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"The definition of insanity
is repeating the same thing over and over
and expecting a different result."

-A quote most likely misattributed to Albert Einstein.

This document serves as a testament to the notion

that scientific pursuits require at least a small degree of insanity.
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Abstract

The inhibition of thymidylyltransferase enzymes has long been studied as a potential
avenue for antibiotic development. Several thymidine derivatives were designed,
synthesized, and evaluated for binding and inhibition against Cps2L, a
thymidylyltransferase enzyme present in the bacteria Streptococcus pneumoniae.
Compounds that were evaluated via WaterLOGSY binding studies indicated binding.
Furthermore, most compounds demonstrated reversible inhibition, with many of those
displaying K; values within micromolar ranges. Compounds 4d and 4e bearing aldehydes,
and compounds 4a and 4b bearing ortho-formylarylboronic acid pinacol esters, have the
potential to covalently modify lysine residues at the active site of Cps2L. Particular potency
was observed from compounds 4d and 4f; structure-activity relationship studies with these

compounds may provide future directions for the iterative design of these inhibitors.
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Chapter 1. Introduction

1.1. Background

Streptococcus pneumoniae is an infectious Gram-positive species of bacteria, and a
common human pathogen. It resides in human mucosal surfaces, and is responsible for
many diseases such as pneumonia, sepsis, and meningitis, depending on its location of
residence within the human body.! S. pneumoniae has been long known as an antibiotic-
resistant strain,? with clinical resistance to penicillin reported as early as 1965.% This
antibiotic resistance is likely due in part to its natural competence,' i.e., its ability to uptake
external plasmids in order to modify its own genome. S. pneumoniae has evolved a vast
arsenal of mechanisms to deal with a variety of antimicrobials, including modifying target
proteins to decrease their affinity for the antibiotic (as in B-lactams), or developing
improved efflux mechanisms to flush out the undesirable compound (as in macrolides).*
Furthermore, genes coding for these modifications are highly mutable and have been found
across several strains, suggesting that heightened resistance can be passed not only between
organisms but horizontally between other streptococci.?

Antibiotic resistance is a force to be reckoned with, and appears at the forefront of
modern medical research.’ The issue has been exacerbated by misuse of antibiotics, both
in medical cases such as over- and mis-prescribing® and in agriculture, where resistant
bacteria are spread to soil, water, and humans through consumption and waste run-off.’
The World Health Organization now considers antibiotic resistance to be one of the overall
greatest threats to human health.® It is, therefore, essential that new antibiotics are
developed with novel targeting strategies and mechanisms of action.’

1.2. Rhamnose Biosynthesis as a Therapeutic Target

Rhamnose is a sugar commonly found in bacteria, serving varied functions dependent upon
the bacterial species. Rhamnose is biosynthesized from glucose and is responsible for the
viability and virulence of several pathogens, including S. pneumoniae, strains within the
Pseudomonas and Mycobacterium genera, and others.' In streptococci, rhamnose plays a
significant structural role in the capsular polysaccharide, which replaces teichoic acid
polymers in the cell wall.!” Critically, while rhamnose is found in bacteria and plants, it is

not known to be produced, used, or metabolized by humans.!! The rhamnose biosynthesis



pathway is, therefore, an attractive target for new antibiotics, as sufficiently selective drugs
are less likely to interfere with human metabolic processes.

Biosynthesis of rhamnose from a-D-glucose-1-phosphate (G1P) follows a 4-step
process (Scheme 1.1),'? catalyzed by enzymes generally named RmlA-D. In the first step,
RmlA catalyzes the transfer of thymidine monophosphate (dTMP) onto G1P to form
dTDP-a-D-glucose (dTDP-glucose) with the release of pyrophosphate from the thymidine
triphosphate (dTTP) substrate. RmIB, in conjunction with coenzyme NAD", oxidizes the
4'-hydroxyl to the corresponding ketone, followed by dehydration at the 6’ carbon. RmIC
performs a double-epimerization to obtain the ring-flipped sugar with opposite
stereochemistry at the 3" and 5’ carbons, then RmID reduces the ketone at the 4’ position to
afford dTDP-B-L-rhamnose (dTDP-rhamnose), the formal building block of rhamose-
containing polymers in bacteria.” dTDP-rhamnose performs a secondary function, acting

as a feedback-loop inhibitor of RmlA by binding at its allosteric site.
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Scheme 1.1: Biosynthesis of dTDP-B-L-rhamnose.

Any of the four Rml enzymes may be viable therapeutic targets when seeking to

inhibit the biosynthesis of rhamnose; in fact, substrate analogues may well inhibit more



than one simultaneously. We have chosen to direct our focus to RmlA; specifically, the
homologue of RmlA found in S. pneumoniae, named Cps2L. Cps2L has been the subject
of in-depth study in the Jakeman lab in the past,'*"'> and therefore serves as a reasonable
starting point for this project. Furthermore, Cps2L has a high degree of homology with
corresponding RmlA enzymes from other bacterial strains, demonstrating, for example,
67% amino acid identity with RmlA from Pseudomonas aeruginosa.® Therefore, potent
inhibitors of Cps2L may also inhibit RmlA enzymes from other pathogens, thus acting as

broad-spectrum antibiotics.
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Scheme 1.2: Mechanism of the physiological reaction catalyzed by Cps2L.
1.3. Targeting Cps2L

The mechanism for the reaction catalyzed by Cps2L is shown in Scheme 1.2. A logical
first step in designing inhibitors of an enzyme is to derivatize one of the natural substrates
(and/or, as the case may be, natural inhibitors) of the enzyme. The Jakeman group has thus
far focused largely on developing analogues of GI1P'*!° but has only done preliminary
work in determining the inhibition of Cps2L by molecules bearing a thymidine moiety. '
In the latter study, analogues of the product, dTDP-glucose, were synthesized with a
varying number of phosphate units (see Figure 1.1). They determined that a 4-phosphate
linker led to the most potent inhibitor, which informs us that the enzyme will accept, and
potentially prefer, a larger molecule than the product, dTDP-glucose. With this in mind,

herein we report the first in-depth study focusing on thymidine derivatives as inhibitors of

2 The amino acid sequences from Cps2L from S. pneumoniae (GenBank no. AVN85499.1) and RmlA from
P. aeruginosa (GenBank no. ARU35951.1) were accessed from the NCBI Protein Database and compared
using Clustal Omega alongside those of RmlA from E. coli and M. tuberculosis.”® See Appendix A.



Cps2L, which are expected to impart improved selectivity for thymidylyltransferases (i.e.

RmlA) over other enzymes.
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dTP4-Glc 4 ATP-Glc 7

Figure 1.1: Inhibitors previously synthesized by the Jakeman group. Compounds 2, 3, and 4 bear a thymine
base. Figure adapted from Smithen et al. 2015.'6

Cps2L, as well as all other RmlA homologues, has a tetrameric quaternary structure
(see Figure 1.2), where each monomer bears an active site and an allosteric site (where the
aforementioned dTDP-rhamnose binds as a feedback inhibitor). Cps2L has been
sequenced, and through comparison with RmlA of Pseudomonas aeruginosa,'’ the amino
acid residues present in the active site that are relevant for binding of substrates have been
determined. The thymidine imide moiety participates in H-bonding with a proximal
glutamine residue,'® but no residues directly participate in catalysis. Therefore, when
designing active site inhibitors, we seek to optimize interactions between the inhibitor and
noncatalytic residues, with the hope that this will produce a molecule with a higher binding
affinity than the substrate for which it is an analogue, dTTP.

One way to increase the binding affinity is to incorporate a functional group
“warhead”, a moiety on the inhibitor which can covalently modify a residue of interest.
Covalent protein modification has been used extensively not only for inhibition studies,
but also for tagging proteins (with, for instance, fluorophores for observation using
fluorescence microscopy). The most common amino acid target is cysteine, a residue with
a highly nucleophilic methanethiol sidechain, which will readily undergo reactions with
soft electrophiles such as maleimides,'? alkyl halides®® or acrylamides.?! Cysteine targeting
has been used to great effect in some cancer drugs, where mutations often lead to acquired

cysteine residues in proteins.??> However, cysteine has a low natural abundance (<2%)"



and electrophiles that interact with cysteine may also be subject to nucleophilic attack by

glutathione, which is ubiquitous in living systems. '

-

Figure 1.2: Crystal structures of RmlA homologues. Left: ribbon structure of RmlA,(P. aeruginosa)
binding dTTP (green) and G1P (black) at the active sites, and dTDP-rhamnose (magenta) at the allosteric
sites.!® Each monomeric unit is indicated in red, dark blue, yellow, and light blue. Right: active site of
RmlA (M. tuberculosis) binding dTDP-glucose. The location of the active site lysine residues are indicated
(note the specific residue numbers vary between homologues).®

The active site of our enzyme of interest, Cps2L, does not contain cysteine residues,
but fortunately does contain another nucleophilic residue: the alkyl amine, lysine. There
are two lysine residues (K23 and K160) in the active site of Cps2L, which are conserved
across RmlA homologues (albeit in slightly different positions, see Figure 1.2). Lysine is
a harder nucleophile than cysteine,”! and is known to interact preferentially with harder
electrophiles such as sulfonyl chlorides or isothiocyanates.!® Lysine is basic (pKa~10.5),
and is thus usually protonated under physiological conditions. It is only nucleophilic when
neutral, as in an enzyme binding pocket where bulk water may be excluded; therefore,
electrophiles targeting lysine may be less likely to experience off-target binding events, as
covalent modification is more likely to occur within the site of interest. Several studies
have been performed to assess the reactivity of lysine with various electrophiles such as

sulfonyl fluorides, acrylates and acrylamides, dichlorotriazines, and others.>*> Many of

® Figure generated by Dr. David Jakeman using ICMbrowser from RSCB Protein DataBank entry no.
6B5E."! Crystal structure acquired by Holden et al.*



these functional groups have been used in the synthesis of potent irreversible enzyme
inhibitors.?*

While irreversible covalent modification is a powerful tool for enzyme inhibition,
it comes with a significant drawback, which is that off-target binding is also irreversible,
and may lead to more severe side-effects in a drug.? It is thus desirable to maintain a degree
of reversibility in the binding mechanism. In that case, theoretically, a selective reversible-
covalent inhibitor will bind the target enzyme with a high degree of affinity due to non-
covalent interactions, and the covalent modification will strengthen the association.
Conversely, in an off-target binding event, a lower affinity between the inhibitor and
enzyme, due to the absence of specific noncovalent interactions, would promote
dissociation via reversal of the covalent reaction. One such covalent interaction could be
achieved through conjugation of lysine with a ketone or aldehyde, to form an imine®® (see
Figure 1.3a). In an aqueous environment, this interaction is easily hydrolyzed, making it
effectively reversible. Despite this, a study performed by Neri et al. demonstrated that high
affinities can be achieved between lysine and aryl aldehydes if the electronic properties of
the aryl aldehyde are appropriately tuned.?’” However, as aforementioned, lysine
nucleophilicity can vary in aqueous environments, and in some cases the reaction may
favour the reverse direction (hydrolysis), negating the benefits of the covalent interaction.

t28

Improved binding and stability of the adduct“® has been observed when a proximal boronic

1’26

acid 1s installed in range of the carbonyl,”® such that the imine is stabilized by a dative bond

into the boronic acid’s empty p-orbital (see Figure 1.3b). Such an interaction, termed an

“iminoboronate”, is the only prominently employed reversible covalent modifier of lysine

26-28

in the literature today, and is the subject of this study.
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Figure 1.3: a) Reversible formation of an imine by reaction of an amine and a carbonyl. b) An example of
an iminoboronate (boron-stabilized imine) formed from an amine and 2-formylphenylboronic acid.



1.4. Research Aims

In this project, we aim to:

1) Synthesize a library of thymidine derivatives bearing warheads which may
reversibly, covalently modify K23 and/or K160 in the active site of Cps2L. This
will be achieved by linking an ortho-formylarylboronic acid warhead to thymidine
through various linker functionalities.

2) Evaluate the binding potential of these molecules through WaterLOGSY NMR, an
NMR technique which can be used to characterize ligand-macromolecule
interactions.

3) Evaluate the inhibitory activity of these molecules against Cps2L by employing a
coupled enzyme assay previously reported by the Jakeman group.?

4) Confirm proposed binding events using X-ray crystallographic studies.



Chapter 2. Results and Discussion of the Synthesis of Inhibitors

2.1. Targeting Iminoboronate-Forming Thymidine Derivatives

The target compound for reversible covalent inhibition of Cps2L is shown in a general
form in Figure 2.1a, where X represents the linker between the ortho-formylarylboronic
acid (0-FABA) and thymidyl moieties. We considered several options for X, and decided
to pursue linkage via 1,4-substituted 1,2,3-triazole (Figure 2.1b) due to its ease of synthesis
from the correspondingly substituted azide and alkyne. The retrosynthesis for this type of
compound is shown in Scheme 2.1, where the azide is first installed at the 5'-position of

thymidine, and the alkyne on the o-FABA.

Figure 2.1: a) General structure of iminoboronate-forming target compounds, where X = various linker
functionalities; b) iminoboronate-forming compound with a 1,4-substituted triazole linker.

HO,
‘g —OH

Scheme 2.1: Retrosynthetic analysis for triazole-linked compounds.



Scheme 2.2 shows the synthesis of two constitutional isomers we targeted with this
strategy. The first step involved the installation of a pinacolboronate (BPin) group through
a Miyaura-type cross-coupling based on conditions reported by Sella et al.>* to make
compound 2. This was first performed on a to prepare compound 2a. Prior to optimization
of the reaction, we observed poor conversion to the desired product by NMR analysis of
reaction mixtures, in addition to low isolated yields, indicating that the reaction was
inefficient under the reported conditions. Furthermore, monitoring the reaction by TLC
proved challenging due to overlapping spots and streaking on the TLC plate with simple
eluent systems (e.g. ethyl acetate / hexanes). I determined that a solvent system of 10%
EtOAc, 45% hexanes, and 45% DCM significantly improved the resolution of the TLC
plates, clearly separating the starting material and product spots, and facilitating the
monitoring of this reaction. Furthermore, we determined that an increase in catalyst loading
to 5% and an excess of B;Piny (1.8 equivalents) led to cleaner conversion. After
optimization of reaction conditions and purification steps, compounds 2a and 2b were

acquired reliably in excellent yields.
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Scheme 2.2: Synthesis of triazole-linked iminoboronate-forming inhibitors 4a and 4b, en route to target
compounds 5a and 5b.



The next step, the Sx2 reaction of compounds 2a and 2b with propargyl bromide,

d,’73? and following the reported methods gave compounds 3a and

has been well-reporte
3b in fair yields, although complete conversion to the ether was observed by TLC analysis.
Loss of material was attributed to the workup by extraction, wherein the Lewis-acidic
boron has an affinity for the aqueous phase, made basic by residual KoCOs. This was the
case even after back-extraction of the aqueous phase with organic solvent. Preliminary
attempts to improve the yield of 3a/b by neutralizing the aqueous layer led to some
decomposition of the material as observed by TLC analysis, and, therefore, was not further
pursued.

5'-Azido-5'-deoxythymidine (1) was used as the azide component for the triazole-
formation reaction, and was synthesized from 5’-tosylthymidine, a commercially available
electrophilic thymidine species, based on literature procedures.***> Some optimization of
the purification method was required to improve the yield of this reaction. The reaction
solvent, DMF, needed to be removed in vacuo prior to extraction, as the product is partially
water-soluble and would partition into the aqueous phase if any residual DMF was present
during the extraction step. 2-Methyltetrahydrofuran (2-MeTHF) was used as an extraction
solvent due to its enhanced polarity compared to common extraction solvents such as
diethyl ether, ethyl acetate, or DCM. Furthermore, due to the water solubility of 1, the
aqueous phase was supplemented with sodium sulfate to promote salting out of the
product,*® and was thoroughly extracted in order to optimize the yield. Using this method
provided 1 reliably, cleanly, and in near-quantitative yield without further purification.

The Copper-catalyzed Azide-Alkyne Cycloaddition (CuAAC) reaction (to convert
3 to 4, see Scheme 2.2) is often employed for the selective formation of 1,4-substituted
triazoles, from correspondingly substituted azides and alkynes.’” The active copper (I)
species is usually obtained by combining a copper (II) species with a 1-electron reducing
agent such as sodium ascorbate, and these conditions have been used to great effect with
5'-azidothymidine and various alkynes.*>*%3 We employed these conditions successfully
on several aryloxy-substituted terminal alkynes (to be discussed later), and attempted to
use them to react 1 with 3a or 3b to make compound 4a/b. Under those conditions, the
triazole was formed as intended, but the BPin was lost through protodeborylation. This

result was attributed to the propensity of copper to cleave C-B bonds through insertion.*’
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Teichert et al*'  circumvented this issue through the wuse of
tris(benzyltriazolylmethyl)amine (TBTA), a coordinating ligand*? which inhibits C-B
insertion by copper (I) due to steric bulk of the coordination complex. The presence of
TBTA also provides the benefit of requiring less copper, as the coordination complex helps
stabilize the copper (I) species* (Figure 2.2), and increases the rate of catalysis due to
electron donation from the tertiary amine nitrogen.** We were successful in applying the
conditions of Teichert et al. to the reaction of 3a/b and 1 to form 4a/b, and although several
new spots were observed when the reaction was monitored by TLC, '"H NMR analysis of
the crude material showed complete and exclusive conversion to the desired product.
However, purification by silica gel chromatography (0-20% acetonitrile in DCM) provided
the protodeborylated product (i.e. compound 4d, see Scheme 2.3) which suggested that the
product was unstable on silica. Fortunately, we determined that the product could be
purified by precipitation from DCM, and consequently, this method was used to access 4a

and 4b (Scheme 2.2).

\Bn
Figure 2.2: Copper (I) — TBTA coordination complex.

The final step to access the target compound (5a or 5b) involves hydrolysis of the
BPin ester to its corresponding boronic acid. The Jakeman group has previously had
success deprotecting a BPin group (unpublished results) using methylboronic acid through
a transesterification reaction reported by Hinkes et al.** The volatility of the reagents and
byproducts theoretically removes the necessity for chromatographic purification which, as
previously mentioned, leads to protodeborylation of these products. We applied the
reported conditions to 4b with 5% trifluoroacetic acid (TFA) relative to the solvent, THF,
and increasing the proportion of MeB(OH)> from 5 to 10 equivalents. Consumption of the
starting material was observed after 3 days by '"H NMR analysis of the reaction mixture,
although some side products were present as indicated by several peaks in the aldehyde
region of the spectrum. Therefore, unfortunately, purification could not be performed

simply through evaporation of volatiles. However, a single product (as indicated by 'H
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NMR analysis) was isolated from the mixture with relative ease by washing the solid with
THF followed by DCM, as the boronic acid is less soluble in organic solvents than the ester
precursor. However, the expected 3'-hydroxyl signal of the deoxyribose ring was not
observed in the 'TH NMR spectrum of the purified material (Figure 2.3a). Given that the
reaction is acid-catalyzed, a plausible outcome was that the 3'-alcohol had reacted with
TFA to form a trifluoroacetate ester. To confirm this hypothesis, a '’F NMR spectrum was
acquired (ds-DMSO, 500 MHz), and a singlet was observed at -74.4 ppm (Figure 2.3b),
which is a chemical shift consistent incorporation of the proposed trifluoroacetate ester.
Comparison to a standard sample of TFA in ds-DMSO showed a difference in chemical
shift of -1.1 ppm, indicating that the signal was not merely residual TFA.

Due to this result, we sought alternative reaction conditions to cleave the BPin
esters of 4a and 4b, as an additional deprotection step to remove the TFA ester was not
desirable. The work by Hinkes et al. demonstrates that aqueous base can be used instead
of TFA for the BPin deprotection.*® These conditions, when applied to compound 4b,
showed some conversion to the desired product, Sb (as observed by NMR analysis of the
reaction mixture) however, at the time of writing, neither of the target compounds 5a or 5b

have been isolated.
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Figure 2.3: a) Comparison by '"H NMR (ds-DMSO, 500 MHz) of 4b (lower spectrum) and 6b (upper
spectrum). b) '’F NMR spectrum (ds-DMSO, 471 MHz) of 6b.
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2.2. Synthesis of Other Thymidine Derivatives for Cps2L Targeting

During optimization of the synthesis of iminoboronate-forming targets, we were successful
in developing a library of compounds for a preliminary structure-activity relationship
(SAR) study. Synthesis of these compounds will be discussed here.

2.2.1. Aryloxy-Substituted Triazolylthymidine Compounds

Compounds 4c¢-g were synthesized as shown in Scheme 2.3. Substituted phenols ¢-g were
subjected to the same reaction conditions as in the synthesis of 3a and 3b (Scheme 2.2) to
give 3c-g in fair to excellent yields, and required no further purification as determined by
"H NMR analysis following aqueous-organic extraction.

Reaction of alkynes 3c-g with 1 were carried out successfully using classical
CuAAC conditions: namely, in the presence of a catalytic amount of copper (II) and
reducing agent. CuSO4 and ascorbic acid were chosen as they are both inexpensive, easy
to handle, and easy to remove in workup steps due to their high aqueous solubility. The
reaction conditions were optimized for these substrates in the following ways: first, we
experimented with proportions relative to the limiting reagent, azide 1. We determined that
0.5 equivalents of CuSO4 and 0.55 equivalents of ascorbic acid demonstrated high rates of
reaction with most alkyne substrates, and that a slight excess of alkyne (1.1 equivalents
relative to 1) ensured complete conversion. Secondly, the solvent system (3:1 THF:H>0)
was chosen to solubilize both organic compounds and inorganic salts. Reactions were also
tested in methanol/water and neat methanol due to the desirable solvation properties of the
alcohol, but aldehyde-containing alkynes were subject to acetal formation, and THF
mitigated this issue. Thirdly, the reaction was found to proceed somewhat inefficiently
when all reagents were combined at the same time. Instead, alkyne 3 and azide 1 were
combined and dissolved in THF. Separately, CuSO4 and ascorbic acid were dissolved
together in H>O, then the aqueous solution added to the organic solution to initiate the
reaction. This ensured that all copper was dissolved, and the colour change from blue to
green gave a qualitative indicator that copper (II) was reduced to copper (I) by ascorbic
acid. Additionally, compound 1 is soluble in THF but benefits from gentle heating to fully
dissolve. Initially, the azide and alkyne were dissolved at 50 °C but the reaction run at room
temperature; however, the reaction was found to proceed more smoothly if conducted at

50 °C throughout. Finally the reaction was found to proceed best under anaerobic
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conditions, as can be expected due to the oxidative conversion of active copper (I) to
inactive copper (II), and correspondingly the reaction vessel was purged with nitrogen once

all reagents were combined.
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3¢ (57%) d (96%) 3e (94%) 3f 78% 39 (90%)
4c (74%) d (54%) 4e (86%) 4f (97%) 49 (73%)

Scheme 2.3: Synthesis of aryloxy-substituted thymidine derivatives 4¢c-g, bearing 1,4-substituted triazole
linkers.

The reaction progress was monitored by TLC, wherein it was once again necessary
to optimize the solvent system (in this case, 10% MeOH, 45% DCM, 45% hexanes) to give
adequate separation between the limiting reagent, 1, and the product (4c-g). Preliminary
purification protocols involved extraction followed by silica column chromatography
(which was performed to purify 4c¢), but this was found to be challenging for certain
products with very low solubility in our available extraction solvents (i.e. diethyl ether,
DCM, EtOAc, or 2-MeTHF) as well as being insoluble in water. An alternative method of
purification was developed for products with low organic solubility: first the reaction
solvent was evaporated, then the residual solid was resuspended in water and stirred until
the copper and ascorbic acid were dissolved. The aqueous-soluble material was removed
by filtration, and the collected solid was dried at 37 °C. The material was then resuspended
in DCM, which served to dissolve any excess alkyne. The solid was once again filtered,
washed with DCM, and dried under vacuum. This method gave clean product by NMR
analysis, and was less wasteful than purification by column chromatography. It, therefore,

became the standard for purification of all CuAAC reactions we conducted in this way.
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Compounds 4c¢-f were synthesized as control compounds to probe the steric and
electronic effects of the constituent parts (scaffold and functional groups) of 5a and 5b. 4¢
bears an unsubstituted phenyl group and thus serves to demonstrate how steric
contributions alone affect binding of, and inhibition by, this series of substrates. This
compound was used in preliminary binding studies by WaterLOGSY NMR (see Chapter
3.3). Both 4d and 4e bear an aldehyde, at either the meta- or para- positions of the aryl ring,
respectively, and were designed to demonstrate how the electronic properties of the
aldehyde contribute to binding. Aldehydes may react with amines reversibly to form imines
in the absence of a Lewis acid, but this interaction is known to be less stable than that of
an iminoboronate.?® Finally, 4f, bearing a para-substituted arylboronic acid, was
synthesized in order to probe whether the boronic acid may interact with any polar residues
in the active site, as in the formation of a Lewis acid-base pair with either of the lysine

residues.

2.2.2. Nitriles as Electrophiles

Smith et al. recently reported a modified arylomycin bearing a nitrile functionality which
reacts covalently with a lysine residue within its target enzyme, signal peptidase LepB.*®
Inspired by these results, we sought to synthesize a small series of nitrile-functionalized
thymidine derivatives which may react with either of the lysine residues (Figure 2.4a)
within the active site of Cps2L. Nitriles are also stable to polar protic solvents whereas
aldehydes readily form acetals or hemiacetals, therefore substituting a nitrile may simplify
the synthetic process, as methanol and ethanol dissolve thymidine derivatives more readily
than aprotic solvents. Compound 4g (Scheme 2.3), a para-substituted aryl nitrile, was the

first of these compounds.

—>
Cat. acid

o=
&

Figure 2.4: General synthesis of amidines; a) catalyzed by an external acid, b) potential reaction catalyzed
by an internal boronic acid.
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Scheme 2.4 shows the synthesis 7, an alkyl nitrile-bearing triazolylythymidine
derivative. Synthesis of 7 from 1 proceeded in the same manner as for compounds 4c-g,
although the resulting solid, isolated after washing with HO and DCM, was purified by

column chromatography.

o)
" "NH 0
N N’L\o N NH
o / L
_N N=N N~ 0
Z OH 1 (0.91eq.) )
///\/ > NN
CuS04e5H,0 (45 mol %.) O

Ascorbic acid (50 mol %)

7 (36%
THF:H,0, 3:1, 50°C, 4.5 hr (36%) O

Scheme 2.4: Synthesis of compound 7.

In addition to the alkyl and aryl nitrile compounds, we were interested to see if a
proximal boronic acid could help catalyze the formation of an amidine from a nitrile and
lysine (Figure 2.4b). An amidine can be accessed synthetically from a nitrile and an amine
in the presence of a Bronsted or Lewis acid,*’*® and a boronic acid may provide an
alternative, biocompatible catalyst. This proposed reaction has not been reported to date,

and we considered it a reasonable avenue to explore.

Scheme 2.5: Retrosynthesis of a thymidine derivative bearing a boronic acid and ortho-nitrile.
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Retrosynthesis of a proposed “amidinoboronate”-forming thymidine derivative is
shown in Scheme 2.5. When designing the synthesis of this compound, we were aware of
the protodeborylation caused by Cu, but had not yet discovered the solution of using
TBTA. We, therefore, planned to perform the CuAAC reaction prior to the installation of
boron.

The synthesis of 8, the meta-substituted isomer of 4g, is shown in Scheme 2.6.
Synthesis of precursor 4h was performed as described above for compounds 3 and 4 (see
Scheme 2.3). 8 was not the intended product when 4h was subjected to Miyaura borylation
conditions, though not entirely unexpected. In preliminary experiments, we had observed
protodeborylation when ortho-formylaryl bromide-containing thymidine derivatives were
subjected to various borylation conditions. We hoped that since the corresponding nitrile-
bearing substrate provided less steric interference, the borylation reaction may proceed;
however, deborylation still occurred. This reaction indicated to us that the electron-
withdrawing nature of both the nitrile, and the aforementioned aldehyde, may destabilize
the C-B bond. Despite this, 8 was a valuable compound, and was collected. In future
studies, an analogous route to that described in Scheme 2.1 would be used to obtain the

target compound (i.e. the final compound shown in Scheme 2.5).
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Scheme 2.6: Synthesis of 8.
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To date, there has been only one substrate, of those we attempted to borylate, for
which installation of a BPin group was successful following the CuAAC reaction.
Compound 9 was synthesized from 4i according to Scheme 2.7, employing conditions
suggested by Dr. Craig Smith, a post-doctoral fellow in the research group of Professor
Alison Thompson. Compound 9 was successfully isolated by silica gel column
chromatography, indicating that the C-B bond of 9 is more stable to silica than that of
compound 4b, which bears an ortho-formyl group. This result reinforced the hypothesis
that ortho-electron-withdrawing groups are detrimental to the formation and stability of the
C-B bond. Although this serves mainly as a mechanistic proof-of-concept, comparing the
activity of 9 and 4f (the former bearing a BPin group; the latter a B(OH)2) against Cps2L

will aid in SAR studies and inform future directions for synthesis.
o]
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Scheme 2.7: Synthesis of 9.

2.2.3. Ketone-Linked Compounds

Scheme 2.8 shows the synthesis of 10a, an alternative triazolylthymidine scaffold from 1
with the same conditions for CuAAC as described for compounds 4c-g. This model
integrates a ketone into the linker, which may potentially react with lysine in the active site

of Cps2L.
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Scheme 2.8: Synthesis of 10a.

Substitution of an ortho-boronic acid on the phenyl ring of 10a may help autocatalyze the
potential reaction between the ketone and lysine, and stabilize the resulting imine if it were
to form. Retrosynthesis of such a compound is shown in Scheme 2.9, however, we

attempted synthesis of 10b according the slightly altered route described in Scheme 2.10.

Br OH Br O B> O

Scheme 2.9: Retrosynthesis of 10b from 2-bromobenzaldehyde.

We chose the latter route because at the time of synthesis, we were unaware of the
use of TBTA enabling the CuAAC reaction in the presence of a C-B bond. Alkyne 12 was
prepared in two steps from 2-bromobenzaldehyde: a Grignard reaction with commercial
ethynylmagnesium bromide gave alcohol 11 in quantitative yield, which was then oxidized
to the corresponding ketone (12) using Dess-Martin periodinane. Formation of triazole 13
was successful when catalyzed by the system of copper (II) sulfate reduced by ascorbic

acid. However, when subjected to either set of borylation conditions shown in Scheme
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2.10, protodeborylation occurred to give 10a instead of 10b. This is consistent with our
previous observations that a proximal carbonyl group may destabilize the C-B bond. In
future studies, borylation of the alkyne should be performed prior to the CuAAC reaction
(as suggested by the retrosynthetic analysis in Scheme 2.9), using Cu(ACN)4PFs and

TBTA, which were successful in synthesizing compounds 4a and 4b.

Br O 1) =—MgBr Br OH Dess-Martin Br O
| ((;.%M |r; THF Periodinane S
5eq. 1.3 eq. S
q \\ (1.3 eq )i N o
2) 1M NH,4CI DCM
11 (93%) 12 (78%)

CuS0,e5H,0 [Ns
(0.45 eq.) koj
Ascorbic acid

(0.5 eq) OH
THF:H,0, 3:1 1(091eq)
o) (0]
NH NH
o N=n | /g B,Pin, (3 eq.) N=N
= N KOAc (3 eq | o
o) PdCIzdppf 10 mol %)

szdbag 1 mol %)
10a (61%)OH XPhos (4 mol %) 75°/)
D|oxane 100°C

Scheme 2.10: Attempted synthesis of 10b. Protodeborylation led to the accidental recovery of 10a.

2.2.4. Dithymidine Compounds

RmlA-type enzymes have a tetrameric structure!”*

as shown in Figure 2.5. The monomers
are oriented such that each active site is pointed towards another. This inspired us to
synthesize symmetrical compounds with two thymidyl units, which, we hypothesized, may
bind both active sites simultaneously and improve affinity. We built two such dithymidyl

compounds, as shown in Schemes 2.11 and 2.12.
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allosteric sites

Figure 2.5: Tetrameric structure of RmlA from Mycobacterium tuberculosis.>®

0
K
Ns o OH
o 0
L
= OH 1 (22eq) YN N Nan [ NH

1 1
> HN ] Ny NN N’g
P CuS0,4e5H,0 (1 eq.) (0]
=z Ascorbic acid (1.1 eq.) (e} 14a (96%)
THF:H,0 3:1, 50°C, 1hr

Scheme 2.11: Synthesis of 14a, one two dithymidyl compounds.

Synthesis of 14a was performed using analogous conditions as for compounds 4c-
g (see Scheme 2.3 for reference). The product was found to be highly insoluble in most
solvents, making purification by filtration trivial. The residual solid was washed with
MeOH rather than DCM to remove excess 5'-azidothymidine, and 14a was recovered in
near-quantitative yield. The "TH NMR spectrum of 14a demonstrates the symmetry of this
compound about the central phenyl ring (Figure 2.6). The singlet at 7.92 ppm integrating
to 4H represents the phenyl ring protons, and the lack of splitting shows that each proton

is exactly equivalent.
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Figure 2.6: "H NMR spectrum (de-DMSO, 500 MHz) of 14a.
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Compound 14b has a similar structure to 14a, but with an extended linker (bearing
ether linkages about the central phenyl ring). Synthesis was performed in 2 steps as shown
in Scheme 2.12. Two alkynes were installed on 1,4-dihydroxybenzene using the same
conditions as for 3a-i but doubling the proportions of reagents. Similarly, the CuAAC
reaction was performed with slightly over two equivalents of 1, as in the synthesis of 14a.
The product was once again isolated by filtration although the solid was a fine precipitate
and some material was lost in the filtrate. The product that was recovered was pure by 'H

NMR analysis of the solid.

S
\/(3GQ)

Ko,CO3 (4 eq.) & NH
\

DMF, rt., 4 hr 3j (73% |
\ 31 (73%) N, o
o

OH 1 (22eq)

0O, CuS0,e5H,0 (100 mol %)
NH Ascorbic acid (110 mol %)
THF:H,0 3:1, 50°C, 1 hr
e

(0]

14b (4 0%

Scheme 2.12: Synthesis of 14b.
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2.2.5. SPAAC Reaction With 5’-Azidothymidine

Given the ease of synthesis of 1, we wanted to attempt an alternative “click”-type reaction:
namely, SPAAC, the Strain-Promoted Azide-Alkyne Cycloaddition. In this reaction, a
cyclic alkyne reacts with an azide without catalysis to form a bicyclic system. Synthesis of
such a compound, 15, is shown in Scheme 2.13. We selected the cyclooctyne shown due
to its commercial availability, and the reaction proceeded as expected, though complete
conversion was not observed by TLC analysis despite increasing time and equivalents of
alkyne. Compound 15 was purified by column chromatography rather than filtration, as the
material was more soluble in organic solvents than the other triazolylthymidine derivatives,

and was recovered in fair yield.

(0]

0
NH NH
. T&

N; N’go N= NAO
NS \

H OH 4 (0.83eq)

z-Z

™ »
HO~™ ACN:H,0, 3:1, 40°C, 24 hr HO B 15 (57%) O

Scheme 2.13: Synthesis of 15 via SPAAC.

Since the thymidine precursor is chiral, and the cyclooctyne is prochiral, a mixture
of diastereomers was observed by NMR analysis of 15, in a 1:1 mixture according to peak
integration (Figure 2.7). By all chromatographic methods we attempted (TLC, preparative
chromatography, HPLC) the two diastereomers were inseparable, so we chose to assess the
binding and inhibitory capacity of these two compounds as a mixture. Binding of this

compound was assessed using WaterLOGSY NMR (See Chapter 3.3).
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Figure 2.7: Cropped '"H NMR spectrum (ds-DMSO, 500 MHz) of 15, showing a 1:1 mixture of
diastereomers a and b (relative stereochemistry not assigned) by integration.

2.2.3. Amide Scaffold

We were interested in preparing compounds with alternative linkers to determine whether

the triazole itself affects binding of the substrates. We chose to pursue amide-linked
compounds due to their purported ease of synthesis and biological stability. The most
common method of preparing amides is by combining an amine and a carboxylic acid in
the presence of a coupling agent.’>>! Scheme 2.14 shows the synthesis of 18, an amide-
linked thymidine derivative bearing an unsubstituted phenyl ring. Contributions of the
linker towards inhibitory capacity will be assessed by comparing the binding affinity of 18

and 4c, the unsubstituted phenyl-bearing triazolylthymidine derivative.

0]

0 H & @\
1.1 eq.
TN NG AN o \fk/"t
0}
K,CO3 (’é eq.) N 0]
DMF, 75°C, 1.5h
> 0 OH 47 (0 8eq.) N
2i) Aq. KOH/EtOH, RT, 16h 0
OH ii) Ag. HCI, 10 min OH 151U (1 28 eq.)
16 (22%) DIPEA (2.8 eq.)
2-Me-THF, r.t., 3.5h 13(25%

Scheme 2.14: Synthesis of amide 18.

24



Acid 16 was prepared from phenol according to a reported procedure,’” as was
amine 17.> We screened several coupling agents (DCC, EDC, SOCI,, oxalyl chloride,
HATU, TBTU, COMU) and found cleanest conversion by TLC analysis with the
benzotriazole derivatives (HATU and TBTU) when the reactions were performed on
analytical scale. The best method devised for the preparation of 18 was achieved by pre-
stirring 16 with TBTU and DIPEA in 2-MeTHF, followed by addition of 17 after an hour.
18 showed greater solubility in organic solvents than the triazole-linked compounds, and
was thus collected by extraction with 2-MeTHF and subsequent purification by column
chromatography (rather than filtration). The '"H NMR spectrum of 18 demonstrates the
apparent presence of two entities (Figure 2.8). The two sets of signals represent two
rotational isomers caused by the barrier of rotation due to resonance about the amide bond.
18 was crystallized to confirm identity, and a crystal structure is shown in Figure 2.9. Only

the Z isomer is apparent in the crystal macrostructure (Figure 2.9b).
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Figure 2.8: "TH NMR spectrum (ds-DMSO, 500 MHz) of 18. Two sets of signals are observed, each with the
same pattern but different chemical shifts (e.g. the singlets at 1.65 and 1.68 ppm both correspond to the
thymine methyl group) indicating the presence of rotational isomers.
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Figure 2.9: X-ray crystallographic analysis of 18. A) ORTEP diagram; B) crystal packing (viewed along
the x-axis) indicating one rotational isomer participates in crystal packing.

2.3. Summary

We have synthesized 15 thymidine derivatives which potentially target Cps2L and other
RmlA-type thymidylyltransferase enzymes. Of these compounds, eight have the potential
to modify the enzyme covalently through reaction with a noncatalytic lysine residue: those
bearing aldehyde (4a, b, d, and e), ketone (10a), or nitrile (4g, 7, and 8) functionalities.
Furthermore, we have synthesized two potential iminoboronate-forming compounds (4a
and b) albeit bearing boronate esters rather than boronic acids. Future directions in
synthesis of inhibitors would seek to optimize a method for the deprotection of
pinacolboronate esters, use the alternative CuAAC conditions to synthesize analogues of
10a and 8 with proximal boronic acids, and explore alternative linkers to join the warhead

and thymidine moieties.

26



Chapter 3. Results and Discussion of WaterLOGSY Experiments With
Synthesized Potential Inhibitors of Cps2L.

3.1. Introduction
WaterLOGSY NMR is a straightforward and convenient method of assessing the ability of
a ligand to bind a macromolecule. WaterLOGSY studies have previously been performed

13,1454 and as such, we decided to use this method as a

successfully in the Jakeman group,
preliminary assessment of binding of our synthesized potential inhibitors to Cps2L.

WaterLOGSY is a proton observe experiment wherein bulk water is irradiated, and
magnetization is transferred to the ligand.>> The signal is amplified when rotational
relaxation pathways are limited due to binding interactions with the macromolecule;>®
therefore, even at low concentrations of the host (e.g. enzyme), signals corresponding to
the bound ligand are visible in the spectrum. The technique requires bulk water, and,
therefore, the sample is (unusually, for an NMR experiment) made in 10% D>O in HO
(the former for the spectrometer’s solvent lock). The experiment, consequently, includes a
water suppression sequence to ensure that the water signal does not obscure the ligand
peaks.

Despite the complex dynamics of the system under observation, interpretation of
WaterLOGSY spectra is quite simple: the phasing of the ligand peaks in the spectrum
indicates whether or not that ligand binds the enzyme. This is usually achieved relative to
a reference compound, where the phasing (either above or below the baseline) of the
reference compound peak(s) is defined “non-binding”, and peaks that phase opposite are
considered “binding”. This technique is optimal for ligands with moderate affinity for the
enzyme: if the association is too weak, insufficient magnetization is transferred to the
ligand and signal enhancement is minimal. Conversely, if the compound has a very high
affinity for the enzyme, fast exchange cannot occur and the “non-binding” signal for the
residual compound overrides the “binding” signal.>’ As such, false-negative responses
must be taken into consideration, but a “positive” result can be claimed with a greater
degree of confidence: a signal phased opposite to a non-binding standard most likely
indicates binding.

As aforementioned, WaterLOGSY studies have been reported by the Jakeman

group on multiple occasions to probe binding interactions between enzymes and
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synthesized ligands. In 2013, sugar-1C-phosphonate analogues and sugar nucleotides were
evaluated for binding of Cps2L in the presence and absence of dTTP, as well as binding
RmIB-D.>* Loranger et al. determined that their phosphonate analogues demonstrated
binding to Cps2L, however, the rhamnose-1C-phosphonate analogue did not bind in the
presence of dTTP. This suggests that the conformational change induced by the binding of
dTTP prevented access to the binding site of the phosphonate analogue. They also
demonstrated that dTDP-rhamnose bound RmIC in addition to its natural target, which may
suggest that similar analogues may indeed inhibit multiple enzymes within the rhamnose
pathway.>* Another study, reported in 2015 by Forget ef al., used WaterLOGSY to acquire
a dissociation constant for an ethylphosphonate derivative of glucose, which demonstrated
inhibition against Cps2L. The compound, which bound only in the presence of dTTP, was
titrated into an NMR sample containing a solution of dTTP and Cps2L. To a plot of signal
intensity (of two characteristic peaks) vs. concentration of the phosphonate was fitted a
binding model, which enabled the extraction of a Kp value for that compound.'* These
examples demonstrate that WaterLOGSY is a powerful tool which can provide both
mechanistic insight and quantitative analysis of enzyme-ligand interactions, and may thus

serve as a valuable complement to inhibition studies in this project.

3.2. Analysis of Natural Cps2L Substrates by WaterLOGSY NMR

A full procedure for conducting WaterLOGSY experiments can be found in Chapter 5.2.
The pH for all WaterLOGSY experiments was maintained at 7.5 using 100 mM deuterated
TriseHCI buffer (dTris). Therefore the dTris residual signal, which appears at 3.67 ppm,
was used as a “non-binding” signal in lieu of spiking the sample with a non-binding
standard compound. In all experiments performed for this project, the dTris signal was
phased above the baseline, thereby defining “phase-down” peaks as indicative of binding.
Concentrations of enzyme (0.05 mM), MgCl> (2 mM) and ligand (2.5 mM) were chosen
based on previously reported WaterLOGSY experiments.'* Experimentation with ligand
concentration determined that any single-digit millimolar concentration tested was
sufficient to acquire the binary “binding/no binding” signal. Experiments with each
compound tested included samples in the absence and presence of dTTP. Each sample was

made separately (i.e., dTTP was not added to the NMR tube after acquisition of a “zero-

28



dTTP” spectrum) and thus comparison of the two spectra should not be considered as a
titration experiment.

The first set of WaterLOGSY experiments for this project were performed with
each of the two natural substrates for Cps2L: GI1P and dTTP. Given the generally accepted
ordered Bi-Bi mechanism of RmlA-type enzymes,'® G1P is known to bind Cps2L only in
the presence of dTTP. Therefore, a WaterLOGSY experiment with G1P and Cps2L alone
demonstrates non-binding signals. Figure 3.1 shows the water-suppression proton NMR
and WaterLOGSY spectrum of G1P. As expected, signals corresponding to G1P phase
upward, indicating non-binding. Conversely, dTTP is known to bind Cps2L first, and will
therefore bind in the absence of G1P. Figure 3.2 shows the proton NMR and WaterLOGSY
spectra of dTTP. The phase-down peaks corresponding to dTTP indicate that it binds
Cps2L. These two sets of spectra (Figures 3.1 and 3.2) are exemplary of the expected
“nonbinding” and “binding” sets of signals. Note that the signals for dTTP show broader
peaks relative to those of, for example, G1P. This has been observed previously,'* and is

likely due to interactions with the enzyme, which affects the relaxation time of the nuclei.

8 6 4 2 [Ppm]

Figure 3.1: WaterLOGSY experiment with G1P and Cps2L. A) Water suppression 'H NMR spectrum; B)

WaterLOGSY NMR spectrum (500 MHz, 9:1 H,O : D,O) of G1P. Sample composition: 2.5 mM G1P, 2

mM MgCly, 0.05 mM Cps2L, 100 mM dTris*HCI. *residual imidazole from protein purification/His-tag;
sHOD signal; °dTris residual.
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Figure 3.2: WaterLOGSY experiment with dTTP and Cps2L. A) Water suppression '"H NMR spectrum; B)
WaterLOGSY NMR spectrum (500 MHz, 9:1 H,O : D,0) of dTTP. Sample composition: 2.5 mM dTTP, 2
mM MgCly, 0.05 mM Cps2L, 100 mM dTrissHCIL. *HOD signal; ®dTris residual.

Many of the compounds synthesized had limited solubility in aqueous buffer, so
tolerance of the WaterLOGSY experiment to the presence of de-DMSO was probed. Figure
3.3 shows the 'H and WaterLOGSY spectra of dTTP in the presence of 0, 5, and 10% de-
DMSO. At 10% ds-DMSO, characteristic peaks are invisible. Conversely, at 5% ds-
DMSO, all dTTP peaks are identifiable, and appear at the same chemical shift as the
spectrum with 0% de-DMSO, indicating that a sample containing 5% ds-DMSO should be

permissible.
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Figure 3.3: WaterLOGSY experiment with dTTP and Cps2L, and varying concentration of de-DMSO. A)

Water suppression '"H NMR spectrum; B-D) WaterLOGSY NMR spectra (500 MHz, 9:1 H,O : D,O) of

dTTP with 0% (A, B), 5% (C) or 10% (D) ds-DMSO. Sample composition: 2.5 mM dTTP, 2 mM MgCl,,
0.05 mM Cps2L, 100 mM dTrissHCI. *dTTP signals; “HOD signal; °dTris residual; SDMSO residual.
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3.3. Evaluation of Synthesized Compounds as Ligands for Cps2L by WaterLOGSY
NMR

NMR samples were prepared as described in Chapter 5.2.1. As discussed above, a 5%
aqueous solution of de-DMSO did not interfere with the WaterLOGSY experiment.
Therefore, 50 mM stock solutions of each potential ligand were made in de-DMSO, and
added to the WaterLOGSY sample solution such that the final concentrations of ds-DMSO
and ligand were 5% and 2.5 mM respectively. Four compounds were tested in this
experiment (see Figure 3.4). Compounds 15, 18, and 4¢ were chosen to represent different
linker scaffolds (amide, fused triazole, and 1,4-substituted triazole, respectively), and 4f
was chosen to probe whether changes in the electronics of the warhead would influence

binding, when compared to 4c.

Figure 3.4: Synthesized compounds evaluated by WaterLOGSY NMR.

Figure 3.5 shows the 'H and WaterLOGSY NMR spectra for compound 18, in the
absence and presence of dTTP. The latter is a competition experiment, which has
previously been used to probe the mechanism of binding of ligands to Cps2L.>* In the
absence of dTTP (Figure 3.5B), 18 demonstrates binding, but in the presence of one
equivalent of dTTP (Figure 3.5C), signals corresponding to 18 phase up, indicating non-
binding. This could suggest that 18 binds in a competitive manner, with a sufficiently lower
affinity for the active site than dTTP that it is outcompeted, or else that the binding of dTTP
induces a conformational change of the enzyme that precludes binding of 18. It should also
be noted that the signals indicating “nonbinding” for compound 18 appear significantly
weaker than those of dTTP (Figure 3.5C), even though they are present in equimolar
amounts. This is due to the signal enhancement through increased magnetization transfer
by the enzyme-ligand interaction, leading to an apparently larger signal for dTTP. While
WaterLOGSY can be used for quantitative measurements in certain cases, only the

qualitative measurement (phase direction) is considered in this experiment.
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Figure 3.6 shows the '"H and WaterLOGSY NMR spectra of compound 15, once
again, in the absence (B) and presence (C) of 1 equivalent of dTTP. Like compound 18, 15

exhibits nonbinding in the presence of dTTP, suggesting that the latter may exclude binding
of 15.
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Figure 3.5: WaterLOGSY experiment with 18 and Cps2L. A) Water suppression 'H NMR spectrum; B,C)
WaterLOGSY NMR spectra (500 MHz, 17:2:1 H>O : D;O : ds-DMSO) of 18 with 0 (A, B), or 1 (C)
equivalent of dTTP. Sample composition: 2.5 mM 18, 2 mM MgCl,, 0.05 mM Cps2L, 0 or 2.5 mM dTTP,
100 mM dTrissHCI. *dTTP signals; *HOD signal; *dTris residual; °DMSO residual.
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Figure 3.6: WaterLOGSY experiment with 15 and Cps2L. A) Water suppression 'H NMR spectrum; B,C)
WaterLOGSY NMR spectra (500 MHz, 17:2:1 H>O : D,0O : ds-DMSO) of 15 with 0 (A, B), or 1 (C)
equivalent of dTTP. Sample composition: 2.5 mM 15, 2 mM MgCl,, 0.05 mM Cps2L, 0 or 2.5 mM dTTP,
100 mM dTriseHCL. *dTTP signals; *HOD signal; *dTris residual; “DMSO residual. The sample giving rise
to spectra A and B were prepared without ds-DMSO.
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Figure 3.7 shows the '"H and WaterLOGSY spectra of compound 4c in the absence
(B) and presence of 1 equivalent (C) or 10 equivalents (D) of dTTP. In all cases, 4¢ binds
Cps2L, suggesting that dTTP does not completely outcompete, or preclude, its binding.
Note that in Figure 3.7C, the signals for dTTP are larger than those for 4¢, despite being
present at the same concentration. This may indicate that dTTP has a greater affinity for
Cps2L than 4¢ does. However, the signals demonstrating binding of 4c¢ in the presence of
a significant excess of dTTP indicates either a significantly higher affinity, or a different
binding mode than that of 15 or 18. Cps2L is tetrameric, with a total of four active and four
allosteric sites, so it is possible that, for example, 4c binds the allosteric site, enabling it to

bind without either binding event (4¢ or dTTP with Cps2L) precluding the other.
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Figure 3.7: WaterLOGSY experiment with 4¢ and Cps2L. A) Water suppression 'H NMR spectrum; B-D)
WaterLOGSY NMR spectra (500 MHz, 17:2:1 H,O : D,0O : ds-DMSO) of 4¢ with 0 (A, B), 1 (C) or 10 (D)
equivalents of dTTP. Sample composition: 2.5 mM 4¢, 2 mM MgCl,, 0.05 mM Cps2L, 0, 2.5, or 25 mM
dTTP, 100 mM dTriseHCI. *dTTP signals; *HOD signal; °dTris residual; SDMSO residual.

Given this result, compound 4f, with the same 1,4-substituted triazole linker as 4c,
was evaluated. Figure 3.8 shows the 'H and WaterLOGSY NMR spectra of 4f which, like
4c¢, were acquired in the presence of 0 (B), 1 (C), and 10 (D) equivalents of dTTP. Similarly
to 4c¢, 4f gave a binding signal both in the presence of one and 10 equivalents of dTTP,
reinforcing the possibility that the 1,4-substitued triazole scaffold has a unique binding

mechanism compared to the scaffolds present in compounds 15 and 18.
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Figure 3.8: WaterLOGSY experiment with 4f and Cps2L. Water suppression 'H NMR spectrum (A) and
WaterLOGSY NMR spectra (B-D) (500 MHz, 17:2:1 H,O : DO : ds-DMSO) of 4f with 0 (A, B), 1 (C) or
10 (D) equivalents of dTTP. Sample composition: 2.5 mM 4f, 2 mM MgCl,, 0.05 mM Cps2L, 0, 2.5, or 25

mM dTTP, 100 mM dTriseHCL. *dTTP signals; *HOD signal; *dTris residual; SDMSO residual.

3.4. Summary

WaterLOGSY NMR was used to assess four compounds (15, 18, 4¢, and 4f), representing
three different structural scaffolds, for their ability to bind Cps2L. This study demonstrates
that while all of the tested compounds bind and are, therefore, reasonable candidates for
inhibitors, only the 1,4-substituted triazole scaffolds (4¢ and 4f) demonstrated binding in
the presence of dTTP. Furthermore, both 4¢ and 4f demonstrate binding in the presence of
10 equivalents of dTTP. These results suggest that compounds with 1,4-substituted triazole
scaffolds may exhibit different modes of binding than the other scaffolds. A plausible
explanation for this may be that binding of the 1,4-substituted triazole-bearing compounds
occurs at the allosteric site, which may permit simultaneous binding of dTTP at the active

site.
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Chapter 4. Results and Discussion of the Evaluation of Synthesized
Compounds as Inhibitors of Cps2L.

4.1. Introduction

The reaction catalyzed by Cps2L has been studied extensively in the Jakeman lab, and as
such, several inhibitor evaluation methods have previously been devised.!***%° NMR
studies (for example, using *'P NMR) may be used to determine if the desired reaction has
occurred,>® but the method is too slow to observe initial reaction rates. The reaction could
also be quenched at regular intervals and observed by integration of HPLC or *'P NMR
signals.’® This method has merit in determining the substrate scope of an enzyme, but is
inefficient in terms of time and solvent for determining kinetic parameters. Ideally, UV-vis
spectroscopy would be used for rapid data acquisition, but the reaction catalyzed by Cps2L.
does not produce any change in absorbance over time. Therefore, a coupled assay was
designed,'* wherein a chromophore is produced which absorbs at a unique wavelength

from that of the reactants and products. Scheme 4.1 shows the coupled enzyme reaction.

Gle-1P + dTTP P2k 4tDPGIc 4+ PP, PP . 2P,
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Scheme 4.1: Coupled enzyme reaction to produce the chromophore, uric acid, which absorbs uniquely at
290 nm.'*

The reaction takes advantage of the production of inorganic pyrophosphate (PP;)
which, in this coupled assay, is hydrolysed to phosphate (P;) by inorganic pyrophosphatase
(IPP). P; then reacts with inosine, catalyzed by human purine nucleoside phosphorylase
(hPNP), to release hypoxanthine. Finally, hypoxanthine is oxidized to uric acid by xanthine

oxidase (XO). The concentration of reagents and enzymes are chosen such that the reaction
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of Cps2L is rate-limiting, and an increase in absorbance at 290 nm correlates to the
production of dTDP-glucose over time. This method was developed as a more robust
alternative'* to the commonly-used MESG-based assay’* for detecting inorganic
phosphate.

This assay requires the use of four enzymes, two of which (XO and IPP) are
commercially available, and two of which (Cps2L and hPNP) need to be overexpressed
and isolated in the lab. New stocks of Cps2L and hPNP were prepared for the evaluation
of the inhibitors synthesized for this project, as well as new stock solutions of each reagent

required for the assay.

4.2. Substrate Inhibition by dTTP
While the reaction catalyzed by Cps2L involves two substrates, a pseudo-first-order
reaction is achieved by maintaining a constant high concentration of one substrate and
variable low concentrations of the other substrate. In previous studies, dTTP was kept at a
high concentration and G1P was varied; however, given that the compounds for this project
are dTTP analogues, we chose to vary dTTP instead. dTTP analogues are more likely to
mimic the binding of dTTP, which binds Cps2L before G1P does. Performing the assay in
this manner also provides us with a Km value for dTTP which can then be compared to K;
values for our inhibitors.

Before the inhibitors were evaluated, the parameters of the reaction with dTTP as
a limiting reagent were determined. As this assay is relatively complex, it required both
practice and method optimization in order to acquire consistent data. The optimized method
is described in Chapter 5.4.2. It was essential to make new 20 mM stock solutions of dTTP
every week, and new dilutions every day. Furthermore, Cps2L loses activity shortly after
dilution and therefore must be diluted within minutes of measuring kinetics. Additionally,
given that many of our synthesized inhibitors had low water solubility, stock solutions of
inhibitor were made in 70% DMSO/water. Therefore, DMSO was added to this “zero
inhibitor” assay at the same concentration as it would be present in the inhibition assays.
Finally, all solutions must be incubated together prior to addition of Cps2L, so that any

excess phosphate from dTTP and G1P solutions is consumed.
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Figure 4.1: Left: Michaelis-Menten plot for the reaction rate of Cps2L with increasing concentration of
dTTP. Right: Lineweaver-Burk plot of reciprocal rate vs. reciprocal concentration of dTTP.

Figure 4.1 shows the Michaelis-Menten plot of initial reaction rate (v) vs.
concentration of dTTP. In standard Michaelis-Menten kinetics, the rate will increase with
increasing substrate, until it plateaus at high concentrations. However, this plot shows a
marked decrease in rate at high concentrations of dTTP. This pattern, which corresponds
to curvature in the corresponding Lineweaver-Burk plot (Figure 4.1, right), suggests that
substrate inhibition is occuring,’® wherein a second substrate molecule binds the enzyme-
substrate complex, most likely allosterically,®! and inhibits the reaction. This has not been
observed in previous studies with Cps2L where GIP was the limiting reagent, but
unpublished results from a study performed by Dr. Jian-She Zhu from the Jakeman lab
provided further evidence that dTTP inhibits Cps2L almost completely at high
concentrations. Furthermore, Cps2L is known to have an allosteric site which binds dTDP-
rhamnose, which is structurally similar to dTTP and therefore would reasonably accept
dTTP as a guest molecule.

Given that we observed substrate inhibition for this reaction, the data cannot
accurately be described by the standard Michaelis-Menten equation (Equation 1). We
therefore used a modified Michaelis-Menten equation which incorporates an inhibition
constant for the substrate. Such an equation (Equation 2) has been reported previously®®¢!
and is derived in Appendix D based upon an “uncompetitive”-type inhibition model, where

the “inhibitor” substrate molecule may bind the allosteric site of the substrate-bound

enzyme.
_ Vmax[s]
T Ky+[S] 1

KM+[S](1+%)
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Using Equation 2, we determined Km (Michaelis constant), Vmax (maximum rate),
and Ks (inhibition constant of the substrate) values by employing the Solver function of
Excel, which optimizes the values so that the fit matches the datapoints as closely as
possible. The method for this optimization can be found in Appendix C. Figure 4.2 shows
the optimized fit for this dataset.
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Figure 4.2: Comparison of mathematical models to fit rate data from the reaction of Cps2L with varying
dTTP. a) Data (points) with overlaid fit (line) according to Equation 1 with optimized parameters: Kv =
25.7 uM, Vimax = 29.8 mAu/min. Sum of absolute differences (SAD) = 8.6 mAu/min. b) Data (points) with
overlaid fit (line) according to Equation 2 with optimized parameters: Km = 64.9 UM, Vinax = 44.4
mAu/min, Ks =704 uM. SAD = 6.2 mAu/min.

The relative “goodness of fit” can be assessed using the Sum of Absolute
Differences (SAD) between the fit values and data values for each datapoint. This sum is
the value minimized in optimizing the fit. The smaller the SAD, the better the fit. This
method can only be used to compare different models for the same dataset, but can provide
a quantitative measure of which model most accurately describes the system. The fit shown
in Figure 4.2a shows the fit for the standard Michaelis-Menten equation (Equation 1),
optimized by the Solver algorithm, which has a SAD of 8.6 rate units (mAu/min).
Comparing this to the modified Michaelis-Menten described by Equation 2, the optimized
fit (Figure 4.2b) gives a SAD of 6.2 mAu/min. The SAD of the latter is lower than that of
the former, indicating that the latter is a better fit. It should be noted that the significance
of the difference (in this case 2.4 mAu/min) is itself qualitative: we must decide on a case-
to-case basis whether a small difference in SAD constitutes a truly improved fit. This is an
important consideration when using the SAD to choose which inhibition model is most

probable.
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4.3. Evaluation of Synthesized Compounds as Reversible Inhibitors of Cps2L.
4.3.1. Data Acquisition Using the Coupled Enzyme Assay for Cps2L.

To determine inhibition constants (K;) for each inhibitor, the same procedure to the assay
discussed in Section 4.2 (above) was followed, except that four assays were run
simultaneously: one with no inhibitor (as before), and three with different inhibitor
concentrations (see Chapter 5.4.3 for full method). It was necessary to perform a “zero
inhibitor” assay alongside the assays with inhibitor present, as the same dilution of Cps2L
was used for all four assays, and there is variation in activity between dilutions of Cps2L.
Therefore, the “inhibitor-present” data could not simply be combined with, for example,
the data shown in Figure 4.1, as the activity of that particular dilution of Cps2L may be
different.

The preliminary evaluation of each compound was performed using 200, 400, and
800 uM of inhibitor. Based on the results from the first assay, the concentrations were
adjusted iteratively, until clear separation between each series of datapoints (corresponding
to each concentration of inhibitor) was observed when the entire dataset was plotted in a
Michaelis-Menten type graph.

An important difference in the inhibition assay method was implemented partway
through the period when assays were being conducted. We discovered that Tris buffer,
which was used in the assay and in enzyme stock solutions, may react with o-FABA
moieties,® thus potentially inactivating some of our inhibitors. We therefore dialyzed our
enzyme solutions in 3-(N-morpholino)propanesulfonic acid (MOPS), and ran future assays
in MOPS instead of Tris. Figure 4.3 shows a comparison between inhibition by 4a in Tris
buffer and MOPS buffer. We found generally significantly improved data quality, and
apparently increased inhibition when MOPS buffer was used, and all future assays were

performed in MOPS buffer for consistency.
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Figure 4.3: Inhibition of Cps2L by 4a at 0 (®), 200 (M), 400 (®) and 800 (A ) uM in a) Tris buffer and b)
MOPS buffer.

Unfortunately, high quality data was not acquired for each compound discussed in
Chapter 2 for several reasons. Primarily among these is the technical challenge of running
the assay. Each well in the 96-well plate (1 well = 1 datapoint) contained twelve
components, and as there was error associated with each addition and dilution, preparation
and execution of the assay were difficult and time-consuming. Practice was required in
order to optimize the timing of each addition, especially that of Cps2L. Secondarily, due
to the variations in activity between each dilution of Cps2L as aforementioned, each
dataset, even with the same concentrations of inhibitor, may produce drastically different
results. Therefore, data could not be averaged (which would correct for inconsistencies in
individual errant datapoints) and any individual dataset that gave low quality results could
not contribute to replicates. Finally, closure of labs due to the COVID-19 pandemic
interrupted data acquisition, and therefore not all compounds could be evaluated. Even for
those compounds that were evaluated, the optimal range of concentrations were often not
determined, and preliminary data could not be used to determine K; values. Evaluation of
compound 10a, however, gave sufficiently high-quality data and will be discussed

presently. Figure 4.4 shows the Michaelis-Menten plot for the inhibition of Cps2L by 10a.
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Figure 4.4: Reaction rate of Cps2L at varying dTTP concentration in the presence of 0 (@), 200 (M), 400
(®) and 800 (A) uM of 10a.

4.3.2. Mathematical Determination of Inhibition Mechanisms

There are four standard modes of reversible inhibition, which describe the inhibitor’s
affinity for the substrate-unbound enzyme, substrate-bound enzyme, both equally, or both
unequally. These modes are referred to as competitive, uncompetitive, noncompetitive, and
linear-mixed inhibition respectively, and are mathematically described in Equations 3, 4,
5, and 6 respectively. Note that in Equation 6, there are two inhibition constants: Kic and
Kiu which refer to the inhibitor’s affinity for the free enzyme (competitive-type) and

substrate-bound enzyme (uncompetitive type) respectively.

KM(1+%)+[S]

Vmax[S]
= ImaxlS]__ 4
Ka+S)(1+) @

Vmax S
[S] (5)

Kaa (L4 )+[S] (14D

v =

Vmax [S] (6)

v =
K (L3 +[S] (10

However, as previously discussed, and as is evident in qualitative observation of

Figure 4.4, inhibition by 10a does not preclude substrate inhibition, which is not considered
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in Equations 3-6. I therefore derived four compound equations which comprise both
substrate inhibition, and the mode of inhibition of interest. The derivations for equations
describing competitive, uncompetitive, noncompetitive, and mixed inhibition, each in the
presence of substrate inhibition, are found in Appendix D. Equations 7, 8, 9, and 10,
describe the four compound inhibition modes, respectively. Note that the equations are
based on a scheme which assumes that the substrate inhibition occurs independently of the
inhibition by the compound of interest. To my knowledge, no such compound inhibition
expressions have yet been reported, although my mathematical method is consistent with

the derivation of equations expressing several simultaneous inhibition events in the general
63

case.
Vmax[s]
v = 7
KM(1+%)+[S](1+—E;) )

1 S
KM+[S](1+%+%)

Vmax[s]
v = 9
KM(1+%)+[S](1+%+%) ©)
Vmax[s]
v= OIS (10)

1
KM(1+K[I]C)+[S](1+KIUTKS)

The Solver algorithm was used to determine K; values by fitting each model (i.e.
Equations 7-10) to the data. Figure 4.5 shows the data and each overlaid fit. I chose to first
determine values for Km, Vmax and Ks by fitting only the “zero inhibitor” dataset (similarly
to the plot shown in figure c) from each experiment, as this minimized unnecessary
variation between fits. Assuming independent substrate inhibition, these values should be
the same regardless of the mode of inhibition. Then, the values obtained from the “zero
inhibitor” fit were inserted into each equation as constants, and only K; (or in the case of
mixed inhibition, Kic and Kju) were varied.

It should be acknowledged that one standard method of estimating the mode of
inhibition is by producing a LB plot of reciprocal rate (1/v) against reciprocal concentration
(1/[dTTP]). Mathematically, the reciprocal of the Michaelis Menten equation gives a linear

relationship between 1/v and 1/[S]. Consequently, Equations 3-6, variations upon the
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Michaelis-Menten equation, give LB plots wherein inhibition alters the slope, y-intercept,
or both, relative to a no-inhibitor curve. Therefore, qualitative observation of the LB plots
of inhibition data, if it follows Michaelis-Menten kinetics, can give an indication as to
which mode of inhibition is being exhibited by a given compound. For our data, however,
the presence of substrate inhibition leads to a second-order dependence upon [S], leading
to non-linearity in the LB plot (e.g. Figure 4.1, right). This confounds the convergence
point (or lack thereof) in the LB plots for inhibition by a given compound at different
concentrations. LB plots are included in Appendix E, where linear fits were applied by
excluding the nonlinear datapoints. However, the analysis provided herein is based upon

nonlinear regression with Equations 7-10 as previously discussed.
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Figure 4.5: Inhibition data of 10a at 0 (®), 200 (M), 400 (®) and 800 (A ) uM; and overlaid optimized fits
(lines) for a) competitive, b) uncompetitive, ¢) noncompetitive, and d) mixed inhibition models.

Table 4.1 shows the K; value(s) and SAD for each inhibition model, based on the
data from compound 10a, with pre-optimized values Vimax =43.7 mAu/min; Km =98.9 uM;
Ks=616.5 uM. Note that all of the inhibition constants are denoted “Kic” or “Kiu”, where,
in competitive inhibition, only the competitive inhibition constant, Kic is present in the
equation, and is thus generally referred to as only “K;”. The same is true of Kju in

uncompetitive inhibition.
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Table 4.1: Optimized inhibition constants according to each model of inhibition, for the inhibition of Cps2L

by 10a.
Mode of inhibition Kic (M)  Kiv (uM) (SAD) (mAu/min)
Competitive (a) 332.3 - 34.3
Uncompetitive (b) - 339.9 37.7
Noncompetitive (c) 668.5 19.9
Mixed (d) 556.2 858.6 19.2

The relatively low SAD values indicate that noncompetitive and mixed inhibition
modes give the closest fits for this dataset. Observing the Kic and Kju values for the mixed
inhibition mode, it appears that 10a has a slightly higher affinity for the unbound enzyme,
but still binds the substrate-bound enzyme, and therefore likely binds the allosteric site.

Based on this type of analysis, the probable mode of inhibition was determined,
along with corresponding K; values, for each of the synthesized compounds we were able
to evaluate. Table 4.2 provides a summary of the calculated K; values and probable modes
of inhibition. All plots, K; values, and SAD values for each compound can be found in

Appendix F, and Excel sheets containing all raw data and calculated constants are included

in Appendix G.
Table 4.2: Summary of results for all reversible inhibition studies.
Compound Probable mode of inhibition Ki value(s) (uM)

4a Uncompetitive 503.3

4b Mixed 162.0 (Kic) / 240.0 (Kiv)
4d No fit <<25°¢

4e Uncompetitive 272.3

4f No fit <<200¢

4g Noncompetitive 3429¢

7 Uncompetitive 2319

8 No inhibition at 800 pM >>800”
10a Mixed 556.2 (Kic) / 858.6 (Kiv)

“The mixed model gives a very slightly improved fit but the difference in Kj; values is insignificant. *The
estimate provided is greater than the highest inhibitor concentration tested. “These compounds gave
apparent complete inactivation, and the estimate provided is less than the lowest concentration tested.
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While only preliminary data were obtained, certain conclusions may be drawn from these
results. For example, none of the nitrile-bearing compounds (7, the aliphatic nitrile, or 8
and 4g, the meta- and para-substituted aryl nitriles) were particularly potent inhibitors.
Indeed, 8 provided no observable inhibition whatsoever at the concentrations tested.
Therefore, the nitrile functionality does not appear to improve binding, at least not within
the timescale of these measurements.

Compound 10a demonstrates moderate, but not notably potent, inhibition of
Cps2L. According to the mixed inhibition model, it will bind either the free or substrate-
bound enzyme, but slightly prefers the competitive mechanism. Note that the structure of
10a, bearing a compound triazole-ketone linker, is different than most of the other
compounds indicated in Table 4.2, and, therefore, poses a challenge in performing SAR
studies in this preliminary test.

Compound 4f, bearing a para-substituted arylboronic acid, demonstrates high
potency against Cps2L among the tested compounds. This may suggest that electronics at
the para- position are significant: note that the two other triazole-scaffold compounds
bearing para-substituted aryl rings (compounds 4g and 4e) show lower inhibition, and
indeed as the electron-deficiency of the para-substituted group increases, so does the
apparent potency of the compound (i.e. ArB(OH), > ArCHO > ArCN). This may suggest
that in future studies, placing a highly electrophilic group at that position may improve
inhibition.

However, conclusions are difficult to draw when comparing the four aldehyde-
bearing compounds, 4a, 4b, 4d and 4e. A summary of the data accrued for these
compounds can be found in Figure 4.6. Comparing compounds 4a and 4b, which have
identical functional groups but at different positions, not only show significantly different
potency, but also different apparent modes of inhibition. 4a demonstrates a high degree of
preference for the uncompetitive model, with a SAD of 17.5, compared to 21.8, 28.3, and
28.0 for competitive, noncompetitive, and mixed models, respectively. Meanwhile, 4b is
apparently more potent, but shows mixed inhibition (SAD = 30.0 compared to 45.6, 38.6,
and 31.3 for competitive, uncompetitive, and noncompetitive models, respectively). In fact,
according to the K; values, 4b shows a slightly higher affinity for the active site (i.e. the
competitive mechanism). This suggests that the steric bulk afforded by the BPin group does
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not appear to dictate which site the compound prefers, as both 4a and 4b bear a BPin group.
Furthermore, there is no discernible pattern in either potency or mode of inhibition when
comparing the positioning of the aldehyde. For example, both 4a and 4d bear meta-
functionalized aldehydes (relative to the ether group linking the aryl ring and the rest of
the molecule) but have the lowest and highest potency of the four compounds in Figure
4.6, respectively. Additionally, 4b and 4e both bear an ortho-substituted aldehyde, but 4e
demonstrates uncompetitive inhibition (SAD = 48.4 compared to 80.9, 57.9, and 48.4 for
competitive, noncompetitive, and mixed models respectively — note that in the mixed
model, Kic> 50 000 uM, so the only true inhibition is coming from the uncompetitive

component) whereas, as aforementioned, 4b demonstrates mixed inhibition.
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Figure 4.6: Summary of K; values and presumed inhibition modes for aldehyde-containing compounds.

The size of the inhibitor also seems to have no bearing on its potency. As
aforementioned, 4d is by far the most potent inhibitor, but the second-most potent is
compound 4b, although the difference between potencies of compound 4b and 4e may not
be significant, given the limited nature of our results. Therefore, I must conclude only that
it is too early to conclude anything as it pertains to structure-activity relationship with this
set of molecules. Obtaining more consistent and higher quality data will be important future

steps in the analysis of these molecules as inhibitors.
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It is evident that further studies need be performed in order to draw firm
conclusions, but the following are some general observations. First, while any amount of
inhibition is informative from these exploratory experiments, a preliminary measure of the
“goodness” of an inhibitor is comparison of its calculated K; value(s) to the Kv of the
limiting substrate (in this case, dTTP). The Km values were measured separately for each
experiment, but the average value and standard deviation for calculated Km values is 57.2
uM and 19.3 uM respectively. Based on this measure, only 4d, and possibly 4f indicate
comparable or improved potency. Secondly, it is notable that none of the compounds
displayed selective, competitive inhibition. However, given the observation that dTTP
consistently demonstrates substrate inhibition and is known to bind the allosteric site,!’
along with the knowledge that the natural feedback-loop inhibitor, dTDP-rhamnose, binds
allosterically, it is unsurprising that our thymidine derivatives have an affinity for the
allosteric site, sometimes even over the active site. Combined with the WaterLOGSY
studies discussed in Chapter 3, these data provide further evidence that the triazole-bearing
thymidine derivatives bind at the allosteric site in preference to the active site. This may
indicate that future work may include intentional targeting of the allosteric site to improve
the selectivity of the inhibitors. Currently, the most potent inhibitors of RmlA thus far are
thymine derivatives that bind at the allosteric site (according to co-crystallization with the
enzyme)'’ supporting the possibility that this mechanism could be demonstrated by our
thymidine derivatives. Furthermore, we only tested triazole-bearing compounds in kinetic
studies. It is possible that the amide series or compounds bearing other linkers may
demonstrate competitive binding, as the amide (18) and fused-triazole (15) compounds
were fully displaced by dTTP in WaterLOGSY binding studies. Finally, while we were
unable to synthesize target compounds Sa and Sb, the two most potent compounds we
tested, 4d and 4f, bore the composite functional groups of 5a, suggesting that it potentially
may be a very potent compound if it is synthetically accessible. Therefore, not only will it
be valuable to determine the K; values and mechanisms of inhibition of 4d and 4f, but also

to synthesize and evaluate compounds Sa and Sb.
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4.4. Exploration of Potential Covalent Inactivators Through Time-Dependent
Inhibition Studies

The inhibition mechanisms discussed in Chapter 4.3.2 (above) only describe fully
reversible inhibition, where the interaction between the host and guest can be interrupted
by dilution. Some of our compounds (i.e., aldehydes 4d and 4e, as well as BPin-aldehyde
compounds 4a and 4b) are designed to react covalently with lysine residues to form imines
or iminoboronates, respectively. As such, this type of may not be observed easily using
kinetic studies which rely on fast, reversible binding. Instead, slow-binding studies are
used.

In slow-binding studies, the compound is allowed to interact with the enzyme for
an extended period of time, and increased inhibition (i.e., decreased enzyme activity) is
demonstrated over time. This may be done by preincubating the inhibitor with the enzyme,
then performing the coupled assay at several timepoints throughout the incubation (the
specific time period would vary based on how slow the binding was). In this case, a plot of
reaction rate vs. time would show datapoints which decreased either linearly or as a decay
function, and this method has previously been used successfully in the Jakeman group.®*
However, due to the propensity of Cps2L to lose activity rapidly after dilution, we found
that even in the absence of inhibitor, activity would decrease over time.

We therefore opted for an alternative method to observe slow binding, which uses
not the rate data, but the raw data acquired from the assay, plotting absorbance
(proportional to product formation) over time. Theoretically, in the presence of a slow,
“tight-binding” inhibitor, the rate of reaction will decrease over time, whereas the same
reaction in the absence of inhibitor should show no decrease in rate over the same period
of time.% Naturally, as the substrate is consumed, the reaction rate will begin to decrease;
so a relatively high concentration of substrate must be chosen, as well as an appropriate
time period over which the reaction rate remains linear.

Jakeman group members Julie Cormier, Dr. Michael Beh and I began to conduct
the slow-binding assay prior to lab closures (the full procedure can be found in Chapter
5.4.4), but no conclusive data have yet been collected. Most commonly, curvature in the
“zero inhibitor” trace occurs, indicating that the time period is too long, and the substrate

is being consumed. We have also observed immediate inhibition rather than inhibition over

48



time (see Figure 4.7) which visually confounds the expected observation (curvature, or lack
thereof). Given the kinetic studies, we know that most of the compounds we test give some
degree of fast, reversible inhibition which explains this result. Future studies will determine

optimal parameters for this assay so that any covalent interactions can be identified and

characterized.
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Figure 4.7: Formation of product (proportional to absorbance) by Cps2L over time in the presence of 4d at

0(©),2(@),4(°),6(A),8 (=)and 12.5 (X) uM over the course of (left) 2700 s and (right) 500 s. Errant

datapoints due to artifacts during acquisition were removed for clarity. Immediate inhibition is evident by

the decreased initial slope at increasing concentrations of inhibitor. Additionally, curvature is evident at 0
puM, confounding the expected result. Data collected by Dr. Michael Beh.

4.5. Summary

Nine of the compounds synthesized for this project were analyzed for reversible inhibition
of Cps2L. Kinetic models were devised to incorporate multiple instances of inhibition (by
the substrate and the compound of interest), for each of the four standard reversible
inhibition models. Preliminary data suggest that all but one compound demonstrated at
least some inhibition at the concentrations tested, with particular potency demonstrated by
compound 4d. Exploratory work into probing slow-binding inhibition was also performed.
Future work will involve acquiring consistent and high-quality kinetic data for each of the
compounds synthesized so that accurate kinetic parameters and mechanisms of inhibition

can be determined.
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Chapter 5. Experimental Procedures
5.1. Procedures for the Synthesis of Inhibitor Compounds and Intermediates
5.1.1. General Remarks

Reactions were conducted using oven-dried glassware and stir bars. Reaction solvents were
purchased anhydrous and used without further purification. All reagents were obtained
from commercial sources and used without further purification except for 2-bromo-5-
hydroxybenzaldehyde, which was purified by column chromatography before use.
Reaction progress was monitored using glass-backed silica TLC plates, and visualized
using UV light, or p-anisaldehyde, dinitrophenylhydrazine, or potassium permanganate
stain. NMR spectra were acquired using a Bruker 500 MHz (11.7 T) NMR spectrometer at
Dalhousie University’s NMR-3 facility. NMR chemical shifts were reported in ppm
relative to TMS ('H and '*C nuclei) or BF3OEt; (!B nucleus) or CFCl; (*°F nucleus). Mass
spectra were acquired by Xiao Feng using a Bruker microTOF Focus Mass Spectrometer,
using an ESI (+ or -) or APCI (+ or -) ionization source.

5.1.2. General Procedure 1 (GP1) for the Alkyne Substitution Reaction of Phenols

Phenol 1 (1 equiv.) and potassium carbonate (2 equiv.) were dissolved in anhydrous DMF
to a final concentration of approximately 0.75 M with respect to phenol, then propargyl
bromide (1.5 equiv., 80% v/v solution in toluene) was added. The reaction mixture was
covered with a septum and stirred at room temperature until complete as determined by
TLC analysis (eluent = 3:1 hexane : ethyl acetate). Upon completion, the reaction solvent
was removed in vacuo under a 50 mbar atmosphere while maintained at 50 °C. The crude
material was redissolved in ~20 mL ethyl acetate, then washed with water (2 x 20 mL) and
saturated aqueous sodium sulfate solution (1 x 20 mL). The organic phase was dried with
anhydrous magnesium sulfate, filtered, and evaporated in vacuo to give the product. No
further purification was required except where noted.

5.1.2. General Procedure 2 (GP2) for the CuAAC Reaction With CuSO4 and Ascorbic
Acid

5'-Deoxy-5'-azidothymidine (1 equiv.) and alkyne (1.1 equiv.) were stirred in THF
(approx. 0.12 M with respect to azide) at 50 °C until both were fully dissolved. Copper (II)
sulfate pentahydrate (0.5 equiv.) and ascorbic acid (0.55 equiv.) were dissolved in water

(1/3 volume of THF), then the aqueous solution was added to the THF solution. The
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reaction mixture was purged with nitrogen, and stirred at 50 °C. After consumption of 5'-
deoxy-5'-azidothymidine as determined by TLC analysis (10% MeOH, 45% hexane, 45%
DCM), the reaction mixture was evaporated to dryness in vacuo. The residue was triturated
with H>O (5-10 mL) then filtered and washed several times with water to remove copper
salts and ascorbic acid. The solid was dried, washed with DCM to remove excess alkyne,

and collected to give the product. No further purification was required except where noted.

5.1.3. Synthesis of Compounds
5'-Deoxy-5'-azidothymidine (1)

0 5'-0-(p-Toluenesufonyl)thymidine (500 mg, 1.261 mmol) and
NH sodium azide (123 mg, 1.892 mmol) were solvated in N,N-

| /g dimethylformamide (DMF, 3 mL). The reaction mixture was

N3 \ © stirred at 70 °C for 3 h, and monitored by thin-layer
chromatography (silica, 5% methanol in dichloromethane).
o Upon completion, the solvent was removed in vacuo, then the
crude material was redissolved in a mixture of 1:1 H>O/saturated aqueous Na;SO4. The
aqueous solution was extracted 4x with 2-methyltetrahydrofuran (Me-THF). The organic
layers were combined and dried with anhydrous MgSOQs, filtered, and evaporated in vacuo
to give the product as a crystalline white solid (333 mg, 99%). TLC: Rr = 0.46.

Characterization data are consistent with literature.’?

2-Formyl-4-hydroxyphenylboronic acid pinacol ester (2a)
2-Bromo-5-hydroxybenzaldehyde (1300 mg, 6.467  mmol),
% bis(pinacolato)diboron (2956 mg, 11.614 mmol) and ([1,1'-

Sg” o Bis(diphenylphosphino)ferrocene]dichloropalladium(IT) (236 mg, 0.323
I

mmol) were combined, followed by potassium acetate (1904 mg, 19.401

mmol). The solids were dissolved in dioxane (10 mL), then the reaction

mixture was purged with nitrogen and stirred at 100 °C under nitrogen

OH atmosphere. The reaction was monitored by TLC (SiO2, 10% EtOAc, 45%
hexane, 45% DCM) and found to be compete after 3.5 h. The reaction mixture was
evaporated to dryness in vacuo, then redissolved in EtOAc (50 mL) and transferred to a

separatory funnel. The organic phase was washed with water (3 x 50 mL), then collected,
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dried with MgSOs, and filtered. The dissolved crude material was adsorbed directly onto
Celite®, dry-loaded onto a silica column, and purified by flash chromatography (0-10%
EtOAc in hexane) to give the product (1393g, 87%). 'H NMR (500 MHz, CDCl3) & 10.65
(s, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.51 (d, J = 2.6 Hz, 1H), 7.10 (dd, J = 2.6, 8.2 Hz, 1H),
6.04 (s, 1H), 1.37 (s, 12H). *C NMR (126 MHz, CDCl3) § 195.22, 158.45, 143.54, 138.43,
120.43, 113.22, 84.21, 24.85. "B NMR (160 MHz, CDCl3) § 30.78. HRMS - ESI+ (m/z)
calc'd for C13H17BNaOg: 271.1112; found 271.1109.

2-Formyl-5-hydroxyphenylboronic acid pinacol ester (2b)
2-Bromo-4-hydroxybenzaldehyde (1000 mg, 4.974 mmol),

- ° (,) bis(pinacolato)diboron (2274 mg, 8.954 mmol) and ([1,1'-
B ~0 Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (182 mg,
0.249 mmol) were combined, followed by potassium acetate (1464
mg, 14.922 mmol). The solids were dissolved in dioxane (8 mL),
OH

then the reaction mixture was purged with nitrogen and stirred at
100 °C under nitrogen atmosphere. The reaction was monitored by TLC (SiO2, 10%
EtOAc, 45% hexane, 45% DCM) and found to be complete after 5 h. The reaction mixture
was evaporated to dryness in vacuo, redissolved in EtOAc (40 mL), the organic phase
washed with water (2 x 40 mL), then the aqueous phases reextracted with EtOAc (20 mL).
The organic phases were combined, washed with a solution of 1:1 H2O: brine (20 mL),
then dried with MgSOQy, filtered, and evaporated. The residue was adsorbed onto Celite®,
dry-loaded onto a silica column, and purified by flash chromatography (0-20% EtOAc in
hexane). Fractions containing product were evaporated to dryness, then the material was
washed with cold hexane to give the product as a white solid (1180 mg, 96%).

Characterization data are consistent with literature.®
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2-Formyl-4-(2-propyn-1-yloxy)-phenylboronic acid pinacol ester (3a)
% Compound 3a was prepared according to GP1 with 1000 mg (4.031

mmol) of 2a. The reaction was complete after 4 h. Following extraction,

0 the organic material was filtered through a short plug of silica and
evaporated to dryness to give an off-white solid (592 mg, 51%). R =0.42.
'"H NMR (500 MHz, CDCls) & 10.67 (s, 1H), 7.89 (d, J = 8.3 Hz, 1H),

Z _ _ —
O\// 7.57(d,J =2.6 Hz, 1H), 7.19 (dd, J = 2.7, 8.3 Hz, 1H), 4.77 (d, J = 2.4
Hz, 2H), 2.53 (t, J = 2.4 Hz, 1H), 1.37 (s, 12H). '*C NMR (126 MHz, CDCls) § 194.54,
159.82,143.55,137.97,120.51, 111.57, 84.24,77.78, 76.06, 55.82, 24.87. Characterization

data are consistent with literature.®®

2-Formyl-5-(2-propyn-1-vyloxy)phenylboronic acid pinacol ester (3b)

Compound 3b was prepared according to GP1 with 1000 mg (4.031

20 (')J% mmol) of 2b. The reaction was complete after 5 h. The product was
B~o recovered as a reddish crystalline solid (655 mg, 57%). 'H NMR (500
MHz, CDCl3) 6 10.39 (s, 1H), 7.95 (d, J = 8.6 Hz, 1H), 7.37 (d,J =

O\/// 2.7 Hz, 1H), 7.11 (dd, J = 2.5, 8.5 Hz, 1H), 4.78 (d, J = 2.4 Hz, 2H),

2.54 (t,J = 2.4 Hz, 1H), 1.39 (s, 12H). >*C NMR (126 MHz, CDCls) § 192.94, 161.14,
135.32, 130.48, 121.19, 116.68, 84.48, 77.66, 76.07, 55.89, 24.83. HRMS — ESI+ (m/z)
calc'd for Ci16H19BNaOg: 309.1269; found 309.1268.

5'-(4-((3-Formyl-4-(pinacolborono)phenoxy)methyl)-1H-1.2.3-triazol-1-y1)-5'-

deoxythymidine (4a)

Tetrakis(acetonitrile)copper(I) hexafluorophosphate (14
(}L'L mg, 0.037 mmol) and Tris[(1-benzyl-1H-1,2,3-triazol-4-

B—O yl)methyl]amine (24 mg, 0.045 mmol) were stirred in

(0]
/ Q anhydrous THF (24 mL). 5'-deoxy-5"-azidothymidine
\fj\NH (200 mg, 0.748 mmol) and 3a (236 mg, 0.823 mmol) were
PN

\—'Q\/l\‘l N each dissolved in 6 mL THF, and added sequentially to
N
’| o) | the reaction mixture. The solution was purged with

nitrogen and heated to 60 °C. After 1 hour, the azide

starting material was consumed by TLC analysis (SiO»,
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10% MeOH, 45% DCM, 45% hexane), and the reaction mixture was evaporated to dryness
in vacuo. The resulting solid was stirred in DCM (20 mL) and the solid collected by
filtration to give the product (160 mg, 39%). 'H NMR (500 MHz, de-DMSO) & 11.29 (s,
1H), 10.44 (s, 1H), 8.22 (s, 1H), 7.74 (d, J = 8.3 Hz, 1H), 7.50 (d, J = 2.6 Hz, 1H), 7.34
(m, 2H), 6.17 (t, J = 7.0 Hz, 1H), 5.49 (d, J = 4.4 Hz, 1H), 5.26 (s, 2H), 4.73 (dd, J = 4.3,
14.3 Hz, 1H), 4.64 (dd, J = 7.6, 14.3 Hz, 1H), 4.28 (q,J = 3.3 Hz, 1H), 4.09 (m, J = 3.8
Hz, 1H), 2.16 (m, 1H), 2.09 (m, 1H), 1.79 (d, J = 0.7 Hz, 3H), 1.33 (s, 12H). '3C NMR
(126 MHz, ds-DMSO) 6 193.78, 163.59, 160.12, 150.35, 142.81, 142.22, 137.24, 136.00,
125.35, 119.94, 112.43, 109.82, 84.03, 83.94, 81.31, 70.73, 61.19, 51.24, 37.86, 24.56,
24.44,12.00. ''B NMR (160 MHz, ds-DMSO) & 32.39, 22.33. HRMS — ESI+ (m/z) calc'd
for C26H32BNsNaOs: 576.2236; found 576.2241.

5'-(4-((4-Formyl-3-(pinacolborono)phenoxy)methyl)-1H-1.2.3-triazol-1-yI)-5'-
deoxythymidine (4b)

;é< Tetrakis(acetonitrile)copper(I) hexafluorophosphate
BIO o\ (14 mg, 0.037 mmol) and Tris[(1-benzyl-1H-1,2,3-

* triazol-4-yl)methyl]amine (24 mg, 0.045 mmol)
\fj\/"ﬁ were stirred in anhydrous THF (24 mL). 5'-deoxy-5'-
N™ O azidothymidine (200 mg, 0.748 mmol) and 3b (236
o mg, 0.823 mmol) were each dissolved in 6 mL THF
> and added sequentially to the reaction mixture. The
solution was purged with nitrogen and heated to 60 °C. After 1 hour, 5'-deoxy-5'-
azidothymidine was consumed by TLC analysis (SiO2, 10% MeOH, 45% DCM, 45%
hexane), and the reaction mixture was evaporated to dryness in vacuo. The resulting solid
was stirred in DCM (20 mL) and the solid collected by filtration to give the product as a
red-brown solid (284 mg, 69%). 'H NMR (500 MHz, de-DMSO) & 11.29 (s, 1H), 10.14 (s,
1H), 8.23 (s, 1H), 7.90 (d, J = 8.6 Hz, 1H), 7.35 (d, J = 0.9 Hz, 1H), 7.29 (q, J = 3.7 Hz,
1H), 7.24 (d,J = 2.6 Hz, 1H), 6.17 (t,J = 7.0 Hz, 1H), 5.49 (d, J = 4.4 Hz, 1H), 5.28 (s,
2H), 4.74 (dd, J = 4.3, 14.3 Hz, 1H), 4.65 (dd, J = 7.6, 14.3 Hz, 1H), 4.29 (m, 1H), 4.09
(m, 1H), 2.17 (m, 1H), 2.10 (m, 1H), 1.80 (s, 3H), 1.34 (s, 12H). "B NMR (160 MHz, ds-
DMSO) & 33.13.
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2-(Propyn-1-yloxy)benzene (3¢)

Compound 3¢ was prepared according to GP1 with 100 mg (1.06 mmol) of

© phenol. The reaction was complete after 2 h, and extraction was performed
o \/// using diethyl ether as the organic phase instead of ethyl acetate. The product
was recovered as a colourless oil (80 mg, 57%). 'H-NMR (500 MHz,

CDCl3) 6 2.51 (1H, t,J = 2.38 Hz), 4.70 (2H, d, J = 2.15 Hz), 7.00 (3H, m, J = 4.44 Hz),

7.31 (2H, t, J = 7.98 Hz). Characterization data are consistent with literature.>'

3-(2-Propyn-1-yloxy)benzaldehyde (3d)

Io Compound 3d was prepared according to GP1 with 250 mg (2.047 mmol)

of 3-hydroxybenzaldehyde. The reaction was complete after 3 h. The

©) product was recovered as a pale oil (316 mg, 96%). Rr = 0.49. 'H NMR
N (500 MHz, CDCl3) 8 9.99 (s, 1H), 7.50 (m, J = 8.1 Hz, 3H), 7.26 (qd, J =

1.2, 8.1 Hz, 2H), 4.76 (d, J = 2.4 Hz, 2H), 2.55 (t, J = 2.4 Hz, 1H). Characterization data

are consistent with literature.*?

4-(2-Propyn-1-yloxy)benzaldehyde (3e)

_O Compound 3e was prepared according to GP1 with 250 mg (2.047 mmol) of
4-hydroxybenzaldehyde. The reaction was complete after 3 h. The product
was recovered as an off-white solid (307 mg, 94%). 'H NMR (500 MHz,

o\/// CDCI3) 6 9.91 (s, 1H), 7.86 (d, J = 8.8 Hz, 2H), 7.10 (d, J = 8.8 Hz, 2H),

4.78 (d, J = 2.5 Hz, 2H), 2.56 (t, J = 2.4 Hz, 1H).Characterization data are consistent with

literature.>?

4-(2-Propyn-1-yloxy)phenylboronic acid (3f)

HO.__OH Compound 3f was prepared according to GP1 using 200 mg (1.450 mmol)
| of 4-hydroxyphenylboronic acid. The reaction was complete after 16 h.
After workup, the product was collected as a light brown crystalline solid

o\/// (199 mg, 78%). 'H NMR (500 MHz, CDCl;) 6 8.18 (d, J = 8.7 Hz, 2H),
7.09 (d, J =8.7Hz, 2H), 4.78 (d, J = 2.4 Hz, 2H), 2.56 (t, J = 2.4 Hz, 1H).

3C NMR (126 MHz, CDCls) § 161.16, 137.47, 123.08, 114.38, 78.24, 75.77, 55.63. ''B
NMR (160 MHz, CDCIl3) ¢ 29.27. Molecular ion was not found when analyzed by mass

spectrometry.
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4-(2-Propyn-1-yloxy)benzonitrile (3g)

CN Compound 3g was prepared according to GP1 with 300 mg (2.518 mmol) of
4-hydroxybenzonitrile. The reaction was complete after 2 h. The product was
recovered as a tan solid (358 mg, 90%). '"H NMR (500 MHz, CDCls) § 7.61

Z
O\/ (d,J = 8.9 Hz, 2H), 7.04 (d, J = 8.9 Hz, 2H), 4.75 (d, J = 2.4 Hz, 2H), 2.56

(t,J = 2.4 Hz, 1H).). Characterization data are consistent with literature.*’

5'-(4-Phenoxymethyl-1H-1.2.3-triazol-1-yI)-5’-deoxythymidine (3¢)

0 Compound 4¢ was prepared from 3¢ according to GP2 with

Q | NH 147 mg (0.550 mmol) of 5'-deoxy-5'-azidothymidine. The
O,

o reaction was complete after 2 h, after which the reaction

~ I mixture was adsorbed directly onto Celite®, dry-loaded
° onto a silica column and purified by flash chromatography

OH (0-10% MeOH in DCM). The product was recovered as a
light brown solid (163 mg, 73%). '"H NMR (500 MHz, ds-DMSO) & 11.29 (s, 1H), 8.19 (s,
1H), 7.35 (s, 1H), 7.29 (t,J = 8.0 Hz, 2H), 7.02 (d, J = 8.0 Hz, 2H), 6.94 (t,J = 7.3 Hz,
1H), 6.17 (t, J =7.0 Hz, 1H), 5.49 (d, J =4.3 Hz, 1H), 5.13 (s, 2H), 4.73 (dd, J = 4.4, 14.3
Hz, 1H), 4.63 (dd, J = 7.6, 14.3 Hz, 1H), 4.29 (m, 1H), 4.09 (m, 1H), 2.17 (m, 1H), 2.09
(m, 1H), 1.79 (s, 3H). *C NMR (126 MHz, de-DMSO) § 164.09, 158.47, 150.84, 143.24,

136.49, 129.92, 125.65, 121.27, 115.10, 110.31, 84.51, 84.41, 71.22, 61.37, 51.68, 38.31,
12.49. HRMS: APCI+ Calculated: 400.1615, found: 400.1622.

N=
\S

z-Z

5'-(4-((3-Formylphenoxy)methyl)-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (4d)

Compound 4d was prepared from 3d according to GP2 with

O o)
Q’l/ \fJ\NH 180 mg (0.674 mmol) of 5'-deoxy-5'-azidothymidine. The
d N=N | N ,&O reaction was complete after 30 min. Following washing
\'—Q\/[‘\] steps, the product was recovered as a white solid (234 mg,
© 54%). "H NMR (500 MHz, ds-DMSO) & 11.29 (s, 1H), 9.97
OH (s, 1H), 8.22 (s, 1H), 7.54 (q, J = 2.9 Hz, 2H), 7.52 (s, 1H),

7.36 (m, J = 3.9 Hz, 2H), 6.16 (t, J = 7.0 Hz, 1H), 5.49 (d, J = 4.4 Hz, 1H), 5.24 (s, 2H),
4.74 (dd, J = 4.4, 14.3 Hz, 1H), 4.64 (dd, J = 7.6, 14.3 Hz, 1H), 4.29 (m, J = 3.3 Hz, 1H),
4.09 (m,J = 3.8 Hz, 1H), 2.17 (m, 1H), 2.09 (m, 1H), 1.79 (s, 3H). 3C NMR (126 MHz,
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ds-DMSO) 6 193.30, 158.98, 142.84, 138.10, 136.49, 130.84, 125.81, 123.08, 121.97,
114.64,110.31, 84.51, 84.40, 71.23, 61.76, 51.72, 38.33, 12.48. HRMS - ESI+ (m/z) calc'd
for C20H21NsNaOs: 450.1384; found 450.1397.

5'-(4-((4-Formylphenoxy)methyl)-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (4e)

Compound 4e was prepared from 3e according to GP2 with

=0
Q 180 mg (0.674 mmol) of 5'-deoxy-5'-azidothymidine. The
\fl\/'ﬁ reaction was complete after 5 h. After washing steps, the
0 N= N™ ~O  product was recovered as a white solid (370 mg, 86%). 'H

o NMR (500 MHz, d-DMSO) & 11.33 (s, 1H), 9.87 (s, 1H),
- 8.25 (s, 1H), 7.87 (d, J = 8.7 Hz, 2H), 7.36 (s, 1H), 7.23 (d, J
= 8.7 Hz, 2H), 6.17 (t,J = 7.0 Hz, 1H), 5.52 (d, J = 4.3 Hz, 1H), 5.27 (s, 2H), 4.74 (dd, J
=4.3,14.3 Hz, 1H), 4.64 (dd, J = 7.7, 14.3 Hz, 1H), 4.29 (q, J = 3.2 Hz, 1H), 4.09 (q, J =
3.8 Hz, 1H), 2.18 (m, 1H), 2.09 (m, 1H), 1.79 (s, 3H). *C NMR (126 MHz, de-DMSO) &
191.78, 164.10, 163.37, 150.84, 142.51, 136.53, 132.22, 130.29, 126.01, 115.62, 110.33,
84.48, 84.38, 71.20, 61.82, 51.73, 38.28, 12.52. HRMS - ESI+ (m/z) calc'd for
C20H21N5NaOs: 450.1384; found 450.1392.

5'-(4-((4-Boronophenoxy)methvyl)-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (4f)

HO_ Compound 4f was prepared from 3f according to GP2 with
i o) 131 mg (0.490 mmol) of 5’-deoxy-5'-azidothymidine. The
Q \fj\/lﬁ reaction was complete after 5 h. After washing steps, the
o} \—Qi':‘\, N“ S0 product was stirred overnight in DCM, filtered, and collected

0 as a light brown solid (217 mg, 95%). 'H NMR (500 MHz, de-
o DMSO) & 11.29 (s, 1H), 8.21 (s, 1H), 7.82 (s, 2H), 7.73 (d, J
= 8.2 Hz, 2H), 7.35 (s, 1H), 6.98 (d, J = 8.2 Hz, 2H), 6.17 (t, J = 6.9 Hz, 1H), 5.49 (d, J =
3.9 Hz, 1H), 5.14 (s, 2H), 4.73 (dd, J = 4.2, 14.2 Hz, 1H), 4.64 (dd, J = 7.6, 14.2 Hz, 1H),
4.29 (m, 1H), 4.09 (m, 1H), 2.18 (m, 1H), 2.10 (m, 1H), 1.79 (s, 3H). 3*C NMR (126 MHz,
ds-DMSO) & 164.09, 160.18, 150.85, 143.33 (determined by 2D data), 136.51, 136.27,
126.46 (determined by 2D spectra), 125.73, 114.07, 110.32, 84.53, 84.41, 71.23, 61.22,
51.72,38.32, 12.49. "B NMR (160 MHz, de-DMSO) & 30.28. Molecular ion was not found

for this compound when analyzed by mass spectrometry.
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5'-(4-((4-Cyanophenoxy)methyl)-1H-1.2.3-triazol-1-yI)-5'-deoxythymidine (4g)

CN Compound 4g was prepared from 3g according to GP2
o]
with 100 mg (0.374 mmol) 5'-deoxy-5'-azidothymidine.
NH

| /g The reaction mixture was stirred at 30 °C for 6 days.

o} N=N N™ o , . . .
\’k\,l‘\l Following full conversion, the reaction mixture was
o diluted in water (~15 mL) and extracted 3x with equal
OH volumes of 2-Me-THF. The organic phases were

combined, dried with MgSOQsa, filtered, and evaporated to give a white solid. The solid was
suspended in DCM (~10 mL), filtered, and collected to give the product (116 mg, 73%).
'"H NMR (500 MHz, de-DMSO) § 11.31 (s, 1H), 8.25 (s, 1H), 7.79 (d, J = 8.8 Hz, 2H),
7.36 (s, 1H), 7.23 (d, J = 8.9 Hz, 2H), 6.18 (t,J = 7.0 Hz, 1H), 5.51 (d, J = 4.3 Hz, 1H),
5.26 (s, 2H), 4.75 (dd, J = 4.3, 14.3 Hz, 1H), 4.65 (dd, J = 7.6, 14.3 Hz, 1H), 4.30 (q, J =
3.4 Hz, 1H), 4.10 (m, J = 3.9 Hz, 1H), 2.20 (m, 1H), 2.11 (m, 1H), 1.80 (s, 3H). *C NMR
(126 MHz, ds-DMSO) 6 164.08, 161.92, 150.84, 142.39, 136.53, 134.62, 126.01, 119.50,
116.26, 110.31, 103.61, 84.54, 84.38, 71.22, 61.86, 51.74, 38.31, 12.49. HRMS - APCI+
(m/z) calc'd for C20H21N6Os: 425.1568; found 425.1578.

5'-(4-(2-Cyanoethyl)-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (7)

0 Compound 7 was prepared from 4-pentynenitrile according
/N NH to GP2 with 100 mg (0.374 mmol) of 5'-deoxy-5'-
’ S5 S .
N=N N~ Xo azidothymidine. The reaction was complete after 4.5 h.
)
N\_N

Following washing steps, the material was further purified

by column chromatography (0-10% MeOH in DCM) to give
OH the product as a white solid (47 mg, 36%). 'H NMR (500
MHz, d¢-DMSO) 6 11.29 (s, 1H), 7.96 (s, 1H), 7.35 (s, 1H), 6.16 (t, J = 7.0 Hz, 1H), 5.48
(d,J =4.0Hz, 1H), 4.70 (dd, J = 4.3, 14.3 Hz, 1H), 4.60 (dd, J = 7.4, 14.4 Hz, 1H), 4.27
(m, 1H), 4.05 (m, 1H), 2.95 (t,J = 7.1 Hz, 2H), 2.83 (t, J/ = 7.1 Hz, 2H), 2.16 (m, 1H), 2.09
(m, 1H), 1.80 (s, 3H). *C NMR (126 MHz, de-DMSO) & 164.09, 150.84, 144.47, 136.53,
123.67, 120.54, 110.28, 84.46 (2 overlapping C signals), 71.16, 51.60, 38.34,21.71, 16.92,
12.50. HRMS - APCI+ (m/z) calc'd for C1sH19N¢Oa4: 347.1462; found 347.1457.
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2-Bromo-5-(2-propyn-1-yloxy)benzonitrile (3h).

Br Compound 3h was prepared according to GP1 with 200 mg (1.010 mmol)

CN  of 2-bromo-5-hydroxybenzonitrile. The reaction was complete after 3 h.

After workup, purification by flash chromatography (9:1 hexane / ethyl

0 \/// acetate) was performed. The product was recovered as a white solid (172

mg, 72%). "H NMR (500 MHz, CDCl3) 8 7.57 (d, J = 9.0 Hz, 1H), 7.26 (d, J

=2.6 Hz, 1H), 7.09 (dd, J = 3.0, 9.0 Hz, 1H), 4.71 (d, J = 2.4 Hz, 2H), 2.57 (t, J = 2.4 Hz,

1H). 3C NMR (126 MHz, CDCls) § 156.50, 134.05, 121.67, 120.13, 116.89, 116.71,

116.36, 76.92, 56.34. HRMS - APCI+ (m/z) calc'd for C7H10BrNO: 235.9706; found
235.9706.

5'-(4-((4-Bromo-3-cyanophenoxy)methyl)-1H-1.2.3-triazol-1-y1)-5’-deoxythymidine (4h)

Compound 4h was prepared from 3h according to GP2 with

\fl\ 155 mg (0.578 mmol) of 5'-deoxy-5"-azidothymidine. The
NH

' /g reaction was complete after 1 hour. Following washing, the
N" o

=N
\—-Q\/,‘\j I product was collected as a light yellow solid (150 mg, 51%).
(6]

'HNMR (500 MHz, d-DMSO0) & 11.29 (s, 1H), 8.23 (s, 1H),

7.75 (d,J = 9.0 Hz, 1H), 7.70 (d, J = 2.9 Hz, 1H), 7.34 (s,
1H), 7.32 (dd, J = 3.0, 9.0 Hz, 1H), 6.17 (t, J = 6.9 Hz, 1H), 5.50 (d, J = 4.3 Hz, 1H), 5.22
(s, 2H), 4.74 (dd, J = 4.2, 14.2 Hz, 1H), 4.64 (dd, J = 7.6, 14.3 Hz, 1H), 4.29 (q,J = 3.2
Hz, 1H), 4.08 (m,J = 3.8 Hz, 1H), 2.18 (m, 1H), 2.10 (m, 1H), 1.79 (s, 3H). *C NMR
(126 MHz, dg-DMSO) § 164.10, 157.79, 150.84, 142.27, 136.49, 134.55, 126.05, 122.94,
120.87, 117.49, 115.57, 115.43, 110.32, 84.53, 84.38, 71.23, 62.20, 51.75, 38.34, 12.50.
HRMS - APCI+ (m/z) calc'd for C20H20BrNsOs: 503.0673; found 503.0687.

5'-(4-((3-Cyanophenoxy)methyl)-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (8)
o Compound 4h (100 mg, 0.199 mmol),

QCN \ﬁ‘\NH bis(pinacolato)diboron (151 mg, 0.596 mmol), potassium
| ,&O acetate (58 mg, 0.596 mmol),

N
\’Q\/,'\, tris(dibenzylideneacetone)dipalladium(0) (2 mg, 0.002

mmol) and XPhos (4 mg, 0.008 mmol) were stirred under

OH vacuum for 5 min, purged with nitrogen, then dissolved in
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dioxane (1.5 mL) and stirred at 100 °C. After 48 h, the temperature was reduced to 23 °C
and stirred for another 48 h until the starting material was consumed by TLC analysis (10%
MeOH, 45% hexane, 45% DCM). The reaction mixture was diluted in water (~20 mL) and
washed twice with an equal volume of 2-Me-THF. The organic phases were combined,
dried with MgSQOs, filtered, and evaporated. The organic residue was adsorbed onto
Celite®, dry-loaded onto a silica column and purified by flash chromatography (0-5%
MeOH in DCM/Hexane (1:1)). The product was collected as a white solid. Although the
reaction was conducted with the intent to install a BPin group, NMR analysis revealed the
protodeborylated product (36 mg, 43%). 'H NMR (500 MHz, d-DMSO) & 11.29 (s, 1H),
8.23 (s, 1H), 7.55 (d, J = 1.4 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H),
7.37(dd,J = 2.5, 8.4 Hz, 1H), 7.35 (s, 1H), 6.17 (t, J = 7.0 Hz, 1H), 5.50 (d, J = 4.3 Hz,
1H), 5.22 (s, 2H), 4.74 (dd, J = 4.4, 14.3 Hz, 1H), 4.64 (dd, J = 7.7, 14.3 Hz, 1H), 4.29
(q,J =3.2Hz, 1H),4.09 (m, J = 3.9 Hz, 1H), 2.18 (m, 1H), 2.10 (m, 1H), 1.79 (s, 3H). 1*C
NMR (126 MHz, d¢e-DMSO) & 164.09, 150.84, 142.55, 139.28, 136.50, 131.29, 125.95,
125.27, 121.04, 119.06, 118.10, 112.68, 110.32, 84.53, 84.40, 71.23, 61.86, 51.74, 38.33,
12.49. HRMS - APCI+ (m/z) calc'd for C20H21N¢Os: 425.1568; found 425.1570.

1-Bromo-4-(2-propynyloxy)benzene (3i)

Br Compound 3i was prepared according to GP1 with 432 mg (2.500 mmol)
of 1-bromo-4-hydroxybenzene. The reaction was complete after 96 h. The
product was recovered as a yellow oil (368 mg, 70%). 'H NMR (500 MHz,

o\/// CDCl3) 6 7.40 (td, J = 2.7, 10.3 Hz, 2H), 6.87 (td, J = 2.8, 10.1 Hz, 2H),

4.67 (d,J=2.4Hz, 2H), 2.52 (t, J = 2.4 Hz, 1H). Characterization data are consistent with

literature.>?

5'-(4-((4-Bromophenoxy)methyl)-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (4i)

Br Compound 4i was prepared from 3i following GP2 with 334

I mg (1.250 mmol) of 5'-deoxy-5"-azidothymidine. The reaction

J Nen \ﬁkjﬁ was complete after 10 min. Following washing steps, the
\—Q\/,{l product was recovered as a solid (537 mg, 90%). 'H NMR
© (500 MHz, ds-DMSO) 6 11.29 (s, 1H), 8.20 (s, 1H), 7.45 (d, J

OH =8.9Hz, 2H), 7.34 (s, 1H), 7.01 (d, /= 8.9 Hz, 2H), 6.17 (t, J
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= 7.0 Hz, 1H), 5.49 (d, J = 4.3 Hz, 1H), 5.13 (s, 2H), 4.73 (dd, J = 4.4, 143 Hz, 1H), 4.63
(dd, J=7.6,14.3 Hz, 1H),4.28 (q, J = 3.3 Hz, 1H), 4.08 (m, J = 3.9 Hz, 1H), 2.17 (m, 1H),
2.10 (m, 1H), 1.79 (s, 3H). *C NMR (126 MHz, ds-DMSO) & 163.58, 157.26, 150.33,
142.35, 135.99, 132.06, 125.28, 116.99, 112.22, 109.80, 84.01, 83.88, 70.71, 61.21, 51.20,
37.81, 11.99. HRMS - APCI+ (m/z) calc'd for C1oH20BrNsOs: 478.0721; found 478.0706.

5'-(4-((4-(Pinacolborono)phenoxy)methyl)-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (9)
\’ { Compound 4i (86 mg, 0.180 mmol), bis(pinacolato)diboron

o J (137 mg, 0.540 mmol), potassium acetate (53 mg, 0.540 mmol),
B—

0 tris(dibenzylideneacetone)dipalladium(0) (1.6 mg, 0.002
\fj\/'ﬁ mmol) and XPhos (3.3 mg, 0.007 mmol) were stirred under
o} NzN N7 o

\__&\/ ) vacuum for 5 min, purged with nitrogen, then dissolved in
|\/_O>\ dioxane (1.25 mL) and stirred at 100 °C. The reaction was
OH complete after 1 hour by TLC analysis (10% MeOH, 45%

hexane, 45% DCM), and was diluted in MeOH (5 mL) and filtered through Celite®. The
resulting solution was adsorbed onto Celite®, dry-loaded onto a silica column, and purified
by flash chromatography (0-10% MeOH in DCM/Hexane (1:1)). The product was
collected as an off-white solid (72 mg, 76%). '"H NMR (500 MHz, de-DMSO) & 11.28 (s,
1H), 8.21 (s, 1H), 7.60 (d, J = 8.5 Hz, 2H), 7.34 (s, 1H), 7.02 (d, J = 8.5 Hz, 2H), 6.17 (t, J
=7.0 Hz, 1H), 5.51 (br. s, 1H), 5.17 (s, 2H), 4.73 (dd, J = 4.4, 14.3 Hz, 1H), 4.63 (dd, J =
7.5, 14.3 Hz, 1H), 4.28 (m, J = 3.3 Hz, 1H), 4.09 (m, J = 3.9 Hz, 1H), 2.16 (m, 1H), 2.09
(m, 1H), 1.79 (s, 3H), 1.28 (s, 12H).

5'-(4-Benzovyl-1H-1.2.3-triazol-1-y1)-5'-deoxythymidine (10a)

0 Compound 10a was prepared from 1-phenylprop-2-yn-1-

\ft'ﬁ one according to GP2 with 120 mg (0.449 mmol) 5'-deoxy-

& st "ij N° "0 5'_azidothymidine. Upon completion by TLC analysis, the

| :o: I reaction mixture was evaporated in vacuo, redissolved in

d’«/ OH H>O (20 mL) and extracted with 2-Me-THF (3x20 mL).

The organic phases were combined, dried with MgSOQy, filtered, and evaporated in vacuo.
The residue was adsorbed onto Celite®, dry-loaded onto a silica column, and purified by

flash chromatography (50 mL hexane, then 0-10% MeOH in DCM). The product was
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recovered as a white solid (135 mg, 76%). '"H NMR (500 MHz, ds-DMSO0) § 11.30 (s, 1H),
8.85 (s, 1H), 8.23 (d, J = 7.2 Hz, 2H), 7.70 (t, J = 7.4 Hz, 1H), 7.58 (t,J = 7.7 Hz, 2H),
7.33 (s, 1H), 6.18 (t,J = 7.0 Hz, 1H), 5.52 (d, / = 4.1 Hz, 1H), 4.84 (dd, J = 4.7, 14.2 Hz,
1H), 4.76 (dd, J = 7.2, 14.2 Hz, 1H), 4.32 (q, J = 3.4 Hz, 1H), 4.17 (m, 1H), 2.23 (m, 1H),
2.12 (m, 1H), 1.74 (s, 3H). 3C NMR (126 MHz, de-DMSO) & 184.96, 163.54, 150.35,
146.40, 136.52, 135.99, 133.20, 130.64, 129.80, 128.47, 109.81, 84.01, 83.44, 70.59,
51.27, 37.70, 11.94. HRMS - APCI+ (m/z) calc'd for Ci9H20Ns5Os: 398.1495; found
398.1467.

1-(2-Bromophenyl)-prop-2-yn-1-ol (11)

Br OH To an oven-dried, sealed flask purged with nitrogen was added

@/\\ ethynylmagnesium bromide solution (0.5 M in THF; 9 mL/4.5 mmol). The
S solution was stirred on ice for 5 min, following which, 2'-
bromobenzaldehyde (350 pL, 3 mmol) was added to the THF solution dropwise. The
starting material was consumed after 10 min by TLC analysis (3:1 hexane : ethyl acetate).
The reaction mixture was quenched with 20 mL of 1M aqueous ammonium chloride, then
extracted with 20 mL EtOAc. The organic phase was washed twice with brine, dried with
MgSOs, filtered, and evaporated in vacuo to give the product as a yellow oil (592 mg,
93%). '"H NMR (500 MHz, CDCls) § 7.79 (dd, J = 1.6, 7.8 Hz, 1H), 7.58 (dd, J = 1.0, 8.0
Hz, 1H), 7.37 (td, J = 11.3, 0.9 Hz, 1H), 7.20 (td, J = 1.6, 11.5 Hz, 1H), 5.81 (dd, J = 2.2,
5.4 Hz, 1H), 2.67 (d, J = 2.3 Hz, 1H), 2.47 (d, J = 5.5 Hz, 1H). Characterization data are

consistent with literature.®’

1-(2-Bromophenyl)prop-2-yn-1-one (12)
Br O Compound 11 (590 mg, 2.795 mmol) and Dess-Martin periodinane (1541

©/‘\\\ mg, 3.634 mmol) were dissolved in dichloromethane (10 mL) and stirred
at 23 °C. The reaction was complete after 5 min by TLC analysis (3:1

hexane : ethyl acetate). The reaction mixture was washed with water (3x10 mL), then the

organic phase was dried with MgSO4 and evaporated to dryness. The crude material was
adsorbed onto silica, then the silica was washed with hexane (50 mL) and the product eluted
(3:1 hexane : ethyl acetate, 50 mL). The solution containing product was evaporated in

vacuo to give an orange crystalline solid (458 mg, 78%). 'H NMR (500 MHz, CDCl;) o
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8.11 (dd,J = 1.8, 7.7 Hz, 1H), 7.70 (dd, J = 1.1, 7.9 Hz, 1H), 7.45 (td,J = 1.3, 7.5 Hz,
1H), 7.39 (td, J = 1.8, 7.6 Hz, 1H), 3.47 (s, 1H). Characterization data are consistent with

literature.®’

5'-(4-((2-Bromophenyl)oxomethyl)-1H-1.2.3-triazol-1-yl)-5'-deoxythymidine (13)

o] Compound 13 was prepared from 12 according to GP2
NH with 300 mg (1.123 mmol) 5'-deoxy-5'-

azidothymidine. The reaction was complete after 2 h

z—Z

by TLC analysis. Following washing with H>O, the
organic material was dissolved in MeOH, adsorbed
onto Celite®, dry-loaded onto a column, and purified
by flash chromatography (0-10% MeOH in DCM/Hexane (1:1)). The product was
collected as a yellow foam (404 mg, 75%). 'H NMR (500 MHz, de-DMSO) & 11.30 (s,
1H), 8.83 (s, 1H), 7.75 (dd, J = 7.7, 1.1 Hz, 1H), 7.52 (m, 3H), 7.37 (d, J = 1.1 Hz, 1H),
6.17 (t,J = 7.0 Hz, 1H), 5.51 (s, 1H), 4.81 (dd, J = 4.5, 14.2 Hz, 2H), 4.72 (dd, J = 7.6,
14.2 Hz, 1H), 4.30 (s, 1H), 4.15 (m, J = 3.9 Hz, 1H), 2.21 (m, 2H), 2.11 (m, 2H), 1.77 (d, J
= 0.7 Hz, 3H). 1*C NMR (126 MHz, de-DMSO) § 187.00, 163.56, 150.34, 145.77, 139.81,
136.02, 132.94, 132.00, 130.36, 129.41, 127.48, 118.55, 109.82, 84.10, 83.45, 70.67,
51.47,37.71, 11.97. HRMS was not acquired for this compound.

1.4-Bis(1-(5'-deoxy-5'-thymidyl)-1H-1,2.3-triazol-4-yl)benzene (14a)

OH 1,4-Diethynylbenzene (43 mg,

o ] l 0.340 mmol) and 5'-deoxy-5'-
NWN \(U\ azidothymidine (200 mg, 0.748

mmol) were stirred in THF (4 mL) at
HO 50 °C until both reagents were
dissolved. Copper sulfate pentahydrate (85 mg, 0.340 mmol) and ascorbic acid (66 mg,
0.374 mmol) were dissolved in water (1.5 mL) and added to the THF solution. The reaction
mixture was sealed with a septum, purged with N2, and stirred under nitrogen atmosphere.
The reaction was complete by TLC analysis (3:1 hexanes : ethyl acetate) and the produced
significant precipitation. The solid was collected by filtration, washed with water (~20 mL)

followed by MeOH (~20 mL) and dried to give the product as a light orange solid (216 mg,
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96%). "H NMR (500 MHz, ds-DMS0) & 11.01 (s, 2H), 8.60 (s, 2H), 7.92 (s, 4H), 7.24 (d, J
= 1.2 Hz, 2H), 6.19 (t, J = 6.9 Hz, 2H), 5.53 (d, J = 4.4 Hz, 2H), 4.77 (dd, J = 4.6, 14.4
Hz, 2H), 4.69 (dd, J = 6.6, 14.4 Hz, 2H), 4.32 (m, 2H), 4.13 (m, 2H), 2.18 (m, 2H), 2.13
(m, 2H), 1.69 (d,J = 1.0 Hz, 6H). '3C NMR (126 MHz, ds-DMSO) & 164.04, 150.85,
146.52, 136.42, 130.52, 126.06, 122.76, 110.29, 84.31, 84.19, 71.00, 51.58, 38.36, 12.44.
HRMS — ESI- (m/z) calc'd for C30Hz1N100s: 659.2332; found 659.2327.

1.4-Bis(2-propyn-1-yloxy)benzene (3j)

\\ 1,4-Dihydroxybenzene (200 mg, 1.816 mmol) and potassium carbonate

(1004 mg, 7.264 mmol) were stirred in DMF (2 mL), then propargyl

O—@—O bromide (80% w/w in toluene; 607 pL, 5.449 mmol) was added to the
& solution. The reaction was complete after 4 h by TLC analysis (3:1
\\ hexane: ethyl acetate), and the solvent was removed in vacuo. The crude
material was dissolved in ethyl acetate (20 mL) and washed with H>O (3x20 mL). The
organic material was adsorbed onto silica and the product eluted with a solution of 25%
EtOAc in hexane. The product was collected after evaporation as a pale yellow oil (248
mg, 73%). '"H NMR (500 MHz, CDCl3) § 6.93 (s, 4H), 4.65 (d, J = 2.4 Hz, 4H), 2.51 (t,J

= 2.4 Hz, 2H). Characterization data are consistent with literature.®

1.4-Bis((1-(5'-deoxy-5'-thymidyl)-1H-1,2.3-triazol-4-yl)methoxy)benzene (14b)
3j (93 mg, 0.500 mmol) and 5'-deoxy-5'-

HO
O
Q\\N{Y\ 0 i azidothymidine (294 mg, 1.100 mmol)
=N
\ N \ =o
\

were stirred in THF (6 mL) at 50 °C until

o=( N N
N=N .
HN S - N\@ both reagents were dissolved. Copper
OH

© sulfate pentahydrate (125 mg, 0.501

mmol) and ascorbic acid (97 mg, 0.551 mmol) were dissolved in water (2 mL) and then
the aqueous solution was added to the THF solution. The reaction was complete after 1
hour by TLC analysis (3:1 EtOAc/hexane). The solution was diluted in H2O (5 mL). The
precipitate was collected by filtration and washed with water (10 mL), then dried under
vacuum to give the product as a white solid (144 mg, 40%). '"H NMR (500 MHz, ds-
DMSO) 6 11.29 (s, 2H), 8.17 (s, 2H), 7.34 (s, 2H), 6.94 (s, 4H), 6.17 (t, J = 7.0 Hz, 2H),
5.50 (d, J = 4.3 Hz, 2H), 5.06 (s, 4H), 4.73 (dd, J = 4.4, 14.3 Hz, 2H), 4.63 (dd, J = 7.5,
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14.3 Hz, 2H), 4.28 (m, 2H), 4.09 (m, 2H), 2.17 (m, 2H), 2.10 (m, 2H), 1.79 (s, 6H). 1*C
and HRMS not available for this compound due to lab closures as a result of the COVID-

19 pandemic.

(5aR.68S.6aS)-rel-1.4.5,5a.6.6a.7.8-Octahydro-1-(5'-deoxy-5'-

thymidyl)cyclopropal5.6]cycloocta1,2-d]-1.2.3-triazole-6-methanol (15)

o 5'-Deoxy-5"-azidothymidine (50 mg, 0.187

ny mmol) and (1R,85,95)-Bicyclo[6.1.0]non-4-yn-

N=p o 9-ylmethanol (34 mg, 0.224 mmol) were
N

mL). The reaction was stirred at 40 °C for 24 h,

X,
N
dissolved in acetonitrile (1.5 mL) and water (0.5

PO
HO~ X OH after which the reaction mixture was adsorbed
directly onto Celite®, dry-loaded onto a silica column, and purified by flash
chromatography (0-10% MeOH in DCM). The product was recovered as a clear residue,
and lyophilized to give a white, amorphous solid (45 mg, 57%). 2 diastereomers, 1:1 molar
ratio by 'H NMR integration. '"H NMR (500 MHz, ds-DMSO) & 11.29 (s, 2H), 7.34 (s, 1H),
7.27 (s, 1H), 6.14 (app. td, J = 2.6, 10.2 Hz, 2H), 5.76 (s, 2H), 5.47 (app. dd, J = 3.0, 4.3
Hz, 2H), 4.59 (app. td, J = 5.3, 14.7 Hz, 2H), 4.50 (app. ddd, J = 2.7, 6.9, 14.7 Hz, 2H),
4.33 (m, 2H), 4.27 (app. q,J = 5.3 Hz, 2H), 4.08 (q, J = 5.3 Hz, 1H), 4.02 (s, 1H), 3.99
(m, 2H), 3.45 (app. q,J = 4.2 Hz, 1H), 3.18 (app. d, J = 5.3 Hz, 3H), 2.93 (m, 4H), 2.72
(m, 2H), 2.66 (m, 3H), 2.27 (m, 2H), 2.07 (m, 7H), 1.79 (app. d, 4.5 Hz, 6H) 1.49 (m, 5H),
0.96 (m, 2H), 0.79 (m, 4H). '*C NMR (126 MHz, ds-DMSO) & 164.07, 154.35, 150.87,
143.94, 143.85, 136.51, 134.55, 129.03, 128.86, 110.15, 98.90, 98.84, 84.79, 84.67, 84.27,
71.06, 57.77, 49.08, 49.04, 38.13, 26.00, 25.95, 22.92, 22.40, 22.28, 21.76, 21.63, 21.15,
19.31, 19.26, 18.90, 18.65, 12.47. HRMS — ESI+ (m/z) calc'd for CyoH27NsNaOs:
440.1904; found 440.1898.

Phenoxyacetic acid (16)
Phenol (500 mg, 5.313 mmol) and potassium carbonate (2.2g, 15.939

0 mmol) were dissolved in DMF (4 mL). To this solution was added ethyl
O\)I\OH bromoacetate (648 pL, 5.844 mmol), and the mixture was stirred at 75 °C.

The reaction was complete after 1.5 h by TLC analysis, upon which the reaction mixture
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was filtered. The filtrate was stirred in 3 mL EtOH and 3 mL 7% aqueous KOH. Upon full
hydrolysis of the ester by TLC analysis, the ethanol was removed in vacuo, then 2M HCI
was added to the remaining aqueous solution dropwise until white crystals formed. Crystals
were collected by filtration to give the product (215 mg, 22%). '"H NMR (500 MHz, CDCls)
0732 (t,J =8.0 Hz, 2H), 7.03 (t,J = 7.4 Hz, 1H), 6.93 (d, J = 7.9 Hz, 2H), 4.69 (s, 2H).

Characterization data are consistent with literature.®’

5'-Deoxy-5'-aminothymidine (17)

O 5'-O-(p-Toluenesufonyl)thymidine (300 mg) was dissolved in a
\fk"“" solution of methylamine (33% in EtOH). The reaction mixture was
purged with N> and stirred, covered from light, for 48 h. The reaction

o was monitored by TLC (9:1 dioxane : NH4OH), and upon completion,
o the solvent was removed in vacuo. The residue was dissolved in 5 mL
H>O, filtered, and purified by column chromatography using an H'-charged Dowex-80 ion
exchange resin (eluent = 0-20% NH4OH in H>O). Fractions containing product were
concentrated in vacuo, then lyophilized to give 17 as a fluffy, light yellow amorphous solid

(125 mg, 86%). Characterization data are consistent with literature.>

5'-(N-(Phenoxvacetyl)-N-methylamino)-5’-deoxy-thymidine (18)

o A solution of phenoxyacetic acid (88 mg, 0.490 mmol), 2-
@\ \fJ\NH (1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium
O/YO N’go tetrafluoroborate (TBTU) (200 mg, 0.627 mmol) and
N o diisopropylethylamine (DIPEA) (239 pL, 1.372 mmol) in
2-MeTHF (3 mL) and DMF (0.5 mL) was stirred at 23 °C

OH

for 45 min, after which 5'-deoxy-5'-
methylaminothymidine (100 mg, 0.392 mmol) was added. The reaction was complete by
TLC analysis 3.5 h after addition of 5'-deoxy-5'-aminothymidine, following which the
reaction mixture was poured into brine (20 mL) and extracted with 2-MeTHF (3 x 20 mL).
The organic layers were combined, dried with MgSOQs, filtered, and evaporated. The
residue was adsorbed onto Celite®, dry-loaded onto a silica column, and purified by flash

chromatography (0-10% MeOH in DCM) to give the product as a tan solid (38 mg, 25%).
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5.2. Procedure for Conducting WaterLOGSY Experiments
5.2.1. Preparation of NMR Samples
Stock solutions of deuterated Tris buffer (1 M, pH adjusted to 7.5) and MgCl, (20 mM)

were made in distilled, deionized water. A stock solution of the compound to be tested (50
mM) was made in de-DMSO. A stock solution of Cps2L (1.44 mM in 50 mM Tris buffer)
was previously expressed and isolated (see Section 5.3). NMR samples were prepared by
combining stock solutions in an Eppendorf tube along with D>O, and diluted in distilled,
deionized water to 650 pL to the final concentrations: dTris: 100 mM, MgCl: 2 mM,
Cps2L: 0.05 mM; ds-DMSO: 5% v/v, compound to test: 2.5 mM, and D>O: 10% v/v. For
solutions containing substrates dTTP or G1P, a stock solution of the substrate (50 mM)
was also added to a final concentration of 2.5 mM (1 equivalent) or 25 mM (10

equivalents).

5.2.2. Data Acquisition and Processing

Data was acquired using a Bruker 500 MHz NMR spectrometer. A water-suppression 'H
NMR spectrum of each sample was collected (16 scans) followed by a WaterLOGSY
spectrum (256 scans, mixing time = 1.5 s). Fourier transformed data was phased such that
the dTris residual signal pointed upwards in all spectra, thus defining phased-up peaks as

“non-binding” and phased down peaks as “binding”.

5.3. Microbiology Procedures

5.3.1. Preparation of Buffers and Solutions

LB media

Bio-tryptone (10 g/L), NaCl (10 g/L), and yeast extract (5g/L) were dissolved in distilled,
deionized water. The pH was adjusted to 7.5 with NaOH (1 M) and HCI (1 M). The solution

was autoclaved before use.

LB agar
Agar (1.5 g) was dissolved in LB media (100 mL) and autoclaved. The solution was cooled

to 50 °C before 50 mg/mL kanamycin solution (100 pL) was added.

Lysis buffer
Glycerol (3 mL), Triton X-100 (1 mL, 10%) and wash buffer (16 mL) were combined in a

falcon tube and vortexed.
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Wash buffer
NaH>PO4 (20 mM), NaCl (300 mM) and imidazole (10 mM) were dissolved in distilled,
deionized water. The pH was adjusted to 7.5 with NaOH (1 M) and HCI (1 M).

Elution buffer
NaH>PO4 (20 mM), NaCl (300 mM) and imidazole (250 mM) were dissolved in distilled,
deionized water. The pH was adjusted to 7.5 with NaOH (1 M) and HCI (1 M).

Resolving buffer

Tris (1.5 M) was dissolved in distilled, deionized water. The pH was adjusted to 8.8 with
NaOH (1 M) and HCI (1 M).

Bis-acrylamide

Acrylamide (29 g) and N,N-methylenebisacrylamide (1g) were dissolved in distilled,

deionized water (100 mL). The solution was protected from light and stored at 4 °C.

Stacking buffer

Tris (0.5 M) was dissolved in distilled, deionized water. The pH was adjusted to 6.8 using
NaOH (1 M) and HCI (1 M).

Tris-HCI
Tris (500 mM) was dissolved in distilled, deionized water. The pH was adjusted to 7.5
using NaOH (1 M) and HCI (1 M). Solutions of Tris-HCI at lower concentrations were

diluted from this stock with distilled, deionized water.

Loading dye
Glycerol (2 mL), SDS (6 mL, 10%), stacking buffer (2.5 mL), and aqueous Bromophenol

blue (42 pL, 1% w/v) were combined and vortexed. The solution was separated into 100
uL aliquots and frozen. When ready for use, an aliquot was thawed and 2-mercaptoethanol

(25 pL per 100 pL dye solution) was added.

SDS running buffer (10X)
SDS (10 g/L), Tris (300 g/L) and glycine (144 g/L) were dissolved in Millipore water. This

solution was diluted 10x to make the SDS running buffer (1X) used in gel electrophoresis.
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MOPS buffer
MOPS (500 mM) was dissolved in distilled, deionized water. The pH was adjusted to 7.5
using NaOH (1 M) and HCI (1 M). Lower concentrations of MOPS buffer were obtained

by diluting this solution in distilled, deionized water.

5.3.2. Overexpression of Cps2L

Cps2L was produced according to a previously reported procedure.”® A glycerol stock of
BL21-DE3 competent E. coli harbouring plasmid pSKO001 (coding for Cps2L) was grown
on LB agar plates containing kanamycin (50 pg/mL) at 37 °C for 18 h. LBkan (LB media
containing 50 pg/mL kanamycin, 25 mL) was inoculated with a single culture isolated from
the agar plate using a sterile loop, and the culture was grown overnight with shaking (200
rpm) at 37 °C. Then, 3 mL of the small growth solution was added to each of 3 flasks
containing 330 mL LBxan. The large growths were incubated at 37 °C with shaking, and
monitored by UV-Vis (600 nm) until an optical density (OD) of 0.6-0.8 was observed
(approximately 3 h). Then, isopropyl - D-1-thiogalactopyranoside (IPTG) solution (300
pL, 1 M) was added to each flask (to a final IPTG concentration of 1 mM) to induce
production of Cps2L. The growths were incubated with shaking (200 rpm) overnight at
18 °C. The resulting solution was centrifuged (3700 rpm, 1 hour, 4 °C), and the resulting

cell pellet collected. The supernatant was discarded.

5.3.3. Cell Lysis

The cell pellet, isolated from the overexpression step, was added to a solution of lysis buffer

(20 mL), DNAse (1pg/mL, 20 pL), and lysozyme (10 mg). The mixture was stirred for 30
min at 0 °C, and the resulting lysate sonicated (5 x 5 s, 50% amplitude) using a microprobe
sonicator (Autotune High Intensity Ultrasonic Processor, 750 W). The material was
centrifuged (13000 rpm, 15 min, 4 °C), and the supernatant collected. 200 puL of the

supernatant was set aside for analysis by gel electrophoresis.

5.3.4. Purification of Cps2L

A Hi-trap affinity HP column was primed by washing with 15 mL distilled water, then
charged with an aqueous solution of nickel (II) sulfate (0.1 M, 2.5 mL) and washed with
distilled water (15 mL). The column was loaded with the supernatant collected from cell

lysis, then impurities removed with wash buffer (30 mL). The protein was eluted using a
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gradient of 10-100% elution buffer in wash buffer. Fractions were collected and
concentrated using a Macrosep Advance centrifugal filtration device (4700g, 45 min, 4 °C)
and stored at 4 °C.

5.3.5. Preparation of 0.1% SDS-Polyacrylamide Gels (SDS-PAGE) for Protein
Electrophoresis

Sodium dodecyl sulfate (SDS) polyacrylamide gels were prepared® using a 1 mm cast,
resolving gel solution, and stacking gel solution. The resolving gel solution was prepared
by combining distilled water (2.8 mL), resolving buffer (3.75 mL), SDS solution (100 pL,
10% w/v), bis-acrylamide solution (3.3 mL, 30% w/v), freshly prepared ammonium
persulfate (APS) solution (100 pL, 10% w/v) and tetramethylethylenediamine (TMEDA,
15 puL). Immediately after addition of TMEDA, the solution was stirred briefly, then added
to the cast. The gel was covered with a layer of ethanol. The stacking gel solution was
prepared by combining distilled water (2.75 mL), stacking buffer (0.47 mL), SDS solution
(37.5 puL, 10% w/v), bis-acrylamide solution (0.5 mL, 30% w/v), APS solution (20 pL,
10% w/v), and TMEDA (6 pL). Immediately upon addition of TMEDA, the mixture was
stirred, the ethanol drained from the set resolving gel, and the stacking gel added to the
cast. A comb was inserted, and the stacking gel allowed to set at room temperature. The

compound gel was stored, sealed to contain moisture, at 4 °C.

5.3.6. Analysis of Nickel Column Fractions by SDS-PAGE

Fractions collected from the Nickel affinity chromatography column following addition of

elution buffer, as well as the aliquot of cell lysate collected prior to enzyme purification,
were analyzed by SDS-PAGE to determine the presence and purity of the desired protein.
Samples were prepared in the following way: to a 500 uL Eppendorf tube was added a
sample of column fraction (2.5 pL), Tris-HCI buffer (20 pL, 10 mM) and pre-prepared
loading dye (5 pnL). The tubes were vortexed briefly (a colour change from yellow to blue
was observed), then suspended in boiling water for 3 min to promote denaturation of

proteins.

°Acknowledgement to Mr. Brendan McKeown of Dr. Kerry Goralski’s research group for help preparing
and running SDS-PAGE.
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The SDS-PAGE gel was installed in the electrophoresis apparatus, which was filled
with SDS-PAGE running buffer (1X). Prepared fraction samples were loaded into the wells
of the gel (20 pL each), alongside commercially available prestained standard protein
ladder (New England Biolabs, 11-245 kDa). A voltage of 150V was applied for 1 hour,
monitored by the progress of the bromophenol blue indicator. The gel was washed with
distilled water, and the bands visualized by overnight staining with commercially available

EZBlue™ gel staining reagent.

5.3.7. Collection, Dialysis, Analysis, and Storage of Protein-Containing Fractions

Clean fractions, as indicated by a single band in the corresponding lane of the
polyacrylamide gel, were combined and concentrated using a Macrosep Advance
centrifugal filtration device (4700g, 45 min, 4 °C). The concentrated protein solution was
diluted to 15 mL with 25 mM Tris-HCI buffer, then recentrifuged. The process was
repeated 3x to replace the phosphate buffer with Tris-HCI buffer. The concentration of
Cps2L in Tris-HCI buffer was determined by UV-Vis analysis (280 nm) using a previously
determined extinction coefficient of 29300 M'ecm™.>® The protein solution was separated
into 400 pL aliquots and stored at -70 °C. When in use, an aliquot was thawed, stored at
4 °C, and used for up to a month. Aliquots were not refrozen once thawed.

5.3.8. Overexpression, Purification, and Analysis of Human Purine Nucleoside
Phosphorylase (hPNP)

The enzyme, hPNP, was obtained following the same general procedure as with Cps2L,
but using an extinction coefficient of 29800 M'cm™! to determine final concentration.>*
The concentrated solution of hPNP contained excess PO4>", which interfered with the
coupled enzyme assay, and was repurified by nickel affinity column chromatography using
wash buffer and elution buffer prepared from Tris-HCI instead of phosphate buffer. After
concentration by centrifugation, the concentration of protein was once again determined,
then the solution was separated into 400 pL aliquots and stored at -70 °C. When in use, an

aliquot was thawed and stored at 4 °C. Aliquots were not refrozen once thawed.

5.3.9. Preparation of Xanthine Oxidase (XO) and Inorganic Pyrophosphatase (IPP)

Microbial XO and recombinant [PP were obtained from Sigma Aldrich. Stock solutions of

IPP were made in Millipore water from a lyophilized powder containing buffer salts (1
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EU/uL) and were stored in 400 uL aliquots at -30 °C. XO stock solutions (591 uM) were
made in 25 mM Tris-HCI from lyophilized powder containing BSA and glutamate as
stabilizers, and were stored in 400 pL aliquots at -70 °C. Once thawed, aliquots were stored
at 4 °C and used for up to a month after thawing. IPP was diluted to 0.1 EU/uL in 25 mM

Tris-HCI before use in the coupled assay.

5.3.10. Dialysis of Enzymes in 3-(N-morpholino)propanesulfonic acid (MOPS) Buffer
Cps2L, IPP, XO and hPNP were dialyzed in MOPS buffer due to the potential interference

of Tris-HCI1 with binding of iminoboronates. A Pur-A-Lyzer™ Maxi Dialysis kit was
utilized, with PURX60015 dialysis tubes. The tubes were primed by soaking in distilled
water for 5 min, then each tube was loaded with either Cps2L, IPP, XO, or hPNP enzyme
solutions in Tris-HCI (approx. 2 mL). The tubes were suspended in stirred MOPS buffer
(1 L, 50 mM) for 3 h. Each solution was analyzed by UV-Vis before and after dialysis (280
nm for Cps2L, IPP and hPNP, 450 nm for XO) to ensure no change in concentration had
occurred. Each enzyme solution was separated into 400 pL aliquots and stored at -70 °C.
When used for enzyme assays, the solutions were stored at 4 °C and used for up to a month

after thawing.

5.4. Procedure for Conducting the Coupled Enzyme Assay
5.4.1. General Notes for the UV-vis Assay

Assays were performed in 96-well plates, monitored spectrophotometrically using a
SPECTRAmax Plus Microplate Reader spectrometer, with SoftMax Pro version 4.8
software. Measurements were acquired with irradiation of the wells at 290 nm, and data
was acquired every 5 s for 300 s. Non-linear regression analysis was performed with
Microsoft Excel, using the Solver plugin.

Stock solutions of MgClz (500 mM), inosine (20 mM), G1P (20 mM) and buffer
(Tris-HCI or MOPS) (500 mM) were prepared from distilled, deionized water (ddH20). A
solution of 70% DMSO in water was also prepared in ddH>O. Solutions of enzymes Cps2L.
(351 uM), hPNP (163 uM), XO (591 uM), and IPP (0.1 EU/uL) were prepared as described
in Chapter 5.3. All solutions were stored at 4 °C.

2'-deoxythymidine-5'-triphosphate (dTTP) stock solution (20 mM) was prepared in
ddH>O and the pH adjusted to 7.5. This solution was stored at 4 °C for up to a week. From
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this stock solution were prepared dilutions (either 20, 40, 60, 80, 100, 200, 300, 350 uM;
or 15, 18, 24, 35, 60, 100, 200, 300 uM) in ddH>O. Fresh dilutions were prepared daily.

5.4.2. Determination of Cps2L Kinetic Parameters With Varying [dTTP]

To an Eppendorf tube was added stock solutions of buffer (Tris-HCI or MOPS) (60 uL),
inosine (60 uL), GIP (60 uL), MgCl> (14 pL), IPP (15 uL), hPNP (7.5 uL), XO (3 uL)
70% DMSO solution (96 pL) and ddH>O (134 pL). The tube was sealed and inverted

several times, then 45 pL of this solution was added to each of 8 wells containing 60 uL
of dTTP at different dilutions. The resulting solutions were pre-incubated for 5 min. An
intermediate, 100-fold dilution of Cps2L stock was made in 25 mM buffer (Tris-HCI or
MOPS), then from the intermediate dilution, a further 40-fold dilute solution was made in
25 mM buffer. This solution (4000-fold dilute overall) was added to the 8 wells (15 uL
each) using an Eppendorf Repeater M4 Pipette. Immediately upon addition of Cps2L, UV
measurements were acquired. The final concentration of each component in each well was
as follows: buffer: 25 mM, inosine: 1 mM, G1P: 1 mM, MgCl,: 5.8 mM, IPP: 1.25 EU/mL,
hPNP: 1 uM, XO: 1.5 uM, DMSO: 5.6%, dTTP (varied) and Cps2L: 0.011 pM.

The data acquired gave curves of increasing absorbance over time. The slopes of
the initial, linear regions of these curves were recorded as the rate of reaction (mAu/min).
A Michaelis-Menten curve was produced by plotting the measured rates against the
corresponding concentration of dTTP, and the Michaelis-Menten equation was fit to the

data in order to extract kinetic parameters.

5.4.3. Determination of Inhibition Parameters of Synthesized Compounds Against Cps2L

Inhibitor compounds were dissolved in a solution of 70% DMSO in ddH2O to make stock
solutions (10 mM).

The assay was run in the same way as in the determination of Cps2L kinetic
parameters, except that inhibitor was added to the initial mixture of stock solutions (see
Table 5.1). Generally, 4 assays were run simultaneously, measuring the effects of 3
different inhibitor concentrations, plus an assay where zero inhibitor is present.

All rate data were plotted against the corresponding concentration of dTTP. Models
were fit to the data to estimate the mode of inhibition (Excel sheets are included in

appendices for each compound and inhibition model).
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Table 5.1: Volume of inhibitor stock solution added to effect a corresponding final inhibitor concentration
in enzyme assays.

Final concentration (inhibitor) (uM) Volume (inhibitor) Volume (70% DMSO)

(11 9] (ul)
800 96 0
600 72 24
400 48 48
300 36 60
200 24 72
100 12 84
50 6 90
25 3 93
10 12 95

5.4.4. Determination of Time-Dependent Inhibition by Potential-Covalent Inhibitors

Dilutions of 10 mM stock inhibitor were prepared according to Table 5.2. 60 pL of each
solution were added to wells.

To an Eppendorf tube was added MOPS buffer (60 pL), inosine (60 uL), GIP (60
pL), MgClz (14 pL), IPP (15 pL), XO (3 pnL), hPNP (7.5 pL), dTTP (9 pL), and ddH>O
(221 pL). 45 puL of this solution was added to each well, and the resulting solutions were
incubated for 5 min. A 4000-fold dilution of Cps2L in MOPS buffer was prepared as
described above, through an intermediate 100-fold dilution. 15 pL of this solution was
added to each well using a repeater pipette. Measurements were acquired for an extended

period (7-30 min, depending on the individual experiment).
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Table 5.2: Standard dilutions of stock inhibitor prepared to evaluate the time-dependent inhibition of

Cps2L.
Cr (stock) Ct (assay) Vinhsorn (UL)  V70% pDMso / H20 V20 Viot (ul)
M) @M (11 9] (11 9]

0 0 0 20 480 500
40 20 2 18 480 500
80 40 4 16 480 500
120 60 6 14 480 500
160 80 8 12 480 500

200 100 10 10 480 500
300 150 15 5 480 500
400 200 20 0 480 500
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Chapter 6. Conclusion

The work reported in this thesis has represented the first deliberate effort by the Jakeman
group to synthesize and evaluate a library of thymidine derivatives as potential inhibitors
of Cps2L. We have successfully synthesized 15 compounds, comprising varied scaffolds
(bearing triazole and amide linker moieties), and varied warhead functionalities (bearing
aldehyde, nitrile, and o-FABA groups). The major goal of this project was to synthesize
thymidine derivatives which covalently modify lysine residues through formation of an
iminoboronate. Two compounds, 4a and 4b, have the theoretical potential to react with
lysine in this manner, although they bear BPin groups rather than boronic acids.

Of the synthesized molecules, four were evaluated for their ability to bind Cps2L
using WaterLOGSY NMR. This experiment indicated that each of the evaluated
compounds (4¢, 4f, 15 and 18) bound Cps2L in the absence of the substrate, dTTP. Of
those, 4¢ and 4f both bound in the presence of both equimolar and excess dTTP, suggesting
that the scaffold that both compounds bear (i.e. the 1,4-substituted triazole) allows the
compounds to participate in a unique mode of binding compared to the other two.

Of the synthesized molecules, nine were evaluated for reversible inhibition of
Cps2L (4a, 4b, 4d, 4e, 41, 4g, 7, 8, and 10a). Of these, all but nitrile-bearing compound 8
demonstrated inhibition against Cps2L, although nitrile-bearing compounds 4g and 7 gave
weak inhibition relative to the other tested compounds. The most potent compounds tested
were 4f, bearing a para-substituted arylboronic acid warhead, and 4d, bearing a meta-
substituted aryl aldehyde warhead. Kinetic models representing four modes of reversible
inhibition were developed to account for the substrate inhibition by dTTP, and using these
models, preliminary estimates of binding modes were determined for each compound.

This work is exploratory in nature, and begins to probe the complex system that is
the reaction of thymidylyltransferase enzymes; as such it concludes little but provides
much direction for future research. Due to the current global pandemic and halting of
research efforts, we were unable to complete the synthesis of the initial target compounds,
Sa and Sb. Kinetic assay results suggest that compound Sa may be a highly potent inhibitor,
as the two highest-potency inhibitors tested (4d and 4f) bore the constituent functionalities
present in Sa. Similarly, our data acquisition of WaterLOGSY and kinetic assays was

incomplete, leading to gaps in our understanding of whether and how the compounds of
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interest bind. For example, there was no overlap in compounds tested by WaterLOGSY
NMR and those evaluated for kinetic inhibition, except for 4f whose kinetic parameters
and thus mechanism of binding were not ascertained.

As mentioned, the reaction (and inhibition) of Cps2L is a complex system. Natural
thymidine derivatives are known to bind both the active and allosteric sites of the enzyme,
giving rise to substrate inhibition among other effects, which may explain our conflicting
WaterLOGSY and kinetic assay data. While all compounds bind Cps2L in the absence of
dTTP according to WaterLOGSY studies, indicating a potential competitive mode of
inhibition, none of the compounds assayed for reversible inhibition indicated a preference
for competitive inhibition. Instead, some compounds gave a strong preference for
uncompetitive inhibition, which should theoretically preclude binding of the substrate-
unbound enzyme. In order to elucidate the mechanism of action of these compounds,
further studies by WaterLOGSY NMR and acquisition of consistent kinetic data will be
necessary. Future work may include mutation of certain residues within the active or
allosteric sites of Cps2L, which may influence binding at either site and aid in
determination of binding mechanisms. Further studies may also include co-crystallization
of the inhibitors with Cps2L. We are currently in collaboration with Dr. Hazel Holden’s
research group at the University of Wisconsin-Madison, who have previously reported
crystal structures of RmlA from Mycobacterium tuberculosis, and whom we have sent
several synthesized compounds (4e, 4g, 7, 8, 10a, 14a, 14b, and 15). Once university
operations reopen, obtaining the crystal structures of our compounds (hopefully) binding
RmlA will certainly elucidate the binding modes.

Finally, developing a robust method for probing covalent modification of the
enzyme will be valuable for future compounds which may exhibit time-dependent
inactivation of Cps2L. Currently, all of the inhibitors with the potential to covalently
modify the lysine residues of Cps2L (i.e. aldehyde and o-FABA bearing compounds)
demonstrate fast, reversible inhibition. It will be important to distinguish this alternative

mode of covalent inactivation, if it is present, in order to fully understand the system.
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APPENDIX A: Identity Matrix Comparing Peptide Sequences From Various
RmlIA Homologues

Percent Identity Matrix - created by Clustal2.1

Number GenBank % identity % identity % identity % identity

no. a 2 (R]] (€3]
1. CRH14180.1 100.00 58.68 58.33 61.11
2. ADR74236.1 58.68 100.00 66.44 63.45
3. AVN85499.1 58.33 66.44 100.00 67.13
4. ARU35951.1 61.11 63.45 67.13 100.00

Legend: 1: RmlA from Mycobacterium tuberculosis; 2: RmlA from Escherichia coli; 3:
Cps2L from Streptococcus pneumoniae; 4: RmlA from Pseudomonas aeruginosa.
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APPENDIX B: Characterization Data for Final Compounds and Certain
Synthesized Intermediates
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13C NMR spectrum (126 MHz, CDCls) of 2-formyl-4-hydroxyphenylboronic acid pinacol
ester (2a)
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"B NMR spectrum (160 MHz, CDCls) of 2-formyl-4-hydroxyphenylboronic acid pinacol
ester (2a).
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pinacol ester (2a).
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HMBC NMR spectrum (500 MHz, ds-DMSO) of 4i.
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"H NMR spectrum (500 MHz, ds-DMSO) of 10a.
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13C NMR spectrum (126 MHz, ds-DMSO) of 13.
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APPENDIX C: Solver Tutorial
The Solver add-in is available via the pathway in Excel: File = Options = Add-ins 2>
Manage Excel Add-ins (click “Go...”). Check Solver Add-in, and click OK.

The Solver tool is accessible under the Data tab in Excel.

e In order to use Solver you will need:
o A dataset (e.g. rate data)
o An equation which should model the data (e.g. the modified Michaelis-
Menten equation)

= [ like to write the equation for myself in the equation editor to keep

track

A B C D E F G H
1
2
3
4
5 [S] Rate data Vax[S]
6 20 11.59294 vE ST,
7 40 18.15758 KM+[S](1+[E])
8 60 20.48485
9 80 22.82424
10 100 24.48485
11 200 27.60606
12 300 27.10303
13 350  23.5697
14
15

o Variables to be optimized (in this case, Vmax, Km and Ks) are allotted their

own cells. I usually colour code them next to their labels so I can keep track:
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Variables to optimize Vmax Km Ks

[S] Rate data o Vnax[S]
20 11.59394 N

W ~N o wv e W=

== s oo
W ~N ;R W N2 O

bl

[ RENRN. RV, RS TYRY V]

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

40
60
80
100
200
300
350

18.15758
20.48485
22.82424
24,48485
27.60606
27.10303

23.5697

PRGN
K+ [S1(1+ )

Estimates should be provided for each variable. To do this, I like to plot the data

and guess based on the shape of the curve

B

C

D

Variables to optimize.Vmax

[s]
20
40
60
80
100
200
300
350

Sheet1

Rate data
11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303

23.5697

en]

50 100

1

40 Km

v=

Chart Title

50

50 Ks

Vinax[5]

K+ 15101+ i)

Plotted data

400

Estima
values

ted

In the column next to your data, type your equation into the top cell, referring to the

cells containing your variables (by first typing

_9

, you will be allowed to refer to

other cells by clicking on the cells or typing in the cell identity (e.g. E3)

o Note that this equation both depends on the independent variable (in this

case, [S]) and the variables to be optimized. Since each calculated point will

refer to a different [S] but will otherwise contain the same values, the cells
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containing (in this case, Vmax, KM, and Ks) can be “locked” by typing “$” in
front of the column (alpha) and row (numeric) components of the cell
identity (e.g. E3 = $E$3). This can also be accomplished by clicking the
cell of interest, and then pressing f4. This will prevent the reference cells
from changing as the equation is copied down the column. Of course, the
value for [S] should change, and if your sheet is set up as in the graphics,

the reference cell for [S] will be adjusted as the equation is copied.

File Home Insert Page Layout Formulas Data Review View Help 12 Share =

SUM - xX v kK =SES3*B6/(SGS3+B6*(1+B6/$1$3))
A B C D E F G H J K

2 —
3 Variables to optimize Vmax | 40|Km | 50/Ks l 400_|
4
5 [S] Rate data Calculatedl v Vinax[S]
6 | 20| 11.59394(31$3)) N S
7 40 18.15758| Kt [S10+ %)
8 60 20.48485
9 80 22.82424
10 100 24.48485
1 200 27.60606
12 300 27.10303
13 350 23.5697
14
15
16 Chart Title
17 20
18 ° °®
19 » o o
20 20 ]
21 ©
2 15
23 0| °
24
25 °
26 0
27 0 50 100 150 200 250 300 350 400

Chaatt m

e Copy the equation down the column by selecting the top cell and double clicking
on the green square in the corner. You can then plot your calculated points against
the data by clicking the plot and then dragging the blue rectangle encapsulating the
datapoints over one column. The calculated values will appear on the graph (orange

in the figure below).
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(oI ) WO, R S VU N

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

B C D E F G H J
Variables to optimize Vmax 40 Km 50 Ks 400
[S] Rate data Calculated Vinax[S]

20| 11.59394 11.26761 v=

40| 18.15758 17.02128
60| 20.48485 20.16807
80| 22.82424 21.91781
100( 24.48485 22.85714
200| 27.60606 22.85714
300( 27.10303 20.86957
350/ 23.5697 19.82301

5]
K+ [S)(1+ 3

Chart Title

30
b .
25 °

20 ]
15

10

If your fit is completely off from the data, you can manually adjust the variable
values. The estimates must be close enough that the algorithm has a reasonable
starting point, otherwise the fit may fail to converge.
Next to the “calculated values” column, calculate the absolute difference between
the calculated and data values. (type “=abs([cell a] —[cell b])” ). Copy the equation
down.
o Note that instead of absolute difference, squared difference is often used,
which is why this method is usually referred to as a “least squares”
algorithm. Either method will work: the most important thing is that all the

differences are positive integers.
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SUM - X « f | =ABS(C13-D13)
A B C D E F G H
g
2
3 Variables to optimize Vmax 40 Km 50 Ks 400
4
5 [S] Rate data Calculated Abs diff _ VnaxlS]
6 20 11.59394 11.26761 0.326333 S
7 40 18.15758 17.02128 1.136299 KM+[5](1+%)
8 60 20.48485 20.16807 0.316781
9 80 22.82424 21.91781 0.906434
10 100 24.48485 22.85714 1.627705
11 200 27.60606 22.85714 4.748918
12 300 27.10303 20.86957 6.233465
13 350 23.5697| 19.82301|C13-D13) |
14
15
16 Chart Title
17 20
18 ® °®
19 » e N o
20 20 [] ° °
21 s
22 15
23 10 @
24
25 °
26 0
e Sum the absolute differences (I usually do this in the cell next to or underneath
the column of absolute differences to keep track)
F13 - Je | =SUM(E6:E13)
A B C D E F G I
2
3 Variables to optimize Vmax 40 Km 50 Ks 400
a4
5 [S] Rate data Calculated Abs diff v VnaxlS1
6 20 11.59394 11.26761 0.326333 s
7 40 18.15758 17.02128 1.136299 KM+[S](1+%)
8 60 20.48485 20.16807 0.316781
9 80 22.82424 21.91781 0.906434
10 100 24.48485 22.85714 1.627705
11 200 27.60606 22.85714 4.748918
12 300 27.10303 20.86957 6.233465
13 350 23.5697 19.82301 3.746688| 19.04262]
14
15
16 Chart Title
17 30
18 L] ®
19 2 s o
20 20 [] °
21 ]
55 15
23 10 °
24
25 °
26 0
27 ) 50 100 150 200 250 300 350 400
| Shaat1 | 4
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Open Solver (Data = Solver).

o Next to “set objective”, click the up arrow, then click your cell containing

the sum of absolute differences. Click the down arrow on the popup box to

return to Solver.

o Next to “To:” click “minimum”.

o Under “By changing variable cells”, click the up arrow, then, holding Ctrl,
select each of the cells containing the variables you intend to optimize.

o Under “select a solving method”, I usually use the default GRG Nonlinear

method.4

o Click “solve”. After a moment, a popup box should appear, telling you

whether the algorithm has converged. Click OK.

- S | =SUM(E6:E13)

B C D E F G H J

Solver Results X

Solver has converged to the current solution. All

Constraints are satisfied. Reports
. Answer
@ Keep Solver Solution Sensitivity
‘ Limits

O Restore Original Values

[IReturn to Solver Parameters Dialog [[]Outline Reports

0K Cancel Save Scenario...

Solver has converged to the current solution. All Constraints are satisfied.

Solver has performed 5 iterations for which the objective did not move significantly. Try a smaller convergence
setting, or a different starting point.

10

49The GRG Nonlinear method finds the minimum value of the “target” cell by varying the values (of the
variables you have told the method to consider) until the partial derivative of the function you have set up
equals zero (indicating a local minimum).”? Note that this may not find the global minimum value, which is

why selecting appropriate starting estimates is important.
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11
12
13
14
15
16
17
18

20
21
22
23
24
25
26
27

B C | K
Variables to optimige Vmax 36.82019 Km 43.23083 Ks 1399.095
[s] Rate data Calculated Abs diff - Ve Lo
20 1159394 1159386 83605 T 5701+ 51 Optimized values
40 18.15758 17.45562 0.70196 M Ks

60 20.48485 20.88024 0.395393
80 22.82424 23.04769 0.223449
100 2448485 24.48504 0.000192
200 27.60606 27.09152 0.514538
300 27.10303 27.10302 8.74E-

350 235607 26.80408 3.2343ks s.07001 ) Minimized SAD
Chart Title
30
. o . °
25 o® N
20 L]
s
15
[ ]
10
5
0
0 50 100 150 200 250 300 350 400

Sheet1 @® 1

That’s it! Note, however, that the fit is more accurate the fewer parameters you’re
adjusting at the same time. With 3 parameters, there’s greater room for error and
inconsistency. You may therefore choose to optimize each parameter separately.
Sometimes experimentation is the best way to get the optimal fit, which is

quantified by the SAD value.
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APPENDIX D: Derivations of Equations 2 and 7-10.

Derivation of Equation 2
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Derivation of Equation 9
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Derivation of Equation 10
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APPENDIX E: Lineweaver-Burk Plots of Kinetic Data
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Inhibition of Cps2L by 4a at 0 (e), 200 (), 400 (*®) and 800 (A ) uM inhibitor. a)
Michaelis-Menten plot of data; b) Lineweaver-Burk plot of all data; c) Lineweaver-Burk
plot of data, with nonlinear datapoints removed, and trendlines superimposed. 800 uM
dataset removed for clarity.

158



60
50 F ® [ ]
°
10 F ™
£
E 30 | [ ]
5 ° u ]
T
c 20 | @ n ]
Y n B
10 | Hge
*»
- h 4
N L ¥ 3 x
50 100 150 200 250 300 350
_10 L
[dTTP] (M)
5
*
4
A
- 3
=2
£
E
E
En
= .
0= @ » . 8 -
4 o1 o0 0.03 0.04 005 A 006 4007
Q1 A A
-2
1/[dTTP] (uM?)
C
012 r
01 | =
‘E 008 £ :
S =
E oo6 | . .
E s IS, SRR ®
> 004 b0 e
= = o °
0‘0.2.“_. ........ It ®

-0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
1/[dTTP] (uM)

Inhibition of Cps2L by 4b at 0 (@), 200 (m), 400 (®) and 800 (A) uM inhibitor. a)
Michaelis-Menten plot of data; b) Lineweaver-Burk plot of all data; c¢) Lineweaver-Burk
plot of data, with nonlinear datapoints removed, and trendlines superimposed. 400 and
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APPENDIX G: Kinetic Data From Excel Sheets
G.1: Compound 4a

Raw data
AR2-169 4a
OuM  200uM 400 UM 800 uM %L
15 10 6.254545 8.315152 0.660606 \B,O
18 10.69697 7.842424 6.830303 2.733333 QJO @
24 11.97576 9.672727 6.575758 -0.218182 NH
35 10.55152 9.266667 -2.169697 d N ﬁ
60 15.73939 12.94546 11.48485 -0.757576 %1 e
100 18.4303 15.13939 11.67273 -1.793939 o
200 18.90303 17.60606 11.61212 2.490909
300 18.10909 14.13939 14.26061 4.393939 OH
_ Vmax [S]
Km+[S](1 + %)
Zero inhibitor
Vmax 24.12346 Km 22.31487 Kis 1164.886
0 pM calc SAD
15 10 9.647318 0.352682 0 inhibitor
18 10.69697 10.69697 6.75E-08 20 . ° o
24 11.97576 12.36853 0.392777 15 ®
35 14.46585 o | &
60 15.73939 16.94751 1.208118 5
100 18.4303 18.429 0.001299 0
200 18.90303 18.7985 0.104531 0 100 500 200 200
300 18.10909 18.11181 0.002715 ‘ .
2.062121 ® Seriesl Series2
v Vmax [S]
Km(1 + 3 4 sy + B
Substrate + competitive inhibition ! 15
Vmax 24.12346 Km 22.31487 Ki 219.9153 Kis 1164.886
0 200 400
OuM  OpMfit 200pM 200 uM fit 400 uM 400 pM fit 800 uM
15 10 9.647318 6.254545 6.260187 8.315152 4.633416 0.660606

18 10.69697 10.69697 7.842424 7.1316 6.830303 5.348808 2.733333
24 1197576 12.36853 9.672727 8.627923 6.575758 6.624483 -0.21818
35 14.46585 10.55152 10.73373 9.266667 8.532408 -2.1697
60 15.73939 16.94751 12.94546 13.69362 11.484848 11.48796 -0.75758
100 18.4303 18.429 15.13939 15.95536 11.672727 14.06718 -1.79394
200 18.90303 18.7985 17.60606 17.42099 11.612121 16.23157 2.490909
300 18.10909 18.11181 14.13939 17.23639 14.260606 16.44169 4.393939

SADO SAD 200 SAD 400 SAD 800
15 0.352682 0.005642 3.681736485 0.660606
18 6.75E-08 0.710824 1.48149527 2.733333
24 0.392777 1.044804 0.048725159 0.218182
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35
60
100
200
300

1.208118
0.001299
0.104531
0.002715
2.062121

0.182216

0.74817
0.815963
0.185073
3.096993
6.789685

Substrate + uncompetitive inhibition

15
18
24
35
60
100
200
300

15
18
24
35
60
100
200
300

Vmax

0 umM

10
10.69697
11.97576

15.73939
18.4303
18.90303
18.10909
SAD O
0.352682
6.75E-08
0.392777

1.208118
0.001299
0.104531
0.002715
2.062121

24.12346
0

0 puM fit
9.647318
10.69697
12.36853
14.46585
16.94751
18.429
18.7985
18.11181

Km

200 uM
6.254545
7.842424
9.672727
10.55152
12.94546
15.13939
17.60606
14.13939
SAD 200

2.069955
1.252123
0.602452
1.130744
0.303563
1.001896
3.252128
0.189316
9.802177

Substrate + nonncompetitive inhibition

15
18
24
35
60
100
200
300

Vmax

o uM

10
10.69697
11.97576

15.73939
18.4303
18.90303
18.10909
SAD O

24.12346
0

0 uM fit
9.647318
10.69697
12.36853
14.46585
16.94751
18.429
18.7985
18.11181

Km

200 M

6.254545
7.842424
9.672727
10.55152
12.94546
15.13939
17.60606
14.13939
SAD 200

22.31487
200

200 pM fit
8.3245
9.094547
10.27518
11.68226
13.24902
14.1375
14.35393
13.95008

22.31487
200

200 pM fit
7.37423
8.179862
9.466415
11.09123
13.05029
14.29133
14.82077
14.49022

0.73425852
0.00311252
2.394452292
4.619453531
2.18108539
12.96323378

Ki

400 pM
8.315152
6.830303
6.575758
9.266667

11.484848
11.672727
11.612121
14.260606
SAD 400
0.994449366
1.079363593
2.212091402
0.530390196
0.609239172
0.205554515
0.002963979
2.917048796
5.634052225

v =

2.169697
0.757576
1.793939
2.490909
4.393939

Vmax |

21.81504

5]

v =

503.3327 Kis
400
400 pM fit 800 uM
7.320703 0.660606
7.909667 2.733333
8.787849 -0.21818
9.797057 -2.1697
10.87561 -0.75758
11.46717 -1.79394
11.60916 2.490909
11.34356 4.393939
SAD 800
0.660606
2.733333
0.218182
2.169697
0.757576
1.793939
2.490909
4.393939

Vmax [S]

km + (511 + Ll 4 I5]

+ —_—
K; Krs)

1164.886
800

17.49835

Ki

400 pM
8.315152
6.830303
6.575758
9.266667

11.484848

11.672727

11.612121

14.260606
SAD 400

177

km(1+ 4 + 5100+ [+ B

645.4881 Kis
400
400 uM fit 800 UM
5.968047 0.660606
6.621706 2.733333
7.667365 -0.21818
8.993264  -2.1697
10.61035 -0.75758
11.67097 -1.79394
12.23242 2.490909
12.07562 4.393939
SAD 800

Is
1164.886

800



15
18
24
35
60
100
200
300

0.352682

0.392777
14.46585
1.208118
0.001299
0.104531
0.002715
16.52798

Substrate + mixed inhibition

15
18
24
35
60
100
200
300

15
18
24
35
60
100
200
300

Vmax

0 um

10
10.69697
11.97576

15.73939
18.4303
18.90303
18.10909
SADO
0.352682

0.392777
14.46585
1.208118
0.001299
0.104531
0.002715
16.52798

24.12346
0

0 uM fit
9.647318
10.69697
12.36853
14.46585
16.94751
18.429
18.7985
18.11181

1.119685
0.337438
0.206312
0.539716
0.104833
0.848062
2.785287
0.350831
6.292165

Km

200 uM
6.254545
7.842424
9.672727
10.55152
12.94546
15.13939
17.60606
14.13939
SAD 200
1.281473
0.497081
0.058284
0.658251
0.163261
0.848286
2.841759
0.279016
6.627411

22.31487
200

200 uM fit
7.536018
8.339505
9.614443
11.20977
13.10872
14.29111
14.7643
14.41841

2.347104759 0.660606
0.208596654 2.733333
1.091607481 0.218182
0.273402983 2.169697
0.874499501 0.757576
0.001756603 1.793939
0.620296949 2.490909
2.184985216 4.393939
5.417264931 28.23741
= Vmax [S]
Km(1 + %) +[S](1 + ‘% +%}
Kic 786.5276
Kiu 620.6017 Kis 1164.886
400 800
400 uM 400 pM fit SAD 800
8.315152 6.182901 0.660606
6.830303 6.833496 2.733333
6.575758 7.863487 0.218182
9.266667 9.150172 2.169697
11.484848 10.68781 0.757576
11.672727 11.67067 1.793939
11.612121 12.15567 2.490909
14.260606 11.9762 4.393939
SAD 400 SAD 800
2.132251427 0.660606
0.003192721 2.733333
1.287728574 0.218182
0.116494699 2.169697
0.797037734 0.757576
0.00205558 1.793939
0.543549197 2.490909
2.284406576 4.393939
4.882309933 28.0377
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G.2. Compound 4b

Template

Raw data
AR2-167 4b MOPS o 0
0 uM 200uM 400 pM 800 puM /

15 19.15152 11.30909 3.854545 -2.2 o—®

18 19.20606 14.27879 4.230303 -2.169697

24 25.65455 9.515152 0.218182 -1.848485

35 29.98788 15.55758 9.787879 -1.218182 Nap

N
60 39.07273 19.92727 -1.95758 -2.551515 \_¢—<\/Il\l
100 44.24242 27.07273 -1.73939 0.29697 o

200 49.23636 26.76364 -1.38788 -2.187879
300 47.98182 20.61212 2.236364 -1.187879

b= Vmax [S]
Km+ [S](1+ [S]
Zero inhibitor
Vmax 62.8011 Km 34.3597 Ki 1543.848
calc SAD
15 19.15152 19.02854 0.122971 0 inhibitor
18 19.20606 21.50331 60
24 25.65455 25.66243 0.007886 ® ®
35 29.98788 31.33199 1.344109 40 o ¢
60 39.07273 38.96997 0.102762 0 ..‘
100 44.24242 44.,59133 0.348903
200 49.23636 48.25861 0.977755 0
300 47.98182 47.98182 4.44E-07 0 100 200 300 400
2.904387 @® Seriesl Series2
b Vmax [S]
Km(1+ %) +[S](1 + %)
Substrate + competitive inhibition
Vmax 62.8011 Km 34.3597 Ki 74.37217 Kis 1543.848
0 200 400 800

0 uM OuMfit 200pM 200 uM fit 400 uM 400 pM fit 800 UM 800 pM fit

15 19.15152 19.02854 11.30909 6.638369 3.854545 4.020486 -2.2

18 19.20606 21.50331 14.27879 7.79767 4.230303 4.762303 -2.1697
24 25.65455 25.66243 9.515152 9.972903 0.218182 6.18904 -1.84849
35 29.98788 31.33199 15.55758 13.52202 9.787879 8.621385 -1.21818
60 39.07273 38.96997 19.92727 19.92727 -1.957576 13.38613 -2.55152
100 44.24242 4459133 27.07273 26.92594 -1.739394 19.28569 0.29697
200 49.23636 48.25861 26.76364 35.61482 -1.387879 28.22092 -2.18788
300 47.98182 47.98182 20.61212 38.84164 2.236364 32.62653 -1.18788

SAD O SAD 200 SAD 400 SAD 800
15 0.122971 4.670722 0.165940571 2.2
18 6.481118 0.532000399 2.169697
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24 0.007886 0.457751 1.848485

35 1.344109 2.035557 1.166493761 1.218182
60 0.102762 2.64E-09 2.551515
100 0.348903 0.146783 0.29697
200 0.977755 8.851184 2.187879
300 4.44E-07 18.22952 1.187879
2.904387 40.87263 1.864434731 45.64145
Vmax [S]
v:

Km+ [S](1 +E€.—]+E—]
Substrate + uncompetitive inhibition ! s

Vmax 62.8011 Km 34.3597 Ki 115.078 Kis 1543.848
0 200 400 800
0uM OuMfit 200pM 200 pM fit 400 uM 400 puM fit 800 uM
15 19.15152 19.02854 11.30909 12.4647 3.854545 9.267801 -2.2

18 19.20606 21.50331 14.27879 13.48102 4.230303 9.818139 -2.1697
24 25.65455 25.66243 9.515152 15.00569 0.218182 10.60273 -1.84849
35 29.98788 31.33199 15.55758 16.78129 9.787879 11.45947 -1.21818
60 39.07273 38.96997 19.92727 18.74952 -1.957576 12.34437 -2.55152
100 44.24242 44.59133 27.07273 19.96016 -1.739394 12.85781 0.29697
200 49.23636 48.25861 26.76364 20.66303 -1.387879 13.14587 -2.18788
300 47.98182 47.98182 20.61212 20.61212 2.236364 13.12524 -1.18788

SADO SAD 200 SAD 400 SAD 800
15 0.122971 1.155611 5.413256165 2.2
18 0.797771 5.587835987 2.169697
24 0.007886 5.490539 1.848485
35 1.344109 1.223713 1.671587934 1.218182
60 0.102762 1.177754 2.551515
100 0.348903 7.112568 0.29697
200 0.977755 6.100603 2.187879
300 4.44E-07 7.25E-09 1.187879
2.904387 23.05856 12.67268009 38.63563
Vmax [S]
=

km( + 4 + 510+ W+ 151,
Substrate + nonncompetitive inhibition ! I 15

Vmax 62.8011 Km 34.3597 Ki 204.2429 Kis 1543.848
0 200 400 800
0 uM OuMfit 200 pM 200 uM fit 400 pM 400 uM fit 800 UM
15 19.15152 19.02854 11.30909 9.628157  3.854545 6.444485 22

18 19.20606 21.50331 14.27879 10.88601 4.230303 7.287692 -2.1697
24 25.65455 25.66243 9.515152 13.00677 0.218182 8.710907 -1.84849
35 29.98788 31.33199 15.55758 15.91951 9.787879 10.67056 -1.21818
60 39.07273 38.96997 19.92727 19.92726 -1.957576 13.38612 -2.55152
100 44.24242 44.59133 27.07273 23.05427 -1.739394 15.54582 0.29697
200 49.23636 48.25861 26.76364 25.64566 -1.387879 17.46291 -2.18788
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300 47.98182 47.98182 20.61212 26.1646 2.236364 17.98628 -1.18788

SAD O SAD 200 SAD 400 SAD 800
15 0.122971 1.680934 2.589939647 2.2
18 2.29725 3.392782 3.057389395 2.169697
24 0.007886 3.491618 1.848485
35 1.344109 0.361932 0.88268525 1.218182
60 0.102762 1.33E-05 2.551515
100 0.348903 4.018462 0.29697
200 0.977755 1.11798 2.187879
300 4.44E-07 5.552483 1.187879
5.201637 19.61621 6.530014292 31.34786
v Vmax [S]
Km(1+ %) +[S1(1 + % + %}
Substrate + mixed inhibition Kic 162.0224
Vmax 62.8011 Km 34.3597 Kiu 240.068 Kis 1543.848
0 200 400 800
0uM OuMfit 200 puM 200 pM fit 400 uM 400 pM fit 800 uM
15 19.15152 19.02854 11.30909 95.021814 3.854545 5.912532 -2.2

18 19.20606 21.50331 14.27879 10.27852 4.230303 6.753286 -2.1697
24 25.65455 25.66243 9.515152 12.44195 0.218182 8.211597 -1.84849
35 29.98788 31.33199 15.55758 15.50917 9.787879 10.30506 -1.21818
60 39.07273 38.96997 19.92727 19.92727 -1.957576 13.38613 -2.55152
100 44.24242 44.59133 27.07273 23.55981 -1.739394 16.00911 0.29697
200 49.23636 48.25861 26.76364 26.76362 -1.387879 18.51625 -2.18788
300 47.98182 47.98182 20.61212  27.5042 2.236364 19.27713 -1.18788

SADO SAD 200 SAD 400 SAD 800
15 0.122971 2.287277 2.057986531 2.2
18 2.29725 4.000267 2.522982816 2.169697
24 0.007886 2.926801 1.848485
35 1.344109 0.048408 0.517179979 1.218182
60 0.102762 9.67E-08 2.551515
100 0.348903 3.512915 0.29697
200 0.977755 1.56E-05 2.187879
300 4.44E-07 6.892078 1.187879
5.201637 19.66776 5.098149327 29.96755
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G.3. Compound 4d

Template
Raw data
MB1-5 4d MOPS 0] 0
0 uM 25uM  50uM 100 uM /
15 9.860606 -0.77576 3.109091 0.145455 NH
18 9.757576 -0.03636 3.509091 1.660606 | /g
24 11.27879 0.036364 2.963636 1.933333 0 N'-"-"-'N N 0
35 13.73939 -0.21212 3.472727 2.933333 \’&/}v
60 17.6303 0.642424 1.090909 2.284848
100 20.14546 0.575758 5.024242 4.533333 Y
200 19.4 1.066667 2.29697 1.436364
300 23.95152 1 1.975758 -0.430303 OH
Vmax [S]

v =
Km+[S](1+ [‘IE—])
I
Zero inhibitor

Vmax 26.9351 Km 33.26064 Ki 21899.76
calc SAD
15 9.860606 8.369978 1.490628 0 inhibitor
18 9.757576 9.45544 20
24 11.27879 11.28429  0.0055 °
35 13.73939 13.79941 0.060016 20 o« ® o
60 17.6303 17.29843 0331877 = ®
100 20.14546 20.14332 0.002134
200 19.4 22.91499 3.51499
300 23.95152 23.95151 9.61E-09 0 100 200 300 400
5.405145 ® Seriesl Series2
Vmax [S]
v =

km(1+ Wy ¢ 5101 + 2Ly
L K; Kis
Substrate + competitive inhibition

Vmax 26.9351 Km 33.26064 Ki 1 Kis 21899.76
0 25 50 100
0uM OuMfit 25uM  25uMfit 50 pM 50 uM fit 100 uM 100 uM fit

15 9.860606 8.369978 -0.77576 0.459232 3.109091 0.236093 0.145455 0.119735
18 9.757576 9.45544 -0.03636 0.549203 3.509091 0.282815 1.660606 0.143554
24 11.27879 11.28429 0.036364 0.727318 2.963636 0.375769 1.933333 0.191066
35 13.73939 13.79541 -0.21212 1.047671 3.472727 0.544505 2.933333 0.277732
60 17.6303 17.29843 0.642424 1.747253 1.090909 0.920094 2.284848 0.472616
100 20.14546 20.14332 0.575758 2.790527 5.024242 1.499102 4.533333 0.77852
200 19.4 22.91499 1.066667 5.050632 2.29697 2.838083 1.436364 1.512719
300 23.95152 23.95151 1 6.913016 1.975758 4.039452 -0.4303 2.205725
SAD O SAD 25 SAD 50 SAD 100
15 1.490628 1.23499 2.872998088 0.02572
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18
24
35
60
100
200
300

0.0055
0.060016
0.331877
0.002134

3.51499
9.61E-09
5.405145

0.585567
0.690954
1.259792
1.104829
2.214769
3.983965
5.913016
16.98788

Substrate + uncompetitive inhibition

15
18
24
35
60
100
200
300

15
18
24
35
60
100
200
300

Vmax

0uM

9.860606
9.757576
11.27879
13.73939
17.6303
20.14546
19.4
23.95152

SADO
1.490628

0.0055
0.060016
0.331877
0.002134

3.51499
9.61E-09
5.405145

26.9351
0

0 uM fit
8.369978
9.45544
11.28429
13.79941
17.29843
20.14332
22.91499
23.95151

Km

25 uM
-0.77576
-0.03636
0.036364
-0.21212
0.642424
0.575758
1.066667

1

SAD 200

1.730292
1.00356

0.947137

1.211497
0.37181

0.446945
0.037645
0.031026
5.779912

Substrate + nonncompetitive inhibition

15
18
24
35
60
100

Vmax

0uM
9.860606
9.757576
11.27879
13.73939
17.6303
20.14546

26.9351
0

0 uM fit
8.369978
9.45544
11.28429
13.79941
17.29843
20.14332

Km

25 uM
-0.77576
-0.03636
0.036364
-0.21212
0.642424
0.575758

3.226276042
2.587867086
2.928221704
0.170814786
3.525140285
0.541113061
2.063694345
15.85243105

33.26064 Ki
25
25 uM fit 50 pM
0.954534 3.109091
0.967196 3.509091
0.983501 2.963636
0.999376 3.472727
1.014234 1.090909
1.022703 5.024242
1.029022 2.29697
1.031026 1.975758
SAD 400

2.602964008
2.999426049
2.449479439
2.954264809
0.568476483
4.499571559
1.770641369

1.44890568
17.84482372

1.517052
1.742267
2.655601
1.812232
3.754813
0.076355
2.636028
14.22007 52.46553

Vmax [S]

V=

1
50

50 uM fit
0.506127
0.509665
0.514157
0.518462
0.522433
0.52467
0.526329
0.526852

km+ s+ Wy B

_+_
K, " Kis

Kis 21899.76
100
100 uM 100 pM fit
0.145455 0.260953
1.660606 0.261891
1.933333 0.263072
2.933333 0.264194
2.284848 0.265221
4.533333 0.265797
1.436364 0.266222
-0.4303 0.266356
SAD 800
0.115498
1.398715
1.670261
2.669139
2.019627
4.267536
1.170142
0.696659
14.00758 43.03746

Vmax [S]

v =

33.26064 Ki
25
25 pM fit 50 puM
1.395244  3.109091
1.576286  3.509091
1.881435  2.963636
2301472 3.472727
2.887305  1.090909
3.366801  5.024242
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5
50

50 uM fit
0.761054
0.859811
1.026273
1.255426
1.575104
1.836914

km(@ + igh + 510+ 51+ 2

Kis 21899.76
100
100 uM 100 uM fit

0.145455 0.398651
1.660606 0.450383
1.933333 0.537582
2.933333 0.657628
2.284848 0.825117
4.533333 0.962335



200 19.4 22.91499 1.066667 3.844054 2.29697 2.097999 1.436364 1.099324

300 23.95152 23.95151 1 4.032857 1.975758 2.201793 -0.4303 1.153935
SADO SAD 200 SAD 400 SAD 800

15 1.490628 2.171002 2.348036672 0.253196

18 1.61265 2.649280058 1.210223

24 0.0055 1.845071 1.937363271 1.395751

35 0.060016 2.513593 2.217300729 2.275705

60 0.331877 2.244881 0.484194673 1.459731

100 0.002134 2.791043 3.187328488 3.570998

200 3.51499 2.777387 0.19897062 0.33704

300 S5.61E-09 3.032857 0.226035059 1.584238
5.405145 18.98848 13.02247451 12.08688 49.50298
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G.4. Compound 4e

Raw data
AR-78

20
40
60
80
100
200
300
350

4de
0 uM
11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303
23.5697

Zero inhibitor

20
40
60
80
100
200
300
350

Vmax

11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303

23.5697

100 uM
11.32121
14.92121
17.43636
22.09091

25.02424
24.85455
21.06061

39.17574
calc
11.12948
17.10732
20.69142
22.97699
24.48485
27.01776
26.71073
26.24212

200 uM
10.21212
13.64242
17.90909
16.85455

18.78182
17.48485
16.41212

Km
SAD
0.464456
1.050252
0.206577
0.152743
2.67E-10
0.588304
0.392295
2.672427
5.527055

Substrate + competitive inhibition

20
40
60
80
100
200
300
350

20

Vmax

0 uM
11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303

23.5697

SAD O

0.464456

39.17574
0
0 uM fit
11.12948
17.10732
20.69142
22.97699
24.48485
27.01776
26.71073
26.24212

Km

100 pM

11.32121
14.92121
17.43636
22.09091

25.02424
24.85455
21.06061
SAD 100
3.088738

300 uM

7.587879
12.98788
15.56364
12.53939
12.40606
11.87879
12.97576

49.99992

30
20

10

49.99992
100

100 pM fit
8.232474
13.4655
16.98693
19.44523
21.20201
24.89137
25.28698
25.05421

185

!

NH

)

OH

Vmax [S]

Km+[S](1+ [Ki,])

Ki 999.9998
0 inhibitor

100 200 300

® Data Fit

Vmax [S]

400

v =

Ki 201.8263 Kis
200

Km(1+ %} +[S]1(1 + m)

Kis

999.9998
300

200 uM 200 pM fit 300 uM 300 pM fit

10.212121 6.532152
13.642424 11.10208 7.587879
17.909091 14.40749 12.98788
16.854545 16.85455 15.56364
18.69541 12.53939
18.781818 23.07527 12.40606
17.484848 24.00732 11.87879
16.412121 23.96918 12.97576

SAD 200 SAD 300

3.679968771 5.413961

5.413961
9.444423
12.50814
14.87302
16.71882
21.50616
22.85094
22.97423



40
60
80
100
200
300
350

1.050252
0.206577
0.152743

2.67E-10
0.588304
0.392295
2.672427
5.527055

1.455713
0.449431
2.645679

0.132873
0.432432
3.993601
12.19847

Substrate + uncompetitive inhibition

20
40
60
80
100
200
300
350

20
40
60
80
100
200
300
350

Vmax

0 um
11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303

23.5697

SADO
0.464456
1.050252
0.206577
0.152743
2.67E-10
0.588304
0.392295
2.672427
5.527055

39.17574
0
0 uM fit
11.12948
17.10732
20.69142
22.97699
24.48485
27.01776
26.71073
26.24212

Km

100 uM
11.32121
14.92121
17.43636
22.09091

25.02424
24.85455
21.06061

SAD 200

1.243287
0.178438
0.106706

3.1863

3.46696
3.493174
1.16E-08
11.67487

Substrate + nonncompetitive inhibition

20
40
60
80
100

Vmax

0 uM
11.59394
18.15758
20.48485
22.82424
24.48485

39.17574
0
0 uM fit
11.12948
17.10732
20.69142
22.97699
24.48485

Km

100 uM

11.32121
14.92121
17.43636
22.09091

2.540346465
3.501603684
8.02641E-09

4.293449917
6.522471552
7.55706
20.5378404

1.856544
0.479738
0.690621
4.179428
5.100095
10.97215
9.998474
42.69101 80.95437

. Vmax [S]
.15
Km+[S](1+%+%)
49.99992 Ki 272.2674 Kis 999.9998
100 200 300
100 pM fit 200 UM 200 uM fit 300 pM 300 pM fit
10.07793  10.212121 9.207923 8.476195
1474277  13.642424 12.9525 7.587879 11.54994
17.32966  17.909091 14.9076 12.98788 13.07955
18.90461  16.854545 16.05845 15.56364 13.95715
19.9136 16.7807 12.53939 14.49956
2155728  18.781818 17.93292 12.40606 15.35185
21.36137  17.484848 17.79714 11.87879 15.25223
21.06061  16.412121 17.58787 12.97576 15.09828
SAD 400 SAD 800
1.004197501 8.476195
0.689925934 3.962062
3.001492673 0.091671
0.796091536 1.606481
1.960165
0.848902731 2.94579
0.312287122 3.373447
1175752129 2.122524
6.652897498 24.53834 48.39315
= Vmax [S]
Km(1+%)+[5](1+%+%)
49.99992 Ki 393.1846 Kis 999.9998
100 200 300
100 puM fit 200 UM 200 uM fit 300 uM 300 pM fit
8.88306  10.212121 7.391191 6.32837
13.68705  13.642424 11.40654 7.587879 9.777441
16.60263  17.909091 13.86316 12.98788 11.89969
18.49403  16.854545 15.4748 1556364 13.30303
19.77076 16.57882 12.53939 14.27428
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200 27.60606 27.01776 25.02424
300 27.10303 26.71073 24.85455
350 23.5697 26.24212 21.06061

20
40
60
80
100
200
300
350

SADO
0.464456
1.050252
0.206577
0.152743

2.67E-10
0.588304
0.392295
2.672427
5.527055

Substrate + mixed inhibition

20
40
60
80
100
200
300
350

20
40
60
80
100
200
300
350

Vmax

0um
11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303
23.5697
SAD 0
0.464456
1.050252
0.206577
0.152743
2.67E-10
0.588304
0.392295
2.672427
5.527055

39.17574
0

0 uM fit
11.12948
17.10732
20.69142
22.97699
24.48485
27.01776
26.71073
26.24212

SAD 200

2.438152
1.234159

0.83373
3.596876

2.864971
2.638379
0.904752
14.51102

Km

100 pM
11.32121
14.92121
17.43636
22.09091

25.02424
24.85455
21.06061
SAD 200
1.244422
0.17958
0.10769
3.187118

3.467198
3.493228

1.84E-06
11.67924

22.15927
22.21617
21.96536

49.99992
100

100 pM fit
10.07679
14.74163
17.32867
18.90379
19.91293
21.55704
21.36132
21.0606

187

18.781818 18.78182 12.40606 16.29776
17.484848 19.01632 11.87879 16.62219
16.412121 18.88724 12.97576 16.56579
SAD 400

2.820930446
2.235883321
4,045928192
1.379741974

2.1457E-09
1.531475142
2.47512103
12.01395908

SAD 800
6.32837
2.189562
1.088191
2.260609
1.734881
3.891699
4.743404
3.590036
25.82675 57.87878

Vmax [S]

v =

Kic
Kiu

200 pM
10.212121
13.642424
17.909091
16.854545

18.781818
17.484848
16.412121
SAD 400
1.006092653
0.691688139
3.002949245
0.797272393

0.849232059
0.312213011
1.17574958
6.6594475

k(1 + I[{I—]) +[S]11 +

IC

538453.5
272.2869
200

200 pM fit 300 pM

9.206028
12.95074
14.90614
16.05727
16.77974
17.93259
17.79706
17.58787

7]

[S]
— + _—
Kiy = Kis

)

Kis 999.9998
300

300 pM fit
8.473787
11.54784
13.07787
13.95582
14.49849
15.35149
15.25215
15.09828

7.587879
12.98788
15.56364
12.53939
12.40606
11.87879
12.97576
SAD 800
8.473787
3.95996
0.089989
1.607819
1.959094
2.945428
3.373365
2.122521

24.53196 48.39771



G.5. Compound 4f

Raw data HO\
MB1-8  4f B—OH
0pM 200uM 400 pM 800 pM 0
15 12.47879 1.248485 0.763636 -3.781818
18 14.4303 -0.49697 -0.9697 2.206061 | NH
24 17.13333 0.369697 -1.82424 -1.509091
35 21.7697 -0.33333 4.133333 17.08485 0 N*‘=l\\l N 0
60 29.79394 0.060606 -0.26667 -0.909091 \"’&N
100 30.52121 4.660606 2.569697 0.70303 0
200 36.29091 1.521212 -4.2303 1.218182
300 30.23636 0.630303 -2.88485 2.393939 o
Vmax [S]
Km+[5](1+%])
Zero inhibitor
Vmax 61.21975 Km 58.38922 Ki 361.4128
calc SAD
15 12.47879 12.40743 0.071355 0 inhibitor
18 14.4303 14.2582 0.172098
24 17.13333 17.4949 0.36157 e
30 [ ] ® ®
35 21.7697 22.14011 0.370413
60 29.79394 28.61847 1.175467  °° '.'
100 30.52121 32.90351 2.382296 10
200 36.29091 33.1755 3.115407 0
300 30.23636 30.23636 7.16E-06 0 100 200 300 400
7.648614 @® Seriesl Series2
Vmax [S]

v =
km(+ 1 4 s+ B
Substrate + competitive inhibition I Is

Vmax 61.21975 Km 58.38922 Ki 1 Kis 361.4128
0 200 400 800
OpM  OpMfit 200uM 200 pM fit 400 uM 400 pM fit 800 uM 800 pM fit

15 12.47879 12.40743 1.248485 0.078141 0.763636 0.039194 -3.78182 0.019628
18 14.4303 14.2582 -0.49697 0.093743 -0.969697 0.047026 2.206061 0.023552
24 17.13333 17.4949 0.369697 0.124919 -1.824242 0.062683 -1.50909 0.031398
35 21.7697 22.14011 -0.33333 0.181975 4.133333 0.091363 17.08485 0.045776
60 29.79394 28.61847 0.060606 0.311124 -0.266667 0.156412 -0.90909 0.07842
100 30.52121 32.90351 4.660606 0.516017 2.569697 0.260048 0.70303 0.13054
200 36.29091 33.1755 1.521212 1.016356 -4.230303 0.516083 1.218182 0.260064
300 30.23636 30.23636 0.630303 1.494956 -2.884848 0.766425 2.393939 0.388132
SAD O SAD 200 SAD 400 SAD 800
15 0.071355 1.170344 0.724442322 3.801446
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18
24
35
60
100
200
300

0.36157
0.370413
1.175467
2.382296
3.115407

7.16E-06
7.476516

0.590713
0.244778
0.515308
0.250518
4.144589
0.504856
0.864653

8.28576

Substrate + uncompetitive inhibition

15
18
24
35
60
100
200
300

15
18
24
35
60
100
200
300

61.21975
0
0uMm 0 uM fit
12.47879 12.40743
14.4303 14.2582
17.13333 17.4949
21.7697 22.14011
29.79394 28.61847
30.52121 32.90351
36.29091 33.1755
30.23636 30.23636
SAD 0
0.071355

Vmax

0.36157
0.370413
1.175467
2.382296
3.115407

7.16E-06
7.476516

Km

200 uM
1.248485
-0.49697
0.369697
-0.33333
0.060606
4.660606
1.521212
0.630303

SAD 200
0.113948
1.879104
1.037676
1.764868
1.392193
3.198138
0.058211
0.826453
10.27059

Substrate + nonncompetitive inhibition

15
18
24
35
60
100

61.21975
0

0 uM it
12.40743
14.2582
17.4949
22.14011
28.61847
32.90351

Vmax

0puMm
12.47879
14.4303
17.13333
21.7697
29.79394
30.52121

Km

200 pM
1.248485
-0.49697
0.369697
-0.33333
0.060606
4.660606

1.016722843
1.886925209
4.041969863
0.423078961
2.309649423
4.746386254
3.651273146
15.14917487

58.38922 Ki
200

200 pM fit 400 pM
1.362433  0.763636
1.382134  -0.969697
1.407373  -1.824242
1.431535  4.133333
1.452799  -0.266667
1.462468  2.569697
1.463001  -4.230303
1.456756  -2.884848

SAD 400

0.042845037
1.695964578
2.557418832
3.393652374

1.01198432
1.821843245
4.978296139
3.631205383
15.50200452

2.182509
1.540489
17.03907
0.987511

0.57249
0.958118
2.005807
290.08744

Vmax [S]

59.99889

v =

5 Kis

400

400 pM fit 800 pM

0.720791
0.726268
0.733177
0.739681
0.745317
0.747854
0.747993
0.746357

-3.78182
2.206061
-1.50909
17.08485
-0.90909

0.70303
1.218182
2.393939

SAD 800

4.152995
1.833437
1.883525
16.70872
1.286666
0.324805
0.839921
2.016097
29.04617

Vmax [S]

B 1], [5]
Km+ [S](1 +?I+K_.'S)

361.4128
800

800 uM fit
0.371177
0.372624
0.374434
0.376123
0.377575
0.378225
0.378261
0.377842

62.29528

v =

58.38922 Ki
200

200 pM fit 400 pM
0305124  0.763636
0.351742  -0.969697
0.434754  -1.824242
0.559107  4.133333
0.75519  -0.266667
0938719  2.569697
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Km(1 +%) +[S](1 +%+

5 Kis

400

400 uM fit 800 pM

0.154461
0.178067
0.220112
0.283128
0.382644
0.476152

-3.78182
2.206061
-1.50909
17.08485
-0.90909

0.70303

L5,

K.’S
361.4128
800
800 M fit
0.077714
0.089593
0.110753
0.142475
0.19261
0.239811



200

15
18
24
35
60
100
200
300

36.29091

SAD O

0.071355

0.36157
0.370413
1.175467
2.382296
3.115407

7.16E-06
7.476516

33.1755 1.521212 1.143799
300 30.23636 30.23636 0.630303 1.229067
SAD 200

0.943361
0.848712
0.065057

0.89244
0.694584
3.721887
0.377413
0.598764
8.142218

SAD 400
0.609174594
1.147764224
2.044353952
3.850204737
0.649310813
2.093545406
4.812234102
3.512130556
15.20658783

190

-4.230303 0.581931 1.218182 0.29354
-2.884848 0.627283 2.393939 0.316929
SAD 800

3.859532
2.116468
1.619844
16.94237
1.101701
0.463219
0.924642
2.07701
29.10479 59.93011



G.6. Compound 4¢g

Raw data
AR2-22

15
18
24
35
60
100
200
300

ag
0 um

11.89091
18.15758
18.91515
24.09697
29.29091
33.27879
36.29091
30.44242

Zero inhibitor

15
18
24
35
60
100
200
300

Vmax

11.89091
18.15758
18.91515
24.09697
29.29091
33.27879
36.29091
30.44242

(TRIS)

200 pM
11.52121
17.92727
18.71515
25.44849
28.16364
31.67879
33.46667
32.27879

56.43548
calc

13.7006
15.62376

18.9152
23.48122
29.53223
33.27876
33.24166
30.44253

400 uM
10.53333

15.3697
16.55152
21.56364
25.46667

29.80606
30.01818

Km

SAD
1.809691
2.533818
4.44E-05
0.615745
0.241322
3.19E-05
3.049247
0.000108
8.250008

Substrate + competitive inhibition

15
18
24
35
60
100
200
300

15

Vmax

0 um

11.89091
18.15758
18.91515
24.09697
29.29091
33.27879
36.28091
30.44242

SADO

1.809691

56.43548
0

0 uM fit
13.7006
15.62376
18.9152
23.48122
29.53223
33.27876
33.24166
30.44253

Km

200 uM
11.52121
17.92727
18.71515
25.44849
28.16364
31.67879
33.46667
32.27879

SAD 200

1.04612

CN
0
800 pM
9.727273 NH
14.07273 | /g
1555758  |g N N 0
19.55758 \_/</\
2314546 NN
29.04242 Y
27.61818
26.64242 OH
Vmax [S]
v =
[S]
Km+ [S](1+ 2
[S1C Kr)
46.26325 Ki 428.8007
0 inhibitor
40 °
30 @ e o
[
20 @
10 @
0
0 100 200 300 400
® Seriesl Series2
Vmax [S]
v =
[1] [S]
Km(1+ %9+ [S](1 +
( K;) [S1( Krs)
46.26325 Ki 1660.63 Kis 428.8007
200 400 800
200 pM fit 400 uM 400 pM fit 800 UM 800 uM fit
12.56733  10.533333 11.60722 9.727273 10.06877
14.39056  15.369697 13.3378 14.07273 11.63539
17.54964  16.551515 16.36798 15.55758 14.42538
22.02254  21.563636 20.73449 19.55758 18.56306
28.16364 25466667 26.91627 23.14546 24.72604
32.22015 31.22681 29.04242 29.41321
32.70499  29.806061 32.18537 27.61818 31.19415
30.14057  30.018182 29.84454 26.64242 29.26959
SAD 400 SAD 800
1.073888886 0.341495

191



18
24
35
60
100
200
300

2.533818
4.44E-05
0.615745
0.241322
3.19E-05
3.049247
0.000108
8.250008

3.53671

1.16551
3.425944
3.32E-07
0.541359
0.761675
2.138218
12.61554

Substrate + uncompetitive inhibition

15
18
24
35
60
100
200
300

15
18
24
35
60
100
200
300

56.43548
0

Vmax

0 pM 0 uM fit
11.89091 13.7006
18.15758 15.62376
18.91515 18.9152
24.09697 23.48122
29.29091 29.53223
33.27879 33.27876
36.29091 33.24166
30.44242 30.44253
SADO

1.809691

4.44E-05

0.615745
0.241322
3.19E-05

3.049247
0.000108
5.71619

Km

200 puM
11.52121
17.92727
18.71515
25.44849
28.16364
31.67879
33.46667
32.27879

SAD 200
1.897855
2.668581
0.332418
2.782279
0.090829
0.013705

1.83517

3.192199

12.81303

Substrate + nonncompetitive inhibition

15
18
24
35
60

56.43548
0

Vmax

0 uM
11.89091
18.15758
18.91515
24.09697
29.29091

0 uM fit
13.7006
15.62376
18.9152
23.48122
29.53223

Km

200 puM
11.52121
17.92727
18.71515
25.44849
28.16364

46.26325
200

200 pM fit
13.41907
15.25869
18.38273
22.66621
28.25447
31.66508
31.6315
29.08659

46.26325
200

200 pM fit
12.9644
14.78672
17.90876
22.25018
28.0437

192

2.031897208
0.183534704
0.829148442
1.449604596

2.379313131
0.173641818
7.947386966

Ki

400 pM
10.533333
15.369697
16.551515
21.563636
25.466667

29.806061

30.018182
SAD 400
2.615537938
0.459399192
1.327913664
0.342231309
1.616016654

0.364051602
2.171896151
6.725150359

2.437336
1.132191
0.994519
1.580588
0.370788
3.575966
2.627165
13.06005

41.87298

Vmax [S]

v

Km+ [S](1+[KLI]+

2314.248
400

Kis

400 pM fit 800 uM

13.14887

14.9103
17.87943
21.90587
27.08268
30.20067
30.17011
27.84629

9.727273
14.07273
15.55758
19.55758
23.14546
29.04242
2761818
26.64242
SAD 800
2.912585
0.186426
1.39363
0.971026
1.862913
1.398647
5.53E-06
0.984349
9.709581

Vmax [S]

[s]
K.'s)

428.8007
800

800 pM fit
12.63986
14.25915
16.95121
20.5286
25.00837
27.64378
27.61818
25.65807

34.96396

v =

Ki

400 pM
10.533333
15.369697
16.551515
21.563636
25.466667

!

3492.069
400

Km(1 + E‘{—]) +[S1(1 +

Kis

400 pM fit 800 pM

12.30328
14.03482
17.00401
21.14178
26.69802

9.727273
14.07273
15.55758
19.55758
23.14546

.S
KD
428.8007
800
800 pM fit
11.16461
12.73923
15.44359
19.22625
24.36017



100 33.27879 33.27876 31.67879
200 36.29091 33.24166 33.46667
300 30.44242 30.44253 32.27879

15
18
24
35
60
100
200
300

SADO

1.809691
2.533818
4.44E-05
0.615745
0.241322
3.19E-05
3.049247
0.000108
8.250008

Substrate + mixed inhibition

15
18
24
35
60
100
200
300

15
18
24
35
60
100
200
300

56.43548
0

Vmax

0uM 0 uM fit
11.89091 13.7006
18.15758 15.62376
18.91515 18.9152
24.09697 23.48122
29.29091 29.53223
33.27879 33.27876
36.20091 33.24166
30.44242 30.44253
SADO

1.809691
2.533818

4.44E-05

0.615745

0.241322

3.19E-05
3.049247
0.000108
8.250008

SAD 200

1.443188
3.140548
0.806396
3.198309
0.119938
0.033489
1.550734

2.88441
13.17701

Km

200 pM
11.52121
17.92727
18.71515
25.44849
28.16364
31.67879
33.46667
32.27879

SAD 200
1.476264
3.105076
0.768216
3.159529
0.087426
0.054245
1.545512
2.884445
13.08071

31.71228
31.91593
29.39438

46.26325
200

200 pM fit
12.99748
14.8222
17.94694
22.28896
28.07621
31.73303
31.92116
29.39434

193

30.28664

29.04242 27.78819

29.806061 30.69189 27.61818 28.50541

30.018182

SAD 400

1.769951772
1.334878908
0.452490486
0.421859164
1.231353161

0.885831253
1.60218339
6.096364745

28.416

26.64242 26.64243

SAD 800

1.43734
1.333492
0.11399
0.331322
1.214717
1.254238
0.88723
1.02E-05
6.57234 34.09573

Vmax [S]

v =

Kic
Kiu

400 pM
10.533333
15.369697
16.551515
21.563636
25.466667

29.806061
30.018182
SAD 400
1.829665201
1.270828468
0.521462585
0.351723741
1.290348021

0.895491768
1.602248777
6.159519785

3738.941
3456.734

400
400 pM fit 800 uM

12.363
14.09887
17.07298
21.21191
26.75702
30.32453
30.70155
28.41593

Km(1 +I[(L’]C) +[s] +%+%)

428.8007
800

800 uM fit
11.26335
12.84517
15.55775
19.34257
24.45858
27.85204
28.52208
26.64232

Kis

9.727273
14.07273
15.55758
19.55758
23.14546
29.04242
27.61818
26.64242
SAD 800
1.536074
1.227556
0.000176
0.215002
1.313127
1.190384
0.903901
0.000105

6.386325 33.87657



G.7. Compound 7

Raw data 0
AR2-16 7
OuM  200uM 400uM 800 uM //N \H
20 11.59394 1203636 12.78182 106 |
40 18.15758 15.99394 16.60606 15.61818 Ny
60 2048485 18.83636 19.61818 17.67879 \
80 22.82424 22.8303 18.55152 NN
100 24.48485 22.97576 23.26061 21.69091 0
200 27.60606 22.46061 25.53333 24.20091
300 27.10303 21.79394 226 18.93939
350 23.5697 205697 20.24242 18.55758

OH

Vmax [S]

B Km+[S](1 +%)

Zero inhibitor

Vmax 43.40958 Km 60.63849 Ki 600.4879
calc SAD
20 11.59394 10.67826 0.915681 0 inhibitor
40 18.15758 16.80865 1.348931 s
60 20.48485 20.5678 0.082953 o ¢ .
20

80 22.82424 22.95339 0.129143
100 24.48485 24.48485 6E-09 10 | ®
200 27.60606 26.52984 1.076221
300 27.10303 25.50921 1.593821

0 100 200 300 400
350 23.5697 24.71914 1.149443
6.296192 @® Seriesl Series2
Vmax [S]
v =

km(1+ U 1 s+ 18y
e K; Kis
Substrate + competitive inhibition

Vmax 43.40958 Km 60.63849 Ki 2344.188 Kis 600.4879

0 200 400 800

0OpMm OpMfit 200puM 200 pM fit 400 uM 400 uM fit 800 pM 800 uM fit

20 11.59394 10.67826 12.03636 10.03944 12.781818 9.472733 10.6 8.511792

40 18.15758 16.80865 15.99394 16.007 16.606061 15.27834 15.61818 14.00342
60 20.48485 20.5678 18.83636 19.7605 19.618182 19.01418 17.67879 17.67879
80 22.82424 22.95339 22.19446  22.830303 21.48411 18.55152 20.19161
100 24.48485 24.48485 22.97576 23.79062 23.260606 23.13467 21.69091 21.92562
200 27.60606 26.52984 22.46061 26.11696  25.533333 25.71673 24.29091 24.95198
300 27.10303 25.50921 21.793%4 25.25329 22.6 25.00246 18.93939 24.51546
350 23.5697 24.71914 20.5687 24.51281 20.242424 24.3099 18.55758 23.91399
SAD O SAD 200 SAD 400 SAD 800
20 0.915681 1.996928 3.309084607 2.088208

194



40
60
80
100
200
300
350

1.348931
0.082953
0.129143

6E-09
1.076221
1.593821
1.149443
6.296192

0.01306
0.924137

0.81486
3.656351
3.459356
3.943114
14.80781

Substrate + uncompetitive inhibition

20
40
60
80
100
200
300
350

20
40
60
80
100
200
300
350

Vmax

0 uM
11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303

23.5697

SADO
0.915681
1.348931
0.082953
0.129143

6E-09
1.076221
1.593821
1.149443
6.296192

43.40958
0

0 uM fit
10.67826
16.80865
20.5678
22.95339
24.48485
26.52984
25.50921
2471914

Km

200 pM

12.03636
15.99394
18.83636

22.97576
22.46061
21.79394
20.5697
SAD 200
1.579892
0.271642
0.924137

0.373505
2.741182
2.485066
2.992535
11.36796

Substrate + nonncompetitive inhibition

20
40
60
80
100
200

Vmax

0o uMm
11.59394
18.15758
20.48485
22.82424
24.48485
27.60606

43.40958
0

0 uM fit
10.67826
16.80865
20.5678
22.95339
24.48485
26.52984

Km

200 pM
12.03636
15.99394
18.83636

22.97576
22.46061

60.63849
200

200 uM fit
10.45647
16.26558
19.7605
21.95251
23.34926
25.20179
24.27901
23.56223

60.63849

200

200 uM fit
10.31468
16.24615
19.89423
22.21934
23.72099
25.79956

195

1.327724831
0.604000585
1.346197325
0.125936154
0.183394696
2.402464258
4.067474971
9.298802455

Ki

400 uMm
12.781818
16.606061
19.618182
22.830303
23.260606
25.533333

22.6
20.242424
SAD 400
2.538107052
0.849551682
0.604000586
1.795030088
0.946262249
1.532974035
0.561997716
2.26634919
8.827923409

1.614759

1.16E-09
1.640096
0.234707
0.661066
5.576067
5.356412
17.17132

Vmax [S]

47.57412

v =

Km+[S](1+

2319.505
400

Kis

400 pM fit 800 UM

10.24371
15.75651
19.01418
21.03527
22.31434
24.00036

23.162
22.50877

10.6
15.61818
17.67879
18.55152
21.69091
24.29091
18.93939
18.55758

SAD 800
0.756852
0.789851
3.54E-09
0.861499
1.193588
2.379672

2.27095
2.103683
10.35609

Vmax [S]

1], Is]
K Ky

5]

600.4879
800

800 pM fit
9.843148
14.82833
17.67879
19.41301
20.49732
21.91124
21.21034
20.66126

36.84817

v =

Ki

400 pM
12.781818
16.606061
19.618182
22.830303
23.260606
25.533333

5627.457
400

Km(1+ %) + [S1(1 +

Kis

400 pM fit 800 uM

9.975041
15.72008
19.26338
21.53078
23.00335
25.10841

10.6
15.61818
17.67879
18.55152
21.69091
24.29091

! S
600.4879
800
800 pM fit
9.358721
14.76394
18.11455
20.27423
21.69091
23.83156



300 27.10303 25.50921 21.79394 24.88446
350 23.5697 24.71914

20
40
60
80
100
200
300
350

SAD 0
0.915681
1.348931
0.082953
0.129143
6E-09
1.076221
1.593821
1.149443
6.296192

Substrate + mixed inhibition

20
40
60
80
100
200
300
350

20
40
60
80
100
200
300
350

Vmax

0uM

11.59394
18.15758
20.48485
22.82424
24.48485
27.60606
27.10303
23.5697

SADO
0.915681
1.348931
0.082953
0.129143
6E-09
1.076221
1.593821
1.149443
6.296192

43.40958
0

0 uM fit
10.67826
16.80865
20.5678
22.95339
24.48485
26.52984
25.50921
24.71914

20.5697

SAD 200

1.721687
0.25221
1.057868

0.745233
3.338957
3.090517

3.57612
13.78259

Km

200 uM
12.03636
15.99394
18.83636

22.97576
22.46061
21.79394

20.5697

SAD 200

1.506224
0.450954
1.189588

0.745233
3.174956
2.887455
3.371344
13.32576

22.6 24.28957 18.93939 23.18124

24.14582  20.242424 23.59849 18.55758 22.57504
SAD 400 SAD 800
2.806777481 1.241279
0.885979464 0.854244
0.354800657 0.43576
1299518589 1.722717
0.257253606 3.65E-07
0.424920027 0.459353
1689573507 4241848
3.356062249 4.017461

7.71882333 12.97266 40.77027
o Vmax [S]
Km(1+%)+[5](1+%+%)
Kic 5326035
60.63849 Kiu 3504.579 Kis 600.4879
200 400 800

200 uM fit 400 uM 400 puM fit 800 uM 800 M fit

10.53014  12.781818 10.38607 10.6 10.10945

16.44489  16.606061 16.09655 15.61818 15.44234

20.02595  19.618182 19.51192 17.67879 18.55916

22.28072  22.830303 21.64635 18.55152 20.48015

23.72099  23.260606 23.00335 21.69091 21.69091

25.63556  25.533333 24.79961 24.29091 23.28124

24.68139 22.6 23.90562 18.93939 22.49172

23.94104  20.242424 23.21043 18.55758 21.8753
SAD 400 SAD 800
2.395743635 0.490545
0.509509397 0.175841
0.106262588 0.880367

1.18395086 1.928637
0.257253444 7.74E-08
0.733725698 1.009666
1.305618859 3.552324
2.968009612 3.317722
6.492064521 11.3551 37.46912
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G.8. Compound 8

Raw data
AR2-36 8
0 um 1000 uM 200 pM 300 pM

20 12.62424 9.775758 12.0303
40 17.96364 17.44849 17.46667 16.29697
60 22.69697 22.05455 21.13939 N /K
80 21.67879 21.99394 23.09697 22.22424
100 25.2303 23.1697 24.37576 24.23636 \
200 25.70909 27.86667 26.7697 25.73333
300 26.33333 25.73333 26.15152 26.70909
350 20.86061 21.62424 22.07879 21.61212

II

z—Z
=z

Vmax [S]

Km + [S](1 + [Kij])
Zero inhibitor
Vmax 44.61186 Km 62.94042 Ki 475.5634
calc SAD
20 10.64957 0 inhibitor
40 17.96364 16.78639 1.17725 30
60 22.69697 20.50957 2.187404 [ ] ® L]
80 21.67879 22.81963 1.140847 20 e}
100 25.2303 24.24978 0.980526 10
200 25.70909 25.70909 2.58E-06
300 26.33333 24.23725 2.096085 0
350 20.86061 23.28629 2.425688
10.0078 ® Seriesl Series2

0 100 200 300 400

. Vmax [S]
Km(1+ 1L ]) +[S1CL + [S])
Substrate + competitive inhibition

Vmax 44.61186 Km 62.94042 Ki 2.15E+11 Kis 475.5634

0 100 200 300

0 pM OpMfit 100puM 100 pM fit 200 uM 200 puM fit 300 uM 300 uM fit

20 10.64957 12.62424 10.64957 9.775758 10.64957 12.0303 10.64957

40 17.96364 16.78639 17.44849 16.78639 17.466667 16.78639 16.29697 16.78639

60 22.69697 20.50957 22.05455 20.50957 20.50957 21.13539 20.50957

80 21.67879 22.81963 21.99394 22.81963 23.09697 22.81963 22.22424 22.81963

100 25.2303 24.24978 23.1697 24.24978 24.375758 24.24978 24.23636 24.24978

200 25.70909 25.70909 27.86667 25.70909 26.769697 25.70909 25.73333 25.70909

300 26.33333 24.23725 25.73333 24.23725 26.151515 24.23725 26.70909 24.23725

350 20.86061 23.28629 21.62424 23.28629 22.078788 23.28629 21.61212 23.28629
SADO SAD 200 SAD 400 SAD 800

15 10.64957 1.974673 0.873810561 1.380734
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18
24
35
60
100
200
300

2.187404
1.140847
0.980526

2.58E-06
2.096085
2.425688
19.48012

0.662099
1.544979
0.825696

1.08008
2.157573
1.496085
1.662052
11.40324

Substrate + uncompetitive inhibition

20
40
60
80
100
200
300
350

15
18
24
35
60
100
200
300

Vmax

0pM

17.96364
22.69697
21.67879
25.2303
25.70909
26.33333
20.86061
SAD O
10.64957

2.187404
1.140847
0.980526

2.58E-06
2.096085
2.425688
19.48012

44.61186
0
0 uM fit
10.64957
16.78639
20.50957
22.81963
24.24978
25.70909
24.23725
23.28629

Km

100 um
12.62424
17.44849
22.05455
21.99394

23.1697

27.86667
25.73333
21.62424

SAD 200
1.974673
0.662099
1.544979
0.825696

1.08008

2.157573
1.496085
1.662052
11.40324

Substrate + nonncompetitive inhibition

20
40
60
80
100
200

Vmax

0um

17.96364
22.69697
21.67879

25.2303
25.70909

44.61186
0
0 uM fit
10.64957
16.78639
20.50957
22.81963
24.24978
25.70909

Km

100 uM
12.62424
17.44849
22.05455
21.99394
23.1697
27.86667

62.94042
100

100 pM fit
10.64957
16.78639
20.50957
22.81963
24.24978
25.70909
24.23725
23.28629

62.94042
100

100 pM fit
10.64957
16.78639
20.50957
22.81963
24.24978
25.70909

198

0.680281102
20.50956552
0.277335147
0.125981194
1.060603421
1.914267067
1.207505864
25.44184401

Ki

200 uM
9.775758
17.466667

23.09697
24.375758
26.769697
26.151515
22.078788

SAD 400
0.873810567
0.680281099
20.50856552
0.277335149
0.125581198
1.060603431
1.914267077
1.207505855
25.44184404

0.489416
0.629828
0.595393
0.013413
0.024239
2.471843
1.674173
7.27904 63.60424

Vmax [S]

v =

Km +[SI(1+ ! + o

2.15E+11
200

7] [S])
KIS

Kis 475.5634
300

200 uM fit 300 pM 300 pM fit

10.64957
16.78639
20.50957
22.81963
24.24978
25.70909
24.23725
23.28629

12.0303 10.64957
16.29697 16.78639
21.13939 20.50957
22.22424 22.81963
24.23636 24.24978
25.73333 25.70909
26.70909 24.23725
21.61212 23.28629
SAD 800
1.380734
0.489416
0.629828
0.595393
0.013413
0.024239
2.471843
1.674173
7.27904 63.60424

Vmax [S]

Ki

200 pM
9.775758
17.466667

23.09697
24.375758
26.769697

[/
K

2.15E+11
200

- ] [ IS]
Km(l +—I) + [S](l +FI+K_IS

Kis 475.5634
300

200 pM fit 300 uM 300 uM fit

10.64957
16.78639
20.50957
22.81963
24.24978
25.70909

12.0303 10.64957
16.29697 16.78639
21.13939 20.50957
22.22424 22.81963
24.23636 24.24978
25.73333 25.70909



300 26.33333 24.23725 25.73333 24.23725
350 20.86061 23.28629 21.62424 23.28629

15
18
24
35
60
100
200
300

SAD O

10.64957

2.187404
1.140847
0.980526

2.58E-06
2.096085
2.425688
19.48012

SAD 200

1.974673
0.662099
1.544979
0.825696

1.08008
2.157573
1.496085
1.662052
11.40324

199

26.151515 24.23725 26.70909 24.23725
22.078788 23.28629 21.61212 23.28629
SAD 400

0.873810559
0.680281108
20.50956551
0.277335158
0.125981206
1.060603435
1.914267079
1.207505853
25.44184405

SAD 800

1.380734
0.489416
0.629829
0.595393
0.013413
0.024239
2.471843
1.674173
7.27904 63.60424



G.9. Compound 10a

Raw data
AR-183 10a 5
0 M 200 UM 400 uM 800 puM
20 6.833918 5.445614 4.319298 3.94152 NH

40 12.07252 9.334503 8.05731 4.120468 o Ne

LA
60 16.34386 12.97544 10.18597 7.25731 l\\l N o)
80 18.19181 13.38129 11.03041 8.57193 NN
100 20.33216 16.3462 13.09006 9.708772 o
200 24.77544 19.74737 16.56491 12.93333
OH

300 24.34737 21.75205 18.27135 10.00117
350 21.62924 18.7883 15.61053 12.66199

Vmax [S]
v =
Km+[$](1+[1§—])
I
Zero inhibitor
Vmax 43.73256 Km 98.86999 Ki 616.5011
calc SAD
20 6.833918 7.318106 0.484188 0 inhibitor
40 12.07252 12.3656 0.293081 39
60 16.34386 15.93081 0.413051 ° —
80 18.19181 18.48657 0.294759  °° I
100 20.33216 20.33216 8.7E-07 g .
200 24.77544 24.04525 0.730194 ¢
300 24.34737 24.07937 0.267997 0
0 100 200 300 400
350 21.62924 23.6366 2.007355
4.490626 ® Seriesl Series2

Vmax [S]

v =
km(1 + 1) 4 5101 + 15
Substrate + competitive inhibition ! 1S

Vmax 43.73256 Km 98.86999 Ki 332.3377 Kis 616.5011

0 200 400 800

0 UM OpMfit 200uM 200 uM fit 400 pM 400 pM fit 800 uM 800 M fit

20 6.833918 7.318106 5.445614 4.885814  4.319298 3.66702 3.94152 2.446456
40 12.07252 12.3656 9.334503 8.704514 8.05731 6.716083 4.120468 4.609928

60 16.34386 15.93081 12.97544 11.70315 10.185965 9.248756 7.25731 6.515769
80 18.19181 18.48657 13.38129 14.06469 11.030409 11.34987 857193 8.18866
100 20.33216 20.33216 16.3462 15.92648 13.090058 13.09005 9.708772 9.652082
200 24.77544 24.04525 19.74737 20.66502 16.564912 18.11804 12.93333 14.5351
300 24.34737 24.07937 21.75205 21.70872 18.271345 19.76302 10.00117 16.7589
350 21.62924 23.6366 18.7883 21.64759 15.610526 19.96735 12.66199 17.28422

SAD O SAD 200 SAD 400 SAD 800
20 0.484188 0.5598 0.652277537 1.495064
40 0.293081 0.629989 1.341227264 0.48946

200



60
80
100
200
300
350

0.413051
0.294759

8.7E-07
0.730194
0.267997
2.007355
4.490626

1.272285
0.683408

0.41972
0.917656
0.043329
2.859284
7.385471

Substrate + uncompetitive inhibition

20
40
60
80
100
200
300
350

20
40
60
80
100
200
300
350

Vmax

0uM
6.833918
12.07252
16.34386
18.19181
20.33216
24.77544
24.34737
21.62924
SADO
0.484188
0.293081
0.413051
0.294759
8.7E-07
0.730194
0.267997
2.007355
4.490626

43.73256
0

0 uM fit
7.318106
12.3656
15.93081
18.48657
20.33216
24.04525
24.07937
23.6366

Km

200 uM
5.445614
9.334503
12.97544
13.38129

16.3462
19.74737
21.75205

18.7883

SAD 200
1.216544
1.267292
0.143518
1.423124
0.381265

1.57955
3.564754
0.854751

10.4308

Substrate + nonncompetitive inhibition

20
40
60
80
100
200

Vmax

0uM
6.833918
12.07252
16.34386
18.19181
20.33216
2477544

43.73256
0

0 uM fit
7.318106
12.3656
15.93081
18.48657
20.33216
24.04525

Km

200 uM
5.445614
9.334503
12.97544
13.38129

16.3462
19.74737

98.86999

200

200 uM fit
6.662158
10.60179
13.11896
14.80441
15.96493
18.16782
18.18729
17.93355

98.86999
200

200 uM fit
5.639877
9.558319
12.36306
14.41137
15.92648
19.3007

201

0.93720858
0.319464299

3.0106E-06
1.553123769
1491671925
4.356820424
6.294976385

Ki

400 pMm
4.319298
8.05731
10.185965
11.030409
13.090058
16.564912
18.271345
15.610526

SAD 400
1.7948298
1.221040979
0.964831444
1.315032734
0.052031956
1.965626643
3.659486421
1.162898665
10.97287998

0.741541
0.38327
0.05669
1.601767
6.757726
4.622227
16.14775 34.31882

Vmax [S]

v =

339.9146
400

km + [s]1 + 1 4 By

K;  Kis

Kis 616.5011
800

400 pM fit 800 uM 800 uM fit

6.114128
9.278351

11.1508
12.34544
13.14209
14.59929
14.61186
14.44763

3.94152  5.25034
4.120468 7.424676
7.25731 8.577217
8.57193 9.266999
9.708772 9.708772
12.93333 10.48166
10.00117 10.48814
12.66199 10.40326
SAD 800
1.30882
3.304208
1.319907
0.695069
1.32E-08
2.451674
0.486969
2.258733
11.82538 37.71968

Vmax [S]

v =

Ki

400 pM
4.319298
8.05731
10.185965
11.030409
13.090058
16.564912

668.4742
400

Km(1 +[KLI]) + [S](1 +M+ﬂ)

KI KIS

Kis 616.5011
800

400 pM fit 800 uM 800 uM fit

4.587782
7.789843
10.10092
11.80832
13.09006
16.11995

3.94152 3.341206
4.120468 5.685855
7.25731 7.394796
8.57193 8.674627
9.708772 9.652085
12.93333 12.12391



300 24.34737 24.07937 21.75205
350 21.62924 23.6366

20
40
60
80
100
200
300
350

SAD 0
0.484188
0.293081
0.413051
0.294759
8.7E-07
0.730194
0.267997
2.007355
4.450626

Substrate + mixed inhibition

20
40
60
80
100
200
300
350

20
40
60
80
100
200
300
350

Vmax

0 puMm
6.833918
12.07252
16.34386
18.19181
20.33216
2477544
24.34737
21.62924

SADO
0.484188
0.293081
0.413051
0.294759

8.7E-07

0.730194
0.267997
2.007355
4.490626

43.73256
0

0 pM fit
7.318106
12.3656
15.93081
18.48657
20.33216
24.04525
24.07937
23.6366

18.7883
SAD 200
0.194263
0.223816
0.612383

1.03008
0.419717
0.446672
1.999088
0.788377
5.714395

Km

200 pM
5.445614
9.334503
12.97544
13.38129

16.3462
19.74737
21.75205

18.7883

SAD 200

0.030414
0.053764
0.727204
0.990749
0.381289
0.131223
1.576434
1.229436
5.120514

19.75296
19.57668

98.86999
200

200 pM fit
5.476028
9.388267
12.24823
14.37204
15.96491
19.61615
20.17561
20.01774

202

18.271345 16.74444 10.00117 12.83477
15.610526 16.70702 12.66199 12.91941

SAD 400

0.26848414
0.267466915
0.085041
0.777914845
2.41249E-09
0.444964247
1.526908006
1.096491306
3.370779156

Kic
Kiu

400 uMm
4.319298
8.05731
10.185965
11.030409
13.090058
16.564912
18.271345
15.610526

SAD 400
0.055522403
0.450857732
0.237436805
0.725195574
0.051999361
1.43731E-07
0.910310062
1.749349611
2.47132208

556.2873
858.6508
400

SAD 800

0.600314

1.565387

0.137486

0.102697

0.056687

0.809419

2.833604

0.257425

6.363018 19.93882

Kis 616.5011
800

400 uM fit 800 pM 800 uM fit

4.37482
7.566452
9.948528

11.7556
13.14206
16.56491
17.36103
17.35988

3.94152 3.119986
4.120468 5.450924
7.25731 7.232577
8.57193 8.617844
9.708772 9.708736
12.93333 12.63442
10.00117 13.57383
12.66199 13.71725
SAD 800
0.821534
1.330456
0.024733
0.045914
3.56E-05
0.298914
3.572659
1.05526
7.149505 19.23197



