Parasites, https://www.cdc.gov/parasites/about.html,
(accessed 4 February 2019).
D. G. BakerLab. Rat 2006, 458478.
D. C. Bartholomeu, S. M. R. Teika and N. M. A. ElSayed,Am. Trypanos.
Chagas Dis.2017, 429454,
D. T. John, W. A. Petri, E. K. Markell, M. Voge and E. K. Mark&ledical
Parasitology Saunders Elsevier, 7th Edition., 2006.
L. Peacock, C. Kay, M. Bailey and W. Gibsét,0S Pathg., 2018,14, e1007043.
NA, Human African trypanosomiasis,
https://www.who.int/trypanosomiasis_african/en/, (accessed 5 February 2019).
NA, Chagas disease (American trypanosomiasis),
https://www.who.int/chagas/en/, (accessed 5 February 2019).
H. M. James, D. M., GillessHiuman Anti Parasitic Drugs: Pharmacology and
Usage John Wiley & Sons, Ltd, 1985.
CDC, African Trypanosomiasis, https://www.cdc.gov/parasites/sleepingsickness/,
(accessed 5 February 2019).
W. H. Organization,Sustaining theDrive to Overcome the Global Impact of
Neglected Tropical DiseasesSecond WHO Report on Neglected Tropical
Diseases.World Health Organization, 2013.
J. Lukes, Trypanosomatida, http://tolweb.org/Trypanosomatida/98015, (accessed
5 February 2019).
J. Lukes, I. L. Mauricio, G. Schonian;Q@. Dujardin, K. Soteriadou,-P. Dedet,
K. Kuhl s, K. W. Q. Tintaya, M. JirkT
Pratlong, M. Obornik, A. Horék, F. J. Ayala and M. A. Milespc. Natl. Acad.
Sci. U. S. A.2007,104, 9375 80.
M. P. Barrett, D. W. Boykin, R. Brun and R. R. Tidwdl, J. Pharmaco].2007,
152 1155 1171.
N. Baker, H. P. de Koning, P. Maser and D. Hdrrends Parasito].2013,29,
110/118.
A.Y. Sokolova, S. Wyllie, S. Patterson, S. L. OaD. Read and A. H. Fairlamb,
Antimicrob. Agents Chemotheg2010,54, 2893 2900.
G. Eperon, M. Balasegaram, J. Potet, C. Mowbray, O. Valverde and F. Chappuis,
Expert Rev. Anti. Infect. The014, 12, 14071417.
T. Burki, Lancet Infect. Dis.2019,19, 30/ 31.

17¢



18
19

20

21

22

23

24

25

26
27
28
29

30

31
32

33

M. P. Pollastri,;Trends Parasito].2018,34, 178 179.

E. Torreele, B. B. Trunz, D. Tweats, M. Kaiser, R. Brun, G. Mazué, M. A. Bray
and B. PécouPLoS Negl. Trop. Dis20104, 1i 15.

V. K. B. K. Mesu, W. M. Kalonji, C. Bardareau, O. V. Mordt, S. Blesson, F.
Simon, S. Delhomme, S. Bernhard, W. Kuziena, J. P. F. Lubaki, S. L. Vuvu, P. N.
Ngima, H. M. Mbembo, M. llunga, A. K. Bonama, J. A. Heradi, J. L. L. Solomo,
G. Mandula, L. K. Badibabi, F. R. Dama, P. K. Lukula, D. N. T€tel_umbala,

B. Scherrer, N. StrubVourgaft and A. Tarral,ancet 2018,391, 144 154.

H. BurrelkSaward, A. J. Harris, R. de LaFlor, H. Sallam, M. S. Alavijeh, T. H.
Ward and S. L. Crofint. J. Antimicrob. Agent2017,50, 203 209.

NA, Sleeping &kness elimination progresses in 2021 despite COI8D
https://www.who.int/news/item/305-2022sleepingsicknesselimination
progressei-2021-despitecovid-19, (accessed 21 March 2023).

R. Diaz, S. A. Lueng@\rratta, J. D. Seixas, E. Amata, W. Degj C. Cordon
Obras, D. |. RojaBarros, E. Jimenez, F. Ortega, S. Crouch, G. Colmenarejo, J.
M. Fiandor, J. J. Martin, M. Berlanga, S. Gonzalez, P. Manzano, M. Navarro and
M. P. PollastriPLoS Negl. Trop. Dis2014,8, e3253.

A. Woodland, S. Thompsor.. A. T. Cleghorn, N. Norcross, M. CRycker, R.
Grimaldi, I. Hallyburton, B. Rao, S. Norval, L. Stojanovski, R. Brun, M. Kaiser, J.
A. Frearson, D. W. Gray, P. G. Wyatt, K. D. Read and |. H. Gilbert,
ChemMedChen2015,10, 1809 1820.

E. R. Sharlow, T A. Lyda, H. C. Dodson, G. Mustata, M. T. Morris, S. S.
Leimgruber, K-H. Lee, Y. Kashiwada, D. Close, J. S. Lazo and J. C. M#tieS
Negl. Trop. Dis.2010,4, €659.

I. H. Gilbert,Parasitology 2014,141, 28 36.

l. H. Gilbert,J. Med. Chem2013,56, 7719 7726.

D. C. SwinneyClin. Pharmacol. Ther.2013,93, 299 301.

R. M. Reguera, E. CalvAlvarez, R. Alvarezvelilla and R. Balafidouce,Int. J.
Parasitol. Drugs Drug Resist2014,4, 355.

R.C.MohsandN.H. Grei¢\l zhei mer 6s Dement .,20I% ans |

3, 651 657.

D. G. Brown and H. J. Wobsi, Med. Chem20109.

F. S. Buckner, A. Buchynskyy, P. Nagendar, D. A. Patrick, J. Robert Gillespie, Z.
Herbst, R. R. Tidwell ashM. H. Gelb, 20205, 1i 18.

H. Kakeya,Nat. Prod. Rep.2016,33, 648 654.

18C



34

35

36
37

38

39

40

41

42

43

44

45

46

47

48

N. Aulner, A. Danckaert, J. E. Inm, D. Shum and S. L. Shdrends Parasitol.
2019, 35, 550570.

S. Wyllie, M. Thomas, S. Patterson, S. Crouch, M. De Rycker, R. Lowe, S
Gresham, M. D. Urbaniak, T. D. Otto, L. Stojanovski, F. R. C. Simeons, S.
Manthri, L. M. MacLean, F. Zuccotto, N. Homeyer, H. Pflaumer, M. Boesche, L.
Sastry, P. Connolly, S. Albrecht, M. Berriman, G. Drewes, D. W. Gray, S.
Ghidelli-Disse, S. Dixon, J. MFiandor, P. G. Wyatt, M. A. J. Ferguson, A. H.
Fairlamb, T. J. Miles, K. D. Read and I. H. Gilbétgture 2018,560, 192 197.

M. H. Wright and S. A. SiebeNat. Prod. Rep.2016, 33, 68i1708.

J. L. SiqueiraNeto, O. R. Song, H. Oh, J. H. Sohn, Yang, J. Nam, J. Jang, J.
Cechetto, C. B. Lee, S. Moon, A. Genovesio, E. Chatelain, T. Christophe and L.
H. FreitasJunior,PL0oS Negl. Trop. Dis2010,4, e675.

J. L. SiqueiraNeto, S. Moon, J. Jang, G. Yang, C. Lee, H. K. Moon, E. Chatelain,
A. Genoresio, J. Cechetto and L. H. Freiasnior,PLoS Negl. Trop. Dis2012,

6, e1671.

J. Miller and A. HemphillNew Approaches for the Identification of Drug Targets

in Protozoan ParasitesAcademic Press, 2013.

T. W. J. Cooper, |. B. Campbell and B F. MacdonaldAngew. Chemie Int. Ed.
2010,49, 8082 8091.

J. Dong, Q. Xia, X. Lv, C. Yan, H. Song, Y. Liu and Q. Wa@gg. Lett, 2018,

20, 5661 5665.

J. P. Hughes, S. S. Rees, S. B. Kalindjian and K. L. PhilBaticiples of early

drug discoery, Wiley-Blackwell, 2011, vol. 162.

A. Nadin, C. Hattotuwagama and I. Churchngew. Chemieint. Ed, 201251,

1114 1122.

S. D. Roughley and A. M. Jordah,Med. Chem2011,54, 3451 3479.

G. Karageorgis, S. Warriner and A. Nelsbiat. Chem.2014,6, 872 876.

K. M. Backus, B. E. Correia, K. M. Lum, S. Forli, B. D. Horning, G. E. Gonzélez
Paez, S. Chatterjee, B. R. Lanning, J. R. Teijaro, A. J. Olson, D. W. Wolan and B.
F. Cravatt, 2016634, 570 574.

A. Keeley, L. Petri, P. AboramyB a |l ogh and Brug Didcov. Roglayer T,
2020,25, 983 996.

E. Resnick, A. Bradley, J. Gan, A. Douangamath, T. Krojer, R. Sethi, P. P.
Geurink, A. Aimon, G. Amitai, D. Bellini, J. Bennett, M. Fairlkle®. Fedorov, R.
Gabizon, J. Gan, J. Guo, A. Plotnikov, N. Reznik, G. F. Ruda, L-Béaz, V. M.

181



49

50

51

52

53

54

55
56

57
58

59

60

61

62

63

64

65

66
67

Straub, T. Szommer, S. Velupillai, D. Zaidman, Y. Zhang, A. R. Coker, C. G.
Dowson, H. M. Barr, C. Wang, K. V. M. Huber, P. E. Brennan, H. Ovaa, F. Von
Delft and N. LondonJ. Am. Chem. Sq2019,141, 8951 8968.

R. Grainger, T. D. Heightman, S. V. Ley, F. Lima and C. N. JohrGloam. Scj.
2019,10, 2264 2271.

C. Remeur, C. B. Kelly, N. R. Patel and G. A. MolandeCS Catal. 2017,7,
6065 6069.

Z.Liand C. J. LiJ. Am. Chem. SqQ2005,127, 6968 6969.

F. D. Lewis and T. HOAm. Chem. S0c1980,102 1751 1752.

J. Singh, R. C. Petter, T. A. Baillie and A. Whitlyat. Rev. Drug Discoy2011,

10, 307 317.

D. S. Johnson, E. Weerapamald. F. Cravatti-uture Med. Chem2010, 2, 948
964.

M. H. Potashman and M. E. DugganMed. Chem.2009,52, 1231 1246.

R. Lagoutte, R. Patouret and N. Winssindgeuyr. Opin. Chem. Bio).2017, 39,
541 63.

J. G. RobertsorBiochemistry 2005,44, 5561 5571.

R. R. Yocum, D. J. Waxman, J. R. Rasmussen and J. L. Stromirger,Natl.
Acad. Sci. U. S. A1979,76, 2730 2734.

J. R. Vane and R. M. Botting, ihlhrombosis Researclklsevier Ltd, 2003, vol.
110, pp. 256258.

S. Parmar, K. Patel and J. Pinilizarz,P T, 2014,39, 483.

Enzymes Can Be Inhibited by Specific MoleculesBiochemistry - NCBI
Bookshelf, https://www.ncbi.nlm.nih.gov/books/NBK22530/, (accessed 23 April
2020).

C. C. Wang,. Cell.Biochem, 1991,45, 49 53.

R. Poulin, L. Lu, B. Ackermann, P. Bey and A. E. Pehdiol. Chem.1992,267,
1501 158.

N. V. Grishin, A. L. Osterman, H. B. Brooks, M. A. Phillips and E. J. Goldsmith,
Biochemistry1999,38, 15174 15184.

. M. Seraimova, M. A. Pufall, S. Krishnan, K. Duda, M. S. Cohen, R. L.
Maglathlin, J. M. McFarland, R. M. Miller, M. Frédin and J. Tauntdat. Chem.
Biol., 2012,8, 471 476.

Z. Zhao and P. E. BournByug Discov. Today2018, 23, 72i7735.

E. H. Krenske, RC. Petter and K. N. Houl, Org. Chem).2016,2016 11726

182



68

69

70
71

72

73

74
75

76

77

78
79
80

81
82

83

11733.

C. G. Jakob, A. K. Upadhyay, P. L. Donner, E. Nicholl, S. N. Addo, W. Qiu, C.
Ling, S. M. Gopalakrishnan, M. Torrent, S. P. Cepa, J. Shanley, A. R. Shoemaker,
C. C. Sun, A. Vasudevan, R. Woller, J. Brad Shotwell, B. Shaw, Z. Bian and J.
E. Hutti,J. Med. Chem2018,61, 6647 6657.

J. K. Eaton, L. Furst, L. L. Cai, V. S. Viswanathan and S. L. Schreiieorg.

Med. Chem. Lett2020,30, 127538.

M. G. Quesne, R. A. Ward and S.de. VisserfFront. Chem,.2013,1, 39.

A. Hinman, H. H. Chuang, D. M. Bautista and D. JulRsc. Natl. Acad. Sci. U.

S. A, 2006,103 19564 19568.

J. C. Powers, J. L. Asgian, O. Zlem Dogan, D. Ekici and K. E. Jabhesn. Rey.
2002,102, 4639 4750.

D. Greenbaum, K. F. Medzihradszky, A. Burlingame and M. BoGyem. Biol.
2000,7, 569 581.

L. A. Crawford and E. Weerapandpl. Biosyst, 2016,12, 1768 1771.

K. X. Chen, C. A. Lesburg, B. Vibulbhan, W. Yang, T. Y. Chan, S. Venkatraman,
F. Velazquez, Q. Zeng, F. Bennett, G. N. Anilkumar, J. Duca, Y. Jiang, P. Pinto,
L. Wang, Y. Huang, O. Selyutin, S. Gavalas, H. Pu, S. Agrawal, B. Feld, H. C.
Huang, C. Li, K. C. Cheng, N. Y. Shih, J. A. Kozlowski, S. B. Rosenblum and F.
G. Njoroge J. Med.Chem, 2012,55, 2089 2101.

W. Chen, J. Dong, L. Plate, D. E. Mortenson, G. J. Brighty, S. Li, Y. Liu, A.
Galmozzi, P. S. Lee, J. J. Hulce, B. F. Cravatt, E. Saez, E. T. Powers, I. A. Wilson,
K. B. Sharpless and J. W. Kelly, Am. Chem. Sq2016,138 7353 7364.

D. E. MortensonG. J. Brighty, L. Plate, G. Bare, W. Chen, S. Li, H. Wang, B. F.
Cravatt, S. Forli, E. T. Powers, K. B. Sharpless, I. A. Wilson and J. W. Kelly,
Am. Chem. S0c2018,140, 200 210.

A. Narayanan and L. H. Joné&3hem. Scj.2015,6, 2650 2659.

M. Gehringer and S. A. Laufel, Med. Chem2019,62, 5673 5724.

S. Sommer, N. D. Weikart, U. Linne and H. D. Modmorganic Med. Chem.
2013,21, 2511 2517.

R. M. Lopachin and T. Gavitghem. Res. ToxicoRk014, 27, 10811091.

M. H. Larraufie W. S. Yang, E. Jiang, A. G. Thomas, B. S. Slusher and B. R.
Stockwell,Bioorganic Med. Chem. Let2015,25, 47871 4792.

D. A. Erlanson, A. C. Braisted, D. R. Raphael, M. Randal, R. M. Stroud, E. M.
Gordon and J. A. Wellfroc. Natl. Acad. Sci. U. ., 2000,97, 93671 9372.

18¢



84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

Y. Liu, Z. Xie, D. Zhao, J. Zhu, F. Mao, S. Tang, H. Xu, C. Luo, M. Geng, M.
Huang and J. LiJ. Med. Chem2017,60, 22271 2244.

D. J. Augeri, J. A. Robl, D. A. Betebenner, D. R. Magnin, A. Khanna, J. G.
Robertson, A. Wang, L. M. Simpkins, P. Taunk, Q. Huand?.34an, B. Abboa
Offei, M. Cap, L. Xin, L. Tao, E. Tozzo, G. E. Welzel, D. M. Egan, J.
Marcinkeviciene, S. Y. Chang, S. Biller, M. S. Kirby, R. A. Parker and L. G.
HamannJ. Am. Chem. Sp2005,48, 5025 5037.

V. Bonatto, R. F. Lameiro, F. R. Rocho, J. Lameira, A. Leitdo and C. A. Montanari,
RSC Med. Chem2023,2023 201 217.

S. Ray, D. F. Kreitler, A. M. Gulickrad A. S. Murkin, ACS Chem. BipR018,13,

56.

P. MartinGago, E. K. Fansa, M. Winzker, S. Murarka, P. Janning, C. Sehultz
Fademrecht, M. Baumann, A. Wittinghofer and H. Waldm&w®&l| Chem. Biol.
2017,24, 589597.€5.

G. Palermo, D. Branduardi, Masetti, A. Lodola, M. Mor, D. Piomelli, A. Cavalli
and M. De VivoJ. Med. Chem2011,54, 6612 6623.

A. Buvailo, New Opportunities In Covalent Inhibition: Targeting Lysiriéog -
Enamine, https://enamine.net/enlog/newopportunitiesin-covalentinhibition-
targetinglysine, (accessed 16 July 2020).

P. Cal, J. Vicente, E. Pires, A. Coelho, L. Veiros, C. Cordeiro and P. 5@is).
Chem. S0¢2012,134, 10299 10305.

J. Adams and M. Ka&fman,Cancer Invest.2004, 22, 304311.

U. P. Dahal, A. M. Gilbert, R. S. Obach, M. E. Flanagan, J. M. Chen, C. Garcia
Irizarry, J. T. Starr, B. Schuff, D. P. Uccello and J. A. Youitg this Med. Chem.
Commun2014,7, 864.

S. Lin, X. Yang, SJia, A. M. Weeks, M. Hornshy, P. S. Lee, R. V. Nichiporuk,
A. T. lavarone, J. A. Wells, F. D. Toste and C. J. Ch&uignce (80 )., 2017,
355 597 602.

G. Nicola, J. Tomberg, R. F. Pratt, R. A. Nicholas and C. DaBieshemistry
2010,49, 8094 8104.

R. L. Tennyson, G. S. Cortez, H. J. Galicia, C. R. Kreiman, C. M. Thompson and
D. Romo,J. Am. Chem. Sp&999,121, 1731 1736.

C. Wang, D. Abegg, B. G. Dwyer and A. Adibeki@@hemBioChem2019,20,
2212 2216.

T. E. J. Chavas, M. J. FuchterdaR. A. Dimaggio ACS Chem. Bigl.2018,13,

184



99

100

101

102

103

104

105

106

107

108

109
110
111
112
113

114

115

116

117

118

2897 2907.

P. R. A. Zanon, F. Yu, P. Z. Musacchio, L. Lewald, M. Zollo, K. Krauskopf, D.
Mrdovil, P. Raunft, T. E. Maher, M. Ci
I. Nesvizhskii and S. M. Hacker, .

R. Lonsdale and R. A. War@hem. Soc. Re\2018,47, 3816 3830.

T. K. Smith, A. Crossman, J. S. Brimacombe and M. A. J. Ferguson, 2804,
4701 4708.

J. S. Brimacombe, S. Cottaz, R. A. Field, S. W. Homans, M. J. McConville, A.
Mehlert, K. G. Mine, J. E. Ralton, Y. A. Roy, P. Schneider and N. Zitzmann,
Parasitology 1994,108 45 54.

M. L. S. Gither and M. A. J. FergusdVBO J, 1995,14, 3080 3093.

K. E. Gilbert, A. Vuorinen, A. Aatkar, P. Pogany, J. Pettinger, E. K. Grant, J. M.
Kirkpatrick, K. Rittinger, D. House, G. A. Burley and J. T. BusGS Chem. Biql.
2023,18, 285 295.

D. A. Shannon, C. Gu, C. J. Mclaughlin, M. Kaiser, R. A. L. van der Hoorn and E.
WeerapanaChemBioChemn2012,13, 23271 2330.

K. S. Yang, S. Z. Leeuwon, S. Xu and W. R. LlJuMed. Chem2022,65, 8686
8698.

A. Bandyopadhyay and J. Gaourr. Opin. Chem. Bio).2016,34, 110 116.

W. J. Metzler, J. Yanchunas, C. Weigelt, K. Kish, H. E. Klei, D. Xie, Y. Zhang,
M. Corbett, J. K. Tamura, B. He, L. G. Hamann, M. S. Kirby and J.
MarcinkevicieneProtein Sci, 2008,17, 240 250.

C. D. 006 ConnerPraeomics &ion RiblishidgaLiiz, 2008.

R. Markus, M. H. Wright and E. W. Tateéarasitology 2018,145 157 174.

S. V. FryeNat. Chem. Bi0]).2010,6, 159 161.

M. F o mMol.\Celll Rroteomicsular Proteomic8007,6, 1761 1770.

K. A. Kalesh, D. S. B. Sim, J. Wang, K. Liu, Q. Lin and S. Q. Y@bem.
Commun.2010,46, 1118 1120.

Y.-L. L. Hsu, C:C. C. Yang, T-C. C. Chou, GH. H. Tai, L-Y. Y. Chen, SL. L.

Fu, J:-J. J. Lin and L-C. C. Lo,Tetrahedron2016,72, 58 68.

D. J. LapinskyBioorg. Med. Chem2012,20, 6237 6247.

E. Smith and I. Collingruture Med. Chem2015,7, 159 183.

C. lacobucci, M. &, C. Piotrowski, C. Arlt, A. Rehkamp, C. lhling, C. Hage and
A. Sinz,Anal. Chem2018,10, 21.

L. Dubinsky, B. P. Krom and M. M. MeijleBioorg. Med. Chem2012,20, 554

18t



119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134
135

136

137

138

570.

G. D. Prestwich, G. Dorméan, J. T. Elliott, D. M. Marecak and A. Chaudhary,
Photochem. Photobigl1997,65, 222 234.

G. W. Preston and A. J. Wilso@hem. Soc. Re\2013,42, 3289.

J. Brunner, S. H. Serin and F. M. Richar@isBiol. Chem.1980,255 3313 3318.

A. L. MacKinnon and J. TauntoQurr. Protoc. Chem. Bigl2009,1, 55 73.

R. Neelarapu, D. L. Hele, S. Velaparthi, H. Bai, M. Brunsteiner, S. Y. Blond and
P. A. Petukhov). Med. Chem2011,54, 4350 4364.

K. Lang and J. W. ChilACS Chem. Biqgl2014,9, 16 20.

C. P. Ramil and Q. LinChem. Commun2013,49, 11007 22.

F. Himo, T. Lowell, R. Hilgraf, V. V. Rostovtsev, L. Noodleman, K. B. Sharpless
and V. V. FokinAm. Chem. So0c2005,127, 210 216.

M. L. Blackman, M. Royzen and J. M. Fak,Am. Chem. Sq&008,130, 13518
135109.

F. L. Lin, H. M. Hoyt, H. Van Halbeek, R. G.eBgman, C. R. Bertozzi, H. van
Halbeek, R. G. Bergman and C. R. Bertodzihm. Chem. Sq&005,127, 2686
2695.

J. E. Hein and V. V. FokirChem. Soc. Re\2010,39, 1302.

A. Makarem, R. Berg and B. F. Strakmgew. Chem., Int. E®015,54, 7431i
7435.

J. Lehmann, M. H. Wright and S. A. Sieb@hem.- A Eur. J, 2016,22, 4666
4678.

L. Zhu, C. J. Brassard, X. Zhang, P. M. Guha and R. J. Gldé&m. Re¢.2016,

16, 1501 1517.

Y. Zhang, B. R. Fonslow, B. Shan, M. C. Baek and J. &e¥,Chem. Rey2013,
113 2343.

B. Bogdanov and R. D. SmitMass Spectrom. Re\2005,24, 168 200.

N. L. Kelleher, H. Y. Lin, G. A. Valaskovic, D. J. Aaserud, E. K. Fridriksson and
F. W. Mclafferty,J. Am. Chem. Sqcl999,121, 806 812.

J. D. Tipton, J. C. Tran, A. D. Catherman, D. R. Ahlf, K. R. Durbin and N. L.
Kelleher,J. Biol. Chem.2011,286, 25451 25458.

L. A. Webster, M. Thomas, M. Urbaniak, S. Wyllie, H. Ong, M. Tinti, A. H.
Fairlamb, M. Boesche, S. Ghidellisse, G. Drewes and |. H. GilbeACS Infect.
Dis., 2018,4, 1475 1486.

B. J. W. PCancer Cell 2017,32, 9i 25.

18¢



139
140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

G. R. P. ECell Chem. Biol.2016,23, 10/ 17.

L. B. Tulloch, S. K. Menzies, A. L. Fraser, E. R. Gould, E. F. King, M. K.
Zacharova, G. J. Florence and T. K. Smith, 2017 5886.

E. L. Meredith, A. Kumar, A. Konno, J. Szular, S. Alsford, K. S#jfe. Horn and

S. R. WilkinsonMol. Microbiol., 2017,106, 207 222.

T. L. Riss, R. A. Moravec, A. L. Niles, S. Duellman, H. A. Benink, T. J. Worzella
and L. Minor,Cell Viability AssaysEli Lilly & Company and the National Center
for Advancing Trankational Sciences, 2004.

S. H. Grimm, B. Gagestein, J. F. Keijzer, N. Liu, R. H. Wijdeven, E. B. Lenselink,
A. W. Tuin, A. M. C. H. van den Nieuwendijk, G. J. P. van Westen, C. A. A. van
Boeckel, H. S. Overkleeft, J. Neefjes and M. van der &elgrganic Med. Chem.
2019,27, 692 699.

J. Dong, L. Krasnova, M. G. Finn and K. Barry Sharplésgew. Chemie Int.

Ed., 2014,53, 9430 9448.

H. J. Reich, Fluorine NMR,
https://organicchemistrydata.org/hansreich/resources/nmr/?page=nmr
content%2F,dccessed 30 July 2020).

J. SloopReports Org. Chem2013,2013 1i 12.

K. J. Padiya, S. Gavade, B. Kardile, M. Tiwari, S. Bajare, M. Mane, V. Gaware,
S. Varghese, D. Harel and S. Kurha@eg. Lett, 2012,14, 2814 2817.

T. Nasr Allah, ne Sawrey, J. eaiClaude Berthet, E. Nicolas and and Thibault
Cantat, Angew. Chemi|e2019,131, 11000 11003.

C. R. Ganellin, P. B. Bishop, R. B. Bambal, S. M. T. T. Chan, B. Leblond, A. N.
J. J. Moore, L. Zhao, P. Bourgeat, C. Rose, F. Vargas afdQ. Schwartz,J.
Med. Chem).2005,48, 7333 7342.

M. L. S. Guther, W. J. Masterson and M. A. J. Fergusomiol. Chem. 1994,
269, 18694 18701.

NA, Chemicalize Instant Cheminformatics Solutions,
https://chemicalize.com/welcome, (accessed 3 November 2022).

L. H. Jones and J. W. KellRSC Med. Chem2020,11, 10.

BioRad,DC Protein Assay Instruction Manyal

Y. Jung, N. Noda, J. Takaya, M. Abo, K. Toh, K. Tajiri, C. Cui, L. Zhou, Sato

and M. UesugiACS Chem. Biql2022,17, 34Q 347.

Y. Liu, M. P. Patricelli and B. F. Cravairoc. Natl. Acad. Sci. U. S.,A.999,96,
14694 14699.



156

157

158
159

160

161

162

163

164

165

166

167

168

169

170
171

172

173
174

E. W. McConnell, A. L. Smythers and L. M. Hickk,Am. Soc. Mass Spectrom.
2020,31, 16971 1705.

M. K. Dennehy, K. A. M. Richards, G. R. Wernke, Y. Shyr and D. C. Liebler,
Chem. Res. ToxicoR006,19, 20/ 29.

H. L. Wong and D. C. LiebleChem. Res. Toxico008,21, 796 804.

N. Sakai, R. Komatsu, N. Uchida, R. Ikeda and T. Kahara,Org. Lett, 2010,

12, 1300 1303.

J. Hou, A. Ee, W. Feng, J. H. Xu, Y. Zhao and J. WuAm. Chem. Sqc2018,
140 5257 5263.

J. D. Bell and J. A. MurphyChem. Soc. Rev2021,50, 9540 9685.

J. L. ReymondAcc. Chem. Res2015,48, 722 730.

G. J. Brighty, R. C. Botham, S. Li, L. Nelson, D. E. Mortenson, G. Li, C.
Morisseau, H. Wang, B. D. Hammock, K. B. Sharpless and J. W. Ky,
Chem, 2020,12, 906.

A. L. Borne, J. W. Brulet, K. Yuan and K. L. HRSC ChemBiol., 2021,2, 322
337.

F. Sutanto, S. Shaabani, C. G. Neochoritis, T. Zargamizsikas, P. Patil, E.
Ghonchepour and A. Démlin&ci. Adv, 2021,7, 93071 9318.

A. Galmozzi, E. Dominguez, B. F. Cravatt and E. Shthods Enzymql2014,
538 151.

J. Rayo, N. Amara, P. Krief and M. M. Meijle¥, Am. Chem. Sp@011,133
7469 7475.

Q. Zheng, J. Dong and K. B. SharpleksQrg. Chem.2016,81, 11360 11362.

C. Lee, N. D. Ball and G. M. SammiShem. Commun2019,55, 14753 14756.

M. Magre and J. Cornelld, Am. Chem. Sq2021,143 21497 21502.

M. J. Girgis, L. E. Kuczynski, S. M. Berberena, C. A. Boyd, P. L. Kubinski, M. L.
Scherholz, DE. Drinkwater, X. Shen, S. Babiak and B. G. Lefeb@#ry. Process
Res. Dev.2008,12, 1209 1217.

T. D. Aicher, R. C. Anderson, J. Gao, S. S. Shetty, G. M. Coppola, J. L. Stanton,
D. C. Knorr, D. M. Sperbeck, L. J. Brand, C. C. Vinluan, E. L. Kap@n,).
Dragland, H. C. Tomaselli, A. Islam, R. J. Lozito, X. Liu, W. M. Maniara, W. S.
Fillers, D. Delgrande, R. E. Walter and W. R. MadnMed. Chem.2000,43,
2361 249.

B. M. Trost and F. Miege]l. Am. Chem. Sq2014,136, 3016 3019.

Y. Takahahi, R. Yoshii, T. Sato and N. Chidarg. Lett, 2018,20, 5705 5708.

18¢



175 Z.Li, P.Hao, L. Li, C. Y. J. Tan, X. Cheng, G. Y. J. Chen, S. K. Sze, H. M. Shen,
S.Q.Yaoand P.D. S. Q. Y. Dr. Zhenggqiu Li, Piliang Hao, Dr. Lin Li, Chelsea Y.
J. Tan, XiaminCheng, Grace Y. J. Chen, Prof. Dr. Siu Kwan Sze, Prof. Dr- Han
Ming Shen Angew. Chemielnt. Ed, 2013,52, 8551 8556.

176 P. Kleiner, W. Heydenreuter, M. Stahl, V. S. Korotkov, S. A. Sieber and P. D. S.
A. S. M. Sc. Philipp Kleiner, Dr. Wolfgang Heydentter, M. Sc. Matthias Stahl,
Dr. Vadim S. KorotkovAngew. Chemielnt. Ed, 2016,56, 1396 1401.

177 D. Ma and X. Lu,Tetrahedron1990,46, 6319 6330.



Appendices

Appendix A

Design andSynthesis of a PhotoaffinityBased Probe Previous work within the group
by Dr Gomm and Dr Griggs led to the discovery of several potentrgpanosomal
compounds when screened agaihsbrucei brucei(Figure 1.9). An investigationto
identify these compounds mode of action was initiated by synthegsiomaffinity

probe analogues of these active compounds.

Initially, a dminimalist terminal alkye-diazirine linker was synthesised, previously
reported byLi et al*?, the protocol was optimised forais house, working with volatile

chemicals.

O (5eq)
DMSO, Pyr.S0, \)L _ 0

OH EtsN, DCM 0 0
| Z M
0°C—rt W AN
2 hrs )/\© (0]
(5 eq) 12, 20%

i

10 11
NEt; (0.7 eq)
Dioxane (1 M), Reflux Water (5 eq)
LiOH (5 eq)
Methanol (0.2 mM)
24 hrs
1) Hydroxylamine-O-
sulfonic acid (1.1 eq),
N=N (0]
HOM 1ot Moo, HO\[(\)J\/\
5 X 2) EtN (3 eq), lodine (1.5 eq), X
MeOH o
14, 44% 13, 76%

Due to the ease of synthesis and time constraints a photoaffinity wesbgynthesised
based arond the compoun@1, later referred to in this work a&-1. T-1 Probe was
synthesised by direct modification of the parent compound as previously utilised in probe
synthesis §.3.1). initially deprotecting the Beamine using TFA (20% in DCM), before

an amide coupling using EDC and DIC to append the diazalikme linker.

N=N (0.9 eq)
Boc M
@ES>_<\JJ TFA ( 20%) @[ Hj @[ >_O
V
N DCM (0.2 M) EDC (0.9 eq), DIC ( 09eq
rt, 1hr NEts( .5 eq), DMF (20 mM)
1 0°C—rt, 24 hrs T-1 Probe, 23%

lAngeW. Chemielnt. Ed, 2013,52, 8551 8556.

2 Angew. Chemielnt. Ed, 2016,56, 1396 1401.
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The probe is currently being screened in St. Andrews to test fotrgpdnosomal
activity, aiming to retain thexicity seerfrom the parent compound. The probe can then
be used to explore the protein targets of the active compound by incubation With ce
lysate and enrichment with a biotin tag to identify the proteins by MS/MS.

The reactive profile of -1 Probewas explored by kgel fluorescence incubating wiih

brucei bruceilysate and attaching a rhodamine fluorophore. This probe shows broad
labdling across theT. bruceiproteome under these conditions. There was also no
observed competition when pircubating with the parent compoumell.

v v v v T-1 Diazirine (10 pM) v v v v T-1 Diazirine (10 uM)
] o 3 (=]
§ 2 - - v v T-1 Competitor (100 uM) § 2 - - v v | T1 Competitor (100 M)
3 a
v - v - UV Light v - v - UV Light)
250 | —
250 - 150 | —
150 | —
100 | w—
100 ”
75 | — — o= —
50 | — L = e
37 | — —_ - 37 | — —
N |
“ | - —_ - = | -
20 4
o~ 20 | —
15 . & - 10
-
10 15 | —

In-gel Fluorescence Coomassie
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Appendix B

Determining Reaction SuccessA workflow to screen these photoredox reactions for
successvas necessary to streamline library generation, with the limiting factor being
purification of all reactionsThe reactions werscreened for intermolecular product
formation by fluorine and proton NMR and LS to determine which reactions should
bepurified.

'H NMR can be used to identify characteristic proton changes to show product formation.
The dehydrogenative coupling reactions occurs with the proton next to a heteroatom in
both the hydrogen donor and hetarene. The removal of this aromatin wan be
observed (purple). A characteristic proton of the product can be found betwepprb,

on the carbon next to both a heteroatom, and the aromatic system. This peak (red) presents
as a broad doublet due to rotamer formation, caused by slow modétibe amide bond

AV | L
| AL | Y T ]
FOQS S
Ly
N L1

HA1

of the Boc protecting group.

T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

LC-MS analysis is also useful to identify intermolecular products. But due to their acid
sensitivity, Boc protecting groups have been shown to fragment under the
chromatography conditions. For example, the reaction betie®oc-pyrrolidine and
1,3-benzotlazole6-sulfonyl fluoride, the expected mass of the ionised compound, 387,
is not observed, instead we seé'Bu mass, 331, andi@Boc mass, 287. This is also
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observed in the HPL®IS, meaning Boc protected products are collected via a pseudo
peak of thedeprotected products to be purifidlith this information, each mass adduct
should bdested, to identify the strongest signal for purification.

UV Trace

Imensa_ BPC 100.00-1300.00 +AIl M3, Smoothed (0.00,1,G4)
w1l

'EE 0 O\é
4
>(
2] / \__« | Fos
o- S— f &“—" \h' , \@N(E O
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|ﬂ1l:ﬂ5?; EIC C1BH19FMN204352 [M+H, M+NH4, M+Ma]1+-2+ 38708, 184,05, 404,
X107

Molecular Welght. 387.4639
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2. fll.l - e \C[ ¥ O
04 — — . — N®
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Appendix C

Screening Hetarene CoresAn initial screen was carried out to investigate baseline
activity of the hetarene cores before functionalisation, compared to a known trypanocidal
compound, PMSF, a protease inhibitor. The hetarenes were incubated. voithcei

brucei to determine céViability using the resazurin based viability as$aljowing the
general proceduré&(3). The screen was carried out in triplicate, and the dose response
plotted to calculate an E@valueusing the sdivare R, fitting a sigmoidal dose response

via the LL.4() logarithmic fittingfunction. Eachcoreshowed an activity of greater than

100 uM, so screening the library compounds at lower concentrations can be used to
highlight where functionalisation of these cores improves activity.

Dose reponse of HA1 in T. brucei Dose reponse of HAS in T. brucei
120000 —
Parameters Parameters
Estimate  Std Emor  tvalue palue 100000 — Estimate  Std. Emor  twalue pvalue
Slope 7.98 145 552 0.0000305 Slope 15.2 458 3.32 0.00245
Lower Limit 5330 1740 3.06 0.00673 Lower Limit 4890 754 649 413e-07
100000 | Upper Limit 78900 1890 1138 22e-16 Upper Limit 65700 643 102 22e-16
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Upper Limit 65700 1010 64.9 2.2e-16 Upper Limit 41100 1090 3T 22e-16
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Appendix D

Heat Map of Initial Screen: An initial screen was carried out across the compound
library againsfl. bruceibrucei using the resazurin based viability assay, screening in a
11-point serial dilution from 100 0.1 pM. The fluorescence response was normalised as
percentage against the positive control, pentamidine r{fl)Gandplotted as a heat map.

The screen was carried out as a single replicate to gain a provisional insight into which
compounds to pursue. A hit wakaracterised as having an fg@ss that 20 M (red),

the active 15 compounds were taken forward for further investigafio®.resazurin
basedviability assays were carried out following the general procedu8g (
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Initial Activty Screen of HA3 Compounds Against T. brucei brucei
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Appendix E

Active Compound Screening DataPreliminary data identified 12 compounds with less
than 10 uM activity. These were taken forward for further investigation to gain an
accurate E6yvalue, as well adetermining their selectivity for the parasite against human
cells. The compounds were screened in quadruplicate, at a narrower screening
concentration, around the Efidentified from the initial screeMheir EGovalues were
calculatedusing thesigmoidal logarithmic fitting function in R. these values were then
compared toECso values against human, HelLa cells, to determs@ectivity. The
resazurin basedability assays were carried out following the general proce(use

Dose response of HA1 HD3a in T. brucei Dose response of HA1 HD3a in HeLa
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