I. Development of an isoxylitone analog as an anti-epileptic drug candidate

I1. Synthesis of SOX9 inhibitors as promoters of recovery from spinal cord injury

Julien Haeck

Thesis submitted in partial fulfillment of the requirements for the Master of

Science degree in Chemistry

Department of Chemistry and Biomolecular Sciences
Faculty of Science

University of Ottawa

Candidate Supervisor

Julien Haeck Dr. Tony Durst

© Julien Haeck, Ottawa, Canada, 2022



Abstract
Part I. Development of an isoxylitone analog as an antiepileptic drug candidate

Delphinium denudatum is a medicinal plant traditionally used to treat a variety of
conditions in Central Asia. Its interesting anticonvulsant effects were determined to be a
property of the compound isoxylitone. Prior work from our group in collaboration with
the Poulter group from Western University investigated this compound and generated a
large number of isoxylitone analogs in order to optimize its antiepileptic activity. This led
to the discovery of the prodrug 13 and the active form 15 shown below, which emerged

as the most potent.
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In this work, the library of analogs was further expanded with 22 new compounds
with several which matched the activity of 13 and 15, such as compounds 22 and 37,
which led to valuable new insights on the activity of these analogs, and suggested other

possible future improvements.
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In addition, efforts were continued regarding developing compound 15 as a
clinical trial candidate. Optimization of the synthesis was performed to drastically reduce
costs and waste of chemicals, as well as accelerating the duration of the synthesis. The
purification of the final product was also greatly facilitated by the direct synthesis of 15,
compared to the prior process of first preparing 13 and hydrolyzing the ester. Efforts were
exerted to gather additional knowledge on the characteristics of the compound, with
structural and conformational analysis via X-ray crystallography and NOE NMR as well as
accelerated stability studies to test the viability of 15 in long-term storage under various
conditions. All the information gathered throughout this work supported 15 and its

sodium salt as excellent clinical trial candidates as treatments for epilepsy.

Part Il. Synthesis of SOX9 inhibitors as promoters of recovery from spinal cord injury

According to the World Health Organization, 250 to 500 thousand people develop
a spinal cord injury each year with a large portion resulting in tetraplegia. A common
misconception is that this is permanent because the damaged nerves cannot be repaired.
In fact, nerves can and do regrow after being damaged, but cannot do so after spinal cord
injuries due to formation of scar tissues which physically and chemically prevents the
healing. The Brown group at Western University identified the SOX9 transcription factor
as an important promoter of the formation of this scar and showed that SOX9 inhibitors
could improve recovery and mobility in mice affected by spinal cord injuries. In
collaboration with their group, previous work in our lab performed and SAR study on the
lead compounds Z02(1) and STL26 (2), shown below. The different sections of the

molecule have been designated units A to D, to simplify discussion.
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Initial work by our group established an efficient method to prepare a library of
analogs of the lead compounds. A number of compounds were prepared, which primarily
investigated small amines as unit A and phenols with small aliphatic substituents as unit
D. The initial SAR data confirmed the validity of STL26 as lead compound, as most

alterations to the structure were detrimental to the SOX9 inhibitory activity.

The objective of this work was to build on these preliminary SAR results, and
expand the library of analogs. Larger substituents were introduced in unit A and D and
showed that any group larger or smaller than diethylamide in unit A was detrimental to
the activity, but that there seemed to be ample space to increase the size of the unit D
isopropyl group. Analogs investigating unit B showed that adding substituents at most of
the positions was detrimental, as well as changing the relative positions of unit A and B to
be ortho or para to each other. However, the C4 on ring B seemed to be very tolerant to
various electron donating or withdrawing functional groups. During this SAR study, a
recurring theme was the awful solubility of the compounds in water, which heavily
complicated their administration to mice during the bioassays. While none of the analogs
tested proved superior to 2, the knowledge accrued during this work painted a clear path
forward on which areas of the structure could be safely altered to improve solubility

without negative impacts on SOX9 inhibition.



Some additional efforts were put into obtaining an accurate three-dimensional
structure of an active STL26 (2) analog, and information on the primary conformation in
solution. Achieving these goals required the use of NOE NMR experiments and X-ray
crystallography. One conformation was discovered to be strongly favoured as a result of
an intramolecular hydrogen bond even in protic solvents. Subsequently, a small number
of additional analogs were prepared containing modifications that would strongly favor
or hinder the preferred conformation, in order to better understand its role in the
inhibitory activity. The presence of this hydrogen bond appeared to be key to the activity

of the compounds.



Acknowledgements

Firstly, | want to express my appreciation for my supervisor Dr. Tony Durst for
taking me in despite my lack of any prior research experience, and the mentorship and
guidance throughout my degree. | am blessed to have had the opportunity to work on a
number of interesting and unique projects. The experience has shaped me as a chemist,

and helped clear up my path for the future.

| would further like to thank both Dr. Tony Durst and Dr. André Beauchemin for
their unwavering patience despite the particularly long process. This thesis would have
never come to be complete without their support and encouragements during the

difficult times and | will be forever grateful.

I am grateful for my seniors Adrien, Vik and Amanda for showing me the ropes
and helping me acclimatize to my first research lab, as well as paving the way for the
projects | worked on. | would also like to recognize the assistance of all the amazing
undergraduates and visiting student researchers | have had the pleasure to work with.

Special thanks to David, Ashleigh and Lotty for the great memories.

Thank you to my friends and family for always being there for me. To my biggest
supporter Sabrina, thank you for believing in me and always pushing me forward. |

couldn’t ask for a better partner.



Table of Contents

Abstract
Acknowledgements
List of Figures

List of Tables

List of abbreviations

Part I. Development of an isoxylitone analog as an anti-epileptic drug candidate.

1.1  Introduction
1.1.1  Epilepsy and its symptoms
1.1.2  Effects of epilepsy on health and quality of life
1.1.3  Anti-epileptic drugs (AED)
1.1.3.1 History of treatments for epilepsy and seizures
1.1.3.2  Recent and future AEDs
1.1.4  Delphinium denudatum, traditional uses and antiepileptic activity
1.1.5 The Poulter group & OB Pharma
1.1.5.1  Voltage-sensitive dye imaging (VSDI)
1.1.5.2  The kindling model
1.1.6  Previous works
1.1.6.1  Amanda Saikaley M.Sc. Thesis
1.1.6.2  Adrien Fluet-Chouinard M.Sc. Thesis
1.2  Discussion
1.2.1  Introduction

1.2.2  Synthesis of amide analogs of 13

Vi

Xi

XV

XVi

10

12

13

14

16

16

18

23

23

23



1.2.2.1  Objective 23
1.2.2.2  Synthesis 25

1.2.3  Optimization of the synthesis of 3-(4-carboxyphenyl)-5,5-dimethylcyclohex-2-enone
28

1.2.3.1 Justification of the acid 15 and the salt 18 as the lead clinical trial candidates 28

1.2.3.2  Optimization of the synthesis 35
1.2.3.3  Conclusion 46
1.2.4  Stability studies of TD562 and TD567 49
1.2.5  Structure-activity relationship studies 53
1.2.5.1  Objective 53
1.2.5.2 Preparation of halogenated aryl ring analogs 53
1.2.5.3 Modifications to the aryl-carboxylic acid substituent 55
1.254 Preparation of analogs with variations to C5 substituents 57
1.2.5.5 Changes in activity resulting from the various structural modifications 60
1.2.6  Conclusion and future work 73
1.3  Experimental Data 77
1.3.1 General information 77
1.3.2  General procedures 79
1.3.2.1 Preparation of enol tosylates in acetone and water 79
1.3.2.2 Palladium-catalyzed Suzuki cross-coupling 80
1.3.2.3 Conversion of carboxylic acids into sodium salts 81
1.3.3  Experimental procedures and product characterization 82
1.4  References 168

Part Il. Synthesis of SOX9 inhibitors as promoters of recovery from spinal cord injury. 173



2.1 Introduction
2.1.1  Overview on spinal cord injuries
2.1.2  Symptoms and effects of SCI on quality of life
2.1.3  Current treatments for SCI
2.1.4  Natural inhibition of neuronal regeneration by CSPGs

2.1.5 Finding a lead structure

2.1.5.1  The SOX9 gene plays a key role in the inhibition of recovery from SCI

2.1.5.2 Z02 as SOX9 inhibitor
2.1.6  Previous work by the Durst group
2.1.6.1  Modifications of Unit A
2.1.6.2  Modifications of Unit B
2.1.6.3  Modifications of unit C
2.1.6.4  Modifications of unit D
2.2 Discussion and results
2.2.1  Introduction
2.2.2  Synthesis of the ZO2 analogs
2.2.2.1  General synthetic process
2.2.2.2 Using EDCI as coupling reagent for a cleaner amide bond formation
2.2.23 Using EDCI to circumvent the nitro reduction step
2.2.3  Analogs containing unit A modifications
2.2.4  Analogs containing unit B modifications
2.2.4.1  Structural and conformational analysis
2.2.4.2  Additional unit B analogs

2.2.5 Analogs containing unit D modifications

174

174

175

176

176

178

178

178

180

182

183

184

185

186

186

186

186

189

191

192

195

198

202

206



2.2.6 Conclusion and future work

2.3 Experimental Data

2.3.1 General information

2.3.2  General procedures

23.21

2.3.2.2

2.3.2.3

23.24

2.3.25

Amide coupling via acyl chloride intermediate

EDCI & DMAP amide coupling

Reduction of nitro groups to amines using Iron

Nucleophilic substitution of chloroacetic chloride by phenols

Palladium-catalyzed substitution of aromatic bromine by amines

2.3.3  Experimental procedures and product characterization

2.4  References

209

212

212

214

214

215

216

217

217

218

280



List of Figures

Figure 1.1.3.1.1. Chemical structures of first generation antiepileptic drugs.
Figure 1.1.3.2.1. Chemical structures of third generation AEDs.

Figure 1.1.3.2.2. Chemical structures of novel potential AEDs that were ultimately unsuccessful.

Figure 1.1.4.1. Structures of isoxylitone E (1a) and Z (1b).
Figure 1.1.4.2. ISOX analogs described in the second Rahman group patent.
Figure 1.1.6.1.1. Reaction scheme for the synthesis of isoxylitone and the first set of analogs.

Figure 1.1.6.1.2. Main series of analogs in the A. Saikaley Thesis.
Figure 1.1.6.1.3. Structures of isophorone 6, TD532 (7) and a proposed pharmacophore.

Figure 1.1.6.2.1. Chemical structure of dimedone (8).

Figure 1.1.6.2.2. Synthesis and chemical structures of analogs 10 and 11.

Figure 1.1.6.2.3. General method for preparing 3-aryl substituted-5,5-dimethylcyclohex-2-

enones.
Figure 1.1.6.2.4. Chemical structures of analogs 13, 14 and 15.

Figure 1.1.6.2.5. Synthesis of 3-(4-methoxycarbonylphenyl)-5,5-dimethylcyclohex-2-enone, 13.
Figure 1.2.2.1.1. Chemical structure of the amide 14 (TD569).

Figure 1.2.2.1.2. Chemical structures of Lipitor, Crestor and Celebrex: examples of halogen-
protected aromatic metabolic soft spots on currently marketed drugs.

Figure 1.2.2.2.1. Synthesis of the amide analogs 17a-g.

Figure 1.2.2.2.2. General mechanism for the EDCI amide coupling.

Figure 1.2.2.2.3. Chemical structure of the amide analogs 17a-g.

Figure 1.2.3.1.1. Seizure stage in kindled rats after administration of antiepileptic treatment.
Figure 1.2.3.1.2. Daily treatment with TD567 18 prevents establishment of chronic epilepsy in
rats following kindling model epileptogenesis.

Figure 1.2.3.1.3. TD 567 18 can prevent stage 1 seizures in drug-resistant in kindled TBI rats.
Figure 1.2.3.1.4. TD567 18 reduced neuron activation in brain slices from human brain slices

obtained from patients with refractory epilepsy.

12

16

16

18
18

19

19

20

21
24

24

25
26
27
29

30

31

32



Figure 1.2.3.1.5. Concentrations of 15 in the plasma and the brain over 24h hours after

administration of an oral dose.
Figure 1.2.3.1.6. Survival rates of mice treated with various concentrations of TD561 13.

Figure 1.2.3.2.1. Visualization of the inverse proportional correlation between catalyst loading
and reaction time based on table 1.2.3.2.6.

Figure 1.2.3.3.1. 'H NMR of the acid 15.

Figure 1.2.4.1. Comparison of the *H NMR spectrum of compound 18 before and after the
stability study.

Figure 1.2.5.2.1. Structures and chemical properties of halogenated analogs 20-21, compared
to 15.

Figure 1.2.5.2.2. Overview of the preparation of analogs 20-22.

Figure 1.2.5.3.1. Structures of analogs 26 and 27.

Figure 1.2.5.3.2. Overview of the preparation of analogs 28-30 and their chemical structures.
Figure 1.2.5.4.1. Overview of the preparation of analog 34.

Figure 1.2.5.4.2. Overview of the preparation of analog 37.

Figure 1.2.5.4.3. Aliphatic region (2.0 to 4.0 ppm) of the *H NMR of compound 37.

Figure 1.2.5.4.3. Overview of the preparation of analogs 42 and 43.

Figure 1.2.5.5.1. pKa values for the benzoic acids corresponding to the acid 15 and its analogs
20 to 22.

Figure 1.2.5.5.2. Tridimensional structure of the acid 15 obtained via X-ray crystallography
viewed from various angles.

Figure 1.2.5.5.3. UV-vis Absorption spectra of 15 (left) and 22 (right).

Figure 1.2.5.5.4. 1D NOESY experiments of compounds 15 and 22 irradiating the sp? protons of
the cyclohexenone rings at 6.44 ppm and 6.02 ppm.

Figure 1.2.5.5.5. 'H NMR comparison between the initial quinine salt mixture of compound 37
and the recrystallised product.

Figure 1.2.5.5.6. Structures and LogP of the various analogs with C5 modifications.

Figure 1.2.5.5.7. Structures and LogP of potential analogs 44-46. The LogP values are calculated
by ChemDraw.

Figure 1.2.5.5.8. Reaction scheme for the preparation of the various cyclohexane-1,3-dione

starting materials.

33

34

43

47

52

54

55

55
57
58
58
59
60

62

63

64

66

71

72

73

73



Figure 1.2.6.1. Revised proposed pharmacophore of the ISOX analogs family of antiepileptic
compounds.

Figure. 1.2.6.1. Structures of analogs to be completed.

Figure. 1.2.6.2. Examples of analogs containing aryl electron donating groups.

Figure. 1.2.6.2. Examples of analogs containing polar C5 substituents.

Figure 1.3.2.1.1. Two methods of preparation of dimedone enol tosylates.

Figure 1.3.2.2.1. Preparation of 3-aryl cyclohexenones.

Figure 1.3.2.3.1. Preparation of the sodium salts.

Figure 2.1.4.1. The CSPG-heavy perineuronal nets block axonal sprouting.

Figure 2.1.5.2.1. Chemical structure of the lead compound ZO2 (1).

Figure 2.1.6.1. The four main units in the ZO2 (1) structure.

Figure 2.1.6.2. Chemical structure of the compound STL26 (2).

Figure 2.1.6.1.1. Structures of the various A units tested by Raina and Swan, sorted by

decreasing potency.

Figure 2.1.6.2.1. Structures of the B ring C4 analogs.

Figure 2.1.6.2.2. Structure of the ortho-CD analogs.

Figure 2.1.6.3.1. Structures of the unit C analogs.

Figure 2.1.6.4.1. Structures of the unit D analogs, ordered by decreasing potency.

Figure 2.2.2.1.1. Formation of the AB amide bond via acyl chloride intermediate.

Figure 2.2.2.1.2. Reduction of the 3-nitro protecting group.

Figure 2.2.2.1.3. Preparation of the CD unit, thymol acetic acid (3), and its conversion to the
acyl chloride.

Figure 2.2.2.1.4. Amide bond formation between the AB and CD units.

Figure 2.2.2.2.1. Formation and reaction of an active ester intermediate.

Figure 2.2.2.2.1. Amide bond formation using EDCI.

Figure 2.2.2.3.1. *H NMR spectrum of the EDCI/DMAP coupling on 3-aminobenzoic acid.
Figure 2.2.2.2.2. Attempted one pot formation of an ABCD analog.

Figure 2.2.3.1. Chemical structure of compounds 4 to 9.

Figure 2.2.3.2. Luciferase expression assay results of compounds 4 to 9. Compound 6 was
prepared and sent, but not tested.

Figure 2.2.4.1. Chemical structure of the unit B para (11) and ortho (12) conformations.

74

75
75
76
80
81
82
178
180
181
182

183

184
185
185
186
189
189

190

190
191
192
193
194
195

197

197



Figure 2.2.4.2. Chemical structure of the analogs containing various C4 substituents on unit B. 198

Figure 2.2.4.3. Luciferase expression assay results of ring B C4-modified analogs. Compounds

12 and 13 were prepared and sent, but results were not received. 199
Figure 2.2.4.4. Preparation of C4 thioether analogs. 200
Figure 2.2.4.3.1. Tridimensional structure of compound 4 in a crystal lattice, obtained by single

crystal X-ray diffraction. 201
Figure 2.2.4.3.2. Relevant protons in the NOE experiment on compound 4 in both possible

major conformations. 202
Figure 2.2.4.3.3. 1D *H NOE spectrum of compound 4, with irradiation of the 4.71ppm CH2

peak. 203
Figure 2.2.4.2.1. Chemical structure of the conformation-altering analogs 14-17. 204
Figure 2.2.4.2.2. Preparation of analogs 14-17. 205
Figure 2.2.4.2.3. Luciferase expression assay results of analogs 14-17. 206
Figure 2.2.4.3. Chemical structure of compounds 18 and 19 as well as their respective final

coupled products. 208
Figure 2.2.5.1. Chemical structure of analogs 20-25, containing unit D modifications. 209
Figure 2.2.5.2. Luciferase expression assay results of analogs 20-25. 210
Figure 2.2.6.1. Structure of the three analogs prepared by the Organ group (26-29). 211
Figure 2.2.6.2. Structure of potential water-soluble analogs. 212
Figure 2.2.6.3. Structure of potential analogs containing a cyclic unit C. 213
Figure 2.3.2.1.1. Preparation of amides from an acyl chloride intermediate. 216
Figure 2.3.2.2.1. Amide bond formation using EDCI as coupling reagent. 217
Figure 2.3.2.3.1. Fe reduction of nitro groups. 218
Figure 2.3.2.4.1. Formation of 2-phenoxyacetic acid derivatives. 219

Figure 2.3.2.5.1. Substitution of aromatic bromines by amines. 219



List of Tables

Table 1.1.1.1. Categories of seizures.

Table 1.1.6.2.1. Summary of the neuron firing reduction at 20Hz and 60Hz from VSDI in vitro
bioassays on kindled rat brain slices.

Table 1.2.3.2.1. Cost per mole for the various reagents used in the synthesis of 15.

Table 1.2.3.2.2. Initial reaction conditions for the Suzuki coupling at the start of the
optimization process.

Table 1.2.3.2.3. Reaction conditions for the first 6 sets of Suzuki couplings with diminishing
catalyst loading percentages.

Table 1.2.3.2.4. Reaction conditions for the sets 7 to 9 of Suzuki couplings with diminishing
catalyst loading percentages and modified workup procedure, compared to a previous result.
Table 1.2.3.2.5. Summary of the sets of Suzuki reaction conditions with varying reaction time.
Equivalents for the reagents are based on 1.00 equivalents of boronic acid 19.

Table 1.2.3.2.6. Overview of the effect of reaction time and catalyst loading on yield.

Table 1.2.3.2.7. Results from the reaction conditions investigating the importance of the base

in the Suzuki cross-coupling.

Table 1.2.3.2.8. Comparison of the results from reactions under inert atmosphere or in air.
Table 1.2.3.3.1. Sample table of reagents for a large scale synthesis of compound 15.

Table 1.2.4.1. Calculations for the estimated acceleration factor of the stability study.

Table 1.2.5.5.1. After-discharge duration (ADD) after electrical stimulus in amygdala of kindled
rats treated with analogs 20-22 and compared to 18.
Table 1.2.5.5.2. After-discharge duration (ADD) after electrical stimulus in amygdala of kindled
rats treated with analogs 28-30 and compared to 18.
Table 1.2.5.5.3. After-discharge duration (ADD) after electrical stimulus in amygdala of kindled

rats treated with analogs 34, 37, 42 and 43, and compared to 18.

20

37

38

39

41

42

43

44

45

49

51

61

67

69



List of abbreviations

°C Degrees Celcius

H NMR Proton NMR

13C NMR Carbon 13 NMR

ACSF Artificial Cerebral Spinal Fluid

ADD After-Discharge Duration

AED Anti-Epileptic Drug

CBD Cannabidiol

CCl Controlled Cortical Impact

CDCl3 Chloroform-D3

CDRD Center for Drug Research and Development
CNS Central Nervous System

CSPG Chondroitin sulfate proteoglycan

DCM Dichloromethane

DMAP N,N-Dimethylaminopyridine

DMF N,N-Dimethylformamide

EDCI 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDG Electron Donating Group

eq. Equivalents

EtOH Ethanol

EWG Electron Withdrawing Group

FDA US Food and Drug Administration

g Grams

GABA vy-Aminobutyric acid

H20 Water

HCI Hydrochloric Acid

HPLC High Performance Liquid Chromatography
HRMS High-Resolution Mass Spectrometry

Hz Hertz



ISOX

kg

MeOD
mg
MgSOa4
min
mL
MM
mmol
mp
NaCl
NaOH
n-Buli
nM
NMR
NOE
Pd(PPhs3)s
PhMgBr
PNN
ppm
SAR
sbPTZ
Scl

TBI
TLC
T™MS
UV-Vis
VSDI

Isoxylitone

Kilograms

Liters

Methanol-D4

Milligrams

Magnesium Sulfate

Minutes

Milliliters

Molar Mass

Millimoles

Melting Point

Sodium Chloride

Sodium Hydroxide
n-Butyllithium

nanomoles per Liter

Nuclear Magnetic Resonance
Nuclear Overhauser Effect
Tetrakis(triphenylphosphine)palladium(0)
Phenyl Magnesium Bromide
Perineuronal nets

Parts per million
Structure-Activity relationship
Subcutaneous Pentylenetetrazole
Spinal Cord Injury

Traumatic Brain Injury

Thin Layer Chromatography
Tetramethylsilane

Ultraviolet — Visible light

voltage-sensitive dye imaging



Part . Development of an isoxylitone analog as an anti-epileptic

drug candidate.



1.1 Introduction

1.1.1 Epilepsy and its symptoms

Epilepsy is a chronic neurological disorder that is affecting, according to the US
NIH, more than 700 000 children below eighteen and 3 000 000 adults in the United
States. Almost 65 million people are affected worldwide making epilepsy and seizures
among the most common neurological diseases.! People of all ages, genders and
ethnicities are affected, but there is a significantly higher prevalence of epilepsy in lower
income countries.? Epilepsy can be symptomatic (caused by various diseases or brain
injuries) or idiopathic (genetic factors). Due to this, the term Epilepsy describes the
spectrum of symptoms exhibited by those affected by the disorder, rather than the cause.
For all patients, epilepsy manifests as recurring seizures of various intensities. Seizures
are typically a fit of uncontrolled muscle contractions and jerking movements affecting
local areas or the entire body, depending on the affected parts of the brain, caused by
abnormal rapid neuron firing.2 There are however several variants of seizures, which do

not always involve the full-body convulsions commonly associated with epilepsy.

Table 1.1.1.1. Categories of seizures.

Type of seizure Symptoms

Jerking movements (clonic), loss of muscle tone
Motor (atonic) or tension of the muscles (tonic),
throughout the entire body.

Generalized Onset -
. Short absence of movement and blank staring
Seizures .
Non- (Typical) or small unusual movements such as

motor blinking repeatedly or hand movements
(Atypical). Both involve loss of consciousness.

Jerking movements (clonic), loss of muscle tone

. Motor (atonic) or tension of the muscles (tonic), in
Focal Onset Seizures .
specific parts of the body.

(Retained or Impaired
Awareness) Non-
motor

Cognitive symptoms, absence of movement,
emotional changes, hallucinations or other
abnormal sensory experiences.




In 2017, the classification of seizures was revised by the International League Against
Epilepsy to include some types of seizures that weren’t included in previous
classifications, and to make the terminology more practical and descriptive.* In this new
classification seizures are first differentiated by onset type, or the origin of the seizure in
the brain. The new unknown onset category was added, allowing the classification of
seizures that were not observed by another party or where the onset type could not be

determined.

A seizure will additionally be classified according to whether the patient is aware
or has impaired awareness. As generalized onset seizures always impair awareness in
some way, only focal onset seizures are separated between the two, previously known as
simple partial seizures or complex partial seizures. Impaired awareness seizures do not
necessarily involve loss of consciousness, as a confused or disoriented state is sufficient

to fall under this category.

The last main classification is done based on the symptoms, separating them as
motor or non-motor symptoms. Motor symptoms cover the common muscle tensing
(tonic) and jerking (clonic), as well as loss of muscle tone (atonic). Motor symptoms can
also include tics, such as twitching or small spasms. Motor symptoms are similar between
both generalized and focal onset seizures. The parts of the body affected and the intensity

of the effect are dependent on the onset type.

On the other hand, non-motor symptoms consist of various cognitive symptoms
such as hallucinations and emotional changes, or blank staring/loss of consciousness with

no motor symptoms (absence seizures).”



1.1.2 Effects of epilepsy on health and quality of life

Epilepsy is a condition that has significant effect on the quality of life of those
affected. In addition to the direct symptoms of the seizures, patients also have to contend
with many comorbidities®’ and decreased life expectancy.® The prevalence of several
conditions, such as cardiovascular disease and respiratory disorders, has been found to

be higher in epileptic patients than in the general population.’

A significant challenge for people afflicted by epilepsy is the strong social stigma
that has left many patients isolated from the rest of society. Though the general
population’s perception and understanding of the disease has come a long way, epileptic
patients are still subject to increased challenges, especially regarding driving and
employment.3® It was found that over a third of people suffering from epilepsy kept the

condition a secret for fear of being treated differently.'°

Patients suffering from epilepsy are much more likely than the average person to
also be affected by anxiety disorders, suicidal thoughts, depression or other mental health
disorders, although it can be unclear whether that is due to the social and psychological
aspect, or a direct effect of seizures on the brain.!! Due to the major, long-lasting effects
of epilepsy on quality of life and the fact that for some patients the condition never goes

away, availability of accessible and safe medication is crucial.



1.1.3 Anti-epileptic drugs (AED)
1.1.3.1 History of treatments for epilepsy and seizures

Epilepsy is one of the oldest known conditions with records going back as far as
2000 B.C., and descriptions of the various known seizure types being found as early as
around 1000 B.C.*? Some, such as Hippocrates, correctly attributed epilepsy to brain
dysfunctions and tried to treat what he called the great disease (tonic-clonic generalized
onset seizures are still commonly referred to as Grand mal). For the longest time however,
most people attributed the symptoms to spirits, curses, punishments from the gods and

other superstitions.!?

Although many aspects of epilepsy, such as the various types and onsets or it being
a disease of the brain, were discovered or guessed correctly thousands of years ago, little
was understood about how seizures occurred and how to prevent them. Ancient
treatments were thus at best ineffective and at worst harmful to the patient. These mainly
consisted in specific diet recommendations or avoiding seizure triggers.!> The first
legitimate treatment of seizures was potassium bromide®3 that started seeing use in 1857.
While useful in dampening epilepsy symptoms, the use of bromides was accompanied by
severe dermatological and psychological side effects. This collection of adverse effects is
referred to as bromism. The dermatological symptoms can include rashes, pustules and
angiomas, while the psychological symptoms consist of irritability, confusion and

psychosis. Ironically, severe case of bromism can induce seizures.*%>

Bromide remained the major method of treatment for epilepsy until 1912, when
phenobarbital was discovered to be an effective anticonvulsant.’® Phenobarbital and
other barbiturates were well-known drugs for use as sedatives, but were found to be
more effective than bromide at preventing seizures.'® Benzodiazepines, the successors of
barbiturates, also show anticonvulsant properties, but superior antiepileptic alternatives

were found before benzodiazepines were discovered. As expected considering their



primary use, barbiturates and benzodiazepines are depressants and display strong
sedative side effects. Both drug classes are highly addictive and can cause painful

withdrawal symptoms.

The study of epilepsy on animal models led to the discovery of phenytoin in
1937.1% Phenytoin is structurally very similar to phenobarbital, but was effective on some
patients that did not respond to previous existing treatments. In addition, it did not
display the sedative effects of the barbiturates although many other severe adverse
effects were observed instead. The use of animal models allowed researchers to develop
many effective analogs of phenobarbital and phenytoin, such as primidone which is used

to this day.

In 1953, one of the most important AEDs was discovered. Carbamazepine was the
most prescribed medication to treat epilepsy for many years, and remains the standard
against which new AEDs in development are compared.'3 As with every successful drug,
analogs of carbamazepine have been developed, but potency or reduction of adverse

effect have not been improved significantly enough for carbamazepine to be replaced.
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Phenobarbital Phenytoin Primidone Carbamazepine

Figure 1.1.3.1.1. Chemical structures of first generation antiepileptic drugs.

The numerous available AEDs do not all share the same mode of action. The mechanisms
of antiseizure activity can be separated into two main classes: drugs affecting GABA

neurotransmitter activity, and drugs affecting neuron ion channels.



The antiepileptic effect on drugs affecting ion channels is a result of inhibition of
the sodium or calcium channels on neuron membranes. The role of these channels is to
initiate an action potential upon their opening, by depolarization of the membrane
caused from releasing sodium ions back into the cell.”*8 Inhibition of these channels can
increase the threshold needed to initiate an action potential, and reduce neuron firing
rate. Sodium channel blockers are more common and comprises all the carbamazepine
and phenytoin analogs, although some AEDs such as Lamotrigine can block both types of

channels.1®-21

GABA is a major inhibitory neurotransmitter, that modifies the resting potential
of neuron membranes to increase the threshold required to initiate an action potential.
AEDs can promote the natural activity of GABA by binding to allosteric sites of the GABAa
receptor to increase the response when a binding event occurs.?%?2 All barbiturates and
benzodiazepines follow this mode of action.?®* A second pathway to increase the natural
activity of GABA is to increase the concentration of the neurotransmitter in the brain. This
is achieved by slowing the degradation of GABA by inhibition of the GABA-T enzyme which

metabolizes it.

While the extent to which AEDs display their adverse effects varies from one to
another, many of these effects are common to most AEDs. One of the most widespread
side effects is an increased risk of suicidal behaviours, displayed by almost all major AEDs.
While not every patient is affected in this way, they are significantly more likely to report
having suicidal thoughts than people who are not under epilepsy treatment. Many AEDs
are depressants and cause drowsiness, difficulty of breathing or slowing down heart rate.
AEDs also tend to interact with cytochrome metabolic enzymes, either as activators or
inhibitors, and often interfere with the metabolism of other medication. Ensuring
effective treatment or preventing overdoses therefore requires careful dosage of every

drug involved, for patients that require concomitant treatment. Many of these drugs,



such as but not limited to barbiturates and benzodiazepines, can be addictive and lead to

withdrawal symptoms or substance abuse.?*?>

Medication remains the primary treatment of epilepsy and seizures despite the
adverse effects involved, however alternatives do exist. For patients suffering from focal
onset seizures that always originate in the same lobe of the brain, the condition can be
cured via cerebral lobectomy, the surgical removal of the entire lobe. The surgery is highly
effective and can completely prevent seizures or greatly reduce the dosage of medication
required to keep seizures under control.?® While there are initial side effects, they are
temporary and rarely persist. Despite being an effective treatment for specific types of
epilepsy, the specificity of the surgery doesn’t change the fact that most patients cannot

have their condition cured and need to rely on AEDs.

1.1.3.2 Recent and future AEDs

As development of AEDs has accelerated, new drugs have become available at an
increasing pace and a large library of AEDs is now available to patients. Unfortunately, the
increase in options available has not significantly lowered the rates of non-responding
patients or reduced the severity of the adverse effects.!®> In fact, drugs such as
carbamazepine, phenytoin and primidone are still commonly used despite the
development of dozens of alternatives since. There have been around 20 AEDs developed
after 2000, which have been termed third generation antiepileptic drugs. Most of these
new AEDs have been unremarkable compared to their predecessors, however a few novel
families of AEDs have emerged with structures or characteristics that make them stand

out from the rest.

Despite ancient texts describing the anticonvulsant properties of the plant, the
medicinal component of cannabis, cannabidiol (CBD), has only recently undergone clinical

trials in the United States and has been approved by the FDA. Branded as Epidiolex, it is



used to treat the Lennox-Gastaut syndrome and Dravet syndrome seizure disorders.?”-28
CBD can be used to reduce seizure frequency for patients suffering from refractory
epilepsy of the two mentioned syndromes. An advantage of CBD treatment is that the
drug is unusually low in side effects for an anticonvulsant, with most patients only

showing decreased appetite, fatigue or poor quality of sleep.?’

Ganaxolone is an interesting AED currently in development. It has been found to
prevent seizures via allosteric activation of the GABAa receptor, but stands out from the
other drugs in the category due to its unique structure, being the only steroid AED. Initial
clinical trials for the drug have been promising and show no drug interactions and mild

side effects.2°31

HO A
Cannabidiol (CBD) Ganaxolone Pregabalin Gabapentin

Figure 1.1.3.2.1. Chemical structures of third generation AEDs.

Pregabalin and gabapentin stand out by the fact they are some of the few current
AEDs that do not contain a heterocycle. However, gabapentin is plagued by a similar side
effect profile as first generation AEDs and pregabalin is not effective enough to be used
on its own, always being prescribed in addition to another AED.?4#3! Many other potential
candidates with novel structures were investigated, such as Carabersat and Carisbamate,
but ultimately failed to prove effective.3! Until ganaxolone is approved and available to
patients outside of clinical studies, this makes cannabidiol the only currently marketed

nitrogen-free AED.
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Figure 1.1.3.2.2. Chemical structures of novel potential AEDs that were ultimately unsuccessful.

In conclusion, the key modern issue with AEDs is the side effects of the drugs.
Severe adverse effects can often force early termination of treatment, in addition to
preventing the use of a sufficient dosage to properly treat the condition.?#2> Despite the
current selection of treatments, up to a third of patients receiving proper treatment and
appropriate medication will be non-responders, and can suffer seizures throughout their
lifetime.332 Drug-resistant or refractory epilepsy is defined as cases where the seizures
fail to be prevented by the proper usage of at least two separate AEDs. Very few patients
with refractory epilepsy ever get better, despite the variety of drug and non-drug
treatments.33 There is therefore still a strong need for novel antiepileptic compounds that

can deal with these issues.

Delphinium denudatum, traditional uses and antiepileptic activity

Delphinium denudatum is an endangered plant native to the Western Himalayas,
locally known as Jadwar. The roots have seen wide use in local traditional medicine to
treat various conditions, and have a well researched use in the treatment of opioid
addiction as a means of reducing withdrawal symptoms.3* Investigation of its traditional
use for epilepsy treatment through various anticonvulsant screenings confirmed the

antiepileptic activity of the plant when administered as an aqueous extract.3>38



Researchers of the Rahman group from the University of Karachi determined the
active compounds of the extract by assay-guided isolation. Most organic fractions were
found to be highly toxic to mice, but anticonvulsant activity was only found in the non-
alkaloidal aqueous extract which was also the least toxic. This extract was further
separated via liquid chromatography, affording an oily fraction from which an isomeric
mixture of the active compounds was isolated. These compounds were dubbed
isoxylitone (ISOX) E and Z. The two isomers were found to be easily interconvertible
between each other, and to both be active.3® The activity of both compounds was

confirmed In vivo in kindled mice.*°

la 1b
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Figure 1.1.4.1. Structures of isoxylitone (ISOX) E (1a) and Z (1b).

In a second patent*!, the same group described the synthesis of the isoxylitone isomeric
mixture and made a few analogs (2 to 5), comparing them to the natural product which
proved to be much more potent than any of the synthetic compounds. As the acid (3)
was the only analog with some activity, these bioassay results demonstrated a clear loss
of potency when increasing the size of the alkyl group adjacent to the ketone. The
Maximal Electroshock Test (MEST) and the subcutaneous pentylenetetrazol test (sbPTZ)
were the In vitro assays used to determine anticonvulsant activity, and are described in

detail in the patent.*
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Figure 1.1.4.2. ISOX analogs described in the second Rahman group patent.

The Poulter group & OB Pharma

A sample of ISOX was brought to the Poulter group in 2011 by Muhammad N.
Ashraf from the Rahman group. They worked together to confirm the antiepileptic activity
of isoxylitone In vivo on kindled rats. They were entirely unable to kindle rats that were
being treated with ISOX at 30 mg/kg doses.*?>* Dr. Michael Poulter, a late member of the
Ontario Brain Institute, who had been researching epilepsy for over 20 years, was
impressed by the results and saw huge potential in the novel compound. Isoxylitone is
the first antiepileptic compound that is completely nitrogen free, and lacks the
heterocycles of the previous AEDs. Its structure is much simpler than most of the existing
drugs, and would be relatively easy to synthesize on a large scale. The novelty of the
structure indicates potential for ISOX to be effective in situations where the other AEDs
are not, and be useful in treating refractory epilepsy. Poulter recognized the possibility
that ISOX, because of its novel structure, might have a mode of action different from the
various currently used heterocyclic AEDs and might thus be effective in treating the more

recalcitrant cases.

In addition, the initial tests on mice and rats showed none of the usual side effects
that plague modern antiepileptic drugs. The novelty of ISOX means it could possibly free
patients from those usual side effects, although there could be different side effects

associated with it.



Seeing this potential, ISOX became the lead compound on the project to develop
new AEDs. Dr. Poulter founded Owen-Barry Pharmaceuticals (OB Pharma) to fund and
work on this project. He tasked the Durst lab with synthesizing a library of isoxylitone
analogs, in the hope of discovering analogs with greater antiepileptic activity than ISOX.
Meanwhile, the Poulter group was responsible for the initial in vitro bioassays of the
synthesized analogs via VSDI. The most potent analogs would then be advanced, further

testing their ability to prevent epilepsy in kindled rats.

1.1.5.1 Voltage-sensitive dye imaging (VSDI)

Voltage-sensitive dye imaging is a technique used to visualize and quantify neuron
electrical activity. Special dyes are used that react to changes in surrounding electrical
potential during neuron firing.** The fluorescence profile of the dyes changes
proportionally to the voltage applied, which allows the measurement of membrane

excitation potential.

The dyes are introduced to neurons in rat brain slices in artificial cerebrospinal
fluid (ACSF) and incubated to allow the dye to permeate in the cell membranes. The brain
slices are then washed with clean ACSF to remove excess dye in the medium, followed by
the addition of the analogs being assayed. The treated brain slices are electrically
stimulated at 20Hz and 60Hz via implanted electrodes to induce neuronal firing. A strong
reduction of neuronal firing at 60Hz is a good indicator of antiepileptic activity, while a
reduction below 20Hz is undesirable as it could interfere with the electrical signals of the

heart muscles.*>46

The results are expressed as a percentage reduction compared to base activity of
control brain slices in absence of inhibitor. VSDI is a well-known method, and a good test

to easily measure antiepileptic activity.



1.1.5.2 The kindling model

The kindling model is a model explaining epileptogenesis, the development of
epilepsy, by the fact that seizures increases the sensitivity of the individual to further
seizures.*’” The application of the kindling model to humans has been controversial as
some patients with long lasting seizure disorders can sometimes have the condition go
away on its own, but there is also solid evidence of artificially induced epilepsy according
to this model.*® The kindling model is based on the same phenomenon that explains the
recurring seizure clusters that some patients experience, where months or years can pass
without a seizure, followed by several seizures in a short span of time due to increased

sensitivity after the first seizure of the cluster.*®

The kindling model is a well documented method of preparing animal test subjects
for In vivo bioassays of antiepileptic activity. Sub-epileptic electrical stimuli are
administered regularly over an extended period of time directly to the animal’s
hippocampus. This slowly increases the sensitivity and ramps up the response to the
stimuli, eventually leading to full-strength seizures in the animal.>® Seizures are classified
based on the intensity of the symptoms, according to the Racine scale. Severity of seizures
is classed from 1 to 5, with class 1 seizures only exhibit facial movements & tics and class
5 seizures being a “Grand Mal” generalized onset tonic-clonic seizure. Once the rats
exhibit class 5 seizure symptoms when receiving the same initial stimulus, they are

considered fully kindled, ready for bioassays.

Furthermore, electrical stimulation is not the only kindling method and other
epileptogenic stimuli have also been successful. The sbPTZ test described by the Rahman
group in their second patent is referred to as chemical kindling, as the kindling process
was carried out by regular doses of pentylenetetrazol (PTZ), a compound with strong
convulsant activity.*! A recent publication showed that light is also a functional kindling
stimulus. The Sjostrom group used lasers to excite light-sensitive brain cells and obtained

results consistent with the traditional kindling model.>! This new method has the



advantages of causing less physical damage to the brain cells, allows the researchers to
target specific regions of the brain to simulate focal seizures and diminishes the ethical

concerns of regularly shocking the animals.

As the kindling model cannot represent all types of seizures, some of the more
important isoxylitone analogs described in this work required additional /n vivo assays on
rats kindled via a different method. This second method of epileptogenesis induced
traumatic brain injury via controlled cortical impacts (CCI TBI). Although this is different
to the kindling model as the epilepsy is induced immediately rather than over time,
obtaining the data from both types of epileptic rats was important in evaluating the scope

of activity of the analogs on the epilepsy spectrum.



1.1.6 Previous works
1.1.6.1 Amanda Saikaley M.Sc. Thesis

The first contribution to this project in the Durst lab was reported by Amanda
Saikaley. Her M. Sc. thesis describes her synthesis of isoxylitone as an E/Z mixture from
isophorone (6), a readily available and inexpensive starting material.>> More than forty
analogs were prepared via this method, most of which can be classified as either ketones,
sulfones or nitriles. When tested by VSDI assays or on kindled rats, the anticonvulsant
activity of these compounds decreased progressively as the alkyl chains on the EWG

became larger, confirming the findings of the Rahman group.*!

2. HC1, toluene reflux
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Figure 1.1.6.1.1. Reaction scheme for the synthesis of isoxylitone and the first set of analogs.
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Figure 1.1.6.1.2. Main series of analogs in the A. Saikaley Thesis.

The most potent compound of the analogs reported in the thesis was the nitrile 7,
internally named TD532, which was noticeably more active than isoxylitone and reduced
neuron firing in VSDI assays by 50% at a 200nM. A number of additional nitrile analogs

were made based on 7 but none matched the activity, once again showing that increasing



the size of the alkyl chain on the EWG is detrimental. Despite having the best activity so
far, 7 had a few major downsides. Importantly the synthesis yielded 7, initially as a
mixture of all four dehydration products. These were converted to a mixture of mainly E-
and Z-7 by heating the dehydration mixture with tosic acid in refluxing toluene. The 'H
NMR should clearly show the presence of the two isomers however when the amplitude
of the spectrum was increased evidence of the presence of the other dehydration isomers
could be seen. The two isomers were shown to be rapidly interconvertible under acidic
conditions, as they would be in the stomach. The interconversion of the isomers also
meant that separation of the isomers or modifications to the synthetic pathway to obtain
a pure isomer would be pointless. Health Canada and the FDA are reluctant to accept
drugs that are mixtures of isomers or enantiomers, and additional efforts would have
needed to be made to ensure both structures were safe for use. A second major problem
of 7 was its relatively low thermal stability, showing significant degradation after a few
months at room temperature. Such a short expiration date would be a significant hurdle
to the availability of any drug, regardless of its safety or activity. While the activity of the
analogs was highly encouraging, these two issues needed to be addressed before the

compounds had a chance to go to clinical trials.

Due to the success with small EWGs, the group decided to test the activity of the
isophorone 6. A moderate 22% reduction of neuron firing was observed for a 200nM
concentration. While weaker than 7, this activity was similar to some of the other analogs
described in the thesis. This led to the proposed pharmacophore shown below.>? The
presence of an electron withdrawing group was shown to be important, but size and
complexity negatively affected activity. As such, further analogs would aim to explore
modifications to the C3 position of the cyclohexanone ring while retaining a ketone as
EWG for simplicity of synthesis and to resolve the issue of isoxylitone analogs being

obtained as E/Z isomeric mixtures.
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Figure 1.1.6.1.3. Structures of isophorone 6, TD532 (7) and a proposed pharmacophore.

1.1.6.2 Adrien Fluet-Chouinard M.Sc. Thesis

The project was continued by Adrien Fluet-Chouinard, who investigated the
proposed pharmacophore from the Saikaley thesis focusing mainly on 3-substituted

cyclohexenones and added more than fifty new analogs to the library.>3

In order to introduce modifications to the C3 position of isophorone, dimedone
(5,5-dimethylcyclohexane-1,3-dione) 8 was used as starting material. Dimedone is easily

available and almost as inexpensive as isophorone.

Figure 1.1.6.2.1. Chemical structure of dimedone (8).

Fluet-Chouinard expanded the library of analogs via two simple two-step
processes. In the first, dimedone was converted to the enol ether 9 under acidic
conditions in ethanol. The ether was then replaced by various alkyl groups via nucleophilic
substitution with Grignard or organolithium reagents. The first two analogs produced by
this method, 10 and 11 shown below, were synthesized using respectively n-BulLi and

PhMgBr as nucleophiles. Both of these analogs exhibited a significantly improved activity



when compared to isophorone, boasting neuron firing reductions at 200nM of -36% (10)
and -40% (11).> These impressive results confirmed the potential of investigating a
diversity of substituents at C3. Analogs containing both the C3 butyl or phenyl groups and
the C1 nitrile, as in compound 7, were synthesized and assayed. This showed once and
for all that the difference in activity between the ketone and other EWGs was not
significant enough to warrant the additional synthetic steps or make up for the other

downsides mentioned previously.
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Figure 1.1.6.2.2. Synthesis and chemical structures of analogs 10 and 11.

Many 3-arylcyclohexenone analogs were prepared to build on the bioassay results
obtained with 10. Virtually all of these analogs were prepared via a Suzuki coupling

involving the enol tosylate 12 and a commercially available boronic acid.
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Figure 1.1.6.2.3. General method for preparing 3-aryl substituted-5,5-dimethylcyclohex-2-

enones.

Most of the newly prepared compounds had somewhat similar activity in the VSDI
assay as the simple 3-phenyl compound 10, which was expected considering the

similarities between the structures. Two standouts were the 4-(carboxymethyl)phenyl



(13) and 4-N-phenyl benzamide (14) analogs. Both had excellent activity in VSDI assays,
causing reduction of neuronal firing of 48% (13) and 42% (14)at 200 nM concentration
when excited at 60 Hz. Importantly, these compounds had very little activity when the

excitation was carried out at 20 Hz.>3

Table 1.1.6.2.1. Summary of the neuron firing reduction at 20Hz and 60Hz from VSDI in vitro
bioassays on kindled rat brain slices.

Average reduction (%) at 200 Average reduction (%) at 200

Compound
nM - 60Hz nM - 20Hz
4-(carboxymethyl)phenyl 13 -48 +/-5 -13 +/- 13
4-N-phenyl benzamide 14 -42 +/-7 47 +/- 33

9 SN 9
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Figure 1.1.6.2.4. Chemical structures of analogs 13, 14 and 15.

The methyl ester 13, internally referred to as TD561, became the new lead
compound of the project. Several other esters including ethyl, isopropyl and butyl were
prepared, but none of them had a statistically significant increase in activity over the
methyl ester 13. It was eventually discovered as part of a metabolism study that 13
administered orally was rapidly converted, presumably by esterases, to the
corresponding acid 15. Indeed, the acid 15 is the only metabolite observable by HPLC. As
the half-life of the acid was of the order of 6 hours, the antiepileptic activity observed

when administering compound 13 is therefore due to the activity of acid 15 itself. The



absence of additional metabolites makes either 13 or 15 attractive potential clinical trial

candidates, especially if the safety of these compounds can be established.

As shown in Figure 1.1.6.2.5, the ester 13 was synthesized in two steps from
dimedone and 4-(carboxymethyl)phenylboronic acid 16 as starting substrates. Dimedone
was first converted to the enol tosylate 12 by reaction with p-toluenesulfonyl chloride in
the presence of potassium carbonate as base. The dimedone tosylate was then coupled
to the boronic acid 16 via a palladium-catalyzed Suzuki cross coupling to yield the desired

product 13.

Based on literature precedent this sequence was initially carried out in one pot
without isolating the tosylate intermediate. The yield for the one pot synthesis was
typically 55% based on the boronic acid as limiting reagent. These reaction conditions led
quickly to the desired product however significant downsides are associated with
isolation of 13 which required a difficult and lengthy column chromatography and at times
even a second chromatography. The synthesis of 13 was improved considerably by first
isolating and purifying by recrystallization the enol tosylate before carrying out the
coupling reaction in a separate pot. As a result, the yield of 13 based on 4-
(methoxycarbonyl)phenylboronic acid 16 as limiting reagent was improved to 85%. In this
case too, a combination of crystallization and chromatography was necessary to produce
a pure product. These reactions were typically carried out to yield 5 to 8 g of ester. This
amount was sufficient to fulfill the need of material for the more extensive additional in

vitro and in-vivo testing.
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Figure 1.1.6.2.5. Synthesis of 3-(4-methoxycarbonylphenyl)-5,5-dimethylcyclohex-2-enone, 13.



By the end of Fluet-Chouinard’s work on the project, 3-(4-
methoxycarbonylphenyl)-5,5-dimethylcyclohex-2-enone 13 had been established as a
convincing clinical trial candidate. A number of the biological and physical properties of
this analog, gathered by OB Pharma, support its development as a viable and potentially

superior alternative to current epilepsy drug treatments.>3°*

Compound 13 is effective at substantially smaller doses than its competitors. In
comparison to Phenytoin, Lamotrigine and Carbamazepine that exhibit in vitro IC50 values
between 50 uM and 150 uM?*°, 13 only requires a concentration of 25 pM to deliver the
same activity.>> When administered to rats during the kindling process, 13 showed

antiepileptogenic properties, preventing the rats from becoming fully kindled.*>43

Despite being significantly more potent, no side effects were detected at up to 25
times the effective dose of the compound. Autopsies on treated kindled rats revealed no
evidence of tissue damage of toxicity. Due to having a high selectivity for reducing neuron
firing at high excitation frequencies only and no effect on hERG Potassium ion channels,
13 does not affect natural cardiomyocyte activity in a meaningful way. Compound 13 also

passes the Ames test for mutagenicity and carcinogenicity.

As mentioned previously, the heterocycle and nitrogen-free novel structure of 13
sets it apart from any previous AED with the potential to treat refractory epilepsy.
However, the compound still follows the Lipinski rules. Due to a calculated logP of 2.7, 13
has good bioavailability and distribution in the body. The compound is simple to prepare,
and preliminary accelerated stability studies demonstrated a good thermal stability,

showing no deterioration at room conditions for long term storage.



1.2 Discussion

1.2.1

1.2.2

Introduction

The initial goal of this work was to expand the library of isoxylitone analogs by
exploring additional potential structural changes both in positions C3 and C5 of the
cyclohexenone ring. It should be kept in mind that this project was funded by OB Pharma
and thus it was often necessary to react to their priorities and put on hold the library
expansion. Not unexpectedly, the company goals changed from time to time as new
results were generated. In the end we were able to make considerable progress both in
the initial goal and begin to establish structure activity relationships and satisfy to a
considerable extent the company requests. The company goals and the expansion of the
library intersected from time to time. The sub sections in this chapter of this thesis

represent the chronological order in which the OB Pharma priorities were addressed.

Synthesis of amide analogs of 13

1.2.2.1 Objective

At the outset of this work there was considerable interest in the amide 14 since it
gave not only very promising VSDI results but also prevented seizures in kindled rats when
given at 20 mg per kg; the latter results were comparable to those for the methyl ester
13. Part of the impetus for the interest in the amide stemmed from patent concerns. The
ester 13 had been reported in the literature as part of a synthetic methods study
describing the generation of a 300 compound library based on a Suzuki coupling of enol
tosylates derived from 1,3-diketones with different boronic acids.”®>” As the ester 13 was
in this library, OB Pharma could patent the use of 13 but not the composition of matter.
In contrast, the amide 14 had not been reported and thus could be patented for both the
use and composition of matter thereby leading to a much stronger intellectual property

position, the type highly preferred in the pharmaceutical industry.
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Figure 1.2.2.1.1. Chemical structure of the amide 14 (TD569).

It was theorized that derivatives of 14 bearing different substituents in the
aromatic ring might have more desirable properties than 14 itself. For example, it is well
known that halogens and other electron withdrawing groups on an aromatic ring slow
down its metabolism by P450 enzymes since the latter behave as electrophilic reagents.>®
Some well know drugs, for example the statins Lipitor and Crestor and the anti-
inflammatory drug Celebrex, were designed using this approach to increase their half-life
in the body. Fluorine, chlorine and trifluoromethyl substituents serve not only that
purpose but also increase the lipophilicity of the molecule which might be help facilitate
crossing the blood-brain barrier which our potential AEDs must necessarily do. Finally,
these substituents placed at the para or meta position should not change the shape of

these molecules and thus not affect their potency in a negative way.
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Figure 1.2.2.1.2. Chemical structures of Lipitor, Crestor and Celebrex: examples of halogen-

protected aromatic metabolic soft spots on currently marketed drugs.



1.2.2.2 Synthesis

The synthesis of these compounds was straightforward. The acid 15 was obtained
from saponification of the methyl ester 13 and was then coupled to the appropriate
anilines in presence of N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(EDCI) and 4-(dimethylamino)pyridine (DMAP) in dichloromethane (DCM) to yield the
amides 17a-g. The desired product was formed quickly at room temperature, but was
typically left to react overnight. The product was isolated via acid and base washes and
purified via recrystallization in a mixture of DCM and hexanes. Eight analogs were
prepared in yields ranging from 15% to 81% and characterized by *H NMR and 3C NMR

which supported the assigned structures.
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Figure 1.2.2.2.1. Synthesis of the amide analogs 17a-g.

The EDCI amide coupling was chosen over other amide coupling reactions due to
its reliability and ease of purification. EDCI reagent is significantly more expensive than
oxalyl chloride or thionyl chloride, two common reagents used to convert carboxylic acids
to acyl chlorides for amide coupling. However, the acyl chloride synthetic pathway makes
use of harsher reagents and reaction conditions, as well as requiring an additional step.
EDCI readily forms hydrochloride salts, and is trivial to remove via simple acid washes
once the reaction is done. Due to this, multiple analogs could be made in parallel each
day. All the analogs mentioned above were prepared within two weeks including the
preparation of the starting acid 15, the time saved due to the choice of reaction thus
outweighed the increased cost of reagents. EDCI activates the carboxylic acids by

forming an isourea-type leaving group facilitating the nucleophilic substitution by amines.



In addition to providing the required basic conditions for the reaction, the role of DMAP
is to act as a transition amine and prevent the activated o-acylisourea ester from being

hydrolyzed back into the carboxylic acid.>®

Figure 1.2.2.2.2. General mechanism for the EDCI amide coupling.

The amide compounds, 17a-g prepared were submitted to OB Pharma for
evaluation. Unfortunately, from this thesis point of view, the interest in these amides had
waned considerably mainly because studies carried out at the Center for Drug Research
and Development (CDRD) at the University of British Columbia indicated that the
pharmacodynamics of the parent amide 14 were much more complicated than expected.
Surprisingly, it was reported that some of this compound was metabolized back to the
parent acid and none of the amide could be detected in the blood. Also, and very
importantly, it was discovered that the US patent examiner had accepted the sodium salt

as a new chemical entity and thus suddenly the company focus shifted to 15 and its



sodium salt 18. None of the amides have been evaluated to date in the in vitro or in vivo

bioassays, thus no comment can be made on the potency of these analogs.

g c ’
o} 6]

o
CF

3

Figure 1.2.2.2.3. Chemical structure of the amide analogs 17a-g.
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1.2.3 Optimization of the synthesis of 3-(4-carboxyphenyl)-5,5-dimethylcyclohex-2-enone
1.2.3.1 Justification of the acid 15 and the salt 18 as the lead clinical trial candidates

At this point in time, the scientists and management of OB Pharma decided that
the acid 15 and the related sodium salt 18 were the best candidates for clinical trials. Since
the ester 13 had been identified as the pro-drug of the acid 15, much of the in vivo data
available for the ester 13 was applicable to 15 and its sodium salt 18. OB Pharma in
cooperation with the Center for Drug Research and Development (CDRD) had gathered
much additional data to support the decision to advance the acid 15 or its sodium salt 18
to clinical trials. Since this data was not generated by us, only a few critical results are
described below in order to illustrate that this decision was based on solid scientific

evidence.

a) Comparison of 18 activity to Carbamazepine and Levetiracetam.

A head-to-head comparison with levetiracetam and carbamazepine showed that
18 almost completely attenuated behavioral seizures to below Stage 1 when
administered at 20 mg/kg intraperitoneally. On the other hand, the other two currently
used AEDs at their maximally effective doses reduced the severity of seizures only to the

still rather severe Stage 3-4.%*
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Figure 1.2.3.1.1. Seizure stage in kindled rats after administration of antiepileptic treatment.
TD567 18 and Carbamazepine (CBM) were administered orally and tested 3 hours after
administration. Levetiracetam (LEV) was administered by intraperitoneal injection and tested 1
hour afterwards. CBM and LEV were administered at maximal effective non-toxic dosage based

on previously published results.

b) 18 prevents rats from becoming fully kindled

Rats undergoing the regular kindling process while treated with 18 would not
exhibit severe seizures up to two weeks after the control rats were fully kindled. Full
kindling was prevented in the treated animals despite doubling the usual treatment
duration, thus demonstrating 18 possesses antiepileptogenic properties in addition to its

antiepileptic activity. Similar results were observed for tests on TD561 13 and TD562 15.>*
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Figure 1.2.3.1.2. Daily treatment with TD567 18 prevents establishment of chronic epilepsy in rats
following kindling model epileptogenesis. Rats were administered 20 mg/kg orally each day, and
electrically stimulated with 2s 70Hz currents once daily for three weeks. Treated rats subsequently
stopped being administered with TD567 and were fully kindled within the following two weeks of

daily stimulations.

c) Seizures in subjects exhibiting refractory epilepsy can be prevented by treatment with

18.

Traumatic brain injury (TBI) can be administered in a reproducible manner by a
pneumatic or electromagnetically controlled piston to deliver controlled impacts (CCl) to
the head.®° Following a CCI TBI, and for several weeks after the injury, the animals can be
kindled extremely easily. Compared to regular control rats, CCI TBI rats would become

fully kindled more than twice as fast, in as little as four days after the injury.>*
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Figure 1.2.3.1.3. TD 567 18 can prevent stage 1 seizures in drug-resistant in kindled TBI rats. The
subject rats were administered CCl TBI then allowed to recover for a week, after which electrical
kindling was performed. When the animals were treated with Carbamazepine (CBM) or
Levetiracetam (LEV) and subjected to electrically-induced seizures, they exhibited drug-drug
resistant epilepsy. Meanwhile, TD567 18 was effective at completely preventing seizure symptoms.
Maximal effective non-toxic oral dose for each drug was administered. The animals received 20

mg/kg of TD567, 60 mg/kg of LEV or 50 mg/kg CBM.

OB pharma additionally obtained drug-resistant human brain tissue from seven
different patients, for use in ex vivo VSDI bioassays. Compounds 15 and 18 both showed
major reductions in neuron firing on tissues where Levetiracetam and Carbamazepine had

little effect.>*
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Figure 1.2.3.1.4. TD567 18 reduced neuron activation in brain slices from human brain slices
obtained from patients with refractory epilepsy. Ex vivo VSDI bioassays were performed on brain
slices from a 21-year-old female patient suffering from drug resistant epilepsy. Treatment with

Levetiracetam shows very little effect, despite a thousand-fold higher concentration than TD567.

d) Pharmacokinetics and metabolism

Compounds 15 and 18 have desirable pharmacokinetic and metabolic profiles.
Ester prodrugs are readily hydrolyzed into the active compound. The ester 13 has a half-
life of 27.4 min in human plasma, going down to 2.4 min in the liver. Compound 15 and
18 were detected in the brain at concentrations 400 +/- 63 ng/mL from a 10 mg/kg oral
dose. With the above dosage, the half life of the compounds in the brain was calculated
to be 7.57 hours. Compounds 15 and 18 therefore have no issue crossing the blood brain
barrier to reach the origin of the seizures and provide their antiepileptic activity where
needed for an acceptable duration. The half-life of the compounds is at a good level to be
effective with only one dose per day, without causing accumulation issues from being too
difficult for the body to evacuate. As mentioned previously, it is important to note that

no metabolite of 15 was detected in the samples taken.>*
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Figure 1.2.3.1.5. Concentrations of 15 in the plasma and the brain over 24h hours after
administration of an oral dose. Concentrations of TD562 15 rather than TD561 13 are displayed

when TD561 was administered, due to the fast hydrolysis of the latter.

e) Off-target safety and potential adverse effects

Compounds 13 and 15 were tested by the Center for Drug Research and
Discovery (CDRD) via the SafetyScreen 44 panel.?! The screen tests off-target binding
to 44 important targets, that are essential to pass a safety evaluation. Compound 15
showed no significant inhibition to any of the 44 targets. There was no inhibition of
the hERG potassium channels responsible membrane polarization in the heart muscle,
at up to 10° times the concentration that is effective for seizure prevention®?.
Compound 13 demonstrated slight inhibitory binding to a few transporters at high
concentrations. However, this would not be an issue as long as the compound is
administered at its normal effective concentration, especially considering the rapid

metabolism into 15.%*

Preliminary toxicity testing was carried out by InterVivo Solutions. To
investigate a maximum tolerated dose, mice were administered doses of 300 mg/kg
to 1 g/kg, fifty times the effective dose, by intraperitoneal injections and monitored

over three days. No deaths or behavioural differences were observed between any of



the treated mice and the controls, and the administration of the drug caused no

lasting change to the body temperature of the animals.

TD561 - Survival Curve
100 - [ L - L - L ]
80 - —O-VEH
£ —-0-300 (IP)
C GU -
k- -0-600 (IP)
=
8 4 —-1000 (IF)
5
a
20 4
0 - ' ' ;
1 3 6 24 48 72
Time (hr)

Figure 1.2.3.1.6. Survival rates of mice treated with various concentrations of TD561 13.

The acceptance by the US patent examiner that the sodium salt 18
represented a novel patentable structure resulting in a strong intellectual property
position for the company was also important in identifying 18 as the prime clinical
trial candidate. It should be appreciated that the sodium salt 18 and the free acid 15

are identical when taken orally since both exist in the acid form in the stomach.

Health Canada as well as the US FDA enforce strict limits on elemental
impurities in drug regulations. The daily intake of heavy metals has to be limited as
they are known to be health hazards at high levels. Both regulatory agencies follow
the ICH elemental impurities guidelines, which states a maximum permitted daily
exposure for palladium via oral administration of 100 ug.® Since the synthesis of 15
includes a palladium-catalyzed coupling reaction, it was necessary to show that our
process and finished product follow these regulations and ensure that administration

of 15 would not pose a health risk to patients.

A sample of 15 was sent to Huffman Hazen Laboratories in Golden,

Colorado for analysis. They reported an average of 1.23 ug of palladium per gram of



sample. Extrapolating a high dose of double the 20 mg/kg concentration from the
bioassays to a 80 kg patient would result in a large 3.2 g dose. Even at this quantity,
the resulting daily palladium exposure would be less than 4 ug. Administration of 15
should therefore be perfectly safe even at much higher levels than what would be

prescribed, in regards to palladium toxicity.

1.2.3.2 Optimization of the synthesis

The goal that OB Pharma now presented to us was to develop a synthesis of 15
that could be used to prepare the tens of grams and eventually hundreds of grams of 15,
or 18 that would be required for preclinical toxicity studies. If a sufficiently efficient
process could be developed, it might also serve as the basis for the preparation of the
multi-kilogram quantities that would be needed for clinical trials and, assuming successful

clinical trials, for the preparation of commercial quantities.

The acid 15 and its sodium salt 18 had been prepared by Fluet-Chouinard by
hydrolysis of the ester 13 and then salt formation from 15 using sodium
hexamethyldisilazide (NaHMDS). As explained in the introduction, the synthesis of 13
even via the two-step process required a combination of recrystallization and multiple
chromatographies in order to obtain a good quality product. It would be expensive and

time consuming to prepare hundred gram quantities via this sequence.

During an effort to look for less expensive commercial sources of 4-
carboxymethylphenyl-boronic acid, the reagent used to prepare the ester 13, we became
aware the 4-caboxyphenylboronic acid, 19, was not only available from many sources but
that it also was considerably less expensive than its methyl ester. Additionally, it was clear
from the literature that 4-caboxyphenylboronic acid could be used in Suzuki coupling

reactions.646°



In an initial attempt following literature precedent 10 mmol of boronic acid 19, 11
mmol of enol tosylate 12, 3 mol% of tetrakis(triphenylphosphine)palladium(0) and 3
equivalents of potassium carbonate dissolved/suspended in 15 mL of water and 30 mL of
ethanol were refluxed for 5 h. The reaction mixture was cooled and much of the ethanol
was evaporated via a rotary evaporator. The remaining material was diluted with 30 mL
of water and extracted 2 times with 15 mL of dichloromethane. The dark organic extracts
were discarded. The aqueous layer was carefully acidified with concentrated HCl until red
to litmus paper. The white precipitate which formed when the solution became acidic was
filtered off and allowed to dry. The 'H NMR of this product, obtained in 92 % yield, was
identical to that reported in the Fluet-Chouinard thesis. This reaction was subsequently

repeated on five times the above scale with similar results.

This was a much superior route to 15 than that described by Fluet-Chouinard.
Particularly noteworthy was the ease of isolation which required only precipitation from
the aqueous extraction fraction. All organic byproducts, including any remaining starting
material or decomposition products as well as any remaining or partly decomposed
catalyst, were found in the organic extract. The replacement of 1,4-dioxane by ethanol in
the solvent system of the reaction proved to have no negative effect on the yield of the
reaction. This change was done as ethanol is safer for longer term storage, significantly
less expensive and easier to obtain in bulk, and has a smaller impact on the environment

as it is mostly produced via fermentation of grains.

The price of each of the components required for the synthesis of 15 is given
below. Aside from the catalyst, the reagents are available from many suppliers in
essentially bulk quantities. Considering the most expensive component in the synthesis is
the palladium catalyst, one obvious way to reduce cost would be to reduce the amount
of catalyst necessary to obtain at least an 85 % yield of crude 18 after filtration of the
acidified aqgueous phase. While the boronic acid is also relatively costly compared to the

rest of the reagents used, it is the limiting reagent for the synthesis against which the yield



was optimized, therefore amounts used could not be reduced without a proportional
reduction of the product obtained. Optimization thus focused primarily on lowering
catalyst loading and investigating the relationship between reaction time, catalyst loading

and yield.

Table 1.2.3.2.1. Cost per mole for the various reagents used in the synthesis of 15. Prices assume
purchases of 1kg of material at once, except in the case of the palladium catalyst, where price is
given for a 25 g purchase. Prices are given for highest available reagent purity and rounded up.

The prices were taken from AK Scientific®®, where the materials were purchased.

Reagent Price per weight®® Price per mole ($)
Dimedone 8 250 S/kg 35
p-Toluenesulfonyl chloride 66 S/kg 13
4-carboxyphenyl boronic acid
962 $/kg 160
19
Pd[PPhs]a 427 $/25 g 19737$

Reaction conditions were investigated by performing the Suzuki coupling on 9.3
mmol of starting boronic acid 19. The synthesis of 15 was performed in duplicates for
sixteen different reaction conditions, only changing one variable from one set of
duplicates to the next. The variables changed included catalyst loading, equivalents of
dimedone tosylate and base as well as the base used, reaction time and workup

procedure.



Table 1.2.3.2.2. Initial reaction conditions for the Suzuki coupling at the start of the optimization
process. The reaction was carried out with 1.53 grams of boronic acid 19. The workup was done
as described above. 1.98 grams of crude product (88%) were obtained, which lowered to 1.78

grams (79%) after drying at 40°C overnight.

Reagent Equivalents Time Yield (%)
Boronic acid 19 1.00
Dimedone Tosylate 12 1.08
3 hours 79
Sodium Carbonate 3.22
Pd(PPh3)4 2.8 mol%

The approach for the first sets of reactions was to simply lower the catalyst loading with
no other changes to the reagents or procedure, to find out the minimum amount that
would produce satisfactory yields. The goal was to lower catalyst loading until reaction
yields reached roughly 50%, at which point reaction time would be increased to increase
the yield back towards starting values. The amount of palladium was lowered by half for

each successful set of duplicate reactions.



Table 1.2.3.2.3. Reaction conditions for the first 6 sets of Suzuki couplings with diminishing
catalyst loading percentages. Equivalents for the reagents are based on 1.00 equivalents of boronic
acid 19. All reactions used 3.10 to 3.20 equivalents of sodium carbonate as base, and a 3 hours

reflux duration. The melting point for the first reaction of a set of duplicates is shown in the table.

Dimedone

. Palladium Melting Point . o
Reaction # Tosylate Catalyst (% mol) °C) Average Yield (%)
(eq)
OP-01* 1.08 2.80 181.7-182.9 79
OP-02* 1.07 1.96 183.1-183.4 80
OP-03* 1.08 1.00 182.9-184.7* 89*
OP-04* 1.08 0.46 182.0-183.2 81
OP-05 1.07 0.21 184.3 - 184.9 76
OP-06 1.08 0.11 not melting 84

*reactions 01, 02 and 04 were not performed as duplicates. Results from the first reaction of OP-03 are
shown only as some product was spilled for the second reaction. Estimated yield of OP-03D was around

80%.

The results from the last three sets offered unintended interesting insights on the
workup procedure used to obtain the product. As the catalyst loading was being lowered
from one set of experiments to the next, the yield did not seem to follow the trend, and
stayed relatively consistent. However, it was noticed that for reactions using less than
0.5% catalyst, a high melting point impurity started appearing that was not previously
observed. The impurity was undetectable in both H- and *3C NMR indicating it was likely
a salt. Some amount of time was spent investigating this unknown component of the
product, as it was thought to be unlikely to be leftover starting materials. While the
vacuum filtration was effective at isolating the product 15, this acid was retaining a lot of
water, trapped within the solid. This was not an issue as the product was always dried
overnight at 40°C, however it was eventually determined that the evaporation of the
small amount of excess water would leave behind NaCl formed during the precipitation
of 15 with HCI. This was more significant at lower yields and, ironically, when the filtration
was performed more skillfully and needing less rinses to transfer all the solid to the filter.

Two different workup procedures were developed to solve this issue. The first method



was to simply wash the solid on the filter with a large amount of distilled water, while
mixing the solid into suspension after each addition of water. However, it was uncertain
how much water would be needed to ensure no salt remained as low amounts of salt
would be difficult to detect with the methods used, as seen in the set OP-05 in the table
above. The second method was to dissolve the acid 15 obtained from the filtration in an
organic solvent and wash once with water. This ensured no salt would be left in the
product, using a minimal amount of water. Unfortunately the solubility of the acid 15 in
organic solvents was quite poor, requiring around 50 mL of ethyl acetate to fully dissolve
2 grams of product. In the end, the first method was selected going forward as it was
more economical and less wasteful despite the higher total volume of liquids used. The
reaction conditions for 1.0%, 0.5% and 0.25% catalyst loading were repeated with the
addition of the ethyl acetate wash after the filtration to confirm the previously obtained
results. The melting points from the products obtained from then on were generally lower
by 1-2°C than those previously obtained, indicating the melting point of pure acid 15
should be closer to 182°C. The repeats of these three sets of reaction conditions
confirmed that the yields obtained with the previous methods were inflated due to the
presence of salt. The actual yields were quite similar at higher catalyst loadings, but
significantly lower at low catalyst percentages. The largest difference in yield from
washing out the salt was observed for reactions at 0.22 mol% of palladium catalyst,

dropping from averages of 77% to 57%.



Table 1.2.3.2.4. Reaction conditions for the sets 7 to 9 of Suzuki couplings with diminishing
catalyst loading percentages and modified workup procedure, compared to a previous result.
Equivalents for the reagents are based on 1.00 equivalents of boronic acid 19. All reactions used
3.00 to 3.20 equivalents of sodium carbonate as base, and a 3 hours reflux duration. The melting
point for the first reaction of a set of duplicates is shown in the table.

Post-filtration

Reaction # Palladium wash Meltw:g Point Average Yield (%)
Catalyst (% mol) (°Q)
performed
OP-03 1.00 No 182.9-184.7 89
OP-07 0.98 Yes 181.3-183.4 78
OP-08 0.51 Yes 180.1-183.0 62
OP-09 0.22 Yes 175.9-179.1 57

The results from the progressively diminishing catalyst loading of reaction
conditions 7 to 9 were much closer to what was originally expected. A catalyst loading of
0.5 mol% was decided as the new value to work from while modifying other condition
variables. From this point, the low hanging fruit to easily improve yield was to increase
the reflux duration of the reaction mixture. Reactions with 0.5 mol% of the palladium
catalyst were performed with 5, 6 and 8 hour durations. Based on the results, an 8 hour
reaction time was unnecessary as the yield obtained was within regular variance of results

when compared to 6. Additionally, the reaction was mostly complete by 5 hours.



Table 1.2.3.2.5. Summary of the sets of Suzuki reaction conditions with varying reaction time.
Equivalents for the reagents are based on 1.00 equivalents of boronic acid 19. All reactions used
3.00 to 3.20 equivalents of sodium carbonate as base, and a 3 hours reflux duration. The melting

point for the first reaction of a set of duplicates is shown in the table.

Reaction # CatZ?\:lsﬁi;)Tnol) Reacti((;]? Time Melti(r:i)Point Average Yield (%)
OP-10* 0.55 6 179.6-181.1 78
OP-12 0.54 5 181.3 69
OP-13* 0.55 8 180.1-183.0 74

*4 reactions were performed for OP-10. Two outlier data sets were excluded. One had an unusually low
melting point and was obtained with a 67% yield. The second excluded reaction was not washed properly

and resulted in a 103% yield. Only one reaction was performed for OP-013.

As the additional two hours of an eight hour reaction did not improve the yield, 6
hours was chosen as ideal reaction time. This duration allowed maximization of the yield
at 0.5 mol% of catalyst, while being short enough to complete the set up, reaction time,
workup and analysis within a regular work day. This duration was also long enough to
prepare dimedone enol tosylate 12 starting material or convert previous obtained
product 15 to the salt 19 in the meantime. However, what constitutes a desirable reaction
time can vary on the needs and deadlines of those carrying out the reaction. It was
deemed valuable to perform additional reactions at different catalyst loadings while

aiming for consistent yields, to verify the relationship between the two variables.



Table 1.2.3.2.6. Overview of the effect of reaction time and catalyst loading on yield. Values

entered are a rough average of the results from all applicable reactions to indicate a general trend

only.
Catalyst loading  Reaction Time . 0 Turnover
(%) (h) Average Yield (%) Number
1.00 3 78 78
0.75 6 76 101
0.50 6 80 160

As expected, the amount of catalyst required is inversely proportional to the
reaction time. At the concentrations tested, a twofold increase in catalyst loading resulted
in a roughly twofold increase in reaction rate, cutting time by half. Further testing would
be required at different concentrations to get a more accurate representation on how this
relationship translates to other reaction conditions and whether it would be applicable to
long duration reactions with extremely low catalyst use. This would be interesting
information as the product yield per amount of palladium catalyst used drastically
increases as this amount lowers. Regardless, the values above represent the best

compromise between catalyst efficiency and time efficiency.
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Figure 1.2.3.2.1. Visualization of the inverse proportional correlation between catalyst loading

and reaction time based on table 1.2.3.2.6.
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Some additional testing was done to investigate variations on the base used and
the amounts. During all of the previous experiments mentioned, the 3 equivalents of
sodium carbonate were saturating the solution and not fully dissolving even at high
temperatures. Suzuki cross-couplings typically require at least two equivalents of base,
but 3 equivalents were used due to the presence of the boronic acid 19’s carboxylic acid
functional group which would be deprotonated first and use up one equivalent of base.
However since there was always noticeable amounts of undissolved sodium carbonate,

several reactions were performed with reduced equivalents of base.

Table 1.2.3.2.7. Results from the reaction conditions investigating the importance of the base in
the Suzuki cross-coupling. Equivalents for the reagents are based on 1.00 equivalents of boronic
acid 19. All reactions used 0.5 mol% of tetrakis(triphenylphosphine)palladium, and a 6 hours reflux
duration. The melting point for the first reaction of a set of duplicates is shown in the table.

Amount of Melting Point

Reaction # Base used base (eq) C) Average Yield (%)
OP-10* Na2COs3 3.20 179.6-181.1 78
OP-11 NaOH 3.55 178.9-182.4 36
OP-16 Na.COs 2.10 180.1-183.0 80

*4 reactions were performed for OP-10. Two outlier data sets were excluded. One had an unusually low
melting point was obtained with a 67% yield. The second excluded reaction was not washed properly and

resulted in a 103% yield.

The result showed clearly that any sodium carbonate above 2 eq. is wasted, and
that NaOH led to a dramatically worse performance even when using almost twice as
much. It is possible this is due to sodium carbonate being a diprotic base, even if it is
weaker. While the pKa of bicarbonate is too high for there to be much carbonic acid
formed, the temperatures used for the reaction would force the carbonic acid to
dissociate into water and carbon dioxide which would then evaporate. This could allow

bicarbonate to deprotonate more molecules than it would otherwise be able to.



While no issues were observed with the conditions described above, Suzuki cross-
coupling reactions are often performed under inert atmosphere. A single reaction was
therefore performed under Argon to explore a potential increase in yield. In  this test
reaction, the palladium was added last, after the reaction mixture had been purged with
argon and after the solution was brought to a boil. The reaction was only performed once
resulting in a 91% yield, which is on par with the top end of the results from the OP-16
conditions. While this is a good result, the yield is not high enough to determine that the
controlled atmosphere had a beneficial effect. A higher number of repeats would be
necessary to determine whether or not performing the reaction under Argon or Nitrogen

would be worth the additional effort.

Table 1.2.3.2.8. Comparison of the results from reactions under inert atmosphere or in air. Only

one reaction was performed under argon, however the scale was double that of the OP-16

reaction.
lyst loadi R i
Reaction # Cata y?:/o)oadmg T?;:U((:; Atmosphere  Yield (%)
OP-16 0.55 6 Air 80
OP-18 0.55 6 Argon 91

Finally, the one-pot reaction was attempted again, under the new conditions. A
clean product was obtained, but the yield was poor compared to the 2-step synthesis.
Tracking by TLC showed significant presence of dimedone after 2h of reflux, indicating the
poor overall yield is likely due to low conversion of dimedone into the enol tosylate form.
This is likely due to the fact that running a one-pot reaction requires the same solvents
for both steps, and that the ethanol:water mixture that was effective for the Suzuki

coupling was not appropriate for the first step.



1.2.3.3 Conclusion

In conclusion, several key conditions for the synthesis were determined thanks to
the efforts mentioned in the previous section. The 1,4-dioxane cosolvent was replaced by
the more environmentally friendly ethanol, and the synthesis moved away from a one-
pot reaction to reduce possibility of byproduct formation. It was also shown that sodium
carbonate is an effective base at 2.0 equivalents, but that any excess is unnecessary and
wasted. The necessity of an inert atmosphere was tested, with inconclusive data, showing
no significant differences between a reaction performed under argon and a control
experiment. The catalyst loading was decreased six-fold compared to the original
literature value, while retaining similar yields as long as reaction duration was increased
to 6 hours, leading to significant cost savings. The catalyst efficiency drastically increased
at low percentages used, however the most optimal overall conditions would be in the
ranges mentioned above. There are examples in the literature of industrial-scale reactions
on very similar conditions as the ones described above, proving that this process would

be viable and successful when scaled up, without any further necessary modifications.®”

As mentioned, isolation of the acid 15 is extremely easy when compared to the
methyl ester. Below is a 'H NMR from the product directly after the filtration under

vacuum, without any additional purification steps.

1H NMR (400 MHz, CDCls) &, ppm: 8.13 (d, ) = 7.6 Hz, 2H), 7.60 (d, ) = 8.3 Hz, 2H), 6.46 (s,
1H), 2.65 (s, 2H), 2.36 (s, 2H), 1.13 (s, 6H)
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Figure 1.2.3.3.1. *H NMR of the acid 15. The spectrum was obtained from a roughly 10 mg sample

dissolved in CDCls, with a Bruker Avance 400Hz spectrometer.

The synthesis of 15 described is extremely easy to carry out, and would allow for
easy and inexpensive bulk synthesis of the compound. There are a few potential other
areas of improvement that could improve the synthesis further given the time to
investigate them. First would be the use of more specialized catalysts. A plethora of
palladium ligands have been developed for specific uses and substrates, and
modifications to the phosphine ligands could improve the catalytic activity. Second would
be further testing of stronger bases. While NaOH was used unsuccessfully, a variety of
other bases could also be used that might improve reaction rate. In an industrial setting,
the workup procedure could also be improved to minimize losses of product during
purification and lower the quantities of solvents used. Finally, At the end of the reaction,
a yellow shiny solid could be filtered out of the solution after evaporation of the ethanol.
Although the solid was not characterized, the behaviour and appearance are consistent
with that of the tetrakis(triphenylphosphine)palladium(0) used. This suggests the

possibility of a very simple method for recovering the catalyst to recycle it for subsequent

6 4 2 ppml



reactions. A confirmation of the identity and quality of this potential recovered catalyst

by 3P NMR or X-ray crystallography would be important to obtain.

The final yields from the optimized reaction conditions were ranging between 80%
and 90%, and were highest on larger reaction scales. A larger scale test was performed on
21 grams of dimedone tosylate 12 by undergraduate student Hannah Mayer, yielding 97%
of crude product and 90% after purification, on her first attempt. When performed at
industrial scales with specialized equipment, yields of 90% should be obtained reliably. A

sample protocol for the synthesis of 100 grams of product is described below.

Large Scale TD 562 (15) Suzuki Coupling Procedure

p-Carboxyphenylboronic acid (80 g, 480 mmol, 1.0 eq.), dimedone tosylate (160 g,
540 mmol, 1.1 eq.), sodium carbonate (105 g, 990 mmol, 2.1 eq) and
tetrakis(triphenylphosphine)palladium(0) (4 g, 3 mmol, 0.7 mol%) were weighed and
placed in a 3 L round bottom flask. A mixture of 1.3 L of ethanol 95% and 0.7 L H20 was
prepared, and poured in the flask on top of the solids. The solids were mostly dissolved

within a few minutes, except for some sodium carbonate deposits at the bottom.

The solution was heated to reflux in a ~100°C oil bath while mixing with a magnetic
stirrer, and left to react for 6 hours. After the time has elapsed, the magnetic stirrer was
removed and the solution was filtered out into a different flask to remove leftover solids.
The flask was then placed on the rotary evaporator to remove a majority of the ethanol.
An additional 1 L of water was added to the flask, and the solution was subsequently

washed 3x with 500 mL of dichloromethane.

The resulting aqueous phase was transferred into an Erlenmeyer flask and
acidified by adding concentrated HCI (12 M) until the desired product precipitated out as

a white solid. The flask was placed in a -20°C freezer to allow further precipitation.
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The solid was filtered by suction and washed by passing 3x 500 mL of distilled
water through the funnel. The solid obtained was placed in a wide container at 40°C for a
few hours, until the melting point of the solid is within the 181-183°C range, to evaporate

residual water trapped in the solid.

Table 1.2.3.3.1. Sample table of reagents for a large scale synthesis of compound 15.

Reagents MW (g/mol) Quantity mmol Equivalents
p-Carboxyphenylboronic acid 165.94 80¢g 480 1.0
Dimedone enol tosylate 294.37 160 g 540 1.1
Sodium Carbonate 105.99 105 g 990 2.1
Pd(PPhs3)s 1155.56 3g 2.6 0.5 mol%
Ethanol 95% 46.07 13L - Solvent
Distilled water 18.01 0.7L - Solvent

Stability studies of TD562 and TD567

As part of the Fluet-Chouinard thesis, stability studies were performed on the
methyl ester 13. As the focus of the project shifted to the acid 15 and salt 18, stability
testing experiments had to be performed on both forms of the compound. The data on
degradation of the chemicals over time at ambient conditions is an important factor in
the marketability and availability of a drug product, as this ties directly to the shelf life
and expiry date. In a perfect scenario, drug compounds should have the capability of being
stored at room conditions without degradation for at least five years, although many

products expire after a year or two which is still perfectly acceptable.



To obtain this information in a timely manner in a laboratory setting, simply
storing the samples at room conditions for the desired time period is not a viable option.
Fortunately, as with the stability testing procedures for pharmaceutical products,
accelerated studies can be performed by increasing the storage temperature and room
humidity, as per the protocols from the World Health Organization.®® Five separate
studies were performed as part of this project, and are described below. The testing time
points were selected based on the estimate that an increase of 10°C would double the
rate of decomposition. With the stability studies being performed at 70°C, the
decomposition rate would increase by a factor of 22.6x. It was decided that the samples
would be tested every 7 days, which would roughly correspond to 6 months at room
temperature. Some of the samples were dissolved and stored in water, to simulate a

worst-case scenario of long-term storage in high humidity conditions.

In the first two studies, a sample of the acid 15 was stored at 70°C under room
humidity conditions and controlled light exposure. The first sample was placed in a round
bottom flask which was capped with cotton, covered in aluminum foil and stored in an oil

bath. The second sample was simply placed in a small beaker, stored in an oven.

The third study observed the salt 18, stored in D,O for ease of monitoring by 'H
NMR. Unfortunately, a significant amount of proton exchange with the solvent was
observed, making most proton peaks disappear. The fourth and fifth stability studies were
therefore performed with 18 dissolved in water and heated in an oil bath, and dry 18

placed in a beaker in the oven.

Aside from the third study which was cancelled due to the NMR spectrum in D;0
being unreadable, none of the samples showed any sign of degradation under any
conditions at all time points tested. For up to a calculated two years, or one month under
accelerated conditions, no new visible peaks or changes to the existing peaks of the

compounds were observed by NMR. Compounds 15 and 18 demonstrated excellent



thermal stability under normal and high humidity conditions, which should translate
directly to a long shelf-life of the potential finished drug product. Of course, as per
regulations requirements, stability studies for marketed drug products have to be
performed in the final packaging for accuracy of results. While this means more studies
will need to be performed in the future, obtaining this data in early on provides
reassurance against the possibility of it becoming a problem later in the development of

the compound. The results of the fifth study with compound 18 in water are shown below.

Table 1.2.4.1. Calculations for the estimated acceleration factor of the stability study. The
temperature was measured 4 times over the duration of the study at 0, 7, 14 and 28 days. The
temperatures measured varied between 73.5°C and 77.0°C. Acceleration factor is calculated
between the calculated 75.4°C average temperature and room conditions of 25°C, and assumes a

doubling of reaction rates for each 10°C increments

Average temperature 75.4°C
AT 50.4
Acceleration factor 25%%0r32.9

Equivalent room conditions duration after

921 days or 2.5 years
28 days
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Figure 1.2.4.1. Comparison of the *H NMR spectrum of compound 18 before and after the stability study.

Both samples were prepared by evaporating a 1.0 mL aliquot of the stability sample, then re-dissolving the

solid obtained in D20 with a few small grains of sodium carbonate. The first spectrum (B0) represents the

initial sample. The second spectrum (B3) was taken 28 days later and corresponds to a room-conditions

storage time of more than two years. The sample was stored dissolved in water in an uncovered round

bottom flask closed with a glass stopper. The temperature was measured before each aliquot was taken for

NMR analysis at 0, 7, 14 and 28 days, and stayed between 73.5°C and 77.0°C.



1.2.5 Structure-activity relationship studies

1.2.5.1 Objective

Once the decision to move forward with the acid 15 and its sodium salt 18 as
clinical trial candidates had been made and the synthesis of 15 had been optimized, we
had an opportunity to generate new analogs of 15. Of course, it would be easy to convert

any new acid into its corresponding sodium salt.

1.2.5.2 Preparation of halogenated aryl ring analogs

The initial focus was on introducing substituents into the meta (C3) position of the
aromatic ring. The first targets were the halogenated analogs 20-22. The introduction of
either a Chlorine or Fluorine substituent into the aromatic ring was anticipated to have
two positive effects, the most important being that these compounds would be
significantly less polar than 15 and thus potentially facilitate their uptake into the brain.
While the acid 15 is able to penetrate the blood-brain barrier as is, its partition coefficient
between the brain and plasma is only Kp=0.022. There is therefore much room to improve
its membrane permeability and bioavailability. The increase in lipophilicity is indicated by
the estimated logP values which are given below alongside the structures and compared
to 15 itself. The estimated logP values are calculated by ChemDraw. The other anticipated
effect of these halogen substituents is a diminution of the compound’s susceptibility to
aromatic hydroxylation catalyzed by liver CYP450 enzymes However, since 15 itself had
been shown to be essentially inert to aromatic hydroxylation, this was not a significant

consideration.
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Figure 1.2.5.2.1. Structures and chemical properties of halogenated analogs 20-21, compared to

15. LogP values are calculated by ChemDraw.

The synthesis of these three derivatives was performed following the optimized
procedure for 15 utilizing the commercially available boronic acids 23-25, respectively.
The structures of the new compounds were readily confirmed by their *H and 3C NMR
data. For example, the doublets (6 8.13, 7.60) seen in aromatic region of the spectrum of
15 were replaced by the expected three multiplets for 21 and 22 (NMR peaks in the
aromatic region only are shown below). For 20, the additional coupling of all

three aromatic hydrogens to the fluorine was also observed.

20 'H NMR (400 MHz, CDCls) §, ppm: 8.05 (t, J = 8.0 Hz, 1H), 7.380 (dd, ) =8.4 Hz, ), = 1.6
Hz, 1H), 7.29 (dd, J1 = 11.6 Hz, J = 1.6 Hz, 1H), 6.45 (s, 1H),

21 'H NMR (400 MHz, CDCls) 8, ppm: 8.02 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 1.6 Hz, 1H), 7.46
(dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 6.44 (s, 1H),

22 'H NMR (400 MHz, CDCls) 8, ppm: 8.14 (s, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.27 (d, J = 8.0
Hz, 1H), 6.07 (s, 1H).
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Figure 1.2.5.2.2. Overview of the preparation of analogs 20-22.

1.2.5.3 Modifications to the aryl-carboxylic acid substituent

Following analogs 20-22, the importance of the position of the carbonyl on the
aromatic ring was investigated. In the Fluet-Chouinard thesis, it was determined that the
presence of an oxygen substituent was important to the activity, as compound 26 had

much lower activity than the acid 15 and most other analogs made. However, ether

OH CI

o N

OH

21, 76%

I 0]

Cl

22, 36%

analogs such as 27 had good activity despite lacking a double-bonded oxygen.>3

°
o

26 27

Figure 1.2.5.3.1. Structures of analogs 26 and 27.
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Three analogs were prepared to probe the importance of the position of the
carboxylic acid function. The first compound, 28, tested the effect of moving the
carboxylic acid meta to the connection at C3 in the cyclohexenone compared to para in
15. In the second, compound 29, a CH2 group is inserted between the benzene ring and
the carboxylic acid. In the third, compound 30, a vinyl spacer is inserted instead. Bioassay
results for these three compounds would be compared to 15 thereby indicating whether
the distance between the oxygen of the cyclohexenone and the carboxylic acid was an

important structural parameter.

The synthesis of compounds 28-30 again utilized a Suzuki coupling reaction
between enol tosylate of dimedone, 8, and commercially available boronic acids 31-33

respectively. As usual the structures were confirmed by NMR spectroscopy.

28 'H NMR (400 MHz, CDCls) &, ppm: 8.25 (s, 1H), 8.14 (d, J = 7.6 Hz, 1H), 7.56 (d, J = 8.0
Hz, 1H), 7.52 (t, ) = 8.0 Hz, 1H), 6.47 (s, 1H), 2.68 (s, 2H), 2.36 (s, 2H), 1.14 (s, 6H).

29 'H NMR (400 MHz, CDCls) §, ppm: 7.49 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.40
(t, ) = 1.2 Hz, 1H), 3.67 (s, 2H), 2.61 (d, J = 1.2 Hz, 2H), 2.33 (s, 2H), 1.10 (s, 6H).

30 'H NMR (400 MHz, CDCls) &, ppm: 7.67 (d, J = 16.0 Hz, 1H), 7.54 (s, 4H), 6.47 (d, J =
16.0 Hz, 1H), 6.42 (s, 1H), 3.80 (s, 3H), 2.62 (s, 2H), 2.33 (s, 2H), 1.12 (s, 6H).
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Figure 1.2.5.3.2. Overview of the preparation of analogs 28-30 and their chemical structures. The

methyl ester 30 was prepared from the corresponding acid for ease of purification, as a significant

amount of 12 remained with the initial product. The compound was then sent to be analyzed as

an ester.

1.2.5.4 Preparation of analogs with variations to C5 substituents

Based on the observation that compound 34 which lacked the 5,5-dimethyl groups

was considerably less potent than 15 in the kindled rat bioassays, the hypothesis was

made that larger hydrophobic substituents at the C5 position would demonstrate potent

antiepileptic activity. The preparation of a representative set of compounds which would

test this hypothesis became the final goal in this project.
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Figure 1.2.5.4.1. Overview of the preparation of analog 34.

As per the synthesis of 15 and the other analogs made, the appropriate starting
materials would be 5-substituted 1,3-cyclohexanediones. A few of these were
commercially available at a reasonable price, but the selection was limited and some of
the diketones would need to be prepared from scratch. 5-phenylcyclohexane-1,3-dione
35 was purchased from Alfa Aesar and converted to the corresponding enol tosylate 36
in a 62% yield. The palladium-catalyzed Suzuki coupling with the boronic acid 19 following
the established procedure for 15 afforded the desired 3-(4-carboxyphenyl)-5-
phenylcyclohex-2-en-1-one 37 as a white solid in 71% yield. The aliphatic hydrogen
portion of the 'H NMR spectrum of 37 was much more interesting than that of 15, due to
the presence of the chiral center at C5. Two ABX patterns were visible due to the coupling

between the C4 and C6 hydrogens and the chiral C5 hydrogen.

19, Pd(PPhy),,
pTsCl, EtsN ‘ Na,CO; 5
0 0 TsO ¢ EtOH, H,0 O

35 36, 62% OH 37, 71%

Figure 1.2.5.4.2. Overview of the preparation of analog 37.
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Figure 1.2.5.4.3. Aliphatic region (2.0 to 4.0 ppm) of the *H NMR of compound 37.

Satisfyingly, this compound prevented epilepsy to almost the same extent as 15
or the salt 18. None of the rats treated with 37 at 20 mg/ kg reached stage 1 seizures,
confirming our hypothesis that hydrophobic groups at C5 are necessary for good potency
in the fast kindling rat model. Two additional compounds, 42 and 43 were prepared from
the corresponding commercially available diketones 38 and 39. These compounds were
prepared jointly with undergraduates Sofi Liu, Yasmin Elsaddik and Catalina Fernandez.

Their structures were verified by NMR and HRMS.

37 'H NMR (400 MHz, CDCls) 6, ppm: 8.13 (d, J = 8.8 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.39-
7.27 (m, 5H), 6.56 (d, J = 2.0 Hz, 1H), 3.48 (m, 1H), 3.07-2.92 (m, J1 = 17.6 Hz, J, = 10.8 Hz,
J3=4.4Hz, )4 =2.0 Hz, 2H), 2.84-2.71 (ddd, J1 = 16.4 Hz, J, = 12.8 Hz, J5 = 4.8 Hz, 2H).

42 'H NMR (400 MHz, CDCl3) &, ppm: 8.05 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.8 Hz, 2H), 7.39
—7.33(m, ) = 8.4 Hz, 4H), 6.51 (s, 1H), 3.53-3.45 (m, J = 4.4 Hz, 1H), 3.06 (d, J = 6.8 Hz, 2H),
2.80 (dd, J1 = 16.4 Hz, Jo = 13.2 Hz, 1H), 2.65 (dd, J1 = 16.4 Hz, J; = 4.4 Hz, 1H).



43 'H NMR (400 MHz, CDCls) 6, ppm: 8.12 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 6.44
(d, J = 2.4 Hz, 1H), 2.78 (dd, J1 = 17.6 Hz, J, = 3.2 Hz, 1H), 2.62-2.52 (m, 2H), 2.21 (dd, J1 =
16.0 Hz, J2 = 13.6 Hz, 1H), 2.03 (m, 1H), 1.72 (m, J = 6.8 Hz, 1H), 0.99 (dd, J1 = 6.8 Hz, J» =
4.8 Hz, 6H).

Cl
Cl Cl
O 19, Pd(PPhj),, E
pTsCl, EtsN Na,CO3
- EtOH, H,0 ‘
9 :
o) 0 TsO o o
38 40
(oF % "0
39

OH 42, 7%

19, Pd(PPhs),,
pTsCl, Et3N Na,CO3
EtOH, H,0 ‘
KEL D
TsO o o

41, 71%

OH 43, 69%

Figure 1.2.5.4.3. Overview of the preparation of analogs 42 and 43.

1.2.5.5 Changes in activity resulting from the various structural modifications

At this stage in the project, all of the compounds tested were expected to have
good antiepileptic activity. As such, each of the analogs prepared as part of this SAR study
was directly assayed in vivo without being first tested by VSDI. Their activity was
compared to 15 to determine the effect of the various changes to the structure. The effect
of the compound on the kindled rats was measured in two ways, a qualitative assessment
of the seizure stage exhibited by the rats based on their symptoms, and a quantitative
measure of the after-discharge duration (ADD). The after-discharge duration represents

the length of time of neuron firing after the stimulus was administered. Longer durations



are correlated with increased neuron firing and sensitivity to seizures, while a reduction

in ADD is a good indicator of antiepileptic activity.

The result from the first set of analogs, 20-22, probing the effect of halogenated
substituents is shown below. To reiterate, the goal with this set of analogs was to improve
bioavailability of the compounds by increasing their lipophilicity due to the addition of

halogen groups.

Table 1.2.5.5.1. After-discharge duration (ADD) after electrical stimulus in amygdala of kindled
rats treated with analogs 20-22 and compared to 18. A lower after-discharge duration is correlated
to a stronger reduction in neuron firing from the administered compound. Results were obtained

from OB Pharma; sample size information of the tests was not provided.

Compound ADD at 5 mg/kg (s) ADD at 20 mg/kg (s)
18 37.2+/-7.0 3.2+4/-4.4
20 66.2 +/-7.3 54.8 +/-5.1
21 67.2 +/- 8.1 56.8 +/-7.3
22 52.6 +/-8.4 7.6 +/-10.4

Contrary to the expectations, compounds 20 and 21 demonstrated nearly
nonexistent activity, despite the modifications to the structure being minor. These results
were unexpected, but made sense after reflection. The addition of halogens ortho to the
carboxylic acid of the analogs would have a strong increase in the acidity of the
compound, which would in turn diminish the portion of protonated acid in the blood that
would be available to cross the blood-brain barrier. This change would significantly lower
the bioavailability instead of increasing it as desired. While the pKas of the analogs were
not measured, their relative values can be estimated based on the corresponding benzoic
acids. The acid 15 is expected to have a pKa very similar to that of 4-acetylbenzoic acid
40. It is reasonable to assume that analogs 20-21 and 22 would have pKas lower than that
of 2-chlorobenzoic acid 42 and 3-chlorobenzoic acid 43, in a similar fashion as observed

between 40 and 41. As the portion of protonated 2-Chlorobenzoic acid 42 is almost



exactly 20 times smaller than that of benzoic acid, on could expect a similar ratio between
15 and 21. This should roughly correlate to a 20-fold decrease in bioavailability and
resulting activity at a given dose. On the other hand, while 43 is still more acidic than 41,
this effect is much less pronounced as the concentration of protonated species in 43
would only diminish by half. The pKa of the various benzoic acids corresponding to the

analogs prepared are shown below.
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Figure 1.2.5.5.1. pKa values for the benzoic acids corresponding to the acid 15 and its analogs 20

to 22.

However, the minor increase in acidity from the 3-chloro substituent of compound
22 would be expected to cause a more significant decrease in activity than what was
observed in the bioassays performed. This could partially be explained by the presence of
the chlorine substituent as a larger group improving the membrane permeability of this
analog. Another explanation is that the presence of this bulkier atom close to the
cyclohexyl ring can force the two rings to rotate away from each other, increasing the
angle between both. By looking at the chemical structure, it would be expected that both
rings be on the same plane, due to the conjugated m system. In practice, a small angle is
present even with the absence of any additional substituents, which then increases as the
hydrogens are replaced by larger substituents. This effect was observed by various

analytical methods.

The initial value of this angle was determined via X-ray crystallography. High

energy X-ray radiation is used to get an accurate tridimensional structure of molecules in



a crystal lattice. The sample was prepared by dissolving 15 in methanol in a small
Erlenmeyer flask, and sealing the opening with parafilm. Small holes were poked through
the seal to let the solvent slowly evaporate over two weeks. The large crystals formed

were filtered out of the leftover solvent, and analyzed via single crystal X-ray diffraction.

The structure was viewed with the CCDC’s Mercury crystal structure visualisation
tool, which was also used to calculate the angle between the two planes. In the acid 15,
this angle was found to be 37.2°, which was already significantly larger than expected. X-

ray crystallography analysis was not performed on 22 to obtain the exact angle.

Figure 1.2.5.5.2. Tridimensional structure of the acid 15 obtained via X-ray crystallography viewed

from various angles.

This effect was also confirmed via UV-vis spectrometry. The spectrometers
measure the capacity of the samples to absorb light over a spectrum of wavelengths.
There is a known correlation between the number of bonds in a conjugated 1 systems
and the resulting absorbance profile of the molecule. Generally, longer chains of
conjugated bonds lead to absorption at longer wavelengths and vice-versa with shorter it
systems. This was used to qualitatively determine whether or not the addition of the
chlorine substituent in compound 22 was inhibiting conjugation between the benzoic acid
and vinyl ketone portions of the molecule. The absorption spectrum of the acid 15 was
collected and used as a point of comparison. The UV-vis absorption spectra of compounds
15 and 22 are displayed below. From the data gathered, it was indisputable that presence

of the chlorine inhibited conjugation in the 1t system of 22. The intensity of the major



absorption peak around 300 nm of compound 15 was reduced by more than half in the
spectrum of 22, and the edge of a new peak could be observed at the 200 nm detection
limit. The fact that the 300 nm peak did not completely disappear means that conjugation
between the two regions of the molecule is still possible and present, but much less

pronounced than in 15.
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Figure 1.2.5.5.3. UV-vis Absorption spectra of 15 (left) and 22 (right). The samples of the two
compounds were dissolved in 99% methanol in concentrations of 0.078 and 0.075 mmol/L

respectively. Analysis was performed on an Eppendorf Biospectrometer Basic.

Finally, NOE NMR experiments were performed to confirm the data obtained via
X-ray crystallography and UV-vis spectrometry. While not as precise as the previous
methods mentioned, the NOE spectra of 15 and 22 clearly show the disappearance of the
small peak (6 7.71 ppm) representing the interaction between the adjacent protons on
the two cycles, which indicates a larger gap between the two protons in analog 22. The
spectra below were obtained on a Bruker Avance Il 300 MHz spectrometer, by irradiating
the sp? singlet via a selective 180° pulse in a 1D NOESY experiment. The irradiated peak
appears normally, while the other protons in the molecule only show on the spectrum
according to their spatial proximity to the targeted proton. The relative distance between
different protons can be qualitatively assessed from the integration of the peaks. The NOE
spectrum of 15 shows a spatial interaction between the irradiated proton (6.44 ppm) and

the doublet of the closest pair of protons (7.71 ppm) on the neighbouring aromatic ring.



On the other hand, no interactions are visible when the equivalent proton in 22 is

irradiated.
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the cyclohexenone rings at 6.44 ppm and 6.02 ppm. The spectra were taken with samples

dissolved in MeOD.



The data collected therefore supports the hypothesis that the substitution of a
hydrogen in the meta position (related to the acid) by a larger substituent leads to a less
strongly conjugated molecule, which has an increased inter-ring angle. Although the
molecule was originally thought to be planar due to the conjugated system, the torsional
strain increase in this eclipsed conformation is highly unfavorable and increasingly so as
the nearby substituents become larger. The conjugated m system itself seems
unnecessary for the activity, however addition of electron withdrawing substituents along

this system have an important negative effect on the bioavailability of the compound.

The results from the second set of analogs, 28-30, are shown below. This set of
analogs was prepared to investigate the importance of the carbonyl group and its position

relative to the aryl ring.

Table 1.2.5.5.2. After-discharge duration (ADD) after electrical stimulus in amygdala of kindled
rats treated with analogs 28-30 and compared to 18. A lower after-discharge duration is correlated
to a stronger reduction in neuron firing from the administered compound. Results were obtained

from OB Pharma, sample size information of the tests was not provided.

Compound ADD at 5 mg/kg (s) ADD at 20 mg/kg (s)
18 37.2+/-7.0 3.2+/-4.4
28 53.4 +/-5.2 34.8 +/-6.1
29 54.2 +/- 6.8 14.4+/-5.6
30 57.8+/-4.1 23.0 +/- 8.0

The analog 28 was prepared to bring the two oxygens in the molecule closer
together. Based on the In vivo activity results, having the acid as a para substituent to the
first ring is crucial as this simple position change increased the after-discharge duration
by a factor of ten. While substituents of various sizes were added at this position, they all
had the carbonyl at the same position. This supports an important interaction between

this particular carbonyl and the target receptor.



The analog 29 was prepared to extend the distance between both sp? oxygens by
one bond, while isolating the carboxylic acid from the conjugated 1 system to increase its
pKa. As seen above, the acid at the C4 position of the aryl ring was significantly more
active than when at C3 such as in compound 28. Phenylacetic acid has a pKa only 0.1
higher than that of benzoic acid, however it would also diminish the effects of conjugated
electron-withdrawing groups on the aryl ring. Despite this, results from the bioassays of
29 showed that the decrease in acidity from the addition of an sp3 carbon between the
acid and the conjugated system did not have an effect sufficient enough to counter the
reduction in activity from having the acid displaced from its optimal position. Compound
30 showed similar results, with activity significantly poorer than that of 18, after having

the conjugated chain extended by two additional bonds.

The results obtained from analogs 28 to 30 consistently show that changing the
position of the 4-carboxy substituent is detrimental to the activity /n vivo. While previous
analogs demonstrated that there is a decently large pocket of space available to increase
the size of the compounds, this set of results strongly supports that the oxygen at the

position mentioned above is responsible for a crucial interaction in binding to its receptor.

The last set of results represents the activity of the compounds, 34, 37 and 42-43,
with varying substitutions at the cyclohexenone C5 position. These results are shown

below.



Table 1.2.5.5.3. After-discharge duration (ADD) after electrical stimulus in amygdala of kindled
rats treated with analogs 34, 37, 42 and 43, and compared to 18. A lower after-discharge duration
is correlated to a stronger reduction in neuron firing from the administered compound. Results
were obtained from OB Pharma, sample size information of the tests was not provided.

*Data for compound 43 was not sent by OB Pharma, it was only mentioned that the compound is equivalent

in activity to 18.

Compound ADD at 5 mg/kg (s) ADD at 20 mg/kg (s)
18 37.2+/-7.0 3.2+4/-4.4
34 60.8 +/- 5.7 27.6+/-7.8
37 32.4+/-4.6 40+/-3.8
42 37.6 +/-5.6 5.3+/-3.3
43 N/A* N/A*

The C5-substituted analogs were once again found the be potent inhibitors of
epileptic activity. The importance of the C5 substituent is immediately evident when
considering the results from compound 34. The replacement of the C5 dimethyl of
compounds 15 and 18 by hydrogens led to an almost complete loss of antiepileptic activity
from compounds that were otherwise very potent. On the other hand, the substitution
by a bulky phenyl ring instead exhibited the same activity as 18. A difference in activity
between 37 and 18 was harder to assess, as both compounds completely prevented stage
1 seizures and above at the concentrations tested. However, they both displayed nearly
identical activities when concentrations were administered below effective dose.
Compound 42 was slightly less active than its 5-phenyl analog, showing that the p-Cl group
did not have a strong influence on the bioavailability or activity of the compound.

Unsurprisingly, compound 43 also had comparable activity to 18.



While the analogs shown above demonstrated a potency statistically identical
activity to that of 18, it is important to note that these 5-substituted analogs are racemic
mixtures. Depending on the receptor binding site, it is therefore be possible that the
activity of one enantiomer could be higher than the other. If that was the case, the
potency of this pure enantiomer would then be expected to be higher than that of 18.
Chiral resolution of the mixture was attempted by forming a chiral salt of 37 with quinine
to utilize potential differences in solubility between the enantiomers to separate them by
serial recrystallizations. However, while NMR analysis seemed to suggest that
enantiomerically enriched samples were obtained, analytical methods needed to confirm
the ratio of the isomers were unavailable. Furthermore, it would likely have been difficult
to obtain a pure sample of either enantiomer without the means to perform a chiral

column chromatography.
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Figure 1.2.5.5.5. 'H NMR comparison between the initial quinine salt mixture of compound 37
and the recrystallised product. The peaks at 6 3.71 ppm and 3.69 ppm are thought to represent
the methyl ether peak of quinone for the two diastereoisomers of the salt. The spectra seem to
clearly show the removal of one isomer after recrystallisation, however the rest of the spectra
would have been expected to exhibit similar changes on the rest of the chiral protons, which was

not observed.



Within the constraints of the available data on the three compounds carrying hydrogen
and or alkyl groups at C5 it appears that the activity increases as log P increases. A 5-

phenyl group further increases logP compared to 18.

O O O
HO,C HO,C HO,C

34, Log P: 1.67 15, Log P: 2.47 43, Log P: 2.75
cl
A, 9
o
HO,C
HO,C
37, Log P: 3.19

42, Log P: 3.75

Figure 1.2.5.5.6. Structures and LogP of the various analogs with C5 modifications. The estimated

logP values are calculated by ChemDraw Prime version 19.

Although these chiral monosubstituted derivatives have comparable, or possibly
better, activity than 18, they are less desirable as drug candidates since they are only
available in racemic form at this stage. A synthesis leading to enantiomerically pure
material or a resolution of the racemic compounds would need to be developed and the
more active enantiomer would need to be identified. The synthesis would need to be
completely different from the current one, as it starts with symmetrical cyclohexane-1,3-
diones. Resolution might be possible via the generation and separation of diastereomeric
salts with chiral amines such as quinine or a chiral a-methylbenzyl amine. This would be
costly and time consuming even beyond the obvious loss of half the material as the
second enantiomer being removed. Isomer separation on a preparative and eventually

commercials scale would also likely be prohibitively expensive.



Despite this flaw, the identification of these compounds as potent analogs does
suggest some potential achiral structures which would not require enantiomeric
resolution. It would be important to prepare and evaluate a number of compounds
carrying two identical C5 alkyl substituents, such as the 5,5-diethyl derivative 44. Also
intriguing would be the spiro compounds 45 and 46. All of these compounds are more

hydrophobic than 18 and could potentially have a better bioavailability.

!0 ’o ‘ic" ‘O
HO,C HO,C HO-C HO,C

15, Log P: 2.47 44, Log P: 3.3 45, Log P: 2.81 46, Log P: 3.22
Figure 1.2.5.5.7. Structures and LogP of potential analogs 44-46. The LogP values are calculated

by ChemDraw.

The synthesis of these compounds could be approached by first preparing the
requisite cyclohexane-1,3-diones. Such compounds including the precursor to the
isopropyl derivative vi have been prepared from diethyl malonate and a corresponding
o,B-unsaturated ketone, as shown below. The a,B-unsaturated ketones can be purchased
or prepared from the corresponding aldehydes by aldol condensation with acetone, or

from reaction with an acetone phosphonium ylide.

R O H CO,Et 1. NaOEt/ EtOH
RMCH ¥ H><
3 CO,Et 2. NaOH/ H,0 o o

3.HY, A

Figure 1.2.5.5.8. Reaction scheme for the preparation of the various cyclohexane-1,3-dione

starting materials.



1.2.6 Conclusion and future work

In working towards the primary goal of the project, expanding the library of
analogs, 22 new analogs were synthesized although not all were used for bioassay results.
Several of the new analogs prepared showed promising results, such as 22 and 37, with
activity matching that of the lead compound 15 and suggesting additional possible

improvements.

Based on the SAR studies described in this work, an updated pharmacophore can
be proposed. While the skeleton of the molecule has not been changed, the importance
of the aryl ring carbonyl has been confirmed, as well as the possibility of large pockets of
space with potential for introducing additional receptor binding interactions.

R

I EWG
0]

R
Figure 1.2.6.1. Revised proposed pharmacophore of the ISOX analogs family of antiepileptic
compounds. The distance and relative position of the two EWGs to each other appears to have a
strong effect on antiepileptic activity. The labelled R groups indicate a pocket of space in the target

receptor.

In the near future, the next set of analogs to be prepared will continue to
investigate C5 substituent modifications to increase the size, or add different EWGs or

EDGs. These compounds were selected due to easy to procure starting materials.
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Figure. 1.2.6.1. Structures of analogs to be completed.

From the core structure presented above, there remain several interesting
questions to answer to better understand the structure-activity relationship of this family
of compounds. Some examples of analogs that could be prepared to investigate these

guestions are shown below.

The first changes to investigate should be addition of electron donating groups on
the aryl ring. As the addition of electron withdrawing groups ortho to the acid severely
impaired /n vivo activity, it would not be unreasonable to expect the activity to improve if
those were replaced by EDGs. Larger electron donating groups could also be added to the
meta position, to determine whether the differences in activity between 18 and 22 were
mainly caused by the addition of a meta EWG, or by the decrease in 1 system
coordination. These analogs could be easily prepared via the current method by obtaining

the appropriate phenylboronic acids.

OH EDG OH

Figure. 1.2.6.2. Examples of analogs containing aryl electron donating groups.

The investigation of C5 substituent variations demonstrated the space available

and the potential for new receptor interactions in this region of the molecule. While the



prepared analogs were successful, the ones prepared so far primarily had hydrophobic
aromatic C5 substituents. Valuable information could be obtained from introducing
various electron withdrawing or donating groups. The starting cyclohexanediones for
these analogs could be prepared via the method mentioned in the previous section (see

Figure 1.2.5.5.8.) from the corresponding aldehydes

0 Os_OH
N
9 @ ®
o =
l 0] I @) I 6] I o
o @) 0] O
OH OH OH OH

Figure. 1.2.6.2. Examples of analogs containing polar C5 substituents.

The secondary goals of further developing compound 15 were met by completing
a number of stability studies, characterizing the structure further via NOE NMR, UV-vis
spectrometry and X-ray crystallography, and optimizing the synthesis. In addition, a large
amount of material was prepared for use in animal toxicity studies. All the data obtained
during this project supports the candidacy of this analog as an important AED. This
compound is thermally stable and suitable for long term storage at room conditions, is
not a chiral compound, and is easily prepared and purified from inexpensive starting
materials. Based on the animal model bioassay results obtained until now, 15 and 18 have
activity better than current standard of care AEDs, without the common associated side
effects. The effective dose of 15 and 18 are significantly lower than that of competitors in
in vitro models, however similar doses need to be used in animal models, due to the lower
bioavailability of the compounds!®®*. Future development and structure optimization

should therefore focus on improving membrane permeability and bioavailability.



As mentioned previously, epilepsy is a broad spectrum of seizure disorders, that
arise from various brain dysfunctions or injuries. Due to the various causes of, not all
epilepsy drugs are equally effective at treating the different syndromes. While the results
so far have been excellent with 15 and 18 preventing epilepsy in all testing models used,
human efficacy trials on patients suffering from a range of seizure disorders would be
important in the future to have an accurate idea of the antiepileptic activity spectrum of

the compound.

Finally, around half of patients undergoing successful antiepileptic treatment can
eventually discontinue treatment, after being seizure free for a few years. In addition, the
results from 18 in traumatic brain injury models showed that a 4 week treatment with the
compound greatly reduced the severity of seizures occurring after discontinuation of the
treatment*. This drug candidate therefore has potential to be extremely useful in the
prevention of TBI-induced epilepsy syndromes, when used as short term preventive
treatment for a few months immediately following the injury. The most important step
remaining in this project to bring an ISOX analog to the drug market, is for the compound
to successfully undergo the human safety and efficacy clinical trials, which were planned

to begin in 2020.



1.3 Experimental Data

1.3.1 General information

The work presented in this chapter was done for and in collaboration with OB
Pharma. As such, only the compounds that they deemed important were fully
characterized, and in those cases the characterization would be restricted to the
minimum required to support future patent applications. Some intermediates or minor

compounds that did not end up being used for bioassays were only identified via *H NMR.

TLC

Thin layer chromatography was used to analyze product formation during
reactions, assess purity of final products, determine appropriate solvent mixtures for
column chromatography where required and detect the desired fractions to combine
after elution. The samples to analyze were deposited on aluminum-backed thin layers
silica plates and eluted with an appropriate solvent mixture, typically composed of DCM,
ethyl acetate and/or hexanes. As most of the compounds in this project contained
aromatic rings or 1 systems, the eluted plates were only visualized under UV light (254

nm).

Column chromatography

When required, the finished products were purified via column chromatography
if other purification methods were unsuccessful or not appropriate. SiliaFlash F60 (230-
400 mesh) silica powder was used. The columns were packed with dry silica, before adding
the sample in a minimal amount of solvent and fully drying the column. The elution
solvent system used was an ethyl acetate and hexane mixture. In all columns performed,
the elution started with a small volume of pure hexanes, followed by a steady increase in
ethyl acetate ratio. The gradients and solvent ratios used varied depending on the

compounds being purified.



NMR

The H and '3C NMR spectra were obtained on a Bruker Avance 400 MHz
spectrometer, while NOE experiment spectra were obtained on a Bruker Avance Il
300MHz spectrometer. The samples were prepared in CDCls, MeOD or D,0. The solvent
used for each sample is indicated with their respective spectra. The chemical shift values
for all spectra are reported in parts per million (ppm) relative to tetramethylsilane (TMS)
(6 0.00 ppm). Coupling constants are reported in Hz where appropriate. Spectral

information was processed using the TopSpin 4.06 software.



1.3.2 General procedures

1.3.2.1 Preparation of enol tosylates in acetone and water

R R
_ NaOH o\\//o/@
S<
/©/ H,0, Acetone /@/ 0 o
R R

_ BN oNy¢) /@
\ 7/
/©/ Ethyl acetate /©/S\O o

Figure 1.3.2.1.1. Two methods of preparation of dimedone enol tosylates.

Sodium hydroxide pellets (1.50 eq.) were fully dissolved in distilled water (1.0 mL
per mmol of diketone). The diketone starting material (1.00 eq.) was added and a clear
solution was obtained. A solution of p-toluenesulfonyl chloride (1.10 eq.) in acetone (2.0
mL per mmol of diketone) was then added. The mixture was sealed and stirred at room

temperature overnight.

The following day, the acetone was evaporated in vacuo. The enol tosylate
product was extracted from the aqueous solution three times with 20 mL of
dichloromethane. The organic extract was dried with magnesium sulfate, the filtered by
gravity to remove the deposits. The solvent was evaporated in vacuo to obtain the
product as a clear, light yellow oil. The oil quickly solidified when hexanes were added to
the flask. The solid product was obtained from the solution by suction filtration and

characterized by 'H and *3C NMR.

The reaction was also performed in ethyl acetate (2.0 mL per mmol of diketone)
by replacing the sodium hydroxide with triethylamine (1.50 eq). Both methods were

equally effective.



1.3.2.2 Palladium-catalyzed Suzuki cross-coupling

R R B(OH)2  Pd(PPhy),,
N32C03
Yy s,
/@ @R EtOH,H20 gL ©
TsO O '/

Figure 1.3.2.2.1. Preparation of 3-aryl cyclohexenones.

The enol tosylate obtained from the previous procedure (1.10 eq.), the boronic
acid (1.00 eq.), the sodium carbonate (2.00 eq.) and the palladium catalyst (0.5 mol%),
were all weighed separately on weighing paper and placed in a dry flask. The solvent
mixture of ethanol (2.5 mL per mmol of boronic acid) and distilled water (1.25 mL per
mmol of boronic acid) was prepared in a graduated cylinder and poured in the flask to
dissolve most of the solids. A clear yellow solution with small amounts of sodium
carbonate deposits was obtained. The solution was stirred at reflux in an oil bath at 100°C

for 6 hours.

After the reflux, remaining solids were filtered out and the reaction mixture was
concentrated in vacuo, removing most of the ethanol. The solution was diluted with
additional water, then washed three times with 20 mL dichloromethane to remove any
excess enol tosylate. The agueous phase obtained, a clear yellow solution, was then
acidified by dropwise addition of concentrated HCI. The flask was placed in a freezer for
15 minutes to promote crystallization. A small amount of concentrated HCl was added
afterwards, to ensure no product remained in solution. The solid product was then
recovered by suction filtration, and washed thoroughly with water. As the suction
filtration was not usually sufficient for the product to be dried properly, the solid product
obtained was dried further in a petri dish of appropriate size, placed in an oven at 70°C or

at room temperature overnight. The product was then characterized by *H and 3C NMR.



1.3.2.3 Conversion of carboxylic acids into sodium salts

R R

NaOH
(@) _ =
H,0 0

OH ONa

Figure 1.3.2.3.1. Preparation of the sodium salts.

A 10% NaOH solution was prepared by dissolving sodium hydroxide pellets in an
appropriate amount of distilled water. The solution was standardized by titration against
a solution of dry potassium hydrogen phthalate. The carboxylic acid starting material
(1.00 eq.) was then dissolved in this NaOH solution (0.95 eq.). An excess of acid was used
to ensure no unreacted sodium hydroxide remained in the finished product. The solution
was filtered by gravity through filter paper to remove any undissolved starting material,
and transferred into an appropriately sized petri dish. Water was then evaporated by
leaving the solution in the petri dish out in the open until the salt crystals formed were
fully dry. The product was characterized by *H and 3C NMR by dissolving a sample in
Deuterium oxide, with a few small grains of sodium carbonate to allow the compound to

dissolve.



1.3.3 Experimental procedures and product characterization

Preparation of the enol tosylate of dimedone, 12.

TsO O

12

5,5-Dimethylcyclohexane-1,3-dione 8 (2.22 g, 15.8 mmol) was partially dissolved in ethyl
acetate (40.0 mL). Triethylamine (2.48 g, 24.5 mmol) was added next, followed by p-
toluenesulfonyl chloride (3.32 g, 17.4 mmol) which immediately caused the precipitation of
triethylamine hydrochloride as a white solid. The mixture was stirred at room temperature
overnight. The solution was washed once with distilled water (30 mL). The organic layer was dried
with magnesium sulfate, filtered and evaporated to yield 12 as a yellow oil, which rapidly
crystallized upon addition of hexanes. The final product was obtained by suction filtration as a

white powder (3.90 g, 84%, mp: 54,8 — 56.0°C).

H NMR (400 MHz, CDCls) 8, ppm: 7.79 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 5.74 (s, 1H), 2.44 (s, 3H),
2,35 (d, J = 1.2 Hz, 2H), 2.16 (s, 2H), 0.99 (s, 6H).

13C NMR (400 MHz, CDCls) 6, ppm: 198.72, 166.66, 146.18, 135.50, 130.15 (2C), 128.8 (2C), 116.00, 50.56,
42.53,32.89, 28.02 (2C), 21.78.
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Preparation of 4-carboxyphenyl-5,5-dimethylcyclohex-2-enone, 15.

| o
O

OH
15

4-carboxyphenyl boronic acid (1.54 g, 9.28 mmol), the dimedone enol tosylate 12 (3.02 g,
9.28 mmol), sodium carbonate (2.07 g, 19.6 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (59 mg, 0.051 mmol, 0.55 mol%) were dissolved in 33 mL of a 2:1 mixture of 95%
ethanol and distilled water. The mixture was refluxed in an oil bath at 100°C for six hours, after
which the solution was filtered through cotton into a larger flask. The solution was concentrated
on the rotary evaporator by removing most of the ethanol. The solution was diluted with an
additional 40 mL of water, and washed three times with 20 mL of dichloromethane. The aqueous
layer was acidified by slow addition of concentrated HCl and chilled to induce precipitation. The
solid formed was isolated by suction filtration and rinsing with water, and dried for two hours in

an oven at 70°C. The product was obtained as a white dry solid (3.31 g, 86%, mp: 181.1 —182.7°C).

H NMR (400 MHz, CDCls) &, ppm: 8.13 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 6.46 (s, 1H), 2.66 (d, J =
1.6 Hz, 2H), 2.36 (s, 2H), 1.13 (s, 6H).

13C NMR (400 MHz, CDCls) 8, ppm: 200.06, 171.03, 156.36, 144.30, 130.60 (2C), 130.36, 126.28 (2C),
125.95, 50.90, 42.33, 33.87, 28.38 (2C).
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Preparation of compound 18.

ONa
18

3-(4-carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (2.41 g, 9.86 mmol) was stirred in
a 0.102 M solution of sodium hydroxide (95 mL, 9.69 mmol). Once the solid was fully dissolved,
the solution was transferred to a wide 3 L glass container, and was left to sit at 40°C overnight to
fully evaporate. The product was obtained as slightly transparent, light beige crystals (2.64 g,
100%).

'H NMR (400 MHz, MeOD) 6, ppm: 7.96 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 6.39 (s, 1H), 2,73 (d, )
=1.2 Hz, 2H), 2.34 (s, 1.7H*), 1.12 (s, 6H).

*This peak integrates lower than the expected 2, due to the proton being slightly acidic and exchanging with
deuterium from the solvent.

13C NMR (400 MHz, MeOD) §, ppm: 201.44, 173.15, 159.42, 140.41, 139.50, 129.26 (2C), 125.44 (2C),
123.58, 50.30, 41.75, 33.29, 27.05 (2C).



007w

B g

ol

gl

0z
Ly
eeez—
8eLZ
oL —
cgze—
BrE'p

[124]

LT'99T 1UBIOM 1B[II[ON
wLio ] [eorway))

o

OeN
0O,

6LGL——
009°L—"
Pe6 L —
Sl6L—

Pee’9

wHAN S93SeWan L L WHL L0-29501.




[124]

"TD567-01 13C" 1 1 "D:’\Master's NMR"

gl ol
1 1 | 1 1 1 1 |
SPO LT —
P EC —
oSl —
809°iF —
8020 —
285 ETL —
err' el —
P9z’ 621 —
L6F' 681 ——
FLrorL —
8i¥'esl —
(o}

sriell — Q

Chemical Formula: CysH;sNaO5
Molecular Weight: 266.27

LEV L0 —

NaO.

[ppm]

0

50

100

150

200



Preparation of compound 14.

NH

14

3-(4-Carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.49 g, 2.00 mmol) was dissolved
in DCM (15.0 mL). Aniline (0.20 mL, 2.19 mmol), DMAP (0.31 g, 2.54 mmol) and EDCI (0.49 g, 2.56
mmol) were subsequently added, forming a cloudy white solution. The mixture was refluxed in
an oil bath at 70°C for 4h 30min. After the reflux and cooling to room temperature, the solution
was washed once with 15 mL of 10% NaOHaq), and twice with 15 mL of 5% HCl(aq). The organic
layer was filtered through a filter paper to remove a white solid in suspension in the solution,
dried with MgS04 and filtered, and then evaporated in vacuo. The crude product was purified by
recrystallisation in a mixture of dichloromethane and hexanes. The purified product was obtained

as a white powder (0.33 g, 52%).

*Despite drying with magnesium sulfate, evaporating the solvents under vacuum for an appropriate duration, and
letting the sample rest under air flow before preparing the sample, presence of water and DCM was still observed
by *H NMR.

'H NMR (400 MHz, CDCl3) §, ppm: 7.90 (d, J = 8.4 Hz, 2H), 7.63 (dd, J = 7.2 Hz, 4H), 7.37 (t, ) = 8.4 Hz, 2H),
7.158 (t,J = 7.6 Hz, 1H), 2.65 (s, 2H), 2.36 (s, 2H), 1.14 (s, 6H).
*The amide proton was not visible in this spectrum.

13C NMR (400 MHz, CDCls) 5, ppm: 199.89, 164.87, 156.24, 142.40, 137.68, 135.94, 129.20 (2C), 127.53
(2C), 126.52 (2C), 125.57, 124.78, 120.28 (2C), 50.96, 42.29, 33.82, 28.43 (2C).
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Preparation of compound 17a.

NH

Cl
17a

3-(4-carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.22 g, 0.90 mmol) was dissolved
in DCM (15.0 mL). 4-Chloroaniline (0.17 g, 1.33 mmol), DMAP (0.19 g, 1.56 mmol) and EDCI (0.33
g, 1.72 mmol) were subsequently added, forming a cloudy white solution. The mixture was stirred
at room temperature for two days. Afterwards, the solution was washed once with 15 mL of 10%
NaOHaq) and twice with 15 mL of 5% HCl(q). The organic layer was filtered through a filter paper
to remove a white solid in suspension in the solution, dried with MgSO4 and filtered, and then
evaporated in vacuo. The crude product was purified by recrystallisation in a mixture of
dichloromethane and hexanes. The purified product was obtained as a white powder (46.9 mg,
15%).

*Despite drying with magnesium sulfate, evaporating the solvents under vacuum for an appropriate duration, and
letting the sample rest under air flow before preparing the sample, presence of water and DCM was still observed
by H NMR.

H NMR (400 MHz, CDCls) &, ppm: 8.06 (s, 1H), 7.89 (d, J = 8.4 Hz, 2H), 7.60 (dd, J; = 8.8 Hz, J, = 12.0 Hz,
4H), 7.32 (d, J = 8.4 Hz, 2H), 6.38 (s, 1H), 2.64 (d, J = 1.2 Hz, 2H), 2.34 (s, 2H), 1.13 (s, 6H).

13C NMR (400 MHz, CDCls) &, ppm: 199.91, 164.84, 156.16, 142.59, 136.40, 135.66, 129.78, 129.17 (2C),
127.56 (2C), 126.56 (2C), 125.62, 121.50 (2C), 50.93, 42.27, 33.85, 28.39 (2C).

HRMS-El m/z: M* calcd for C1H20CINO,, 353.1183; found, 353.1182.
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Preparation of compound 17b.

NH

17b

3-(4-carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.17 g, 0.70 mmol) was dissolved
in DCM (15.0 mL). 4-Fluoroaniline (0.08 mL, 0.84 mmol), DMAP (0.12 g, 0.98 mmol) and EDCI
(0.20 g, 1.04 mmol) were subsequently added, forming a cloudy white solution. The mixture was
stirred at room temperature for two days. Afterwards, the solution was washed once with 15 mL
of 10% NaOHaq) and twice with 15 mL of 5% HCl(q). The organic layer was filtered through a filter
paper to remove a white solid in suspension in the solution, dried with MgS04 and filtered, and
then evaporated in vacuo. The crude product was purified by recrystallisation in a mixture of
dichloromethane and hexanes. The purified product was obtained as a white powder (50.4 mg,
21%).

*Despite drying with magnesium sulfate, evaporating the solvents under vacuum for an appropriate duration, and
letting the sample rest under air flow before preparing the sample, presence of water and DCM was still observed
by *H NMR.

1H NMR (400 MHz, CDCl;) 8, ppm: 7.89 (d, J = 8.4 Hz, 3H), 7.61 (m, J = 7.6 Hz, 4H), 7.06 (t, J = 8.4 Hz, 2H),
6.41 (s, 1H), 2.65 (s, 2H), 2.35 (s, 2H), 1.13 (s, 6H).

13C NMR (400 MHz, CDCl3) 8, ppm: 199.95, 156.36, 142.55, 135.89, 127.52 (2C), 126.57 (2C), 125.66 (2C),
122.19,122.12,11.98, 115.75, 50.98, 42.64, 33.74, 28.62 (2C).
*The quaternary carbons were difficult to locate due to the low concentration of the sample.
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Preparation of compound 17c.

NH

Me

17¢

3-(4-Carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.14 g, 0.57 mmol) was dissolved
in DCM (15.0 mL). Methyl 3-aminobenzoate (0.12 g, 0.79 mmol), DMAP (0.12 g, 0.98 mmol) and
EDCI (0.16 g, 0.84 mmol) were subsequently added, forming a cloudy white solution. The mixture
was stirred at room temperature for two days. Afterwards, the solution was washed once with
15 mL of 10% NaOHaq) and twice with 15 mL of 5% HCl(q). The organic layer was filtered through
afilter paper to remove a white solid in suspension in the solution, dried with MgS04 and filtered,
and then evaporated in vacuo. The product was obtained as a white powder (0.25 g, 116%),

without additional purification steps.

*A small amount of DCM and water remained in the sample. The impurity causing the yield above 100% was possibly
due to residues of MgSO4 improperly filtered, as no additional impurities were detected by *H and *3C NMR or by
TLC.

1H NMR (400 MHz, CDCl3) §, ppm: 8.51 (s, 1H), 8.22 (t, J = 2.0 Hz, 1H), 8.05 (dq, J1 = 8.4 Hz, J, = 0.8 Hz, 1H),
7.92 (d, ) = 8.4 Hz, 2H), 7.789 (dt, J1 = 8.0 Hz, J, = 1.2 Hz), 7.55 (d, ) = 8.4 Hz), 7.42 (t, ) = 8.0 Hz, 1H), 6.35
(s, 1H), 3.87 (s, 3H), 2.62 (d, J = 1.2 Hz, 2H), 2.34 (s, 2H), 1.11 (s, 6H)

13C NMR (400 MHz, CDCl3) §, ppm: 200.04, 166.70, 165.11, 156.36, 142.48, 138.22, 135.68, 130.97,
129.25, 127.71 (2C), 126.48 (2C), 125.69, 125.52, 124.83, 121.28, 52.27, 50.92, 42.23, 33.83, 28.37 (2C).
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Preparation of compound 17d.

NH

17d
3-(4-carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.19 g, 0.78 mmol) was dissolved

in DCM (15.0 mL). p-Toluidine (0.11 g, 1.02 mmol), DMAP (0.15 g, 1.23 mmol) and EDCI (0.25 g,
0.1.30 mmol) were subsequently added, forming a cloudy white solution. The mixture was stirred
at room temperature overnight. Afterwards, the solution was washed once with 15 mL of 10%
NaOHq) and twice with 15 mL of 5% HCl(aq). The organic layer was dried with MgS04 and filtered,
then evaporated under reduced pressure. The product was dissolved in dichloromethane and

partially recrystallized by addition of hexanes, yielding a white solid (95 mg, 37%).

*A small amount of DCM and water remained in the sample.

H NMR (400 MHz, CDCls) 8, ppm: 8.09 (s, 1H), 7.88 (d, J = 7.6 Hz, 2H), 7.54 (m, J = 8.8 Hz, 4H), 7.15 (d, J =
7.2 Hz, 2H), 6.36 (s, 1H), 2.63 (s, 2H), 2.32 (s, 5H), 1.11 (s, 6H).

13C NMR (400 MHz, CDCls) &, ppm: 200.14, 165.08, 156.55, 142.34, 136.27, 135.51, 134.57, 129.83 (2C),
127.74 (2C), 126.61 (2C), 125.66, 120.54 (2C), 51.17, 42.46, 33.93, 28.62 (2C), 21.04.
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Preparation of compound 17e.

NH

17e
3-(4-carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.22 g, 0.90 mmol) was dissolved
in DCM (15.0 mL). p-Anisidine (0.16 g, 1.29 mmol), DMAP (0.16 g, 1.31 mmol) and EDCI (0.26 g,
0.1.36 mmol) were subsequently added, forming a cloudy white solution. The mixture was stirred
at room temperature overnight. Afterwards, the solution was washed once with 15 mL of 10%
NaOHq) and twice with 15 mL of 5% HCl(aq). The organic layer was dried with MgS04 and filtered,
then evaporated under reduced pressure. The product was dissolved in dichloromethane and

partially recrystallized by addition of hexanes, yielding a white solid (0.139 g, 44%).

*A small amount of DCM and water remained in the sample.

H NMR (400 MHz, CDCls) &, ppm: 7.89 (d, J = 8.4 Hz, 2H), 7.84 (s, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.54 (d, J =
8.8 Hz, 2H), 6.90 (d, J = 9.2 Hz, 2H), 6.41 (s, 1H), 3.80 (s, 3H), 2.64 (d, J = 1.2 Hz, 2H), 2.35 (s, 2H), 1.13 (s,
6H).
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Preparation of methyl 4-aminobenzoate

MeO @)

NH,
p-Aminobenzoic acid (1.26 g, 9.19 mmol) was dissolved partially in methanol (10 mL).
Concentrated sulfuric acid was added to the solution, which was then refluxed in an oil bath at
70°C for three hours, then stirred at 50°C overnight. No undissolved solids remained in solution
at the end of the reaction. The solution was diluted with a large volume of water and extracted
to DCM. The organic layer was washed once with a 5% NaOH solution, then dried over MgS04
and filtered. The solvent was evaporated under reduced pressure, yielding the product as a white

powder (0.31 g, 22%).

IH NMR (400 MHz, CDCl3) 8, ppm: 7.83 (d, J = 8.8 Hz, 2H), 6.62 ( d, J = 8.8 Hz, 2H), 4.04 (s, 2H), 3.83 (s,
3H).
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Preparation of compound 17f.

NH

/O

17f
(0]

Methyl 4-aminobenzoate (0.31 g, 2.05 mmol) was mixed with 3-(4-
carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.35 g, 1.43 mmol) in DCM. DMAP (0.26 g,
2.13 mmol) and EDCI (0.44 g, 2.29 mmol) were added to the mixture, which was stirred at room
temperature overnight. As product crystals started forming over the course of the reaction, the
mixture was chilled in the freezer to promote the crystallization. The solid was then filtered out
by gravity. Further product was obtained from the filtered solution by partially evaporating the
solvent under air flow, and addition of hexanes. Both crops were combined. The crystals of

product were obtained in the form of long white needles (315.6 mg, 58%).

*A significant amount of DCM and water were still in the sample at the time the NMR were taken.

H NMR (400 MHz, CDCls) 8, ppm: 8.05 (d, J = 8.8 Hz, 2H), 7.92 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.8 Hz, 2H),
7.63 (d, J = 8.4 Hz, 2H), 6.42 (s, 1H), 3.90 (s, 3H), 2.65 (d, J = 1.2 Hz, 2H), 2.36 (s, 2H), 1.14 (s, 6H).
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Preparation of compound 17g.

NH

CF3
179

3-(4-carboxyphenyl)-5,5-dimethylcyclohexen-2-one 15 (0.17 g, 0.70 mmol) was dissolved
in DCM. 4-trifluoromethylaniline (0.25 mL, 1.99 mmol), DMAP (0.21 g, 1.72 mmol) and EDCI (0.44
g, 2.29 mmol) were added to the mixture, which was stirred at room temperature overnight. The
product was quite insoluble and crystallized naturally over the course of the reaction. The
product (127 mg, 47%) was obtained as a white powder by a simple suction filtration from the
reaction mixture. An additional quantity of product was obtained from concentrating the filtered
solution further, however this second crop was contaminated with traces of 4-
fluoromethylaniline. This second amount of product (0.09 g, 33%) was not kept, as enough clean

product had already been obtained for bioassays.

*A significant amount of DCM and water were still in the sample at the time the NMR were taken.

H NMR (400 MHz, CDCls) 8, ppm: 8.07 (s, 1H), 7.92 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 7.63 (d, J =
8.0 Hz, 4H), 6.41 (s, 1H), 2.65 (s, 2H), 2.36 (s, 2H), 1.14 (s, 6H).

13C NMR (400 MHz, CDCl3) 6, ppm: 199.89, 165.01, 156.11, 143.00, 141.01, 135.38, 127.70 (2C), 126.73
(2C), 126.45, 126.41, 125.84 (2C), 119.85 (2C), 53.64, 51.17, 42.46, 33.93, 28.81 (2C).
*The quaternary carbons were very difficult to detect due to the low solubility of the compound.
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Preparation of 3-(4-carboxy-2-fluorophenyl)-5,5-dimethylcyclohex-2-enone, 20.

OH F
20

4-carboxy-3-fluorophenyl boronic acid (0.51 g, 2.77 mmol), the dimedone enol tosylate
12 (0.78 g, 2.64 mmol), sodium carbonate (0.83 g, 7.83 mmol and tetrakis(triphenylphosphine)-
palladium(0) (0.03 g, 0.026 mmol, 1.0 mol%) were dissolved in a 2:1 mixture of 95% ethanol and
distilled water. The mixture was refluxed in an oil bath at 100°C for three hours, after which the
solution was placed on the rotary evaporator to remove the ethanol. The solution was then
diluted with water, and washed three times with DCM. The aqueous layer was acidified by slow
addition of concentrated HCl and chilled to induce precipitation. The solid formed was isolated
by suction filtration, rinsed with distilled water, and dried overnight at 40°C. The product was

obtained as a white dry solid (0.54 g, 78%, mp: 164.8 — 166.2°C).

'H NMR (400 MHz, CDCl;) §, ppm: 8.05 (t, J = 8.0 Hz, 1H), 7.380 (dd, J = 8.4 Hz, J, = 1.6 Hz, 1H), 7.29 (dd,
J1=11.6 Hz, J, = 1.6 Hz, 1H), 6.45 (s, 1H), 2.61 (d, J = 1.2 Hz, 2H), 2.37 (s, 2H), 1.13 (s, 6H).

13C NMR (400 MHz, CDCl3) §, ppm: 199.87, 168.24, 154.72, 146.45, 133.14, 126.47, 121.74, 121.70,
114.99, 114.75, 50.85, 42.10, 33.84, 28.35 (2C).
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Preparation of 3-(4-carboxy-2-chlorophenyl)-5,5-dimethylcyclohex-2-enone, 21.

OH Cl

21
4-Carboxy-3-chlorophenyl boronic acid (0.46 g, 2.29 mmol), the dimedone enol tosylate

12 (0.79 g, 2.68 mmol), sodium carbonate (2.00 g, 18.9 mmol, the unnecessarily high amount was
accidentally poured in) and tetrakis(triphenylphosphine)-palladium(0) (0.11 g, 0.095 mmol, 3.8
mol%) were dissolved in a 2:1 mixture of 95% ethanol and distilled water. The mixture was
refluxed in an oil bath at 100°C for three hours, after which the solution was placed on the rotary
evaporator to remove the ethanol. The solution was then diluted with water, and washed three
times with DCM. The aqueous layer was acidified by slow addition of concentrated HCl and chilled
to induce precipitation. The solid formed was isolated by suction filtration and dried overnight at

40°C. The product was obtained as a white dry solid (0.42 g, 66%, mp: 156.9 — 158.4°C).

*Ethanol and water were present in the NMR sample due to not having rinsed the solution with clear water during
the final filtration.

H NMR (400 MHz, CDCls) 8, ppm: 8.02 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 1.6 Hz, 1H), 7.46 (dd, J: = 8.0 Hz, J
= 1.6 Hz, 1H), 6.44 (s, 1H), 2.61 (d, J = 0.8 Hz, 2H), 2.36 (s, 2H), 1.13 (s, 6H).

13C NMR (400 MHz, CDCl3) §, ppm: 200.00, 168.85, 154.82, 144.22, 135.22, 132.70, 129.32, 129.04,
126.35, 124.29, 50.82, 42.11, 33.87, 28.34 (2C).

HRMS-El m/z: M* calcd for C1sH15ClO3, 278.0710; found, 278.0725.
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Preparation of 3-(4-carboxy-3-chlorophenyl)-5,5-dimethylcyclohex-2-enone, 22.

Cl

OH
22

4-carboxy-2-chlorophenyl boronic acid (0.55 g, 2.74 mmol), the dimedone enol tosylate
12 (0.89 g, 3.02 mmol), sodium carbonate (0.70 g, 6.60 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (0.03 g, 0.025 mmol, 0.9 mol%) were dissolved in 30 mL of a 2:1 mixture of 95%
ethanol and distilled water. The mixture was refluxed in an oil bath at 100°C for four hours, after
which the solution was placed on the rotary evaporator to remove the ethanol. The solution was
then diluted with water, and washed three times with DCM. The aqueous layer was acidified by
slow addition of concentrated HCl and chilled to induce precipitation. The solid formed was
isolated by suction filtration and dried overnight at 40°C. The crude product obtained was a
brown powder (0.59 g, 77%). This crude product was dissolved in a small amount of DCM, and
filtered to remove solid impurities. Purified product was crystallized by addition of a small
amount of hexanes, and leaving the solution under light air flow to let crystals form slowly. The

final product obtained was a much lighter beige powder (0.27 g, 35%, mp: 181.5 — 183.9°C).

H NMR (400 MHz, CDCls) &, ppm: 8.14 (s, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 6.07 (s, 1H),
2.55 (s, 2H), 2.37 (s, 2H), 1.15 (s, 6H).

13C NMR (400 MHz, CDCl3) §, ppm: 199.95, 171.55, 157.91, 144.78, 131.95, 131.80, 130.75, 129.15,
128.77,128.53,51.17, 43.78, 34.68, 28.43 (2C).

HRMS-El m/z: M* calcd for C1sH15ClO3, 278.0710; found, 278.0711.
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Preparation of the sodium salt of 3-(4-carboxy-3-chlorophenyl)-5,5-dimethylcyclohex-2-

enone.

Cl

ONa

3-(4-carboxy-2-chlorophenyl)-5,5-dimethylcyclohex-2-enone (0.13 g, 0.47 mmol) was
dissolved in a 10% NaOHaq solution added dropwise until only a few grains of the starting material
remained visible as solids. The undissolved acid was filtered out by gravity. The aqueous solution
was evaporated overnight at 40°C in a petri dish, leaving behind a hard, semi-transparent solid

(0.12 g, 86%).

H NMR (400 MHz, D,0+Na,COs) §, ppm: 7.68 (d, ) = 1.2 Hz, 1H), 7.57 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 1H), 7.05
(d, ) = 8.0 Hz, 1H), 5.83 (s, 1H), 2.32 (d, J = 1.2 Hz, 2H), 2.17 (s, 2H), 0.89 (s, 6H).
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Preparation of 3-(3-carboxyphenyl)-5,5-dimethylcyclohex-2-enone, 28.

) OH
28

3-carboxyphenyl boronic acid (0.41 g, 2.47 mmol), the dimedone enol tosylate 12 (0.76 g,
2.58 mmol), sodium carbonate (0.80 g, 7.55 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (0.03 g, 0.025 mmol, 0.9 mol%) were dissolved in 30 mL of a 2:1 mixture of 95%
ethanol and distilled water. The mixture was refluxed in an oil bath at 100°C for three hours, after
which the solution was placed on the rotary evaporator to remove the ethanol. The solution was
then diluted with water, and washed three times with DCM. The aqueous layer was acidified by
slow addition of concentrated HCl and chilled to induce precipitation. The solid formed was
isolated by suction filtration. The crude product obtained (0.49 g, 81%) was recrystallized in a
mixture of DCM and hexanes. The purified product was obtained as a clean white powder (0.26

g, 43%).

H NMR (400 MHz, CDCls) 8, ppm: 8.25 (s, 1H), 8.14 (d, J = 7.6 Hz, 1H), 7.56 (d, ) = 8.0 Hz, 1H), 7.52 (t, ) =
8.0 Hz, 1H), 6.47 (s, 1H), 2.68 (s, 2H), 2.36 (s, 2H), 1.14 (s, 6H).

13C NMR (400 MHz, CDCl3) §, ppm: 200.12, 170.27, 156.38, 139.53, 131.40, 131.17, 129.97, 129.10,
127.85, 125.19, 50.89, 42.30, 33.85, 28.41 (2C).

HRMS-El m/z: M* calcd for Ci1sH1603, 244.1099; found, 244.1121.
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Preparation of 3-(4-carboxymethylphenyl)-5,5-dimethylcyclohex-2-enone, 29.

HO
29

4-(Carboxymethyl)phenyl boronic acid (0.45 g, 2.50 mmol), the dimedone enol tosylate
12 (0.88 g, 2.99 mmol), sodium carbonate (0.55 g, 5.19 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (0.02 g, 0.017 mmol, 0.7 mol%) were dissolved in 27 mL of a 2:1 mixture of 95%
ethanol and distilled water. The mixture was refluxed in an oil bath at 100°C for three hours, after
which the solution was placed on the rotary evaporator to remove the ethanol. The solution was
then diluted with water, and washed three times with DCM. The aqueous layer was acidified by
slow addition of concentrated HCl and chilled to induce precipitation. The solid formed was
isolated by suction filtration and rinsed with water. The product was obtained as a grayish dry

solid (0.11 g, 17%).

'H NMR (400 MHz, CDCl;) §, ppm: 7.49 (d, J = 8.4 Hz, 2H), 7.32 (d, ) = 8.0 Hz, 2H), 6.40 (t, J = 1.2 Hz, 1H),
3.67 (s, 2H), 2.61 (d, J = 1.2 Hz, 2H), 2.33 (s, 2H), 1.10 (s, 6H).

13C NMR (400 MHz, CDCls) §, ppm: 200.50, 176.44, 157.39, 138.03, 135.41, 129.85 (2C), 126.48 (2C),
124.26, 50.86, 42.25, 40.70, 33.79, 28.40 (2C).
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Preparation of 3-(4-(E-2-carboxyvinyl)phenyl)-5,5-dimethylcyclohex-2-enone, 30.

MeO

(0]
30

4-(E-2-carboxyvinyl)phenyl boronic acid (0.27 g, 1.40 mmol), the dimedone enol tosylate
12 (0.49 g, 1.66 mmol), sodium carbonate (0.36 g, 3.40 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (0.02 g, 0.017 mmol, 1.2 mol%) were dissolved in 20 mL of a 2:1 mixture of 95%
ethanol and distilled water. The mixture was refluxed in an oil bath at 100°C for five hours, after
which the solution was placed on the rotary evaporator to remove the ethanol. The solution was
then diluted with water, and washed three times with DCM. The aqueous layer was acidified by
slow addition of concentrated HCl and chilled to induce precipitation. The solid formed was
isolated by suction filtration and rinsed with water. The product was obtained as a gray powder
(0.34 g, 89%), which was recrystallized afterwards in a mixture of DCM and hexanes. This product
was further purified by converting the acid to the methyl ester by refluxing it in methanol (40 mL)
with concentrated sulfuric acid (5 mL) for 3 hours. The purified product (0.15 g, 38%) was
obtained by extracting the solution with DCM and evaporating this organic layer, then

recrystallizing in a DCM and hexanes mixture again.

'H NMR (400 MHz, CDCls) &, ppm: 7.67 (d, J = 16.0 Hz, 1H), 7.54 (s, 4H), 6.47 (d, ) = 16.0 Hz, 1H), 6.42 (s,
1H), 3.80 (s, 3H), 2.62 (s, 2H), 2.33 (s, 2H), 1.12 (s, 6H).

13C NMR (400 MHz, CDCls) §, ppm: 199.93, 167.19, 156.27, 143.64, 140.69, 135.86, 128.38 (2C), 126.70
(2C), 124.89, 118.97, 51.85, 50.94, 42.13, 33.79, 28.42 (2C).

HRMS-El m/z: M* calcd for CigH2003, 284.1412; found, 284.1440.
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Preparation of 3-(4-carboxyphenyl)-cyclohex-2-enone, 34.

OH
34

4-carboxyphenyl boronic acid (1.88 g, 11.3 mmol), cyclohexane-1,3-dione enol tosylate
(3.1 g, 11.7 mmol) previously prepared by an undergraduate student, sodium carbonate (2.40 g,
3.40 mmol) and tetrakis(triphenylphosphine)-palladium(0) (0.09 g, 0.08 mmol, 0.7 mol%) were
dissolved in 45 mL of a 2:1 mixture of 95% ethanol and distilled water. The mixture was refluxed
in an oil bath at 100°C for six hours, after which the solution was placed on the rotary evaporator
to remove the ethanol. The solution was then diluted with water, and washed three times with
DCM. The aqueous layer was acidified by slow addition of concentrated HCl and chilled to induce
precipitation. The solid formed was isolated by suction filtration and rinsed with water. The

product was obtained as a white solid (1.89 g, 77%).

1H NMR (400 MHz, MeOD) &, ppm: 8.05 (d, J = 8.4 Hz, 2H), 7.69 (d, ] = 8.8 Hz, 2H), 6.41 (s, 1H), 2.84 (t,]) =
6.0 Hz, 2H), 2.47 (t, H = 6.0 Hz, 2H), 2.15 (q, J = 6.4 Hz, 2H).
*A large amount of water is visible in the spectrum, in addition to the MeOD residual peak and TMS.

13C NMR (400 MHz, MeOD) &, ppm: 201.00, 160.60, 143.09, 131.88, 129.73 (2C), 125.99 (2C), 125.52,
36.64, 27.69, 22.44.

HRMS-El m/z: M* calcd for C13H1,03, 216.0786; found, 216.0785.
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Preparation of the sodium salt of 3-(4-carboxyphenyl)-cyclohex-2-enone.

ONa
3-(4-carboxyphenyl)cyclohex-2-enone (0.36 g, 1.66 mmol) was dissolved in a 10% NaOHaq

solution (0.5 mL, 1.25 mmol) added dropwise, to ensure the starting material was not fully
dissolved. The undissolved acid was filtered out by gravity. The aqueous solution was evaporated

overnight at 40°C in a petri dish, leaving behind a hard, semi-transparent solid (0.22 g, 74%).

'H NMR (400 MHz, D,0+Na,COs) &, ppm: 7.72 (d, ) = 8.8 Hz, 2H), 7.49 (d, ) = 8.4 Hz, 2H), 6.26 (s, 1H), 2.62
(t,J=5.6 Hz, 2H), 2.31 (t, J = 6.4 Hz, 2H), 1.92 (m, J = 5.6 Hz, 2H).

13C NMR (400 MHz, D,0+Na,COs) 8§, ppm: 205.47, 165.81, 164.02, 140.58, 137.93, 129.11 (2C), 126.27
(2C), 124.27, 36.36, 27.57, 22.04.
*Na2COs carbon peak at 174
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Preparation of the enol tosylate of 5-phenylcyclohexane-1,3-dione, 36.

TsO O

36

5-phenylcyclohexane-1,3-dione 8 (5.06 g, 26.9 mmol) was partially dissolved in ethyl
acetate (50.0 mL). Triethylamine (4.16 g, 41.1 mmol) was added next, which immediately caused
the precipitation of triethylamine hydrochloride as a white solid. then p-toluenesulfonyl chloride
(6.23 g, 32.7 mmol). The solution was stirred at room temperature for 24 hours. The solution was
washed once with a 10% NaOHaq (75 mL). The organic layer was dried with magnesium sulfate,
filtered and evaporated to yield an oil, which rapidly crystallized in hexanes and filtered by
suction. This product was recrystallized in a DCM and hexanes mixture. The final product was

obtained as a white clumpy solid (5.75 g, 62%).

1H NMR (400 MHz, CDCl5) 6, ppm: 7.81 (d, J = 8.0 Hz, 2H), 7.37-7.23 (m, 5H), 7.17 (d, J = 7.2 Hz, 2H), 5.88
(s, 1H), 3.32 (m, 1H), 2.72 (d, 8.0 Hz, 2H), 2.66-2.50 (ddd, J1= 16.4 Hz, J, = 12.8 Hz, J3 = 4.4 Hz, 2H), 2.46 (s,
3H).

*presence of water and grease from evaporation of hexanes was detected in the sample.

13C NMR (400 MHz, CDCls) &, ppm: 197.81, 167.26, 146.29, 141.56, 132.41, 130.20 (2C), 128.93 (2C),
128.30 (2C), 127.40, 126.62 (2C), 116.67, 43.53, 39.14, 36.37, 21.81.



[124] or og 0z ol 0
I | I I | | I | I I I
BLG L —
15¥'Z
96¥'Z k 3
8262 I -
logg—= %
695°Z See |
0192 %=
029°Z
059°Z
199°Z
80L°Z
82L'Z
slee—— 901
.
6L8G— — 0
z
S S51°L
» SLl'L :&
08T L .
a
& 667 L L0
s BbZL 905
= 997 L
o 662 L
: sLeL "
- 9ee°L £
- z6e'L O L3 — P
i sLeL =g
= S6LL S
g sigs i%
= E =
n O =
=] ST
= = B
@ g2
S 2 EZ
(4] =
T Q
2

[ppm]



02 ol

oe

[124] or

g9

oL -] 0’8

W

6L8'S

¥ THE S1oM JBMOS[ON
SYO8THO! ) emumo [estwoy)

o, _ OsL

«HWN SJ2352A, L | WHL 23218503 9%2-OHIM,




[wdd]

B8'C

ol

gl

02
]

[124]

LSPE —

96’ —

825 ——

Lege—

8952 —

0L9’g —

0gee —

0592 —

199°2 —

80LZ —

=

8L —

1¥°Tr€ IUS1opm 1e[nodjo
SPOS'HO!D repnuo [EoTWAYD
o osL

gie’e

«HWWN S4318eWd, L L WHL 2381503 SF2-OHI.




[1=4]

0z gl

"JHC-246 tosylate 13C" 1 1 "Di\Master's NMR"

2081 —

LLiE9e —
LEVeE —

CEFEr —

0zLoL
180°LL %
vee'LL

CLFOLL —

029°9Z1
0¥ 121 k
L6Z'BZL ——
¥e6'8ZL

02 081 e
8ov'Zel

98¢ bl —

26z okl —

092°L9L —

L8 L6l —

TsO
Chemical Formula: CygH30,S

Molecular Weight: 342.41

resersamhsomebilrbonemene

[ppm]

0

50

100

150

200



Preparation of 3-(4-carboxyphenyl)-5-phenylcyclohex-2-enone, 37.

OH
37

4-carboxyphenyl boronic acid (1.37 g, 8.25 mmol), the 5-phenylcyclohexane-1,3-dione
enol tosylate (3.08 g, 8.99 mmol), sodium carbonate (1.81 g 17.1 mmol) and
tetrakis(triphenylphosphine)-palladium(0) (0.06 g, 0.05 mmol, 0.6 mol%) were dissolved in 45 mL
of a 2:1 mixture of 95% ethanol and distilled water. The mixture was refluxed in an oil bath at
100°C for four hours, after which the solution was placed on the rotary evaporator to remove the
ethanol. The solution was then diluted with water, and washed three times with DCM. The
aqueous layer was acidified by slow addition of concentrated HCl and chilled to induce
precipitation. The solid formed was isolated by suction filtration and rinsed with water. The

product was obtained as a white solid (1.87 g, 78%, mp: 217.6 — 222.0°C).

1H NMR (400 MHz, CDCls) §, ppm: 8.13 (d, J = 8.8 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.39-7.27 (m, 5H), 6.56
(d, J = 2.0 Hz, 1H), 3.48 (m, 1H), 3.07-2.92 (m, J1 = 17.6 Hz, J, = 10.8 Hz, Js = 4.4 Hz, J4 = 2.0 Hz, 2H), 2.84-
2.71(ddd, J; = 16.4 Hz, J, = 12.8 Hz, J3 = 4.8 Hz, 2H).

13C NMR (400 MHz, CDCls) 8, ppm: 199.19, 170.96, 157.46, 143.69, 142.88, 130.67 (2C), 130.48, 128.96
(2C), 127.30, 126.81 (2C), 126.77, 126.32 (2C), 43.92, 41.04, 36.36.

HRMS-El m/z: M* calcd for Ci19H1603, 292.1099; found, 292.1129.
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Preparation of 3-(4-carboxyphenyl)-5-(4-chlorophenyl)cyclohex-2-enone, 42.
Cl

OH
42
This compound was prepared via the usual two-step process from starting 5-(4-
chlorophenyl) cyclohexane-1,3-dione by visiting student researcher Sofi Liu, but is included due
to its importance in this work. The lab book containing the experimental data for this compound
was unfortunately unavailable.

H NMR (400 MHz, CDCls) &, ppm: 8.05 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.8 Hz, 2H), 7.39 = 7.33 (m, J = 8.4
Hz, 4H), 6.51 (s, 1H), 3.53-3.45 (m, J = 4.4 Hz, 1H), 3.06 (d, J = 6.8 Hz, 2H), 2.80 (dd, J; = 16.4 Hz, J, = 13.2
Hz, 1H), 2.65 (dd, J; = 16.4 Hz, J, = 4.4 Hz, 1H).

13C NMR (400 MHz, CDCls) 6, ppm: 199.95, 167.92, 159.32, 142.77, 142.14, 132.33, 131.92, 129.78 (2C),
128.43 (2C), 128.35 (2C), 126.15 (2C), 125.39, 43.57, 40.27, 35.53.
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Preparation of the enol tosylate of 5-isopropylcyclohexane-1,3-dione, 41.

TsO @)

41

5-isopropylcyclohexane-1,3-dione (0.45 g, 2.91 mmol) and p-toluenesulfonyl chloride
(0.94 g, 4.93 mmol) were dissolved in ethyl acetate (10 mL). Triethylamine (0.45 g, 4.44 mmol)
was added to the mixture, which caused precipitation of triethylamine hydrochloride as a white
solid. The solution was stirred at room temperature overnight, then washed twice with 10%
NaOHaq and once with distilled water. The aqueous phases were combined and acidified but no
starting material appeared to be recovered. The organic layer was dried over MgSO,, filtered,
and evaporated under reduced pressure. The crude product obtained was passed quickly through
a silica column, using a 5% to 20% ethyl acetate in hexanes solvent gradient, to separate
remaining p-toluenesulfonyl chloride that was detected by TLC. The appropriate fractions were

combined and evaporated, to yield to product as a pale yellow solid (0.64 g, 71%).

H NMR (400 MHz, CDCls) &, ppm: 7.73 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 5.17 (s, 1H), 2.37 (s, 3H),
2.34 (dd, J1= 17.6 Hz, J, = 4.4 Hz, 2H), 2.19 (ddd, J; =18.4 Hz, J, = 10.8 Hz, J3 = 2.0 Hz, 1H), 1.94 (dd, J; =
16.4 Hz, J, = 13.2 Hz, 1H), 1.77 (m, 1H), 1.48 (m, ) = 6.8 Hz, 1H), 0.80 (d, J = 6.8 Hz, 6H).

13C NMR (400 MHz, CDCls) §, ppm: 199.00, 168.24, 146.23, 132.38, 130.15 (2C), 128.20 (2C), 116.13,
40.56, 39.83, 32.49, 31.59, 21.71, 19.43, 19.37.
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Preparation of 3-(4-carboxyphenyl)-5-isopropylcyclohex-2-enone, 43.

OH
43

4-carboxyphenyl boronic acid (0.24 g, 1.45 mmol), the 5-phenylcyclohexane-1,3-dione
enol tosylate (0.47 g, 1.60 mmol), sodium carbonate (0.32 g, 3.02 mmol) and
tetrakis(triphenylphosphine)-palladium(0) (17 mg, 0.015 mmol, 1.0 mol%) were dissolved in 20
mL of a 2:1 mixture of 95% ethanol and distilled water. The mixture was refluxed in an oil bath at
100°C for four hours, after which the solution was placed on the rotary evaporator to remove the
ethanol. The solution was then diluted with water, and washed three times with DCM. The
aqueous layer was acidified by slow addition of concentrated HCl and chilled to induce
precipitation. The solid formed was isolated by suction filtration and rinsed with water. The

product was obtained as a white solid (0. 26 g, 69%, mp: 195.0 — 196.8°C).

H NMR (400 MHz, CDCls) &, ppm: 8.12 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 6.44 (d, J = 2.4 Hz, 1H),
2.78 (dd, J1= 17.6 Hz, J, = 3.2 Hz, 1H), 2.62-2.52 (m, 2H), 2.21 (dd, J; = 16.0 Hz, J, = 13.6 Hz, 1H), 2.03 (m,
1H), 1.72 (m, J = 6.8 Hz, 1H), 0.99 (dd, J; = 6.8 Hz, J, = 4.8 Hz, 6H).

13C NMR (400 MHz, CDCls) §, ppm: 200.46, 170.82, 158.25, 144.31, 130.60 (2C), 130.25, 126.79, 126.26
(2C), 41.45, 40.96, 32.16, 32.03, 19.68, 19.43.
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Preparation of 3-(4-hydroxyphenyl)-cyclohex-2-enone.

HO

4-hydroxyphenylboronic acid (1.52 g, 11.0 mmol), dimedone enol tosylate (3.68 g, 12.5
mmol), sodium carbonate (2.43 g, 22.9 mmol) and tetrakis(triphenylphosphine)palladium(0)
(0.07 g, 0.06 mmol, 0.55 mol%) were dissolved in a 2:1 solution of 95% ethanol and water (45
mL). The solution was refluxed for 6 hours in an oil bath at 100°C, then placed on the rotary
evaporator to remove most of the ethanol. The solution remaining was diluted with an additional
small amount of water, before washing three times with DCM. The aqueous layer was acidified
with concentrated HCl added dropwise, then left in the freezer to promote crystallization. The
precipitate was recovered via suction filtration, yielding the product as a light yellow solid with
flakes of brown impurities (1.15 g, 48%)

1H NMR (400 MHz, CDCl3) &, ppm: 7.45 (d, ) = 8.8 Hz, 2H), 6.86 (d, ) = 8.8 Hz, 2H), 6.37 (s, 1H), 2.60 (d, J =
0.8 Hz, 2H), 2.31 (s, 2H), 1.10 (s, 6H).
*presence of acetone is detected by NMR, likely due to the NMR tube itself rather than in the sample.

13C NMR (400 MHz, CDCls) 6, ppm: 200.63, 157.52, 127.98 (2C), 122.44, 115.74 (2C), 50.81, 42.12, 33.69,
28.46 (2C).
*The peaks of the quaternary carbons are difficult to locate due to the low solubility of the sample in CDCls. Two of
the peaks could not be detected from the signal noise, however 'H NMR data was deemed sufficient for this
compound.
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Preparation of 4-(5,5-dimethylcyclohexen-3-one)-benzamide

NH,

3-(4-carboxyphenyl)-5,5-dimethylcyclohex-2-enone (0.98 g, 4.01 mmol) was dissolved
in20 mL DCM. Oxalyl chloride (0.69 g, 5.43 mmol) was added slowly via syringe. The solution was
heated gently for 5 minutes to bring the reaction close to reflux, then 3 drops of catalytic DMF
were added. The mixture started to reflux immediately, and was left to react for 2 hours.
Afterwards, the solvent was evaporated under reduced pressure, leaving behind a red oil which
solidified in the freezer. This solid (0.77 g, 73%, mp: 99.6 — 103.2°C) was recrystallized in a mixture
of DCM and hexanes before the next step. A small amount of this acid chloride was set aside.
The rest (0.57 g, 2.17 mmol) was dissolved in THF (20 mL), and a second solution of 30% NH4OHaq
(2.0 mL, 17 mmol) in THF (10 mL) was prepared. Both solutions were chilled in ice baths, then the
acid chloride mixture was slowly added to the ammonia solution. The combined solution was left
to warm up to room temperature for 30 minutes, after which the solvent was evaporated. 50 mL
of a 10% Na2COs 4q solution was added to the flask. The product was extracted three times with
DCM, dried over MgSQs, filtered and evaporated. The crude product (0.35 g, 66%) was purified
by recrystallization in DCM and hexanes to obtain the purified product as a white powder (0.23
g, 44%, mp: 229.9 — 232.2°C).

H NMR (400 MHz, MeOD) &, ppm: 7.91 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 8.8 Hz, 2H), 6.41 (d, J = 1.6 Hz, 1H),
2.74(d, ) = 1.6 Hz, 2H), 2.44 (s, 2H), 1.12 (s, 6H)

13C NMR (400 MHz, MeOD) &, ppm: 201.31, 170.13, 158.44, 142.23, 134.84, 127.77 (2C), 126.13 (2C),
124.36, 50.27, 41.66, 33.32, 27.02 (2C).
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Part Il. Synthesis of SOX9 inhibitors as promoters of recovery from

spinal cord injury.



2.1 Introduction

2.1.1 Overview on spinal cord injuries

As a part of the central nervous system, the spinal cord is a nervous structure
responsible for transmitting information between the brain and the rest of the body. It
begins right below the brain and extends along the spine below the ribcage. Any damage
done to this structure is referred to as a spinal cord injury (SCI) regardless of whether this
is due to an illness, physiological condition or physical trauma. According to the World
Health Organization, 250 to 500 thousand people develop a spinal cord injury each year.!
A large majority of these are a result of trauma, with over 70% of SCI cases in the united
states being the result of falls or car accidents, without even taking into account other
types of accidents.>? There is therefore a higher prevalence of SCl in younger males, more
at risk of car accidents, and the elderly, who are more prone to falls.' In addition to
physical trauma, spinal cord damage can also be the result of various diseases that cause
pressure on the spinal cord, or restrict incoming oxygen and/or blood flow. Non-traumatic
SCl is often caused by tumors or inflammation growing next to the spinal cord, with other
potential causes being infections or degenerative diseases such as multiple sclerosis.*®
The spread of prevalence of SCI due to the various causes varies depending on geography,

with developed countries having higher rates of SCI caused by cancer and degenerative

conditions whereas SCI caused by infections are more common in developing countries.’

Spinal cord injuries are classified based on the severity of the symptoms. A
complete spinal cord injury refers to patients where the nerve damage resulted in a total
loss of motor and sensory abilities below the site of injury whereas they are only partially

diminished by an incomplete injury.?



2.1.2 Symptoms and effects of SCl on quality of life

Patients who survive the first 24 hours after the initial injury will generally recover
and be able to live the rest of their lives, albeit with a decreased life expectancy and
potential severe lingering effects.">® More than half of patients suffering from spinal cord
damage have tetraplegia, with most of them being an incomplete injury.?® A number of
physical complications can occur following paralysis of the lower body, such as bedsores
or urinary tract infections due to lost bladder control. Most people affected by an SCI
suffer from chronic pains. In addition, being bedridden can also easily lead to poor overall
health due to lack to exercise, increasing the likelihood of other issues such as obesity or
heart disease.'® While organ function is retained even in patients with a complete SCl,
breathing is often made more difficult due to the effect of the SCI on the respiratory
muscles, causing a much higher risk of respiratory complications.**? In fact, unlike in the
general population, the leading causes of death for patients with spinal cord damage are

septicemia and respiratory issues such as pneumonia.>*!

As a result of these physical issues, quality of life is often diminished for the
patients. After the injury, most patients lose their jobs and only a small portion are
eventually able to return to work due to physical disabilities, as well as it becoming much
more difficult to find employment. In the long term, 60 to 70% of people with an SCI
remain unemployed.’® This is made worse by the costs of treatment, rehabilitation and
adaptations needed, which are significantly higher than those associated with other long-
term conditions. These costs can easily total up to over a million dollars during a patient’s
lifetime, even for the less severe injuries.® For patients with complete SCI and tetraplegia,
the lifetime costs can reach as high as 3 millions.'3 These various factors take a heavy toll
on the mental health of the patients and many develop depression, which can make it

even harder to deal with the other issues.!
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2.14

Current treatments for SCI

Prompt treatment is essential in healing from a SCl, as additional damage to the
spine can often occur if a patient is not, or poorly, treated due to inflammation at the site
of injury or additional movement of the spine. While patients with a less severe
incomplete injury can recover some function and some may eventually learn to walk
again, this is unlikely and highly dependent on the severity of the injury. Unfortunately,
people who suffering from a complete SCI do not typically recover.® The current existing
treatments are thus focused on mitigating the initial damage, promoting rehabilitation
and helping the patients to cope and learn to adapt to their disability. Although many
options are being developed, no treatment currently exists to regrow severed spinal

cords.1415

Natural inhibition of neuronal regeneration by CSPGs

The causes of SCI are varied, and so are the specific effects of the injury on the
patient. Acommon result in all cases is damage and death of neurons and/or surrounding
cells.* Surviving neurons can also become demyelinated, which can worsen over time in
a manner reminiscent of Guillain-Barré syndrome. Usually, the injury will also result in

inflammation, and formation of a structure called a glial scar.'41®

The common misconception that nerves cannot regrow has been disproved for
some time. While in practice the damage from a fully severed spinal cord is permanent,
it has been shown that nerves can in fact regenerate in healthy physiological conditions.
However, axonal growth and formation of new synapses is blocked physically and
inhibited as a result of the damage.**> The previously mentioned glial scar is a structure
of various glial cells, primarily astrocytes, formed by the body to protect the injured area.

To this end, the glial scar forms a physical barrier, as well as inhibiting neuroplasticity



around the injured neurons.'® This chemical and physical blockage to axonal growth

results in spinal cord injuries not healing over time.

A key structural component of the glial scar is the Chondroitin Sulfate
Proteoglycans (CSPGs), produced naturally by astrocytes and upregulated in cases of
SCI.Y>Y7 In normal conditions, CSPGs are found in perineuronal nets (PNNs).!” PNNs are a
stabilizing component of the brain extracellular matrix, that are thought to reduce
neuroplasticity and regulate the junctions of neurons. Less present in children where the
brain is still developing, the PNNs help control axon sprouting once the neuronal network
is properly developed and prevent the number of new synapses from continuing to
increase past this point.” While they are not the sole control for neuroplasticity, PNNs,
CSPGs and synapse formation are intrinsically linked. Removal of CSPGs via enzymatic
digestion or knock-out animal models showed increased axon sprouting, demonstrating

that they can regrow in adults, long past the developmental stage.'>18

SOX9 Expression

Brain signal

SCI

No new synapses formed
(Signal not transmitted)

Stable neuron

SCI

SOX9 Knockout

Brain signal transmitted

Figure 2.1.4.1. The CSPG-heavy perineuronal nets block axonal sprouting. The axons are
represented in blue, and the perineuronal nets in orange. SOX9 ablation diminishes the presence
of the PNNs which results in increased axonal sprouting from uninjured neurons and improved

recovery over an untreated SCI.
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2.1.5 Finding a lead structure
2.1.5.1 The SOX9 gene plays a key role in the inhibition of recovery from SCI

Arthur Brown and his group at the Robarts institute of Western University, have
been researching CSPGs and means of lowering their expression after spinal cord
injuries.'>819 This led to the identification of the SOX9 transcription factor, coded by the
gene of the same name, as a promoter of CSPG formation. The SOX9 transcription factor
is an important regulator for a large number of genes active during the development, and
astrocyte activation.'® The Brown group confirmed this relationship through knock-out
animal models, showing that ablation of SOX9 resulted in diminished presence of CSPGs
and improved recovery from administered SCI.*® Furthermore, they were able to
demonstrate that a knock out of SOX9 one week post-SCl remained effective at improving
recovery, although the therapeutic effect seemed to diminish as the delay between the
injury and SOX9 ablation became longer.’> While this project is focused on spinal cord

injuries, SOX9 ablation is also beneficial for other types of brain damage.*®

2.1.5.2Z02 as SOX9 inhibitor

During this work, the Brown group tasked Critical Outcomes Technologies Inc.
with designing a small molecule that would effectively bind a specific region of the SOX9
transcription factor, which prevents its dimerization and expression of the target genes.®
Critical Outcomes Technologies used computer algorithms to screen small molecule
databases. After multiple iterations, they proposed 10 potential small molecule inhibitors,
which were tested in vitro. Of these ten candidates, compound 1, which they designated
as 702, was shown to inhibit SOX9 at 10 mM.*?° More importantly, they were able to
show that mice with partially severed spinal cords when treated with ZO2 recovered more

mobility than those treated with a placebo.'®
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Figure 2.1.5.2.1. Chemical structure of the lead compound Z02 (1).

Professor Brown had become aware of our work with his colleague Professor
Michael Poulter dealing with the preparation of close to one hundred anti-epilepsy
compounds.?! It was at this point he asked the Durst group to partner with him in this
important research. The task was to assist with an SAR study by preparing analogs of the
lead structure and sending them to the Brown group to be tested via luciferase gene

expression bioassays.

The bioassays were performed by cloning ATDC5 cells with a reporter gene
comprised of a promoter with four SOX9 transcription factor binding site sequences,
followed by the luciferase gene.’> These ATDC5 cells biosynthesize their own SOX9
peptide, which promotes the expression of luciferase.'® This enzyme produces light as a
product of their reaction, which can be measured with a luminometer and quantified. The
cell clones treated with a diluted solution of the tested compound were compared to a
control by observing the percentage by which light produced diminishes, which correlates

to the percentage of inhibition of the SOX9 peptide.



2.1.6 Previous work by the Durst group

The Durst group’s contribution to the project was started by Vikrant Raina as a
section of his M. Sc. Thesis.?? As part of this project, Raina developed an efficient method

of synthesizing Z02 analogs, and prepared 17 such compounds.

He recognized that ZO2 is composed of four units, referred to as A, B, Cand D, and
that these could be assembled relatively quickly. The only required reactions being the
formation of two amide bonds and the alkylation of thymol with chloroacetic acid. A

variety of methods are available to stitch the pieces together.
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Figure 2.1.6.1. The four main units in the ZO2 (1) structure.

Raina was most successful by preparing separately the AB and CD units before
combining them to obtain new ABCD compounds. A variety of commercially available
nitrobenzoic acids served as B units, which were then converted to acid chlorides and
coupled with amines. The 3-nitro substituents were then reduced to generate the AB
units. The CD unit was prepared by heating a phenol, such as thymol, with chloroacetic
acid for several days in a basic solution, then coupled with the AB unit to yield the desired

final product. Once purified, these compounds were shipped to the Brown group to
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undergo in vitro bioassays. The results were used to select the next sequence of analogs

to prepare.

Rowan Swan continued the task of preparing analogs as part of her summer COOP
work term. Prior to the start of her work, the group was informed by Brown that another
lead structure designated as STL26 (2) had been identified and was significantly more
active than any previous compound tested. The superior demonstrated activity of 2 over
1 was quite surprising since it had initially been assumed that the basic nitrogen present
in the piperazine ring of compound 1 was crucial to activity. Swan’s work therefore mainly

targeted analogs of STL26 (2).

STL26, 2

Figure 2.1.6.2. Chemical structure of the compound STL26 (2).

The conclusions regarding possible structure-activity relationships presented
below are based on bioassay results obtained from a combination of the compounds
prepared by Raina and Swan. It should be pointed out that these are at times somewhat
tentative, since none of the active compounds synthesized showed activity greater than
that of compound 2. Comparing the activity between compounds was also made
complicated as there was sometimes more than one structural change in individual

analogs.



2.1.6.1 Modifications of Unit A

Together, Raina and Swan produced a number of variations in unit A. Some of

these analogs are shown in the figure below.
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Figure 2.1.6.1.1. Structures of the various A units tested by Raina and Swan, sorted by

decreasing potency.

Among the various A units tested, the diethylamide compounds consistently had
the best activity compared to the others analogs, confirming the results from STL26. The
isopropylamine, dimethylamine and pyrrolidine were somewhat less active, while the
other four amines used made for generally poorly active compounds. In fact, rather than
the targeted inhibition, some test results even returned a slightly increased value of SOX9
expression although this is likely to be due to standard variance in the bioassays. The

assays were reportedly difficult to carry out due to the low solubility of the compounds.

While small, the difference in activity of the morpholine analog relative to the N-
methylpiperazine in ZO2 was surprising since both compounds have a six membered ring

and a hydrogen bond accepting atom at the same position.

The extent to which the diethyl groups improved the activity over the pyrrolidine
or piperidine groups was surprising, and suggests that the A unit occupies a pocket of
space that benefitted from the increased flexibility of the ethyl groups over the other

groups tested. It was also a surprise that there was such a gap in activity between the



pyrrolidine and piperidine. The testing of isopropylamine and propylamine gave
inconclusive results on whether or not a secondary amine was beneficial, as while the
isopropylamine analog was roughly as active as Z02, the analog made with propylamine

showed no activity whatsoever.

In addition, a number of analogs were prepared containing a simple carboxylic
acid, a methyl ester and a phenyl ketone as unit A. No significant SOX9 inhibition was

observed for these compounds.

2.1.6.2 Modifications of Unit B

B unit analogs were not thoroughly investigated at the start of this project, and
only a few different variations were used. On the other hand, this meant that each B unit
analog was present in several prepared compounds, containing various modifications of
the other units. This proved unhelpful however, as despite the large sample size for each
of the three B rings shown below, none stood out above the other. None of the
substituent tested at the C4 position in the ring seemed to noticeably improve or inhibit
activity at this point in the project, which lead to not pursuing further modifications to
this position. Due to the functional group tolerance observed at this position, it could be
a good potential target later on when optimizing the pharmacokinetics, if the need to add

additional polar or hydrophobic substituents arises.

CD CDh CD

o<

Figure 2.1.6.2.1. Structures of the B ring C4 analogs.



Despite underwhelming results from the other B ring analogs, valuable SAR
information was obtained for this region nonetheless. Moving the A and CD units adjacent
(ortho) to each other on the Bring led to very poor activity compared to the meta analogs.
Due to the high impact on potency caused by this change, it would be interesting to

prepare the para analog.

CD

Figure 2.1.6.2.2. Structure of the ortho-CD analogs.

2.1.6.3 Modifications of unit C

As with the B ring, only a few analogs were prepared with modifications to this
section of the structure. In each case, diethylamide was maintained as unit A. These
analogs all showed poor to no SOX9 inhibition, especially when compared to compound
2. The only ones showing a slight activity were the compounds containing the saturated
carbon as a replacement for the oxygen. All in all, this proved that this portion of the lead
structure plays an important role in binding its target. One could wonder what the effect
of removing the amide carbonyl group would be, however this was not done at this stage,

as it would complicate the synthesis.
0] 0] (0]
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Figure 2.1.6.3.1. Structures of the unit C analogs.



2.1.6.4 Modifications of unit D

Among the D ring analogs tested, the most potent compounds were those
prepared from thymol and o-isopropyl phenol. The results were quite similar for both,
but the thymol analogs tended to be slightly more active. The analogs made from the two
methyl phenols had better activity when the methyl group was in the ortho position
rather than meta, although both were not significantly active. Meanwhile, analogs made
from simple phenol were generally inactive. These results suggested that the size and
position of the alkyl chains are somewhat important, and that this section of the molecule
is likely to occupy a decently sized hydrophobic pocket of space. Based on the results, it
is possible that replacing the isopropyl group with larger substituents would improve
activity. Surprisingly however, the lone p-methoxy phenol analog tested showed
reasonable activity. While not potent enough that it would be worth pursuing, it would
have been expected that the substituent in the para position would lead to a compound

similarly inactive to the phenol analogs.

ABC ABC ABC\©\
O/
ABC % ABC\©/ ABC\©
Figure 2.1.6.4.1. Structures of the unit D analogs, ordered by decreasing potency.
In conclusion, a preliminary SAR study was performed to identify regions of
interest in the structure of Z02 (1). Most analogs tested had poor activity, but a select few
were effective SOX9 inhibitors. Overall, the initial SAR data confirmed the validity of the

lead compound suggested by Critical Outcomes Technologies, as most of the Z02

structure could not be significantly altered without a loss of activity.



2.2 Discussion and results

2.2.1 Introduction

The goal for this project was to continue preparing analogs of Z02 (1) and STL26
(2) and gain further understanding of the key structural features necessary for a potent

SOX9 inhibitor.

The experiments carried out as part of this work investigated amide groups larger
than those in STL26 (2) as part of unit A, additional B ring substituents and substituents

larger than the o-isopropyl on ring D. Each of these will be covered in their own section.

Some effort was put into obtaining an accurate three-dimensional structure of an
active STL26 (2) analog, and information on its primary conformation in solution.
Achieving these goals required the use of NOE NMR experiments and X-ray
crystallography. Subsequently, a small number of additional analogs were prepared
containing modifications that would strongly favor or hinder the preferred conformation,

in order to better understand its role in the inhibitory activity.

2.2.2 Synthesis of the ZO2 analogs

2.2.2.1 General synthetic process

The first series of analogs were prepared using the procedures developed by Raina
and Swan. Their synthesis is summarized below, and the detailed procedures can be found

in in the experimental data section.

The starting point of the synthesis for each analog was an appropriate
nitrobenzoic acid which would become unit B. The first step was the formation of the

amide bond between units A and B. This was carried out by first converting the benzoic



acid into the corresponding acyl chloride by refluxing the acid with oxalyl chloride and a
catalytic amount of N,N-dimethylformamide (DMF). The acyl chloride was isolated and
then added slowly to a solution containing the desired amine. The cooling and slow
addition were important due to the reaction being quite exothermic. Because of their
reactivity with water the acyl chlorides were preferably used quickly, although they could
be stored temporarily in the freezer if sealed properly. Finally, triethylamine was often
added to the amine solution to neutralize the HCl produced by the reaction, when the
amine substrate was too expensive to be used in excess. There is no risk of forming a by-

product with a tertiary amine.

0O
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Figure 2.2.2.1.1. Formation of the AB amide bond via acyl chloride intermediate.

Once the first amide bond was formed, the nitro group was reduced to NH; and
thus ready to be coupled with the CD unit. This reduction was carried out by heating the
AB nitro compound in a solution of ethanol and water, with iron powder and ammonium

chloride.

O~ _NR, O NR:

Fe, NH,Cl
H,O, EtOH
NO, NH>

Figure 2.2.2.1.2. Reduction of the 3-nitro protecting group.



The second half of the molecule, the CD unit, was prepared next. A substituted
phenol appropriate for the desired unit D was used as starting material. For a majority of
the compounds prepared, the starting material used was thymol (shown below). The
phenol was refluxed with chloroacetic acid in water and sodium hydroxide, to allow the
phenol to act as nucleophile. The rates of reaction were quite slow, and the solution had
to be refluxed at least two days before acceptable amounts of product was formed. Some
analogs could not be prepared by this method, yielding only minimal amounts of product
form after being heated for a week. While this is not ideal and could be improved upon,
the reaction yielded pure and thermally stable CD intermediates. This made it possible for
thymol acetic acid (3) to be prepared on a large scale to avoid the need to perform this
reaction regularly. This intermediate was stored as the acid, and converted to the acyl

chloride, in small amounts and as needed, by the method described previously.

g o o i
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Figure 2.2.2.1.3. Preparation of the CD unit, thymol acetic acid (3), and its conversion to the acyl

chloride.

The last step was the coupling of both halves of the molecule, using the same
amide bond formation reaction as the coupling between units A and B. The reaction was

reliable, although in yields typically lower than that of the first reaction.

O NR;
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Figure 2.2.2.1.4. Amide bond formation between the AB and CD units.



2.2.2.2 Using EDCI as coupling reagent for a cleaner amide bond formation

Later in the project, an alternate method of amide bond formation was tested, in
an attempt to improve yields and reduce the time spent on each reaction. A reaction
procedure was developed based on using the coupling reagent N-ethyl-N’-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDCI). N,N-Dimethylaminopyridine
(DMAP) was also used, to accelerate the reaction and reduce the risk of forming

byproducts.
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Figure 2.2.2.2.1. Formation and reaction of an active ester intermediate.

This reaction occurs by in situ formation of a reactive O-acyl isourea intermediate.
The amines present in solution then quickly react with this intermediate, forming the
respective amides. DMAP is included as a better nucleophile to form a second, more
stable, active intermediate before the O-acyl isourea can decompose or react
intramolecularly to form the more stable N-acylurea.?®?* The reaction then proceeds by
seeing the acyl substrate transferred from the DMAP to the secondary amine substrate,
forming the more thermodynamically favoured product. The only by-product should be
the EDCI being converted to an urea after reacting, which is water soluble and easily

removed as a salt.
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Figure 2.2.2.2.1. Amide bond formation using EDCI.

This reaction made use of the same substrates as the acyl chloride method, however the
manipulations were significantly simpler and the product was obtained in a single step.
An amine substrate, either unit A or a reduced AB intermediate, was dissolved in DCM
alongside the acid substrate. EDCI and N,N-dimethylaminopyridine (DMAP) were then
added to the mixture. All reagents dissolved readily and the reaction occurred at room
conditions in as little as two hours, although it was typically prepared in the late afternoon

and left to react overnight.

While easier to carry out, this new procedure did not significantly improve the
coupling yields. It did however result in substantial time savings. While both reactions
could be carried out and the product purified in under three hours, the active preparation
time of the EDCI/DMAP method was significantly lower, and the slightly longer reaction
time could be performed safely overnight due not requiring heat or water flow for a
reflux. The purification of the products obtained was also significantly easier, all
undesirable compounds being removed by base then acid washes. After validating the
method with several examples, subsequent analogs were prepared using the EDCI

coupling unless the required acyl chloride was already available.



2.2.2.3 Using EDCI to circumvent the nitro reduction step

Towards the end of this project, it was thought that the EDCI/DMAP amide
coupling could be used to prepare reduced AB units directly, thus eliminating one out of
the three steps. This hypothesis was tested by performing the reaction with 3-
aminobenzoic acid and diethylamine. The reaction was successful, although a large
amount of DMAP remained in the product mixture. The excess DMAP was not removed
as it would have been wasteful to do so, only to add it again during the next step. Based
on the NMR data, a DMAP to product ratio of 2.8:1.0 was obtained, resulting in a 48%

yield of desired 3-amino-N, N-diethylbenzamide.
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Figure 2.2.2.3.1. 'H NMR spectrum of the EDCI/DMAP coupling on 3-aminobenzoic acid. The
peaks at 8.12 ppm, 6.40 ppm and 2.90 ppm correspond to those of DMAP. The sample was

dissolved in CDCl; spiked with TMS. Additional peaks of water and ethyl acetate can be seen.
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After this success, the next step was to attempt the two-step one-pot synthesis of
an entire ABCD analog. Since the first reaction was successful, it should be likely that
adding an appropriate amount of thymol acetic acid (3) and necessary additional
equivalents of EDCl and DMAP would lead to a second successful amide coupling. The
compounds in solution after the first reaction should only include a small amount of
leftover starting materials and intermediates, the product and the urea by-product of
EDCI. As they were evidently not an issue in the first amide coupling, none of these should

interfere with the second reaction.

CO,H > o ,\(/ o O N~
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+ HN H O)J\/O EDCI o
DMAP ¥ X Mo
NH, ) DMAP N
3 H

NH,

Figure 2.2.2.2.2. Attempted one pot formation of an ABCD analog.

Unfortunately, the one-pot reaction test was not successful, and no ABCD product
was detected in the final mixture. As this occurred near the end of the project and was

not among the original goals, the one-pot synthesis was not investigated further.

Analogs containing unit A modifications

As outlined previously, one of the goals of this project was to investigate the
activity of amides in unit A featuring amines larger than diethylamine. ABCD analogs
prepared from smaller amines such as dimethylamine or pyrrolidine have been previously
shown to be less active than STL26 (2) featuring diethylamide. Based on the previous
results, the priority was placed on testing acyclic substituents. Four analogs were
prepared using dipropylamine and diisopropylamine, in addition to the diethylamine

analogs containing the equivalent BCD units. The activity of these analogs was compared



to that of compound 7 which was the most potent compound prepared by Swan. It is
important to note that the bioassay results used to draw conclusions regarding these
compounds varied significantly, possibly because of different cell cultures used between
assays, or due to the cells aging between different series of compounds. It is not known
whether a control assay was performed for every analog tested. Results received from
the Brown group were thus rounded to the nearest decimal value. Differences in activity
between analogs were considered significant if they were observed consistently across

multiple analogs, or if the difference was larger than one decimal point.

6
o) N/i/ o \N/ O N/
(@) O (0]

Figure 2.2.3.1. Chemical structure of compounds 4 to 9.



As the replacement of the diethylamide unit A by sterically smaller groups had
been shown to result in less potent compounds, it was expected that larger units would
lead to an increase in potency. However, for both series of analogs, the compounds
prepared from dipropylamine or diisopropylamine showed less than half the inhibitory
activity of their diethylamine counterpart. While these analogs were prepared as a
preliminary test before moving on to larger amines, the results showed that further
enlarging the carbon chains of unit A was unlikely to be helpful in any way. Interestingly,

the dimethylamide and dipropylamide analogs had roughly similar activities.

It appears based on the available data that the ideal size of unit A is that of
diethylamine, with both larger and smaller groups showing lower activity. This suggests
the presence of a well-defined pocket for this unit on the target. The relative activities of
analogs containing many different A units prepared by Raina and Swan, which covered
primary amines, cyclic and heterocyclic amines as well as the dipropyl and diisopropyl
compounds reported in this work were all lower than analogs containing a diethylamide
unit A. Considering this, as well as the high impact on potency observed from seemingly

small changes to unit A, discovering a superior structure seems unlikely.

The relative activity between the dipropylamine and diisopropylamine analogs
cannot be assessed with the results obtained. There was no statistically significant
difference between the inhibitory activities of analogs 8 and 9. Bioassay results from
compound 6 could potentially clarify which structure is more active, however results from

this analog were not received.
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Figure 2.2.3.2. Luciferase expression assay results of compounds 4 to 9. Compound 6 was

prepared and sent, but not tested.

Analogs containing unit B modifications

Among the changes to unit B, one priority was to confirm the previous findings
regarding the preferred meta conformation. The quality of the data used for this
conclusion could be improved by preparing the alternative conformations, using the most
active units A, C and D. The para (11) and ortho (12) analogs were prepared from the
respective para and ortho benzoic acids, diethylamine and thymol acetic acid (3).
Unfortunately, no bioassay results were returned for either of the two compounds.
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Figure 2.2.4.1. Chemical structure of the unit B para (11) and ortho (12) conformations.
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The C4 substituents on unit B were shown to have a negligible effect in previous
work from our group.?? However, the scope of analogs prepared lacked electron
withdrawing substituents. To remedy this, analogs were prepared with the readily
available 4-chloro-3-nitro benzoic acid as starting material. Three new analogs (4, 12-13)
were prepared with various 4-substituted 3-nitrobenzoic acids, with identical units A, C

and D. These can be used to determine preferred qualities of unit B substituents.

—

Y
o Ty T Py

Figure 2.2.4.2. Chemical structure of the analogs containing various C4 substituents on unit B.

While most of the compounds prepared were difficult to dissolve in common
solvents, the solubility issues of compound 12 were significant enough to cause the
bioassays to be unsuccessful. The results from compound 13 were also not received,
potentially for the same reason. Based on the results of previous work by our group??, the
4-methyl and 4-methoxy analogs had roughly similar activities, neither showing significant

improvement over the other in the pairs tested and can be considered to be equal.

The results of compounds 4 and 7 show a slightly reduced activity by substituting
the methyl group by a chlorine. While not sufficient on their own, this is further supported
by the analogs 5 and 8 shown in the previous section. Electron-withdrawing substituents

at C4 in unit B are therefore likely to be slightly less favored.



Lastly, the results of 7 compared to STL26 (2) show improved activity from the
presence of a 4-methyl substituent on ring B. The D ring of compound 7 also has an
additional methyl over that of STL26 however, which could be slightly beneficial. One
other appropriate comparison between a methyl group and a hydrogen was found in
compounds from the Raina thesis which supported this hypothesis. All other potential
comparisons between these two groups had too many additional modifications in other

regions of the structure, making any data gathered from them unreliable.
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Figure 2.2.4.3. Luciferase expression assay results of ring B C4-modified analogs. Compounds 12

and 13 were prepared and sent, but results were not received.

The possible conclusions above are a best attempt at interpreting the results. Due
to the quality of the data, the only certain conclusion that can be drawn is that the impact
on potency of the small C4 substituents tested is low. If pharmacokinetic or bioavailability
issues arise in the future, this could be a good position to introduce modifications

targeting these problems.
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The preparation of two B units containing SPh or SCH;Ph at the C4 position was
attempted via aromatic nucleophilic substitution from the 4-chloro substituent of the AB
unit in compound 4. Such reactions should be mechanically feasible since the aromatic

ring carries strong electron-withdrawing substituents both ortho and para to the chlorine.

g o T -
Oy N~ O N O N
+ R-S@ B — o _ =
NO,
NO, RS\ NO,
Cl SR

Figure 2.2.4.4. Preparation of C4 thioether analogs.

These reactions were low yielding and extremely difficult to purify, only to have
the product fail to be coupled to the desired CD units. These were not investigated
further, although the information from the use of larger substituents would have been

interesting.

2.2.4.1 Structural and conformational analysis

Following the encouraging results from compounds 4 and 7, it was deemed a good
point to try and obtain information regarding the tridimensional structure of these
analogs. X-ray crystallography is a powerful tool to visualize this structure for the
compounds in their crystalline form, and was used as a starting point. To obtain
appropriately sized crystals, a sample of compound 4 was dissolved in methanol in a small
Erlenmeyer flask, and sealed with parafilm. Small holes were pierced in the seal, and the
sample was left at room temperature to let the solvent evaporate slowly over two weeks.
The method was very successful and large crystals were obtained. A single crystal X-ray
diffraction analysis was performed by the X-Ray core facility of the university of Ottawa,

who processed the data and returned the results shortly afterwards. The images below



were generated from the data with the CDCC’s Mercury crystal structure visualisation

tool.

Figure 2.2.4.3.1. Tridimensional structure of compound 4 in a crystal lattice, obtained by single

crystal X-ray diffraction.

In the crystal state, the BCD portion of the molecule is almost fully planar. It was
expected that unit A would be perpendicular, or nearly so, to ring B. Hydrogen bonding
between the oxygen atom of ring D and the amide hydrogen of unit B defined the spatial
relationship of the B, Cand D units. It is interesting to note that the isopropyl group adopts
a position relatively close the amide involved in the hydrogen bond. Based on this crystal
structure, the depiction of the analogs in the introduction of this work was modified to
reflect this new knowledge. The unit A perpendicular to the B ring is drawn as if being

planar for simplicity.

As this structure was only applicable to the compound in its solid form, the next
step was to use *H NMR NOE experiments to gather further data on its conformation in
solution. 1D experiments were used, to see clearly the other protons interacting with a
single targeted peak. A primary question to be answered was whether or not the
aforementioned intramolecular hydrogen bond is retained in solution. Methanol-ds was

chosen as solvent, since it would be more likely to disrupt the intramolecular hydrogen
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bond due to the formation of hydrogen bonds between the compound 4 and the solvent.
The following information was obtained by using a specific pulse sequence to irradiate
only a single target proton on the molecule, which would allow any other proton in

physical proximity to the target to be detected on the resulting NMR spectrum.

@%oﬁi P

4

Figure 2.2.4.3.2. Relevant protons in the NOE experiment on compound 4 in both possible major
conformations. The irradiated protons are in blue, the nearby interacting protons in green and

the amide proton forming the hydrogen bond is in red.

First, the unit C CH; peak at 4.71 ppm of 4 was irradiated with a highly selective
pulse, which proved to be difficult to do while also avoiding irradiation of the residual
methanol peak at 4.86 ppm. The irradiation of a solvent peak would ruin the experiment
by showing the protons in proximity to solvent, which would then show every single
proton on the compound. The spectrum obtained is shown below. The only visible
interaction is with the C6 hydrogen of ring D (6.87 ppm), which is near the irradiated CH;
whether or not the intramolecular hydrogen bond is present. The primary method of
assessing the presence of the hydrogen bond would be to determine the distance
between the target CH, and the amide proton. In the conformation of the molecule when
the hydrogen bond is present, the distance between the amide and the target CH; is at its
maximum, whereas one of the two protons would be close enough to the amide to be
detected by NOE in any other conformation. The BC amide proton cannot be seen in a
regular 'H NMR experiment due to exchanging with the solvent, and is not a suitable
irradiation target. However, it can appear when interacting with a different target proton

as was shown in a second NOE experiment. In this experiment, the CH of the isopropyl



group was irradiated and the resulting spectrum showed two peaks indicating spatial
proximity to the two adjacent methyl groups, as well as the amide NH. This supports the
idea that the conformation observed in crystals via X-ray, is also the conformation of the
molecule in solution. The fact that the amide proton was observed by irradiation of the
isopropyl CH, but not the unit C CH, are a strong indication that the intramolecular

hydrogen bond is present even in protic solvents such as methanol.
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Figure 2.2.4.3.3. 1D H NOE spectrum of compound 4, with irradiation of the 4.71ppm CH2 peak.
The spectrum was obtained on a Bruker Avance |l 300MHz, from a selnogp experiment. A 65.5 db
gaussian shaped pulse of 60 000 us duration was used, centered at 4.71 ppm. A mixing time (d8)

of 1.5 s was used.



2.2.4.2 Additional unit B analogs

With the conformation of the crystalline structure being known, four analogs were
prepared to lock the conformation of the molecule, or force it to change via steric bulk
between neighboring groups. Compounds 14 and 16 were designed to force units B and
Cout of alignment, while compound 15 prevented any rotation from occurring. The amide
linking units B and C was methylated in the pair 16-17, to observe the result of an absence

of the intramolecular hydrogen bond found previously.
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Figure 2.2.4.2.1. Chemical structure of the conformation-altering analogs 14-17.

The analog 14 was prepared using the previously described methods starting with
commercially available 2-methyl-3-nitrobenzoic acid I. The starting material for 15,
indole-6-carboxylic acid Il, was first converted into the amide Ill and then coupled to
thymol acetic acid (3). Finally, the diethylamides of the 3-aminobenzoic acids IV and V

were methylated by treatment with dimethyl sulfate and then coupled to 3 and o-



isopropylphenol to yield 16 and 17 respectively. The assigned structures are consistent

with the *H and 13C NMR data given in the Experimental Section.
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Figure 2.2.4.2.2. Preparation of analogs 14-17.

The modifications introduced were expected to affect the shape of these
molecules in the following ways. For compound 14, the 2-methyl group should force 3-
NHC(O)R substituent out of the plane of the B ring thereby changing the overall shape of
the molecule relative to that shown in Figure 2.2.4.2.1. Meanwhile the indole ring in
compound 15 should ensure the coplanarity of the B, C and D units. Finally, the N-methyl
substituents in analogs 16 and 17 will eliminate the intramolecular hydrogen bonding

observed in the X-Ray structure of 4.



It is immediately obvious when looking at the results whether or not these
changes are beneficial. Compound 14 is less potent based on a somewhat less favorable
unit A. When compared to appropriate analogs with an equivalent unit A, 14 is only
slightly less effective. This being said, the 2-methyl substituent appears to be a
detrimental addition even from a proper point of comparison. Contrary to what was
expected, analog 15 is relatively inactive. Similarly, the N-methylated derivatives 16-17
appear to be less potent than the corresponding NH analogs, with the differences
between them not significant enough to draw important conclusions. This was
unexpected if one assumes that the conformation resulting from the intramolecular

hydrogen bond is an important feature of activity.
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Figure 2.2.4.2.3. Luciferase expression assay results of analogs 14-17.

A possible explanation for the results described above is that the presence of the
NH between units B and C is absolutely required. This could be because of the
intramolecular bond mentioned previously, or because it enables the formation of a
hydrogen bond with the target. This would account for how analogs 15-17 that each
modify the shape of the molecules differently all performed similarly poorly. It would also

explain why compound 14 was the most effective of this series, despite having been
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prepared from a less favorable unit A. When compared to similar analogs that lack the 2-
methyl substituent, compound 14 is only slightly less potent. This indicates the possibility
that the conformation in solution of these compounds is not a key element of their

activity.

A few analogs were planned in addition to the compounds described above but
could not be prepared for various reasons. An additional amount of indole analog 15 was
used to attempt a reduction of the double bond on the five membered ring present in the
compound. This hydrogenation was performed with H, and palladium on carbon. The
equipment available on hand was unfortunately not sufficient to allow for high

temperatures or H; pressure, and the reaction was unsuccessful.

The AB units 18 and 19 were prepared by alkylating the reduced AB units with allyl
bromide and benzyl bromide. Every attempt to couple the two intermediates to thymol
acetic acid (3) with either of the two amide bond formation methods described above
resulted in the purification and identification of unchanged starting material. It is likely
that the reactions failed to proceed due to increased steric constraints with the larger
substituents, as similar problems were encountered to a smaller extent with compounds
15-17. The coupled product could potentially have been obtained by performing the
alkylation using an ABCD starting material rather than the AB units, and increasing the
temperature or duration of the reflux. However, after the results from the analogs 15-17

were received and the previous conclusions made, this was not pursued further.
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Figure 2.2.4.3. Chemical structure of compounds 18 and 19 as well as their respective final

coupled products.

Analogs containing unit D modifications

Analogs investigating this portion of the structure were not a major focus of this
work. Nonetheless, a pair of analogs (22-23) were prepared to test the importance of the
5-methyl substituent in ring D, which was always found in the most active compounds,
but is absent in STL26 (2). A second pair (20-21) was prepared to investigate the effect of
electronegative and slightly electron-withdrawing substituents in ring D, by introducing
halogens at C4. Compound 24 is one of a number of compounds prepared by COOP
student Kendra Lakevold, to investigate the hypothesis that larger aliphatic ortho
substituents would be beneficial to the activity. Lastly, a very interesting structure (25)
was synthesized accidentally while trying to prepare an AB unit from 3-aminobenzoic acid,
where the oxalyl chloride itself was incorporated in the structure. As a considerable
amount of pure compound was obtained, it was sent to be tested alongside other analogs.
The compound was formed when, predictably, the chlorines of the oxalyl chloride were

substituted by the two amine nucleophiles present in solution.
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Figure 2.2.5.1. Chemical structure of analogs 20-25, containing unit D modifications.

Unfortunately, the results for the analogs covered in this section were quite
disappointing. The bioassays for compounds 20 and 21 were unsuccessful due to solubility
issues, whereas the results for 24 and 25 were never received. The expectation for these
compounds was that 20, 21 and 24 were unlikely to cause significant changes to the
activity, while any activity by 25 would have been considered an interesting new lead. The
results for compounds 22 and 23 were received, but bring conflicting data to what was
previously obtained. The two o-isopropyl analogs displayed very poor activity in this set
of bioassays, which is unexpected considering their only change was the removal of the
5-methyl substituent. This is the same unit D as is present in STL26 (2), one of the most
active compounds known. The analog 22 should not have showed such poor activity,
considering its only difference with that of 2 is the presence of a 4-chloro substituent on

ring B. The impact of this change was shown to be minor, as many active compounds were



prepared with this same B ring. Due to the conflicting nature of this data, conclusions
cannot be drawn without further investigation. As these two lone data points are opposed
to most previous data obtained and were tested in the same series, they should at least

be retested to confirm there was no issue with their bioassays.
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Figure 2.2.5.2. Luciferase expression assay results of analogs 20-25.

The compounds containing modifications to unit D prepared as part of this work
thus could not lead to any satisfying or helpful conclusions. A small number of analogs
were prepared by undergraduate Ashleigh Lew containing units D based on 2-methyl and
2-chloro phenol that were not reported in this or previous works. However, none of these
displayed any inhibitory activity whatsoever. Three additional analogs were prepared
based on 21 in preparation for future work, and are described in the conclusion of this
thesis. The SAR study of this region of the structure is ongoing, and will be a major focus

from this point on.
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2.2.6 Conclusion and future work

The solubility issues of these compounds were briefly mentioned in this thesis but
deserved further emphasis considering the significant issues they caused in testing and
with potential administration. The most straightforward way to improve the solubility of
the compounds in water would be to introduce small acidic or basic groups, and
converting them to salts. These additional groups could be added on units B or D where
they, as discussed previously, should have little effect on the activity of the resulting
analogs. Modifications to unit D would be preferred as they would be less likely to
interfere with the synthesis, and could be done without additional protection and
deprotection steps. This work was started in collaboration with the Organ group from the
university of Ottawa. Our group supplied previously prepared compound 26, to which
they introduced three different amines by substitution to the chlorine in ring D. This was
done using a method they developed, and allowed them to easily expand tests on the
reliability of the reaction on molecules with different functional groups.?> They graciously
prepared compounds 27, 28 and 29 on a small scale. The product yield was unfortunately
not enough to send samples for testing of both the amines received and their
corresponding hydrochloride salt. The latter were therefore not prepared. Compound 27
unfortunately only showed negligible activity; bioassay results from the other two

compounds have not been received.
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Figure 2.2.6.1. Structure of the three analogs prepared by the Organ group (26-29).
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The next step will be the addition of a simple amine, and carboxylic acid to the
same position. The amine analog can be prepared via the nitration of thymol, followed by
a reduction after the formation of the other amide bonds. The acid analog would be
prepared by hydroxymethylation of thymol with formaldehyde. The resulting alcohol
would then be oxidized. Both compounds could then be easily converted to their
respective salts, and should be readily soluble in water. The amine analog would be
expected to be a better candidate as it should return to its deprotonated form when in

the blood stream which could give it a better chance at reaching the spinal cord.
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Figure 2.2.6.2. Structure of potential water-soluble analogs.

While attempts to improve activity by altering the primary conformation of the
analogs were unsuccessful, different structures could be synthesized that could do so
without forming a tertiary amide between units B and C as was done previously. While
the 2-methyl analog had negative results despite retaining the intramolecular hydrogen
bond, a compound retaining this bond while also locking the molecule in a planar
conformation has not been prepared. Below are two example of compounds that could

be prepared to investigate further in this direction.
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Figure 2.2.6.3. Structure of potential analogs containing a cyclic unit C.

Finally, while the activity of the current best analogs is not significantly superior
to the lead structure ZO2 (1), the compound itself was already found to be somewhat
effective at improving recovery post SCI even prior to the improvements discovered.
While optimization should continue for the analogs to become at least an order of
magnitude more active, this seems unlikely to happen without deviating significantly from
the structures currently in use. In this light, it would be a good idea to consider performing
metabolic studies of these analogs. Having a general idea of the safety of these
compounds, as well as their key metabolites would be useful before going further into

this project.



2.3 Experimental Data

2.3.1 General information

The work presented in this chapter was done for and in collaboration with the
Brown group. As such, only the compounds that they deemed important were fully
characterized, and in those cases the characterization would be restricted to the

minimum required to support future patent applications.

For the sake of space, while the compounds were characterized by at least *H NMR
at each step, only the completed AB, CD and final products will be reported in this section.
A 3C NMR analysis was not always performed on the AB intermediates if they were used

immediately.

TLC

Thin layer chromatography was used to analyze product formation during
reactions, assess purity of final products, determine appropriate solvent mixtures for
column chromatography where required and detect the desired fractions to combine
after elution. The samples to analyze were deposited on aluminum-backed thin layers
silica plates and eluted with an appropriate solvent mixture, typically composed of DCM,
ethyl acetate and/or hexanes. As most of the compounds in this project contained
aromatic rings or 1 systems, the eluted plates were visualized under UV light (254 nm)

and stained with ceric ammonium molybdate and heat.
Column chromatography
When required, the finished products were purified via column chromatography

if other purification methods were unsuccessful or not appropriate. SiliaFlash F60 (230-

400 mesh) silica powder was used. The columns were packed with dry silica, before adding



the sample in a minimal amount of solvent and fully drying the column. The elution
solvent system used was an ethyl acetate and hexane mixture. In all columns performed,
the elution started with a small volume of pure hexanes, followed by a steady increase in
ethyl acetate ratio. The gradients and solvent ratios used varied depending on the

compounds being purified and were based on an initial TLC of the sample.

NMR

The H and '3C NMR spectra were obtained on a Bruker Avance 400 MHz
spectrometer, while NOE experiment spectra were obtained on a Bruker Avance Il
600MHz spectrometer. The samples were prepared in CDCls, MeOD or D,0. The solvent
used for each sample is indicated with their respective spectra. The chemical shift values
for all spectra are reported in parts per million (ppm) relative to tetramethylsilane (TMS)
(6 0.00 ppm). Coupling constants are reported in Hz where appropriate. Spectral

information was processed using the TopSpin 4.06 software.



2.3.2 General procedures

2.3.2.1 Amide coupling via acyl chloride intermediate
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Figure 2.3.2.1.1. Preparation of amides from an acyl chloride intermediate.

The carboxylic acid substrate (1.00 eq.) was suspended in DCM in a round bottom
flask. Oxalyl Chloride (3.00 eq.) was then added via syringe and the mixture was placed in
an oil bath to heat gently for five minutes. A few drops of DMF were added to the solution
to catalyze the reaction, which brought it to a boil. The solution was stirred at reflux in
the oil bath for an hour after which the solvent was immediately removed on the rotary
evaporator to obtain the acyl chloride intermediate. This intermediate was obtained

either as an oil or a solid depending on the initial substrate.

During the reflux of the first solution, a second round bottom flask was prepared
with the selected amine (1.00 eq.) and triethylamine (3.00 eq.) diluted in DCM. This

solution was chilled in an ice bath in preparation for the next step.

The acyl chloride intermediate was dissolved or diluted in a small amount of DCM,
then placed in the same as bath as the flask containing the amines. Once both solutions
were cooled sufficiently, the acyl chloride solution was added dropwise over 5 minutes to
the amines via a glass pipette. Over the course of this addition, the solution became
progressively more yellow, with opaque white fumes appearing. The combined solution

was left to sit at room temperature for half an hour, then quenched with water.



A separatory funnel was used to isolate the organic layer and wash it twice with
HCl(aq) 5%. The solution was dried over MgSQs, filtered and evaporated in vacuo. The
product was obtained as an oil, which solidified over time. The product was purified by
recrystallisation in DCM and hexanes or by column chromatography depending on the

purity of the crude product, and characterized by *H and 3C NMR.

2.3.2.2 EDCI & DMAP amide coupling
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Figure 2.3.2.2.1. Amide bond formation using EDCI as coupling reagent.

The carboxylic acid substrate (1.00 eq.) was dissolved in dichloromethane. 1-Ethyl-
3-(3-dimethylaminopropyl)carbodiimide  hydrochloride (EDCI, 1.20 eq.) and
dimethylaminopyridine (DMAP, 1.20 eq.) were added to the solution and fully dissolved.
The amine reagent (1.00+ eq.) was added last. The reaction mixture was left to react at
room conditions over night. Once done, the mixture was washed with a 5% NaOHq)
solution to remove excess starting materials. The resulting organic phase was dried with
magnesium sulfate, filtered, and evaporated to obtain the desired product. The crude
product was then purified by recrystallisation in dichloromethane and hexanes or by
column chromatography in silica gel, as appropriate, then characterized by H and 3C

NMR.



2.3.2.3 Reduction of nitro groups to amines using Iron
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Figure 2.3.2.3.1. Fe reduction of nitro groups.

The nitro starting material (1.00 eq.) was dissolved in a 1:2 water and ethanol
mixture (15 mL per g of starting material) in a round bottom flask. Iron Powder (6.00 eq.)
was added, followed by saturated Ammonium Chloride in water (30 g/100 mL, 0.6 eq.).
The mixture was placed in an oil bath at 100°C without a magnetic stirrer, and refluxed
for an hour or until complete by TLC. The mixture was stirred regularly with a metal

spatula to keep the iron in suspension.

After being removed from the oil bath and allowed to cool down, the solution was
filtered by suction through a small amount of celite, to remove the Iron powder. NaOHaq)
10% was added to the filtered solution, from which the amine product was extracted
three times with 20 mL dichloromethane. The organic extract was dried with magnesium
sulfate, then filtered by gravity to remove the deposits. The solvent was evaporated in
vacuo to obtain the product as a yellow oil, which was placed in the freezer for a few
minutes until it solidified. The product was obtained in good yields as yellow crystals, and

characterized by *H and *3C NMR.



2.3.2.4 Nucleophilic substitution of chloroacetic chloride by phenols

R R4 0

OH 0 o
Cl NaOH OH
R + OH —————>
2 R4 R2
Rs Rs

Figure 2.3.2.4.1. Formation of 2-phenoxyacetic acid derivatives.

The phenol starting material (1.00 eq.) was dissolved in an aqueous solution of
NaOH (4.00 eq.). The chloroacetic acid was then added to the mixture, which was stirred
at reflux in an oil bath until complete by TLC. The reactions usually took several days of
heating to complete. The solution was washed thrice with dichloromethane, then
acidified dropwise with concentrated HCI to precipitate the product. The product was

obtained via suction filtration as a white solid and characterized by *H and *3C NMR.

2.3.2.5 Palladium-catalyzed substitution of aromatic bromine by amines

R/O Pd PEPPSI-IppentCI R/O

g N — _R

Br base

Irz

Figure 2.3.2.5.1. Substitution of aromatic bromines by amines.

This reaction was performed according to the following procedure by the Organ
group on brominated compounds supplied by our lab. The brominated substrate (1.00
eg.), a base of choice such as tBuOK or NaBHT (1.10 eq.) and the palladium catalyst (3-
5%) were placed in a round bottom flask and purged with argon. 1,4-dioxane was added
as solvent, as well the desired amine (1.30 eq.). The mixture was heated at 80°C for 24
hours. The workup procedure was not shared with our group but most likely only
consisted of acid-base extractions. Purification of the compounds by column

chromatography on silica gel was performed afterwards by our group.



2.3.3 Experimental procedures and product characterization

Preparation of 2-(2-isopropyl-5-methylphenoxy)acetic acid, referred to as thymol acetic acid,

3

Procedure as described by Rowan Swan in a report of her experimental procedures. This

document did not contain images of the obtained NMR spectra, only text data is available.

In a round bottom flask equipped with a magnetic stirrer, thymol (34.9 g, 232.8 mmol)
was dissolved in a solution of NaOH (25.4 g, 635 mmol) in distilled water (75 mL). Chloroacetic
acid (20 g, 211.7 mmol) was then added. The solution was stirred at reflux over several days,
tracked by TLC. The solution was washed with dichloromethane and acidified to precipitate the
product. No purification was required for this reaction, and the pure product was obtained as a

beige powder (14.23 g, 32%).
1H NMR (400 MHz; CDCls): 6 7.15 (d, J = 7.7 Hz, 1H), 6.83 (d, J = 7.7 Hz, 1H), 6.58 (s, 1H), 4.70 (s,
2H), 3.36 (m, J = 6.9 Hz, 1H), 2.33 (s, 3H), 1.24 (d, J = 6.9 Hz, 6H).

13C NMR: (400 MHz; CDCls): 6 174.85, 155.01, 136.91, 135.01, 126.85, 123.12, 112.84,
65.63, 27.03, 23.25, 21.74.



Preparation of 3-amino-4-chloro-N,N-diethylbenzamide.

—
Os N~

NH,
Cl
4-Chloro-3-nitrobenzoic acid (2.05 g, 10.2 mmol) was dissolved in DCM (60 mL) with oxalyl
chloride (2.1 mL, 24.5 mmol). DMF (10 drops) was added before the solution was stirred for 40
minutes at 60°C. The solution was evaporated and new DCM was added. The solution was cooled,
and added slowly to a solution of diethylamine (2.1 mL, 20.3 mmol) and triethylamine (7.5 mL,
53.8 mmol) in DCM in an ice bath. The combined solution was left to sit 30 minutes before adding
water and separating the phases. The organic layer was washed once with 5% NaOHq), once
with 5% HClagq) and once with 2.5% NaOH(q), before being dried over MgSO,, filtered and

evaporated in vacuo to yield the intermediate 3-nitro benzamide product (2.58 g, 99%).

The intermediate (2.45 g, 9.54 mmol) was dissolved in a 2:1 mixture of ethanol and water.
Iron powder (2.67 g, 47.8 mmol) and NH4Cl(aq) (30 g/100 mL, 0.85 mL, 4.7 mmol) were added to
the mixture. The solution was refluxed without a stirrer at 100°C for 45 minutes, until complete
by TLC. Afterwards, the iron was filtered out by suction filtration through a small layer of celite.
The desired product was extracted in DCM and washed once with 5% HCl(q). The organic layer
was dried over MgSOQ, filtered by gravity and evaporated to yield the desired product as a solid

(2.02 g, 93%). The total yield over both steps was 92%.

*presence of acetone and dichloromethane can be seen in the H spectrum.

H NMR (400 MHz, CDCls) 8, ppm: 7.20 (d, J = 8.0 Hz, 1H), 6.73 (d, J = 1.6 Hz, 1H), 6.62 (dd, J: = 8.0 Hz, J;
= 2.0 Hz, 1H), 3.35 (m, 6H), 1.12 (br, 6H).
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Preparation of 3-amino-4-chloro-N,N-diisopropylbenzamide.

o
T

NH,
Cl

4-Chloro-3-nitrobenzoic acid (2.98 g, 14.8 mmol) was dissolved in DCM (60 mL) with oxalyl
chloride (3.9 mL, 45.4 mmol). DMF (5 drops) was added before the solution was stirred
for 40 minutes at 60°C. The solution was evaporated and new DCM was added. The solution was
cooled, and added slowly to a solution of diisopropylamine (6.3 mL, 44.6 mmol) and triethylamine
(12.5 mL, 89.7 mmol) in DCM in an ice bath. The combined solution was left to sit 30 minutes
before adding water and separating the phases. The organic layer was washed once with 5%
NaOHaq), once with 5% HCl(ag) and once with 2.5% NaOHq), before being dried over MgSO0sa,
filtered and evaporated in vacuo to yield the 3-nitro benzamide intermediate product (3.10 g,

74%).

The intermediate (2.77 g, 9.7 mmol) was dissolved in a 2:1 mixture of ethanol and water.
Iron powder (2.18 g, 39.0 mmol) and NH4Clg) (30 g/100 mL, 0.70 mL, 3.9 mmol) were added to
the mixture. The solution was refluxed without a stirrer at 100°C for 45 minutes, until complete
by TLC. Afterwards, the iron was filtered out by suction filtration through a small layer of celite.
The desired product was extracted in DCM and washed once with 5% HCl(aq). The organic layer
was dried over MgSQy, filtered by gravity and evaporated to yield a solid (1.99 g) composed of a
21:79 mixture of nitro starting material and the desired product (1.57 g, 42%), which were later
separated. NMR data is unfortunately only available for the crude mixture containing some

starting material. The total yield over both steps was 31%.

*The spectrum shows presence of the nitro intermediate, DCM and acetone impurities.

H NMR (400 MHz, CDCls) &, ppm: 7.19 (d, J = 8.0 Hz, 1H), 6.69 (d, J = 2,0 Hz, 1H), 6.57 (dd, J1 = 8.0 Hz, J
= 2.0 Hz, 1H), 3.69 (br, 4H), 1.28 (br, 12H).
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Preparation of 3-amino-4-chloro-N,N-dipropylbenzamide.

(\

O N~

NH,
Cl
4-Chloro-3-nitrobenzoic acid (5.25 g, 26.04 mmol) was suspended in DCM (30 mL) in a

round bottom flask. Oxalyl chloride (5.80 mL, 67.58 mmol) was subsequently added. DMF (5
drops) was added to the solution, which was then stirred at reflux for 1h 45 minutes in an oil bath
at 60°C. Meanwhile, dipropylamine (1.35 mL, 9.84 mmol) and triethylamine (1.35 mL, 9.67 mmol)
were diluted in DCM (5.0 mL) and chilled in an ice bath. The acyl chloride solution was
evaporated, then redissolved in DCM. Half of this solution was added slowly to the solution of
amines. The combined mixture was left to sit at room temperature for 30 minutes, after which
water was added. The solution was washed once with 5% HCl(ag) and once with 5% NaOHq), then
dried over MgSO0., filtered and evaporated in vacuo to yield the 3-nitro benzamide intermediate

product (1.44 g, 51%).

The intermediate (1.44 g, 5.05 mmol) was dissolved in a 2:1 mixture of ethanol and water
(22 mL). Iron powder (1.40 g, 25.1 mmol) and NH4Cl(sq) (30 g/100 mL, 0.50 mL, 2.8 mmol) were
added to the mixture. The solution was refluxed without a stirrer at 100°C for 60 minutes, until
complete by TLC. Afterwards, the iron was filtered out by suction filtration through a small layer
of celite. The desired product was extracted in DCM and washed once with 5% HCl(aq). The organic
layer was dried over MgSO., filtered by gravity and evaporated to yield a yellow oil (0.72 g, 56%).

The total yield over both steps was 29%

*the concentration of the sample was too high, leading to broad peaks. This made it impossible to measure some
coupling constants.

H NMR (400 MHz, CDCls) &, ppm: 6.97 (dd, J1 = 6.0 Hz, J, = 2.0 Hz, 1H), 6.56 (s, 1H), 6.36 (d, J = 7.6 Hz,
1H), 4.34 (s, 2H), 3.21 (t, 1H), 1.36 (d, 4H), 0.73 (t, 3H), 0.52 (t, 3H).
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Preparation of 3-amino-N,N-diethyl-4-methylbenzamide.

—
O N

NH,

4-Methyl-3-nitrobenzoic acid (4.67 g, 25.8 mmol) was suspended in DCM with thionyl
chloride (11.0 mL, 151 mmol) in a round bottom flask, and was heated gently in an oil bath around
50°C. The solution was left to reflux for 1 hour. Afterwards, the solvent was evaporated, and the
contents of the flask were redissolved in a small amount of DCM. After cooling in an ice bath, the
acyl chloride solution was added slowly to a cooled solution of diethylamine (8.5 mL, 82.2 mmol)
in DCM. After 30 minutes at room temperature, water was added and the organic layer was
isolated with a separatory funnel, then washed once with 5% HClaq) then 10% NaOHq). The
resulting organic layer was dried over MgSO0, filtered and evaporated. The intermediate product
was obtained as a yellow oil (4.44 g, 73%) which was stored overnight in the freezer, but only

solidified after scratching the walls of the flask with a spatula while blowing with air.

The intermediate (4.44 g, 18.8 mmol) was dissolved in a 2:1 mixture of ethanol and water
(60 mL). Iron powder (6.67 g, 119 mmol) and NH4Cl(q) (30 g/100 mL, 2.00 mL, 11.22 mmol) were
added to the mixture. The solution was refluxed at 100°C until complete by TLC, while stirring by
hand with a spatula every 5 minutes. Afterwards, the iron was filtered out by suction filtration
through a small layer of celite. NaOHaq) 10% was added to the solution, which was extracted
thrice with DCM. The organic layer was dried over MgSO., filtered by gravity and evaporated to
yield the desired product as a yellow oil (3.41 g, 87%), which solidified after 5 minutes in the

freezer. The total yield over both steps was 64%.

*Traces of dichloromethane and starting material residue can be found in the NMR spectrum.

1H NMR (400 MHz, CDCls) 6, ppm: 6.98 (s, 1H), 6.62 (s, 2H), 3.63 (br, 2H), 3.47 (br, 2H), 3.24 (br, 2H), 2.11
(s, 3H), 1.17 (s, 6H).
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Preparation of 3-amino-N,N-diethylbenzamide.

—
Ox N/

NH,

3-Nitrobenzoic acid (4.58 g, 27.4 mmol) was dissolved in DCM (100 mL) with oxalyl
chloride (7.0 mL, 81.6 mmol). DMF (10 drops) was added before the solution was stirred for 40
minutes at 60°C. The solution was evaporated and new DCM was added. The solution was cooled,
and added slowly to a solution of diethylamine (8.5 mL, 82.2 mmol) and triethylamine (23.0 mL,
165.0 mmol) in DCM in an ice bath. The combined solution was left to sit 30 minutes before
adding water and separating the phases. The organic layer was washed once with 5% NaOHaq),
once with 5% HClaq) and once with 2.5% NaOHq), before being dried over MgSQ0y, filtered and

evaporated in vacuo to yield the intermediate product (4.70 g, 77%).

The intermediate (4.55 g, 20.5 mmol) was dissolved in a 2:1 mixture of ethanol and water.
Iron powder (5.64 g, 101.0 mmol) and NH4Cl(aq) (30 g/100 mL, 2.2 mL, 12.1 mmol) were added to
the mixture. The solution was refluxed without a stirrer at 100°C for 45 minutes, until complete
by TLC. Afterwards, the iron was filtered out by suction filtration through a small layer of celite.
The desired product was extracted in DCM and washed once with 5% HCl(aq). The organic layer
was dried over MgSQ0, filtered by gravity and evaporated to yield the desired product as a solid
(0.86 g, 22%). The total yield over both steps was 17%.

*There were no chemical shift changes between the spectra of the nitro intermediate and the amine product.
However the amine was successfully coupled into a finished ABCD compound. The spectrum shows presence of DCM

and acetone.

H NMR (400 MHz, CDCl3) 6, ppm: 8.22 (d, J = 9.2 Hz, 1H), 8.21 (s, 1H), 3.53 (br, 2H), 3.22 (br, 2H), 1.23
(br, 3H), 1.11 (br, 3H).
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Preparation of 3-amino-N, N-diisopropylbenzamide.

o A
T

NH,

3-Nitrobenzoic acid (2.1 g, 12.56 mmol) was dissolved in DCM (50 mL) with oxalyl chloride
(3.1 mL, 36.12 mmol). DMF (5 drops) was added before the solution was stirred for 30 minutes
at 60°C. The solution was evaporated and new DCM was added. The solution was cooled, and
added slowly to a solution of diisopropylamine (3.5 mL, 24.80 mmol) and triethylamine (10.0 mL,
71.75 mmol) in DCM in an ice bath. The combined solution was left to sit 30 minutes before
adding water and separating the phases. The organic layer was washed once with 5% NaOHaq)
and twice with 5% HClq), before being dried over MgS0s,, filtered and evaporated in vacuo to

yield the intermediate product (2.67 g, 85%).

The intermediate was dissolved in a 2:1 mixture of ethanol and water (45.0 mL). Iron
powder (3.49 g, 5.89 mmol) and NH4Cl(aq) (30 g/100 mL, 1.3 mL, 7.30 mmol) were added to the
mixture. The solution was refluxed without a stirrer at 100°C for 45 minutes, until complete by
TLC. Afterwards, the iron was filtered out by suction filtration through a small layer of celite. The
desired product was extracted in DCM. The organic layer was dried over MgSQ,, filtered by
gravity and evaporated to yield the desired product as a solid (2.25 g, 96%). The total yield over
both steps was 82%.

*The spectrum show a large amount of DCM in the sample.

H NMR (400 MHz, CDCls) &, ppm: 7.10 (t, J = 7.6 Hz, 1H), 6.61 (d, J = 7.6 Hz, 2H), 6.57 (s, 1H), 3.83 (br,
2H), 3.45 (br, 2H), 1.44 (br, 6H), 1.19 (br, 6H).

13C NMR (400 MHz, CDCls) &, ppm: 171.17, 146.67, 140.06, 129.34, 115.36, 115.16, 112.17, 50.33, 45.51,
20.71 (4C).
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Preparation of 3-amino-N,N-diethyl-4-methoxybenzamide.

4

@) N\/

NH>

oL

4-methoxy-3-nitrobenzoic acid (1.30 g, 6.59 mmol) was suspended in DCM (10 mL) in a
round bottom flask. Oxalyl chloride (1.70 mL, 19.8 mmol) was subsequently added. DMF (2 drops)
was added to the solution, which was then stirred at reflux for 1h in an oil bath at 70°C.
Meanwhile, diethylamine (1.00 mL, 9.67 mmol) and triethylamine (3.00 mL, 21.5 mmol) were
diluted in DCM and chilled in an ice bath. The acyl chloride solution was evaporated, then
redissolved in DCM. This solution was added slowly to the solution of amines. The combined
mixture was left to sit at room temperature for 30 minutes, after which water was added. The
solution was washed once with 5% NaOH.q), then dried over MgSQy, filtered and evaporated in
vacuo. The intermediate product obtained (1.52 g, 6.02 mmol, 91%) was then dissolved in a 2:1
mixture of ethanol and water, to which Iron powder (1.77 g, 31.5 mmol) was added. A saturated
solution of ammonium chloride was added last (7.5 mL, 4.05 mmol). The mixture was stirred at
reflux in an oil bath at 100°C for an hour. Afterwards, the solution was left to cool to room
temperature, then filtered through celite. The solution was extracted with DCM, and the organic
layer was dried over MgSQy, filtered and evaporated. The product was obtained as a slightly

yellow solid (1.10 g, 82%). The total yield over both steps was 75%.

4 NMR (400 MHz, CDCls) 6, ppm: 6.52 (m, 3H), 3.83 (br, 2H), 3.62 (s, 3H), 3.23 (br, 2H), 3.07 (br, 2H), 0.97
(br, 6H).
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Preparation of (3-amino-2-Methylphenyl)(pyrrolidin-1-yl)methanone.

o N

NH,

(2-Methyl-3-nitrophenyl)(pyrrolidin-1-yl)methanone (4.38 g, 18.70 mmol) was dissolved
in a 2:1 mixture of ethanol and water (90 mL). Iron powder (6.00 g, 107.45 mmol) and NH4Cl(q)
(30g/100 mL, 2.1 mL, 11.79 mmol) were added to the mixture. The solution was refluxed without
a stirrer at 90°C for 1h 30 minutes, until complete by TLC. Afterwards, the iron was filtered out
by suction filtration through a small layer of celite. The desired product was extracted in DCM.
The organic layer was dried over MgSQy, filtered by gravity and evaporated to yield the desired
product as a solid (2.91 g, 76%).

*Ethanol was still present in the sample as of when the spectrum was taken.

1H NMR (400 MHz, CDCls) &, ppm: 6.99 (t, J = 7.6 Hz, 1H), 6.63 (d, J = 7.6 Hz, 1H), 6.58 (d, J = 7.6 Hz, 1H),
3.59 (t, J = 7.2 Hz, 2H), 3.09 (t, J = 6.8 Hz, 2H), 2.03 (s, 3H), 1.91 (m, J = 7.2 Hz, 2H), 1.80 (m, J = 6.8 Hz).
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Preparation of N,N-diethyl indole-6-carboxamide.

4

O N~

NH

Procedure performed by undergraduate Danielle Causer. In a round bottom flask with
DCM, indole-6-carboxylic acid (0.52 g, 3.23 mmol) was dissolved in DCM (15.0 mL). EDCI (0.97 g,
5.06 mmol) and DMAP (0.62 g, 5.07 mmol) were then added, followed by diethylamine (0.5 mL,
4.83 mmol). The solution was stirred at reflux for an hour in a heated oil bath. Afterwards, the
solution was washed with 10% NaOHaq). The resulting organic layer was dried over MgSOa,
filtered and evaporated. The crude product was purified by silica gel column chromatography
with a gradient of hexanes and ethyl acetate. The purified product was obtained as colorless

crystals (0.28 g, 40%)

1H NMR (400 MHz, CDCls) 8, ppm: 9.88 (br, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.35 (s, 1H), 7.11 (t, J = 2,4 Hz,
1H), 7.05 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 1H), 6.44 (s, 1H), 3.54 (br, 2H), 3.27 (br, 2H), 1.23 (br, 3H), 1.06 (br,
3H).
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Preparation of 3-(N-methylamino)-4-chloro-N,N-diethylbenzamide.

4

@) N\/

I}IH

Cl  Me
3-amino-4-chloro-N, N-diethylbenzamide (1.30 g, 5.73 mmol) was dissolved in toluene in
a round bottom flask. Potassium carbonate powder (1.37 g, 9.91 mmol) was added, then
dimethyl sulfate (0.55 mL, 5.81 mmol). The solution was stirred at reflux for a day, before adding
additional dimethyl sulfate (0.35 mL, 3.70 mmol), and being refluxed for an additional day. After
being cooled down to room temperature, the solution was immediately separated via silica gel
column chromatography. The product was obtained as a yellow oil that crystallized overnight

(0.51 g, 37%).

H NMR (400 MHz, CDCls) &, ppm: 7.22 (d, J = 8.0 Hz, 1H), 6.60 (s, 1H), 6.58 (d, J = 8.0 Hz, 1H), 4.42 (br,
1H), 3.50 (br, 2H), 3.25 (br, 2H), 2.89 (s, 3H), 1.21 (br, 3H), 1.10 (br, 3H).

13C NMR (400 MHz, CDCl5) §, ppm: 171.07, 145.04, 137.03, 128.81, 119.61, 114.55, 108.51, 43.61, 39.19,
30.32,14.21, 12.89.
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Preparation of 3-(N-2-propenylamino)-4-chloro-N,N-diethylbenzamide, 18.

4

O N~

NH
Cl

18

3-amino-4-chloro-N, N-diethylbenzamide (1.95 g, 8.60 mmol) was dissolved in toluene in
a round bottom flask. Sodium carbonate powder (2.20 g, 20.7 mmol) was added, then allyl
bromide (1.8 mL, 20.8 mmol). The solution was stirred at reflux for three days. After being cooled
down to room temperature, the solution was immediately separated via silica gel column

chromatography. The product was obtained as a yellow oil (0.29 g, 13%).

H NMR (400 MHz, CDCls) 8, ppm: 7.09 (d, J = 8.0 Hz, 1H), 6.47 (s, 1H), 6.46 (d, J = 8.0 Hz, 1H), 5.77 (m,
1H), 5.11 (dd, J; = 17.2 Hz, J» = 1.6 Hz, 1H), 5.02 (dd, J; = 10.4 Hz, J, = 1.2 Hz, 1H), 4.52 (s, 1H), 3.69 (t,J =
5.6 Hz, 2H), 3.36 (br, 2H), 3.10 (br, 2H), 1.07 (br, 3H), 0.95 (br, 3H).
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Preparation of 3-(N-benzylamino)-4-chloro-N,N-diethylbenzamide, 19.

4

O N~

NH
Cl

19

3-amino-4-chloro-N, N-diethylbenzamide (0.65 g, 2.87 mmol) was dissolved in toluene (10 mL) in
a round bottom flask. Potassium carbonate powder (0.38 g, 2.74 mmol) was added, then benzyl
bromide (0.33 mL, 2.78 mmol). The solution was stirred at reflux until complete by TLC. After
being cooled down to room temperature, the solution was immediately separated via silica gel
column chromatography. A yellow oil was obtained, which was then recrystallized in hexanes and

DCM. The product was obtained as a white solid (0.22 g, 24%).

A 1H NMR was taken at the time to confirm the identity of the product, but was misplaced since



Preparation of 3-(2-(2-isopropyl-5-methylphenoxy)acetamido)-4-chloro-N,N-diethyl

(
0o 0
N .0
-
cl
4

Thymol acetic acid (0.13 g, 0.62 mmol was suspended in DCM (40 mL) in a round bottom

benzamide, 4.

flask. Oxalyl chloride (0.11 mL, 1.28 mmol) was subsequently added. The mixture was degassed
with nitrogen, before beginning to heat the solution. DMF (5 drops) was added dropwise,
bringing the solution to a boil. The solution was stirred at reflux for 1 hour, at 70°C. Afterwards,

the solvent was evaporated in vacuo, and the solid was redissolved in DCM.

The acyl chloride solution was added slowly to a solution of 3-amino-4-chloro-N,N-diethyl
benzamide (0.16 g, 0.71 mmol) and triethylamine (0.20 mL, 1.43 mmol) in DCM previously chilled
in an ice bath. After resting for 30 minutes, the solution was washed twice with 5% HCl(sq) and
twice with 5% NaOHq). The organic layer was dried over MgSOa, filtered and evaporated to
obtain the crude product. The product was isolated via column chromatography, then further
purified via recrystallisation in a mixture of DCM and hexanes. The mass of finished product

obtained was unfortunately lost.

H NMR (400 MHz, CDCls) 8, ppm: 8.58 (d, J = 2.0 Hz, 1H), 7.42 (d, ) = 8.4 Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H),
7.12 (dd, J; = 8.0 Hz, J, = 2.0 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 6.66 (s, 1H), 4.63 (s, 2H), 3.52 (br, 2H), 3.44
(m, J = 7.2 Hz, 1H), 3.28 (br, 2H), 2.32 (s, 3H), 1.25 (d, J = 6.8 Hz, 6H), 1.20 (br, 6H).

13C NMR (400 MHz, CDCl3) §, ppm: 169.72, 166.63, 153.76, 136.96, 136.91, 134.00, 133.73, 129.45,
126.34,123.38,123.33,123.11,119.06, 112.78, 67.72,43.50, 39.53, 26.55, 23.08 (2C), 21.29, 14.12, 12.89.
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Preparation of 3-(2-(2-isopropyl-5-methylphenoxy)acetamido)-4-chloro-N,N-diisopropyl

benzamide, 5.

N

0o 0
>
N .0
-
cl
5

Thymol acetic acid (0.29 g, 1.4 mmol was suspended in DCM (30 mL) in a round bottom
flask. Oxalyl chloride (0.24 mL, 2.8 mmol) was subsequently added. The mixture was degassed
with nitrogen, before beginning to heat the solution. DMF (5 drops) was added dropwise,
bringing the solution to a boil. The solution was stirred at reflux for 1h 15 minutes, at 70°C.
Afterwards, the solvent was evaporated in vacuo, and the solid was redissolved in 25 mL DCM.
Only half (12.5 mL) of this new solution was used to prepare the final product, while the other
half was kept for later use.

The acyl chloride solution was added slowly to a solution of 3-amino-4-chloro-N,N-
diisopropyl benzamide (0.16 g, 0.63 mmol) and triethylamine (0.25 mL, 1.8 mmol) in DCM
previously chilled in an ice bath. After resting for 30 minutes, the solution was washed twice with
5% HCl(aq) and twice with 5% NaOHq). The organic layer was dried over MgSQ0s, filtered and
evaporated to obtain the crude product. The product was isolated via column chromatography,
then further purified via recrystallisation in a mixture of DCM and hexanes. The purified product

was obtained as a fine beige powder (20.4 mg, 7%, mp: 176.4 - 176.5°C)

*A small amount of residual ethyl acetate is visible in the *H spectrum.

H NMR (400 MHz, CDCls) 8, ppm: 7.41 (d, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.07 ( dd, J, = 8.0 Hz, J
=1.6 Hz, 1H), 6.84 (d, ) = 8.4 Hz, 1H), 6.66 (s, 1H), 4.62 (s, 2H), 3.87 (br, 2H), 3.50 (br, 2H), 2.32 (s, 3H), 1.51
(br, 6H), 1.25 (d, J = 6.8 Hz, 6H), 1.20 (br, 6H).
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Preparation of (3-(2-(2-isopropyl-5-methylphenoxy)acetamido)-2-methylphenyl)(pyrrolidin-1-

yl)methanone, 14.

14

(3-amino-2-methylphenyl)(pyrrolidin-1-yl)methanone (0.10 g, 0.49 mmol) was dissolved
in DCM with triethylamine (0.4 mL, 2.89 mmol) then chilled in an ice bath. Thymol acetic acid
chloride was prepared by refluxing thymol acetic acid (0.256 g, 1.23 mmol), oxalyl chloride (0.3
mL, 3.50 mmol) and 5 drops of DMF, in DCM. The solution was heated at 60°C for 30 minutes.
The solvent was evaporated and the intermediate was redissolved in a small amount of DCM,
and cooled in the same ice bath. The acyl chloride solution was added dropwise to the amines.
After resting for 30 minutes, the solution was washed twice with 5% HClyq), then once with 5%
NaOHaq). The organic layer was dried over MgS0;, filtered and evaporated to obtain the crude
product. The product was purified via column chromatography to yield the solid product (18.2

mg, 9%).

1H NMR (400 MHz, CDCl;) §, ppm: 8.31 (s, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.27 (t, J = 8.0 Hz, 1H), 7.15 (d, J =
7.6 Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 6.67 (s, 1H), 4.65 (s, 2H), 3.64 (t, J = 6.8 Hz, 2H),
3.32 (m, J = 6.8 Hz, 1H), 3.13 (t, J = 6.8 Hz, 2H), 2.32 (s, 3H), 2.18 (s, 3H), 1.90 (m, 4H), 1.24 (d, J = 7.2 Hz,
6H).
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Preparation of 3-(2-(4-bromo-2-isopropyl-5-methylphenoxy)acetamido)-N, N-diethyl-4-

methylbenzamide.

(/

O 0]
>\ ?
N e Br
L

3-Amino-N,N-diethyl-4-methylbenzamide (1.01 g, 4.90 mmol) was dissolved in DCM with
2-(4-bromo-2-isopropyl-5-methylphenoxy)acetic acid (0.50 g, 1.74 mmol). DMAP (0.90 g, 7.37
mmol) and EDCI (0.90 g, 4.69 mmol) were subsequently added. The solution was left to sit
overnight at room conditions with a rubber stopper. The next morning, the solution was washed
once with 10% NaOHq) and once with 5% HClq), before drying over MgSQs, filtering by gravity
and evaporating the solvent in vacuo. The crude product was obtained as a wet solid of poor
quality (0.8 g). The crude product was dissolved in a mixture of warm DCM and hexanes, then
placed in the freezer to solidify. Clear large crystals formed and were filtered by suction (0.13 g,

16%).

1H NMR (400 MHz, CDCl3) §, ppm: 8.23 (s, 1H), 8.12 (d, ) = 1.2 Hz, 1H), 7.37 (s, 1H), 7.21 (d, ) = 7.6 Hz, 1H),
7.12 (dd, J1 = 7.6 Hz, J> = 1.6 Hz, 1H), 6.72 (s, 1H), 4.61 (s, 2H), 3.41 (br, 4H), 3.29 (m, 1H), 2.35 (s, 3H), 2.25
(s, 3H), 1.25 (d, ) = 6.8 Hz, 6H), 1.19 (br, 6H).

13C NMR (400 MHz, CDCl3) 8, ppm: 170.77, 165.99, 153.14, 136.45, 136.32, 134.69, 130.71, 130.32,
128.88, 123.40, 119.97, 118.82, 114.53, 68.08, 26.90, 22.79 (2C), 20.28, 17.35.

*The low solubility of the product made the naturally faint diethylamine signals, and some of the quaternary carbons,
very difficult to identify with certainty.
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Preparation of 2-(2-isopropylphenoxy)acetic acid.

O

O\)kOH

o-Isopropylphenol (13.61 g, 100 mmol) and chloroacetic acid (10.33 g, 110 mmol) were
dissolved in a solution of NaOH (8.80 g, 220 mmol) in distilled water. The solution was stirred at
reflux for several days at 100°C in an oil bath. A 10% sodium carbonate solution was added before
washing with DCM. The aqueous phase obtained was acidified with concentrated HCl added
dropwise to precipitate the desired product, which was then isolated via suction filtration.

Yielded the product (18.23 g, 94%) as a white fluffy solid.

H NMR (400 MHz, CDCls) &, ppm: 7.24 (dd, J1 = 7.6 Hz, J, = 1.6 Hz, 1H), 7.13 (dt, J, = 8.0 Hz, J, = 1.6 Hz,
1H), 6.98 (dt, J1 = 7.6 Hz, J, = 0.8 Hz, 1H), 6.73 (dd, J1 = 8.0 Hz, J, = 0.8 Hz, 1H), 4.68 (s, 2H), 3.38 (m, J = 6.8
Hz, 1H), 1.23 (d, J = 6.8 Hz, 6H).

13C NMR (400 MHz, CDCl;) 8, ppm: 174.48, 154.73, 137.59, 126.62, 126.61, 122.08, 111.37, 65.15, 26.84,
22.70.
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Preparation of 2-(4-bromo-2-isopropylphenoxy)acetic acid.

O\)kOH

Br
2-(2-isopropylphenoxy)acetic acid (10.42 g, 53.66 mmol), N-bromosuccinimide (9.55 g,
53.66 mmol) and p-toluenesulfonic acid (2.05 g, 10.78 mmol) were dissolved in DCM. The solution
was stirred at room conditions for two days. Afterwards, the solution was washed with water,
then dried over MgSOQ., filtered and evaporated in vacuo. Crude product was obtained as an
orange paste (5.9 g). This paste was purified via recrystallization in a DCM/hexane mixture, and
further washed with water. A white dry solid was recovered via suction filtration (0.75 g, 5%). A

large amount of product was left behind during the purification process to obtain pure product.



Preparation of 3-(2-(4-bromo-2-isopropylphenoxy)acetamido)-N, N-diethyl-4-methyl

benzamide.
N/
0] O
N\ 0 Br
e

2-(4-bromo-2-isopropylphenoxy)acetic acid (0.75 g, 2.75 mmol), 3-amino-4-methyl-N, N-
diethylbenzamide (0.57 g, 2.76 mmol), DMAP (0.34 g, 2.78 mmol) and EDCI (0.52 g, 3.35 mmol)
were mixed together in a round bottom flask with DCM. The solution was stirred at room
conditions overnight with a stopper. The next morning, the solution was washed once with 10%
NaOHq) and once with 5% HCl(aq), before drying over MgSOsa, filtering by gravity and evaporating
the solvent in vacuo. The product was obtained as a white powder (0.21 g, 17 %, mp: 116.5 -

118.0°C).

H NMR (400 MHz, CDCls) 8, ppm: 8.22 (br, 1H), 8.11 (d, J = 1.2 Hz, 1H), 7.36 (d, J = 2.4 Hz, 1H), 7.29 (dd,
J1=8.8Hz, )= 2.4 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.12 (dd, J1 = 7.6 Hz, J, = 1.6 Hz, 1H), 6.73 (d, J = 8.8 Hz,
1H), 4.62 (s, 2H), 3.51 (br, 2H), 3.34 (m, 1H), 3.30 (br, 2H), 2.25 (s, 3H), 1.26 (d, J = 6.8 Hz, 6H), 1.20 (br,
6H).

13C NMR (400 MHz, CDCl3) 8, ppm: 170.96, 165.90, 135.98, 134.63, 130.74, 129.81, 129.79, 128.72,
123.45,119.96, 115.26, 113.63, 68.02, 27.20, 22.70 (2C), 17.36.
*The solubility of the compound was too low for the diethylamine peaks to be visible by 13C NMR.
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Preparation of N-(3-carboxyphenyl)-2-(2-isopropyl-5-methyl)phenoxyacetamide.
OH
@) (@)

Thymol acetic acid (3.07 g, 14.70 mmol) was suspended in DCM (30 mL) in a round bottom
flask. Oxalyl chloride (3.8 mL, 44.3 mmol) was added next. After heating gently in an oil bath, 5
drops of DMF were added, bringing the mixture to a boil. The solution was stirred at reflux for an
hour. As solid material was still visible by this point, an additional quantity of oxalyl chloride was

added (3.6 mL, 41.9 mmol). Reflux was continued for an additional hour.

A second solution of methyl 3-aminobenzoate (1.70 g, 11.2 mmol) in DCM was prepared,
to which triethylamine (6.0 mL, 43.0 mmol) was added. This solution was cooled in an ice bath.
The acyl chloride solution was cooled, then added slowly to the amines via glass pipette.
Afterwards, water was added to the solution, which was washed twice with 5% HCl(aq), dried with
MgSO0., filtered and evaporated. A crude product was obtained as a brown oil (2.74 g), which
solidified after roughly half an hour at room conditions. This product was purified by column
chromatography and recrystallisation in a mixture of hexanes and DCM. The intermediate

product was obtained by suction filtration as a white solid (1.07 g, 28%).

This intermediate (0.67 g, 1.96 mmol) was deprotected by dissolving it methanol (30 mL)
with Potassium hydroxide (0.51 g, 9.09 mmol). The solution was stirred at reflux in an oil bath at
70°C for 9 hours. The solvent was mostly evaporated to facilitate the extraction of leftover
starting material. 10% NaOHq) was added and the solution was washed once with DCM. The
product was obtained by acidifying the aqueous layer with concentrated HCI, then suction
filtration. The product was obtained as a white solid (0.43 g, 67%). The overall yield for both steps
was 19%.



Preparation of 3-(2-(2-isopropyl-5-methylphenoxy)acetamido)-N,N-diethyl benzamide, 13.

w,
?}%p

N-(3-carboxyphenyl)-2-(2-isopropyl-5-methyl)phenoxyacetamide (0.43 g, 1.31 mmol) was
dissolved in DCM (15 mL) with oxalyl chloride (0.35 mL, 4.08 mmol). 3 drops of DMF were added,
and the solution was placed in an oil bath at 70°C to reflux for an hour. As the reaction had not
visually progressed, an additional amount (0.50 mL, 5.83 mmol) of oxyalyl chloride was added.
The solution was allowed an additional hour at reflux. Afterwards, the solvent was evaporated in
vacuo, and a small amount of DCM was added to dissolve the solid.

Meanwhile, a solution of diethylamine (2.0 mL, 19.3 mmol) in DCM was prepared, and
cooled in an ice bath. The acyl chloride solution was cooled, then added slowly to the amines via
a glass pipette. After letting the mixture sit 30 minutes at room temperature, water was added.
The solution was extracted with DCM. The organic layer was then washed once with 10% NaOH-
(aq)y, then dried over MgSO, filtered and evaporated. A yellow oil was obtained, which was
recrystallized in a mixture of DCM and hexanes. The product was obtained by suction filtration
as white shiny flakes (0.16 g, 42%, mp: 108.9 - 110.4°C).

H NMR (400 MHz, CDCls) 8, ppm: 8.45 (br, 1H), 7.61 (s, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.35 (s, 1H), 7.12 (s,
2H), 6.82 (d, J = 6.8 Hz, 1H), 6.64 (s, 1H), 4.57 (s, 2H), 3.51 (br, 2H), 3.26 (br, 3H), 2.29 (s, 3H), 1.27 (d, J =
6.0 Hz, 6H), 1.22 (br, 3H), 1.11 (br, 3H).

13C NMR (400 MHz, CDCl3) §, ppm: 170.43, 166.64, 154.04, 138.07, 137.01, 136.93, 133.77, 129.22,
126.30,123.05,122.49,120.42,117.71, 113.10, 67.88, 43.27,39.25, 26.92, 22.76 (2C), 21.16, 14.08, 12.79.
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Preparation of 3-(2-(2-isopropyl-5-methylphenoxy)acetamido)-4-methoxy-N, N-diethyl

benzamide, 12.
N
O @)
N\ /O
-
/O
12

3-amino-4-methoxy-N,N-diethylbenzamide (0.15 g, 0.67 mmol) was dissolved in DCM
with triethylamine (0.3 mL, 2.15 mmol) and cooled in an ice bath. A prepared solution of thymol
aceticacid in DCM (1 mmol/mL, 0.8 mL, 0.8 mmol) was then added slowly via syringe. The mixture
was left to sit at room conditions for 30 minutes, before adding water. The solution was then
extracted with DCM. The organic layer was washed once with 5% HCl (aq), then dried over MgSOs,
filtered and evaporated. The crude solid obtained was recrystallised multiple times in a mixture

of DCM and hexanes. The product was obtained via suction filtration as a white solid (0.02 g, 7%).

H NMR (400 MHz, CDCls) &, ppm: 9.14 (br, 1H), 8.55 (d, J = 2.4 Hz, 1H), 7.18 (dd, J1 = 8.4 Hz, J, = 2.0 Hz,
1H), 7.15 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.83 (d, J = 7.6 Hz, 1H), 6.65 (s, 1H), 4.59 (s, 2H), 3.89
(s, 3H), 3.42 (br, 5H), 2.32 (s, 3H), 1.29 (d, J = 6.8 Hz, 6H), 1.20 (br, 6H).

13C NMR (400 MHz, CDCl3) §, ppm: 170.82, 166.33, 154.02, 148.65, 136.96, 133.81, 130.14, 126.44,
126.24, 123.27,122.79, 117.92, 112.62, 110.00, 67.56, 55.85, 26.79, 22.93 (2C), 21.30.
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Preparation of compound 16.

16

3-(N-methylamino)-4-chloro-N,N-diethylbenzamide (0.26 g, 1.08 mmol) and thymol
acetic acyl chloride (0.37 g, 1.63 mmol) were dissolved in DCM in separate flasks. Triethylamine
(0.20 mL, 1.43 mmol) was added to the solution containing the amine substrate. Both flasks were
chilled in an ice bath, then the acyl chloride was slowly added to the solution of amines. The
combined mixture sat at room conditions for 30 minutes, after which it was quenched with water.
The solution was washed once with 10% NaOHaq), once with 5% HCl(aq), dried over MgSO0sg, filtered
and evaporated. The crude product was isolated and purified by two separate column

chromatographies. The product was sent for testing before the weight and yield were measured.

H NMR (400 MHz, CDCls) &, ppm: 7.54 (d, J = 8.0 Hz, 1H), 7.36 (s, 1H), 7.35 (d, J = 9.2 Hz, 1H), 7.01 (d, J =
7.6 Hz, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.40 (s, 1H), 4.34 (q, J = 14.4 Hz, 2H), 3.49 (br, 2H), 3.25 (s, 3H), 3.19
(m, 1H), 3.14 (br, 2H), 2.22 (s, 3H), 1.19 (br, 3H), 1.12 (d, J = 6.8 Hz, 6H), 1.05 (br, 3H).

13C NMR (400 MHz, CDCl3) §, ppm: 168.68, 167.85, 155.16, 139.77, 137.70, 136.11, 134.54, 133.88,
131.10,127.95,127.93, 126.05, 122.23,112.68, 66.94, 43.59, 39.99, 36.19, 26.24, 22.88 (2C), 21.24, 14.20,
12.84.
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Preparation of 3-(2-(2-isopropyl-5-methylphenoxy)-N-methylacetamido)-4-chloro-N,N-diethyl

(s
@) O
N .0
L
Cl
4

In a round bottom flask with DCM, 3-amino-4-chloro-N,N-diethylbenzamide (0.74 g, 3.26

benzamide, 4.

mmol) and thymol acetic acyl chloride (0.37 g, 1.63 mmol) were dissolved in DCM in separate
flasks. Triethylamine (0.20 mL, 1.43 mmol) was added to the solution containing the amine
substrate. Both flasks were chilled in an ice bath, then the acyl chloride was slowly added to the
solution of amines. The combined mixture sat at room conditions for 30 minutes, after which it
was quenched with water. The solution was washed once with 10% NaOHq), once with 5%
HCl(aq), dried over MgSOsa, filtered and evaporated. The crude product was isolated and purified
by two separate column chromatographies. The mass of product was unfortunately not recorded

prior to sending the compound for analysis.

H NMR (400 MHz, CDCls) 8, ppm: 8.58 (d, J = 2.0 Hz, 1H), 7.42 (d, ) = 8.4 Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H),
7.12 (dd, J1 = 8.0 Hz, J, = 2.0 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 6.66 (s, 1H), 4.63 (s, 2H), 3.52 (br, 2H), 3.44
(m, J = 6.8 Hz, 1H), 3.28 (br, 2H), 2.32 (s, 3H), 1.25 (d, J = 6.8 Hz, 6H), 1.20 (br, 6H).

13C NMR (400 MHz, CDCl3) §, ppm: 169.72, 166.63, 153.76, 136.96, 136.91, 134.00, 133.73, 129.45,
126.34,123.38,123.33,123.11,119.06, 112.78, 67.72,43.50, 39.53, 26.55, 23.08 (2C), 21.29, 14.12, 12.89.
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Preparation of compound 15.

(s
0 0

e

)
=

15

Protocol performed by undergraduate Danielle Causer. The previously prepared N,N-
diethyl indole-6-carboxamide (1.01 g, 4.67 mmol) was added with thymol acetic acid (0.97 g, 4.66
mmol) to a round bottom flask. DMAP (0.71 g, 5.81 mmol) and EDCI (1.07 g, 5.58 mmol) were
added next, before dissolving the combined solids in DCM (15.0 mL). The solution was stirred
over two days at 40°C with a stopper. The solution was washed twice with 10% NaOHaq) and
twice with 5% HCl(ag). The organic layer was dried over MgSQOy, filtered and evaporated, yielding
the crude product as a brown oil with some solid pieces. The crude product was purified via silica
gel column chromatography using a gradient of hexanes and ethyl acetate. NMR analysis was
used to identify the fractions containing the product, which was then recrystallized in a mixture
of hexanes and DCM. The purified product was obtained by suction filtration as a white powder

(103 mg, 5%).

H NMR (400 MHz, CDCls) &, ppm: 8.53 (s, 1H), 6.65 (d, J = 4.0 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.33 (d, J =
8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 6.80 (d, J = 7.6 Hz, 1H), 6.68 (s, 1H), 6.67 (d, J = 4.8 Hz, 1H), 5.14 (s,
2H), 3.44 (m, 5H), 2.29 (s, 3H), 1.20 (m, 12H).

13C NMR (400 MHz, CDCl3) §, ppm: 171.34, 166.66, 154.57, 136.67, 135.10, 134.45, 130.62, 126.49,
125.46, 122.86, 121.07, 114.79, 112.36, 109.82, 68.45, 26.41, 22.97, 21.32.
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Preparation of compound 25.

3-aminobenzoic acid (3.15 g, 23.0 mmol) and oxalyl chloride (4.5 mL, 52 mmol) were
dissolved in DCM (30 mL) in a round bottom flask with a stirrer. The flask was warmed in an oil
bath at 70°C, before adding 5 drops of DMF, beginning the reflux. The solution was refluxed for
1 hour and 30 minutes, after which the solvent was evaporated in vacuo. The solids were

dissolved again in DCM, then cooled in an ice bath.

The solution of acyl chloride was added dropwise to a cooled solution of excess
diethylamine and triethylamine in DCM. The solution was left to rest at room temperature for 30
minutes, then the solvent was evaporated. Water was added to quench the reaction, which was
then washed once with 5% HCl@ag). The organic layer was dried with MgSO,, filtered and
evaporated. A small quantity (0.75 g) of the obtained solid was kept for a different experiment.
The remaining product was purified by recystallisation in a mixture of DCM and hexanes. The

purified product was obtained by suction filtration as a white powder (3.56 g, 49%).

H NMR (400 MHz, CDCls) 8, ppm: 9.46 (s, 1H), 7.67 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H),
7.10 (d, J = 7.6 Hz, 1H), 3.79 (q, J = 6.8 Hz, 2H), 3.50 (br, 2H), 3.42 (g, J = 7.2 Hz, 2H), 3.22 (br, 2H), 1.28 (t,
J=6.8 Hz, 3H), 1.19 (br, 3H), 1.17 (t, J = 7.2 Hz, 3H), 1.10 (br, 3H).

13C NMR (400 MHz, CDCl;) 6, ppm: 170.51, 161.02, 158.851, 138.20, 137.18, 129.21, 122.65, 120.35,
117.67,43.66, 43.34, 42.75, 39.31, 14.76, 14.19, 12.90, 12.42.
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