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Abstract

The modulation of kinase activity for treatment of diseases has gained increased attention over
the last 20 years and drugs targeting kinases have been developed for a range of diseases
including cancers,*® inflammatory diseases,*®> central nervous system disorders,®
cardiovascular diseases and complications related to diabetes.” Recently, this attractive class
of targets have been investigated for treatment of Idiopathic Pulmonary Fibrosis (IPF), a
progressive and fatal lung disease which causes 40,000 deaths per year in the USA® and is an
increasingly prominent problem within our ageing society. This thesis presents scientific
research towards the identification of small molecule therapies for Idiopathic Pulmonary
Fibrosis through targeting a lipid kinase pathway.

Chapter 1 concerns a theoretical and experimental investigation into 3-
oxabicyclo[4.1.0]heptane (cyclopropylpyran) which has recently been identified as a novel
hinge binding fragment for mechanistic target of rapamycin (mTOR) and related lipid kinases,
whilst chapter 2 concerns the application of this 3-oxabicyclo[4.1.0]heptane hinge binding
fragment to a series of pyrazolopyrimidine based mTOR inhibitor compounds.

The research aims were firstly to investigate the scope of 3-oxabicyclo[4.1.0]heptane as a
kinase hinge binding fragment. To do this a range of computational, crystallographic and
spectroscopic experiments have been used to investigate the conformational preferences of a
range of 3-oxabicyclo[4.1.0]heptane containing tool compounds.

Subsequently, knowledge gained in chapter 1 was applied to the development of a series of
mMTOR inhibitor compounds based on a pyrazolopyrimidine core. This work focused on
identifying highly active compounds with appropriate physicochemical profiles which have
the potential to progress further into pharmacokinetic studies.

The results presented in this thesis demonstrate significant advancements towards these goals,

and offer encouragement that an improved standard of care for IPF is possible.
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1. Introduction

1.1 Idiopathic Pulmonary Fibrosis

Idiopathic pulmonary fibrosis (IPF) is a fatal age-associated disease that is characterised by
progressive and irreversible scarring of the tissue and space around the alveoli (interstitium).
IPF has an unknown aetiology and a complex interplay of genetic and environmental risk
factors, ageing-associated processes and epigenetic reprogramming have been implicated.®
Most commonly patients are current or past smokers and have a median age of 60 years.?

Current studies suggest that IPF is a result of abnormal epithelial wound healing process. It
was previously thought that IPF was inflammation driven, however clinical trials involving

anti-inflammatory drugs failed to improve patient outcomes and caused increased mortality.**

In IPF patients, a gradual loss of lung architecture leads to a reduced capacity for gaseous
exchange.'? This degradation of lung structure can be seen in cross sections of lungs taken
from IPF patient autopsies and is referred to as ‘honeycombing’ (Figure 1).

Figure 1: Cross section of a IPF patient lung, showing characteristic honeycomb structure.®

Patients with IPF usually display symptoms that include; shortness of breath (dyspnea); a dry,
unproductive cough and clubbing of the hands and feet. The classic clinical finding in IPF
patients is considered to be the presence of a “Velcro-crackle” sound when the lower lungs are
examined by stethoscope.'? These symptoms are not unique to IPF and to comprehensively
diagnose IPF over other lung diseases, histological lesions must be observed by viewing lung

biopsies under a microscope.**

A 2006 study showed that there were 50,000 new cases of IPF and 40,000 deaths from IPF per
year in the USA.2 IPF is estimated to occur with similar frequency to cancers of the stomach,
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brain and testicles.’>® This highlights the great patient need and potential market for a safe
and effective treatment for IPF. Currently, the median survival rate for IPF patients is just 2-3

years following diagnosis.!’

The main methods by which physicians measure disease progression is through lung function,
expressed as forced vital capacity (FVC). This is the maximum amount of air that can be
dispelled from the lungs following a maximal inhalation. Rather than a smooth decline in lung
function, it has been discovered that there are multiple classes of disease progression
including, rapid, slow and stable. The progression of some patients conditions is also
exacerbated by rapid disease progression, often due to other complications, such as

emphysema.’8

1.1.1 IPF Pathogenesis

Although the precise mechanisms that underlie the development of IPF are not understood, it
has been demonstrated in a number of studies that IPF is initiated by endogenous or exogenous
lung epithelial injury. There are two types of lung epithelial cells, type | and type Il. Type Il
pneumocytes account for just a small (around 5%) proportion of the cell population however
they have an important role in the repair of damaged lung epithelium.*® Lung injury can occur
by several mechanisms as the lungs are exposed to many insults. In normal healthy individuals,
a coordinated sequence of events is triggered by various growth factors and cytokines which
are produced during the repair process to recruit immune cells. During this process, fibroblasts
become activated to myofibroblasts and produce a type 1 collagen rich extra-cellular matrix
(ECM) to repair the damaged epithelium. Following repair, myofibroblasts then undergo

apoptosis to maintain homeostasis.

In IPF patients however, this repair process is disrupted, resulting in aberrant repair which
eventually leads to chronic lung fibrosis. Transforming growth factor beta (TGF-B) is a pro-
fibrotic growth factor which is produced in response to a lung injury. It has been shown that
TGF-B activates the transformation of fibroblasts to myofibroblasts which leads to the
production of type 1 collagen ECM.?2 |t is currently thought that IPF results following
aberrant wound healing from an unknown, chronic lung insult which increases the production
of TGF-B. This encourages uncontrolled production of excessive type-1 collagen ECM via
myofibroblast activation. Eventually, the collagen-rich ECM distorts the structure of the lung,

which severely hinders its ability to perform gaseous exchange.

15
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IPF-fibroblasts differ from normal fibroblasts in their response to type-1 collagen. Normal
fibroblast proliferation and survival is inhibited in response to type 1 collagen by PTEN
inhibition of the PI3K/Akt/mTOR pathway.?>?® In IPF-fibroblasts however, there is enhanced
PI3SK/AK/mTOR activity due to PTEN suppression. This causes IPF-fibroblasts to have a
viable and proliferative phenotype within a collagen rich ECM, which leads to further
progression of the disease in a positive feedback mechanism.?*?* A pathway for the

development of IPF is shown in Figure 2.

Chronic endogenous and
exogenous lung injury

S

Enhanced cell death of Aberrant activation of
lung epithelial cells lung fibroblasts
L |

l

Highly proliferative and
apoptosis-resistant myofibroblasts

1

Excessive amount of collagen-rich
extracellular matrix

l

Lung tissues become scarred

l

IPF

Figure 2: Proposed pathway for IPF.1°

1.1.2 Current Treatments for IPF

Historically, there were no drugs designed specifically for IPF and the management of IPF
involved immune suppression, however this was found to be ineffective and associated with
increased mortality.* The only effective treatment option was surgical intervention in the form
of lung transplantation.?® In 2014 this changed when two novel therapies were approved for
the treatment of IPF.

The first of these therapies is pirfenidone (1), a low molecular weight molecule with a poorly
understood mechanism of action (Figure 3). Pirfenidone exhibits anti-fibrotic properties in
animal models. It is thought that pirfenidone supresses fibroblast proliferation, inhibits pro-
fibrotic/ pro-inflammatory cytokines and reduces collagen production, although the

mechanisms by which these effects are mediated are not understood.?®?” Pirfenidone was
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approved for use based on a meta-analysis of pooled clinical trial data, which showed it
conveyed improved rates of survival in comparison with a placebo.?® It was also shown that
there was significant reduction in the decline of forced vital capacity (FVC) for patients taking
the medication. Pirfenidone however, does not alleviate the other symptoms associated with
IPF, such as dyspnoea and cough,?® and only slows lung function decline. Pirfenidone,

therefore, does not stop or reverse the lung damage caused by IPF.

|O“©

=

Figure 3: Structure of pirfenidone.

A daily dose of pirfenidone comprises of three 267 mg tablets taken three times a day, totalling
a 2.4 g daily dose. This is a large dose and requires patients to take medication on a frequent
basis. The cost of treatment is ~£26K per year, although a confidential patient access scheme
has provided some level of discount to the NHS in the UK.* The large dose, frequent dosing
regime and high-cost are all areas which could be improved upon by a novel therapeutic.

The large dose of pirfenidone is likely a contributing factor to its undesirable side-effect
profile. Pirfenidone has reported side-effects including photosensitivity, which prevents the
patient from being exposed to sunlight, fatigue, dizziness, weight loss, gastroesophageal reflux
disease, and hepatic dysfunction.®! These side-effects can prevent patient adherence to the

medication and may lead to termination of treatment.

The second therapy currently approved for the treatment of IPF is Nintedanib (2). Nintedanib
is a receptor tyrosine kinase (RTK) inhibitor which is believed to be active at a number of
RTK’s including; Platelet-derived growth factor receptor (PDGF), Vascular endothelial
growth factor receptor (VEGF) and Fibroblast growth factor receptor (FGFR) which leads to
suppression of fibrosis.3? In clinical trials it was shown that Nintedanib demonstrated a
significant reduction in the decline of FVC, although the translation of this effect into reduced

mortality was not significant.®
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Figure 4: Structure of Nintedanib.

Patients taking Nintedanib must take a 150 mg tablet twice a day, although this represents a
substantial reduction over pirfenidone, this is still a reasonably large dose and does not
conform to the accepted “gold-standard” of once-a-day treatment, meaning there is an

opportunity for a novel therapeutic to offer improvement.

The side-effect profile of Nintedanib is quite severe which might be expected from a systemic
kinase inhibitor. Diarrhoea and nausea are the most common side effects, and in clinical trials
is was noted that an elevation of liver enzymes and increase in bleeding events occurred. The
clinical trial also observed a significantly greater proportion of patients in the Nintedanib

patient group suffering myocardial infarction.®

The cost of treatment for Nintedanib is very similar to pirfenidone (~£26K per year) and a
similar patient access scheme has been agreed with the NHS.** Cost-effectiveness analysis of
Pirfenidone and Nintedanib has led the NHS to limit treatment to patients who have a forced
vital capacity (FVC) between 50% and 80% of predicted.®** This severely limits treatment
options for patients who fall outside of this category and highlights the unmet need for novel

therapeutics.

1.1.3 IPF Treatments in Development

Given the severity of IPF and the lack of effective treatment options, many pharmaceutical
companies have potential treatments for IPF in various stages of development. A review
published in 2017 has summarised the various clinical candidates for treatment of IPF (Table
1).
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Drug Company Phase Mechanism Observations
_ Anti-CTGE Overall safety and marginally
Pamreviumab Fibrogen I favourable outcomes
monoclonal AB
demonstrated
Oral collagen V.
IW001 ImmuneWorks I Aims to induce Safe and well tolerated
immune tolerance
University of Angiotensin 11 Stabilised lung function. No
Lorsartan . 1 . !
South Florida antagonist control group in study
Recombinant Overall safety and marginally
PRM-151 Promedior I . favourable outcomes
pentaraxin Il
demonstrated
No evidence of treatment
Anti-CCL2 benefit compared with
Carlumab Centocor Il - .
antibody placebo. Project now
terminated
Clinically effective but 46% of
Tanzisertib Celgene I JNK antagonist patients discontinued study due
to adverse events
Long-lasting
Octreotide Inserm I somatostatin Well tolerated
analogue
Simtuzumab Gilead I Monoclonal AB Terminated due to lack of
to bind LOXL2 efficacy
Lebrikizumab  Genentech/ Tanox I Anti-IL-13 Ongoing
antibody
Tralokinumab  AZ/ Medimmune Il Anti-1L-13 Terminated due to lack of
antibody efficacy
Monoclonal AB
SAR156597 Sanofi I targeting 1L-13 Ongoing
and IL-14
KDO015 Kadmon Corp. I ROCKZ. Ongoing
antagonist
Leukotriene
Tipelukast MediciNova I antagonist; PDE4 Safe and well tolerated
and thromboxane
A2 inhibitor
Autotaxin FVC stabilised over 12 weeks
GLPG1690 Galapagos I o compared with placebo. PIII
inhibitor .
trial planned
GLP1205 Galapagos | GPR84inhibitor ¢ and well tolerated. P1I
trial planned
BMS-986020 Brlstol-Myers I LPAL antagonist Trial stopped for unknown
Squibb reason
. University of mTORC1 Worsening of FVC and disease
Everolimus P na. ., .. .
Virginia inhibitor progression
GSK2126458  GlaxoSmithKline I IF)r:f?IP;I/tr(T)] ;FOR Completed. No results reported
GSK3008348  GlaxoSmithKline I avfs antagonist Ongoing
Reduces
Prometric production of
PBI-4050 Lo I TGF-B, CTGF, Completed. No results reported
Biosciences
IL-23, p19 and
IL-6
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Drug Company Phase Mechanism Observations
o University of Chimeric anti-
Rituximab I CD20 monoclonal Completed. No results reported
Alabama .
antibody
ITnBT;g Galecto Biotech Il ﬁzlii)ci::)nr-s- Safe and well tolerated
Synthetic
Nandrolone  University of Sao I androgen to Ongoing
decanoate Paulo decrease telomere
attrition.
Vismodegib Hoffman-La Hedgeho
T Pirfenid%ne Roche : path%vay ignhibitor Completed. No results reported

Table 1: Summary of selected novel clinical drug candidates for IPF. Key: green= generally positive

results, red= negative results, yellow= ongoing or no published results.

There are a range of clinical trials ongoing for IPF indications with biologicals. Whilst these
therapies have the advantage of being very specific, as they are genetically engineered to
specifically bind to a single target cell or protein,® immunotherapies are expensive to

produce®® and rely on intravenous or subcutaneous administration.®

1.2 Kinases

1.2.1 Introduction to Kinases

A kinase is an intracellular signalling enzyme which functions by transfer of a phosphate group
from adenosine triphosphate (ATP) onto a target; this target can be protein, lipid or nucleic
acid with most kinases functioning on protein substrates.*® Kinases are ubiquitous in human
cells and they make up 1.7% of the Human genome. There are 518 protein kinases and 20 lipid
kinases in the human kinome.*® Kinases are known to have active roles in key cellular activities
including; proliferation, survival, apoptosis, metabolism and differentation.®® The
phosphorylation of a target substrate modifies the activity of the substrate and kinases often

operate in phosphorylation cascades (Figure 5) which result in a given cellular response.
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Figure 5: Illustration of a general kinase-mediated intracellular message transfer. An extracellular
signalling molecule triggers a cell surface receptor which activates protein kinase 1. This in turn
activates protein kinase 2 by transferring a phosphate group to it from ATP. This will activate other

kinases in a domino effect until a final protein is activated, which invokes a cellular response.*

Due to their role in cellular activities, Kinases have been extensively pursued by the
pharmaceutical industry as drug targets. Over the past 30 years there have been 38 kinase
inhibitor molecules approved by the FDA* for a range of indications including; cancers,*3
inflammatory diseases,*> central nervous system disorders®, cardiovascular diseases and

complications related to diabetes.’

1.1.2 Kinase Structure

The general structure of kinases enzymes is well defined due to the existence of multiple
published X-ray crystal structures.*? Generally, a protein kinase consists of a smaller j-
structured N-lobe connected by a short hinge fragment to a larger a-helical C-lobe. The ATP
binding pocket is located in the hinge region between these terminal lobes where ATP is
sandwiched between hydrophobic residues and forms hydrogen bonding interactions with the

kinase hinge.*® The general structure of a protein kinase is shown in Figure 6.
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ATP binding site

Figure 6: A solved X-ray structure of Aurora A kinase.*

The hinge region is lined with a number of domains involved in catalytic activity. These
include; the A-loop which can adopt an open conformation (when ATP is bound) or a variety
of closed conformations (inactive states). The A-loop is able to be stabilised in the active open
conformation by phosphorylation. The DFG motif (made up of the amino acid residues,
aspartic acid (D), phenylalanine (F) and glycine (G)), is a section of the A-loop where an Asp
residue binds the Mg?* ions that coordinate the p-and y-phosphates of ATP. The other end of
the A-loop contains a short EF-helix which contains a conserved Glu residue which binds the
kinase substrate. Helix-C contains a Glu residue that forms a salt-bridge with the active site
Lys (the Ala-X-Lys motif in the g3-strand), thereby anchoring and orienting the ATP
molecule. The P-loop is also involved in ATP coordination, as well as containing the catalytic
loop which is responsible for phosphate group transfer to the substrate.**” an example of the
ATP-cleft arrangement for IRK can be seen in Figure 7. The active sites of all kinases bind
ATP and therefore have structural homology, particularly whilst in the DFG-in conformation.
For this reason, identification of highly selective small molecule inhibitors remains a

challenge.
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Active conformation, catalytically competent Inactive conformation

e

Figure 7: Helix-C (orange), P-loop (red), hinge region (green), catalytic loop (blue), A-loop (cyan),
conserved lysine (grey). and substrate peptide (yellow) in active IRK and the location of the same
features in inactive IRK showing structural elements and residues important for the mechanism of
action. In the left-hand panel, the bound ATP molecule is shown as a transparent structure. In the right-
hand panel, the location of the DFG motif in the corresponding active conformation is shown by a

transparent surface (grey).*

1.2.3 Kinase Inhibitor Classification

Kinase inhibitors are broadly divided into two main classes; covalent inhibitors and non-
covalent inhibitors. Covalent inhibitors (sometime referred to as type VI inhibitors) are often
Michael acceptors and form a bond with various poorly conserved reactive cysteine residues
within the ATP cleft.*® Ibrutinib® and Afatinib® are FDA approved chemotherapies and are
covalent inhibitors for Brunton’s tyrosine kinase (BTK) and epidermal growth factor receptor
(ErbB-1), respectively. More recently a kinome-conserved lysine has also been targeted for
inhibition of phosphoinositide 3-kinase delta (P13K3).>* Non-covalent inhibitors are further
divided into sub-classes based on the position in which they bind to the kinase. This leads to

the classification of reversible kinase inhibitors.*

Type | inhibitors bind to the hinge of kinases in their active conformation (DFG-in
conformation) meaning when the inhibitor is bound the structural elements of the ATP cleft
adopt an arrangement similar to that of when ATP is bound.*” As stated above, the hinge region
of an active enzyme has good structural homology across the kinome, therefore type | kinase
inhibitors gain selectivity by exploiting differences in other regions of the ATP cleft which are

less conserved, such as the back-pocket region.*
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Type | % inhibitors are a further subtype of type | inhibitors where the kinase is bound in an
inactive conformation; however, the kinase is in a DFG-in conformation (typical for an active
kinase). An example of this is Lapatinib in ErbB-1 which displaces the helix-C and produces

an inactive conformation.??

Type 1l reversible inhibitors bind to the hinge region whilst the kinase is in the DFG-out,
inactive conformation. The displacement of the DFT motif exposes a hydrophobic pocket
adjacent to the ATP binding site which can be exploited by type Il inhibitors.>® Imatinib®> and
Sorafenib® are examples of FDA approved type Il kinase inhibitors which each target multiple
tyrosine kinases. Type Il inhibition has benefits over type I inhibitors including improved
selectivity and slower off-rates.®® However the identification of novel type 11 kinase inhibitors
represents a considerable challenge as they are often overlooked in traditional enzymatic
assays and high-throughput screening (HTS), because of low affinity to active, phosphorylated
kinases.®’

Property Typel Typel Y Type ll Type 11l TypelV  Type VI
Allosteric  Allosteric
inhibitor inhibitor

ATP Pocket ATP Pocket

- ATP Pocket L L bound in  bound in
Binding . of inactive of inactive . . Covalent
. of active - - site siteaway .. .
Location X conformation, conformation, : inhibitor
conformation DEG-Asp in DEG-AsD out adjacent from
P P to ATP  ATP
pocket pocket
Extends Type A: Yes  Type A: Yes )
into back No _ _ Yes No Variable
cleft? Type B: No Type B: No
DFG-Asp In In Out Variable  Variable  Variable
Activation . . . . .
loop Out Variable Variable Variable  Variable Variable
oHelix-C In Variable Variable Out Variable  Variable
Spine In Distorted L_Jsually Distorted  Variable  Variable
distorted
ATP-
L. Yes Yes Yes No No No
Competitive
Reversible Yes Yes Yes Yes Yes Usuatlly
no
Table 2: Classification of small molecule protein kinase inhibitors.®
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Type Il reversible inhibitors differ in the fact that they are non-competitive to ATP and instead
bind to allosteric sites adjacent to the ATP binding site. These allosteric sites are normally
kinase specific and therefore type 3 kinase inhibitors are more selective than competitive
inhibitors.*” TEK-733 is a allosteric Mitogen-activated protein kinase (MEK) 1/2 inhibitor
which is currently in phase 1 clinical trials for treatment of patients with advanced solid

tumors.>®

Type IV inhibitors are also allosteric inhibitors; however, they bind to sites which are distant
to the ATP cleft. An example of a type IV inhibitor is GNF-2, an antagonist of BCR-ADbI,
which binds to the myristoyl binding site and stabilizes the inactive enzyme form.®® A

summary of the various kinase inhibitor classifications is shown in Table 2

The vast majority of approved kinase inhibitors are in class | and in the current study, we have

focused on this class of inhibitor.

N
g Lapatinib Imatinib [ ]
S

N~ /@iCI
}\N CF3

Sorafenib © H H,oN O GNF-2

Figure 8: Kinase inhibitor compounds.
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1.2.4 Phosphatidylinositol 3-kinase (P13K)-Related Protein Kinases

(PIKKS)

During the 1990s a class of kinases known as the phosphatidylinositol 3-kinase (P13K)-related

protein kinase (PIKK) family of proteins were discovered.®* There are two main defining

features of this kinase family;

e All known members are very large, ranging from 280 to 470 kDa in size.

e The kinase domain of PIKK family members is more closely related to the PI3K

family of phospholipid kinases (20-25% identity) than other protein serine/threonine

or tyrosine kinases.

Although they share structural homology with the PI13K family in their active site, the available

evidence suggests that the PIKKs do not target lipids. The primary specificities of the PIKK

and PI3K families are different, but due to their similarities in the ATP cleft they likely bring

about catalysis by very similar mechanisms.®> Due to this structural homology it can be

challenging to obtain compounds that are selective for one PIKK family member over other

PIKKs or the PI3K family of kinases. For example, there are many examples in the literature
of dual mTOR/PI3K inhibitors.®*% In Table 3 the PIKK family members are listed along with

their established cellular roles.

PIKK

Functions

mTOR

DNA-PK

ATM & ATR

SGM-1

Key regulator of cell growth; believed to modulate cap-dependent translation
and through phosphorylation and regulation of 4E-BP1 and S6 kinase. mTOR
has also been shown to be involved in transcription, actin organisation,
membrane traffic and protein degredation.®%

Involved in a heterotrimeric holoenzyme complex (DNA-PK). This complex
functions to recruit and/or phosphorylate additional NHEJ factors to repair
lesions in double stranded DNA.

Signallers of genome damage. ATM phosphorylates, and therefore appears to
modulate the activities of, the key cell-cycle control proteins p53, BRCAL,
NBS1, MDM2, RAD17, and CHK2.

ATR acts to delay cell-cycle progression in response to other types of DNA
damage, such as those induced by ultraviolet light. ATR is known to target p53,
RAD17, BRCA1, and CHK1.

A regulator of nonsense-mediated mMRNA decay (NMD). NMD serves to
recognise and eliminate mRNA species that contain premature translation
termination codons and thus code for non-functional or potentially harmful
polypeptides.

Table 3: Known cellular functions of PIKKs
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1.3 Mechanistic Target of Rapamycin (mTOR)

1.3.1 PIBK-AKT-mTOR Pathway

In normal cells, the PI3K/Akt/mTOR axis is an intracellular signalling pathway which is an
important regulator of cell metabolism, proliferation, differentiation and survival.®® The
pathway is deregulated in a number of diseases including: solid tumors,®® immune mediated

diseases’® and idiopathic pulmonary fibrosis’™ and is therefore an attractive therapeutic target.

The pathway is activated by extracellular growth factors and cytokines, which act as substrates
for cell surface tyrosine kinase receptors. The activation of these cell surface receptors
activates the p110 catalytic subunit of PI3K. This activation then catalyses the phosphorylation
of PIP; into PIP3; which locates Akt at the intracellular membrane where it is phosphorylated
by mTORC2.” Phosphorylated Akt then has a number of downstream targets including
MTORCL1, Fox proteins and Bcl-2 anti-apoptotic protein. mTORC1 is arguably the most
important downstream target of pAkt, it is an important regulator of protein and lipid

biosynthesis, cell cycle progression, proliferation, survival and senescence.’"8

The importance of mTOR within this pathway was first established when it was shown that
rapamycin had antiproliferative properties caused by its ability to inhibit signalling pathways
required for cell growth and proliferation.”” Recognising this key role, researchers have found
that mTOR is involved in many other cellular processes and its central role in regulating
diseases such as fibrosis and cancer have established it as a valuable drug target.”®”® A

simplified schematic of the PI3K/Akt/mTOR pathway is shown in Figure 9
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Figure 9: Schematic diagram showing the PI3K/Akt/mTOR pathway.'® The mTORC1 and mTORC2
complexes are shown with their individual sub-units. mMTORCL1 is associated with; RAPTOR, mLST8,
PRAS40, DEPTOR and the scaffold protein TTIL/TEL2 complex. mTORC?2 is associated with
RICTOR, mLST8, mSIN1, protor 1/2, DEPTOR and the scaffold protein TTIL/TEL2 complex.

The mTOR complexes have overlapping and unique sub-units which contribute to signalling
activity, the individual roles of these subunits are summarised in Table 4
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Subunit

Functions

mTORC1 specific

RAPTOR
(Regulatory-associated
protein of MTOR)

Facilitates substrate recruitment of 4EBP1 and S6K1 to mTORC1
and is required for the correct subcellular localisation of
mTORC1.808!

PRAS40 Inhibitory subunit that interacts with RAPTOR and binds to
(Proline-rich Akt substrate  mTORCL in insulin deprived cells resulting in inhibition of cell
of 40 kDa) growth.®
mTORC?2 specific
RICTOR Responsible for the phosphorylation of Akt at Ser473. This

(Rapamycin-insensitive
companion of mTOR)

phosphorylation activates Akt and is vital for the PI3K/Akt/mTOR
pathway."®

mTORC2 can function in absence of subunit. Protor-1 has a role in

Protor 1/2 SGK1 activation (a protein kinase that is responsible for ion channel
activation). Protor-2 has a role in mRNA stability regulation in

stressful enviroments, 8384
mSINL Responsible for SGK1 phosphorylation. SGK1 is a downstream

protein Kinase target of mTORC2 responsible for epithelial ion
channel activation.2® mSIN1 is also responsible for mTORC2
inactivation in response to mTORC1 activation, its phosphorylation

(mammalian stress-activated
protein kinase interacting

protein 1) causes dissociation of mMTORC2.
Common to Both mTORC1 and mTORC?2
DEPTOR DEPTOR is an inhibitory subunit which downregulates activity of

(DEP domain-containing
mTOR-interacting protein)

mTORC1 and mTORC2, however when overexpressed (in some
cancers) it can inhibit mTORC1, leading to activation of mTORC2.86
Positive regulator. TTIL/TEL2 is a complex of two proteins that
regulate stability of PIKKs. depletion of TTIL/TEL2 causes
disassembly of mTOR complexes leading to loss of activity.®’

TTIL/TEL2

mLST8
(mammalian lethal with
SEC13 protein 8)
Table 4: Summary of the sub-units which combine with mTOR to form the complexes mTORC1 and

mTORC?2.

Associates with mTOR catalytic domain and stabilises activation
loop (A-loop).®

1.3.2 mTOR and Fibrosis

mTOR signalling is thought to play a central role in the proliferation of various types of
fibroblasts in fibrotic conditions. For example, mTOR has been proven to promote keloid
fibroblast proliferation.®® The authors of this study also demonstrated that Palomid 529, a
known dual mTORC1/ mTORC2 inhibitor exerted an anti-keloid effects in keloid
fibroblasts.®

mTOR signalling is also important for cell survival. mTORC2 phosphorylates Akt, which is a
key effector of PI3K survival signalling.”> mTORC1 is also thought to modulate cell survival.
Inhibition of mMTORC1 can lead to increased autophagy and macropinocytosis, therefore
permitting survival in low nutrient conditions.®® When normal lung fibroblasts are treated with
autophagy inhibitors, they become sensitised to collagen matrix driven death. IPF fibroblasts

in contrast, maintained a viable phenotype under the same conditions. This study showed that
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increased mTOR activity desensitises IPF-fibroblasts to collagen-matrix driven stress by
supressing autophagy, so IPF-fibroblasts remain viable on collagen.

Since MTORCL activation is known to indirectly inhibit mTORC?2 via a negative feedback
loop the exclusive inhibition of MTORC1 may paradoxically promote cell survival via
activation of the PI3K/Akt pathway (Figure 10).

4EBP1

mTOF/{C1 §6K1 —* Translation initiation — Cell proliferation/growth

N
\

L e Anti-apoptotic proteins
mTORC2 —= Akt ] »Cell survival

| 7 Pro-apoptotic proteins

PI3K

Figure 10: The role of mMTORC1 and mTORC2 in regulation of cell-growth, proliferation and survival.

(arrows indicate positive regulation and T symbols indicate inhibition).°

There are a number of other factors which through mTOR signalling lead to fibroblast
proliferation and survival, which in turn leads to excessive collagen production. IPF is
considered a disease which results from micro-injuries to pneumocytes. This results in
insufficient healing and myofibroblast production.®* Lung injuries lead to inflammation and
the release of pro-inflammatory cytokines, in particular TGF-p which is considered a primary-
player in IPF progression. TGF-f can stimulate fibroblast proliferation and collagen deposition
through a number of pathways, importantly it is capable of activating the PI3K/Akt/mTOR
pathway.%?

Dysregulated autophagy has already been mentioned as a key factor in cell survival of IPF-
fibroblasts. It is thought that when IPF-fibroblasts are cultured on a collagen-rich medium,
autophagy is low as a result of high levels of mTOR activation.®® mTOR inhibition reactivated
autophagy in these cells leading to collagen-induced cell death. This provides evidence that
normal lung fibroblasts view collagen as an apoptosis-triggering environment whilst IPF-
fibroblasts are insensitive to collagen, meaning they continue to be viable and produce further
collagen, leading to a progression of IPF symptoms. This tolerance to collagen is thought to

be mediated through elevated levels of mTOR activity which alters autophagic activity.*°

Cellular senescence is a process where cells cease to divide, and is potentially linked to IPF.
Senescent cells propagate the senescence-associated secretory phenotype (SASP) which is a
complex mixture of cytokines that have been implicated in radiation-induced fibrosis and are
associated with mTOR pathways.”>74% It is thought that accelerated senescence plays a role

in IPF as it is responsible for depleting epithelial cells and encouraging myofibroblast
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differentation.® Importantly, it has been shown that mTORCI1 inhibition resulted in decreases

SASP cytokines and pneumocyte senescence, resulting in a decrease of fibrosis.”

This evidence, taken together provides a solid rationale for inhibition of mTOR as a potential
treatment for IPF. In addition to this, histologic analysis of IPF patient lung tissue
demonstrated increased mTOR expression. This level of mTOR expression correlated with the

degree of fibrosis observed.%

Pre-clinical studies have investigated mTOR inhibitors in fibrosis. In one study the
MTOR/PI3K inhibitor GSK2126458 (3), which has completed phase 1 oncology trials, was
shown to be capable of inhibiting P13K signalling and functional response in IPF-fibroblasts.*’

Figure 11: Structure of dual PI3K/mTOR inhibitor GSK2126458.

A summary of the roles which mTORC1 and mTORC2 have in the development of pulmonary
fibrosis is shown in Figure 12. mTOR complexes are intricately involved in promoting
mechanisms that favour activated lung fibroblast survival and uncontrolled collagen
deposition. This provides a very good rationale for targeting mTOR inhibition as a treatment

for IPF. It is this aim which is pursued as part of this thesis.
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Figure 12: Schematic diagram showing the role of mTOR in the development and progression of IPF.*°

1.3.3 Small Molecule mTOR Inhibitors

The first generation of mMTOR inhibitors were based on the natural product rapamycin, which
was isolated from Streptomyces hygroscopicus in soil samples collected from Easter Island.®®
Rapamycin (Figure 13) is a macrocyclic lactone that contains two binding moieties both
required for activity. One moiety binds to FKBP12, which is a protein present in the cytosol
with peptidylprolyl isomerase activity. Binding to FKBP12 causes no change to the activity of
the enzyme, but allows for formation of a ternary complex with mTOR.*® The rapamycin-
FKBP12 dimer binds mTOR away from the catalytic site and therefore does not directly inhibit
kinase activity, it is thought to bind to the FRB domain and displace RAPTOR. As RAPTOR
is responsible for recruitment of 4EBP1 and S6K1, rapamycin-FKBP1 binding interferes with
the association of mTORC1 with its substrates.’®® Despite the presence of mTOR in both
MTORC1 and mTORC2, rapamycin is only active at mTORC1 and it is thought that the unique
subunits of mMTORC2 (vide-supra) prevent rapamycin binding. Rapamycin itself was approved
as an immunotherapy treatment in 1997 for use in transplant patients and in 2003 for use in

coronary-artery stents.10!

32
Declan M Summers



CONFIDENTIAL — DO NOT COPY

Figure 13: Structure of rapamycin.

Rapamycin has poor solubility, which translates into low oral bioavailability (~14%). To
overcome this several analogues of rapamycin, termed rapalogs have been developed.
However, this was challenging as both sides of the molecule are responsible for binding. All
modifications were by substituting the alcohol at C-40-O with water-solubilising groups
(Figure 14). In 2007 Temsirolimus became the first rapalog approved by the FDA as a cancer

treatment (renal cell carcinoma).2%

R=
0}
Temsirolimus (5) = \QJ\gOH
OH

Everolimus (6) = ‘a{\/OH

0}

B/
Ridaforolimus (7) = ‘z{ ~

Rapamycin Analogues

Figure 14: Structure of rapalogs.

Rapalogs however, have been met with limited clinical success in a cancer setting and have
failed to be effective in the majority of solid tumours.1® One of the reasons behind this is that
mTORCL1 inhibition causes upregulation of the PI3K/Akt pathway via mTORC2 which
promotes cellular survival.’®* One strategy around this is to target the catalytic site of mTOR,

as this is present in both mTORC1 and mTORC2 and consequently, inhibitors can block
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activity of both complexes, leading to a reduction in the mTORC2 dependent activations of
Akt.

The development of ATP-competitive mTOR inhibitors began with PI3K inhibitors, as the
structure of the PI3K isoforms has a high degree of homology with mTOR and therefore
compounds such as the morpholine-pyrimidine derivative P1-103, which was developed as a

pan-PI3K compound, was found to also inhibit mTOR.

PI-103 (8)
mTOR pICsy = 7.5
PI3Ka.B.3,y pICsp = 8.7, 8.5, 8.5, 7.8

Figure 15: Structure of dual PI3K/mTOR inhibitor PI-103.

There have been several other inhibitors based on the structure of PI-103 which have dual
mTOR/PI3K activity such as GDC-0980 (9), GNE-493 (10) and GNE-477 (11) (Figure 16).
There is a potential concern around the toxicity of dual PI3K/mTOR inhibitors owing to the
diverse functions of the different PI3K isoforms. Because of this, more selective mTOR

inhibitors were targeted.

O O
O
\ \
| N7 ‘}_d\ | N7
Q S Q
GDC-0980 (9) GDC-493 (10) )\ GDC-477 (11)

H mTOR plCsy = 7.8 mTOR plCsy = 7.5 mTOR plCsy = 7.7
PI3Ka pIC5O 8.3 PI3Ka pleo =85 PI3Ka p|C50 8.4

Figure 16: Structure of PI3K/mTOR dual inhibitors.

The morpholine-pyrimidine scaffold also proved to be effective in producing inhibitors with
selectivity for mTOR. These selective inhibitors include WAY-600 (12), WYE-687 (13),
WYE354 (14),195 KU0063794 (15)1¢ and AZD8055 (16)X7 (Figure 16).
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Figure 17: mTOR inhibitors with selectivity over PI3K.

In comparison with rapalogs, ATP-competitive mTOR inhibitors are more effective at
blocking cell proliferation and inducing apoptosis in tumour models.2%81%° Several ATP-
competitive mTOR inhibitors have progressed to clinical trials, including the morpholine-
pyrimidine based compound vistusertib (17)*° (Figure 18) which is highly selective for
mTOR and progressed into phase Il clinical trials for numerous cancer indications before being

terminated in late 2018.

Vistusertib (AZD2014, 17)
mTOR plCsy = 8.6
PI3Ka pICso = 5.4

Figure 18: Structure of Vistusertib (AZD2014).

The morpholine-pyrimidine core-hinge fragment has proven to be very privileged in mTOR
inhibitors. A Scifinder search of this structure in the mTOR kinase space alone produced in

excess of 4800 hits. The extensive use of this morpholine-pyrimidine fragment in ATP
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competitive mTOR inhibitors means that finding novel alternatives would be advantageous,

preferably motifs conferring a potency, selectivity or physicochemical advantage.

1.4 Cyclopropylpyran as a novel hinge-binding fragment

1.4.1 Importance of Morpholine Hinge Binding Fragment in PIKK
Inhibitors

A number of independent lead optimisation programmes have identified 4-(Pyrimidin-4-
yh)morpholine as a privileged pharmacophore for lipid kinase and PIKK inhibitors,107:108111,112
it has been shown through X-ray co-crystal structures of compounds bound to mTOR (Figure
19) that the morpholine oxygen facilitates hydrogen bonding with the backbone of the kinase
hinge region. In order for this hydrogen bond to be formed, the morpholine must adopt a co-

planar conformation with respect to the core ring of the molecule.®

Figure 19: X-ray co-crystal structure of P1-103 (8) bound to the active site of mTOR.® The mTOR
cleft is shown in transparent surface representation, with the N-lobe in yellow and the C-lobe in pink.

Green dotted lines indicate atoms within hydrogen-bonding distance.

The co-planar conformation required for efficient hydrogen bonding to the mTOR ATP cleft
is favoured for morpholine substituted pyrimidine systems. This has been confirmed by
molecular mechanical and quantum mechanical modelling of morpholine-pyrimidine
containing compounds (vide infra). The conformational preference exhibited by these
compounds is thought to be due to a lone pair donation from the morpholine nitrogen into the

electron deficient pyrimidine heterocycle forming a stabilising interaction.

Substitution of the morpholine ring has been reported within the literature and is associated
with an increase in potency and selectivity for mTOR. 3-(S)-Methyl morpholine is frequently

utilised and offers a potency and selectivity enhancement over the corresponding unsubstituted
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morpholine. Molecular modelling has shown that in mTOR, a small, rigid pocket formed
primarily by Trp3339 is correctly positioned to be exploited by the methyl group (Figure
20).113 This pocket is not present in PI3K isoforms and thus confers a selectivity advantage.
Similarly, bridged bicyclomorpholines offer a selectivity advantage due to the presence of a
larger cavity in this region of mTOR because of a leucine to phenylalanine difference between
mTOR and PI3K (vide infra).!4

i

Figure 20: Docking study depicting 18 (pink) in the active site of the mTOR homology model with a
VdW surface color-coded by lipophilic potential (tan-brown= lipophilic, cyan-blue = polar, green =
between lipophilic and polar) added to the protein and with a mesh surface also color-coded by lipophilic

potential added to the ligand to show shape and lipophilic complementarity.'*®

1.4.2 Discovery of Cyclopropylpyran

Replacements for these morpholine based fragments are desirable due to their widely reported
use in ATP competitive mTOR inhibitors. Previous attempts to replace the morpholine hinge
binding fragment have been limited to heteroaromatic rings or one report of a dihydropyran
(DHP) fragment (vide infra). Despite maintaining good cross-kinome selectivity, the DHP has
not been widely utilised in the literature, presumably due to its reduced Fsp® character, poor
solubility profile and potential chemical or metabolic reactivity.

With these previous results, the efforts in our laboratory aimed to discover an alternative hinge

binding fragment that fulfilled the following criteria:

e Maintained an mTOR potency comparable to morpholine through adoption of, or at

least access to, a favourable co-planar conformation.
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e Maintained a similar level of selectivity for mTOR over the PI3K isoforms as 3-

methyl morpholine.
e Offered an improved or differentiated physicochemical profile.

e Unreported within the literature in order to impart additional novelty to emerging

compounds.

With these criteria in mind, a number of potential hinge binding fragments were considered
based on structure 19 (Figure 21). The most synthetically tractable of these was
cyclopropylpyran 20 and therefore synthetic efforts were undertaken within our laboratories

to furnish this hinge binding fragment.!*®

O (0]
R
R R
)
Z N )\
| |
\N) \N)
19 20

Figure 21: Cyclopropylpyran hinge binding fragment.

It was initially proposed that the cyclopropylpyran hinge binding fragment would have little
conformational preference and therefore there would be a negligible energy penalty associated
with adopting the desired, co-planar active conformation. It was thought that this would lead
to comparable potency of cyclopropylpyran-containing compounds to their morpholine-
containing matched pairs. In addition to this the CH, moiety of the cyclopropyl ring has the
potential to occupy a similar region of the mTOR active site to the methyl group of 3-(S)-

methyl morpholine suggesting comparable levels of selectivity were also feasible.

Additionally, it was thought that the inclusion of cyclopropylpyran would improve
physicochemical properties such as solubility due to an increase in fraction sp® (Fsp®). Fsp®is
a measure of saturation and is defined as the number of sp® hybridized carbons divided by the
total carbon count. This metric has been shown to be associated with improved solubility,

selectivity and developability of drug-like molecules.*t¢t

Cyclopropylpyran, to the best of our knowledge has never been included within a drug and
therefore the cyclopropylpyran hinge binding fragment increases the novelty of compounds in
which it is contained. This is advantageous given the crowded patent space surrounding
mTOR/PI3K inhibitors meaning that, even if an effective compound is developed it may not

be possible to patent the compound.
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Whilst cyclopropylpyran has not previously been included in a drug compound, the aza-
analouge, 3-azabicyclo[4.1.0]heptane, is a structural motif that is included in a number of triple
reuptake inhibitors for treatment of depression. For example, the GSK developed compound
GSK1360707 (21) is a potent and selective triple reuptake inhibitor.*® The compound was
halted in phase I clinical trials for strategic reasons.''® It is interesting to note the orthogonal
conformation observed between the two rings in the X-ray crystal structure of this compound
(Figure 22).120

Figure 22: Structure of triple reuptake inhibitor GSK1360707 (21) and X-ray crystal structure!® of
GSK1360707 (21) L-tartrate (counter anion omitted for clarity). The dihederal angle highlighted in red

on the structure was measured at 103.8 °.

1.4.3 Dihedral Angle Scanning Study of Cyclopropylpyran

In order to further understand the cyclopropylpyran fragment and its likely conformational
preferences, a series of dihedral angle scans were carried out using DFT calculations. Firstly,

dihedral angle scans of morpholine, DHP and THP were compared to CPP (Figure 23).12
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Figure 23: Dihedral angle scanning plot for hinge binding fragment variation.?!

Dihedral angle scanning was performed using Density Functional Theory (DFT/6-
31G**/B3LYP). The DFT calculations are carried out using Jaguar.'?? Prior to the scan the
molecules were drawn using the Molecule Editor in MOE!? and all of the compounds were
minimized using the MMFX94 force-field. The dihedral angles, highlighted in bold red on
structures 22-25, were rotated incrementally by an angle of 10 ° and for each increment, energy
minimization of the conformation was performed. The procedure was performed until a
complete rotation of 360 ° was achieved. This provided the relative energy profiles shown in
Figure 23.

The dihedral angle scan suggests a co-planar conformation with a large rotational energy
barrier (40 kJmol?) is predicted for morpholine 22 which is attributed to interaction of the
nitrogen non-bonded electron pair with the pyrimidine n-system. Conjugation between the
C=C bond in DHP 24 also results a co-planar conformation whereas the tetrahydropyran 23 is

predicted to exhibit a limited preference for an orthogonal conformation.
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Cyclopropyl C-C bonds are known to display similarities to alkene bonds.'?* The Walsh
cyclopropane molecular orbitals (MOs)'%1% describe 3 occupied orbitals; ¢ and quasi-n (es/
ea) and these orbitals are reminiscent of the ¢ and m orbitals which make up an alkene C=C
bond (Figure 24).1%" Due to this similarity, cyclopropyl rings may interact with adjacent -

systems when in the appropriate conformation.

Cyclopropane Ethylene
I % -
%_J
B T
A -
c c

Figure 24: Bonding molecular orbital (MO) description of bonding in cyclopropane and ethylene. %’

This highlights the similarities between the bonding of cyclopropane and ethylene. The
bonding MO’s in cyclopropane are made up of linear combination of three sp>-hybridised
atomic orbitals (AOs), while the other two (es and ea,) are degenerate linear combinations of
three p-AOs differing only in their symmetry properties. This picture is strongly reminiscent
of the most common description of a C=C double-bond by two occupied MQOs, one linear
combination each of two sp? AOs (6-MO) and two p AOs (n-MO).

Accordingly, DFT calculations predict a co-planar conformation for CPP 25, and it is
reasonable that electronic overlap may contribute towards stabilisation of a co-planar
conformation (Figure 25). This interaction is less stabilising in nature than the corresponding

alkene which may account for the difference in rotational barrier height between 24 and 25.

/\,

O

Figure 25: Pictorial representation of stabilising overlap between cyclopropane and aryl ring systems.

Cyclopropyl rings are efficient n-donors and poor m-acceptors, therefore interaction with an
adjacent m-system is likely to be highly dependent on the electronic nature of the aryl ring. The
dihedral angle scan of compounds 25-30 (Figure 26) shows how the most electron-deficient
pyrimidine cores (25 and 26) have low energy co-planar conformations, suggesting donation

from the cyclopropyl ring into the pyrimidine n-system. This effect is also predicted for 2-
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pyridine 27. In this case, the barrier height is lower which suggests stabilization from 7-
donation is less profound. Conversely, 4-pyridine 29, which is electronically analogous to 2-
pyridine 27, has low-energy orthogonal conformations. It is proposed that in this case
stabilizing m-donation is countered by steric destabilization arising from two adjacent aryl
hydrogen atoms. A similar result is obtained for the 3-pyridine 28 and phenyl 30 analogues;
however, it is notable that the co-planar conformation is significantly less favorable than for

4-pyridine 29 which may be due to weaker n-donation into these ring systems.
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E/ KImol!
— — — — — [\%]
o o N Bk~ O 0 O

6
4
2
0 - :
200 250 300 350
Angle/ °
——7 ——38 —<—9
0} (o) o}
® ®
N N/
28 29 30
Heteroaryl Core Variation

Figure 26: Dihedral angle scanning plot for heteroaryl ring variation 25-30.1%

2. Results and Discussion

2.1 Project Aims

In order to further our understanding of the properties of cyclopropylpyran in the context of
its use as a PIKK hinge binding fragment, synthesis of a selection of tool compounds was

required. The purpose of these tool compounds is to enable the properties of cyclopropylpyran
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to be studied in greater detail. Compounds which have been investigated by DFT studies will

have their conformational preferences investigated utilising;

e Small molecule X-ray crystallography to probe solid-state conformation. This will be
supported by NOE NMR studies to probe conformation in solution.

e Biological and physicochemical assays in order to further understand how
conformational preference effects target activity and physicochemical properties.

e Protein co-crystal studies to confirm cyclopropylpyran compound binding
conformation in lipid Kinases.

e Further computational studies to further elucidate the factors which contribute to

conformational bias of the cyclopropylpyran hinge binding fragment.

The overarching aim is to use the results obtained within this chapter to increase our
understanding of the cyclopropylpyran hinge binding fragment, in order to enable effective
utilisation of this compound within a series of mTOR inhibitors. Further to this, it is anticipated
that this work will inform the medicinal chemist on situations in which cyclopropylpyran may
be an appropriate alternative to an N-aryl amine, both in the context of PIKK inhibition and

more widely in drug discovery.

2.2 Tool Compounds

2.2.1 Tool Compound Selection

In order to further investigate the cyclopropylpyran hinge binding fragment, a series of tool
compounds were considered. Firstly, a suite of matched pair compounds were targeted in
which the hinge binding ring was varied (Figure 26). These compounds were based on a 2-
pyridine core ring, which despite not being widely reported within the literature, was predicted
to occupy a co-planar conformation with cyclopropylpyran (Figure 23, Compound 27). This
2-pyridyl fragment has also been applied successfully elsewhere within our laboratory.'?® As
this pyridine ring is less electron-deficient than pyrimidine, the behaviour of CPP with this
core heterocycle is a more robust challenge of its propensity to occupy a low energy co-planar
conformation therefore conformational analysis was performed on this matched suite of
compounds (31-34). Morpholine 31 and DHP 32 are included to compare biological and
physicochemical properties whilst the THP 33, which is expected to be a poor hinge binding
fragment, was included in order to compare the low energy conformation to that of CPP 34.

The compounds have a 3-phenol ring in the 6-position of the pyridine ring. This is a known
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pan-lipid kinase back-pocket group,'? and therefore was included to give the tool compounds

measurable potency within in vitro biological assays.

o)

[ j o o] o
N =
| SN ~N SN ~N
= OH | Pz OH l = OH l Pz OH
31 32 33 34

Figure 27: 2-pyridyl hinge binding fragment variation tool compounds 31-34.

A matched set of 4-pyrimidine compounds was also synthesised (Figure 28). As this
pyrimidine-morpholine fragment is extensively reported upon within the literature (vide infra)
it was suspected that this set of compounds would show the highest levels of target engagement

and therefore offer the most pertinent biological comparison of the hinge binding fragments.

~N ~N
N/ OH | N/ OH
37 38

Figure 28: 4-pyrimidyl hinge binding fragment variation tool compounds 35-38.

In addition to this, a selection of 6-membered heterocyclic core rings coupled with the CPP
hinge binding motif were also synthesised to enable investigation into the properties of CPP
whilst coupled to heterocycles with a range of electronic and steric profiles. The compounds
selected for synthesis are outlined in Figure 29. All of the compounds 39-41 were combined
with the 3-phenol backpocket group. CPP-benzene was combined with a 4-ethyl urea
backpocket group, which is a commonly reported mTOR inhibitor backpocket, to give
compound 42. This was in order to give a less lipophilic compound which could ultimately be

crystallised.
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Figure 29: 6-membered heterocyclic variation tool compounds 39-42.

2.2.2 Tool Compound Synthesis

Morpholine containing compounds 31 and 35 were synthesised via a two-step process which
involves a nucleophilic displacement of a halogen on a core aromatic ring with morpholine,
followed by addition of the 3-phenol backpocket by Suzuki-Miyaura cross-coupling. For the
2-pyridyl compound 31 a nucleophilic substitution was performed on 2,6 dichloropyridine in
neat morpholine, and this furnished morpholine intermediate 43 in good yield (77%) following
chromatographic purification to remove a minor bis-morpholine side product (8% of reaction
mixture by LCMS analysis). Despite the large excess of the morpholine nucleophile the bis-
product was expected to be formed only in small quantities as addition of the initial morpholine
increases the electron density of the aromatic system, therefore making it less susceptible to
further SNAr reactivity.®*® Intermediate 43 underwent Suzuki Miyaura cross-coupling with 3-
(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)phenol installed the 3-phenol backpocket in good yield

to give tool compound 31 (Scheme 1).

; O O

| L | SN — > | NN
=
= OH
(¢]] = cl
43 31

(a) Morpholine (neat), 100 °C, 3 h. 77% vyield (b) ) 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenol, Pd(dppf)Cl..CHCl,, K2COs3, 2-propanol/H,0 (5:1) 100 °C, 16 h. 65% yield

Scheme 1: Synthesis of Compound 31.

The 4-pyrimidyl tool compound 35 was synthesised in an analogous fashion. 2,4-
Dichloropyrimidine was treated with morpholine and DIPEA in DMF and stirred at room

temperature for 1 h. The desired 4-(2-chloropyrimidin-4-yl)morpholine 44 is expected to be
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the major product.t¥132 This is because in general, chloride is more easily displaced at C-4
than C-2. In our hands the reaction proceeded with 4:1 selectivity (determined by LCMS) for
the desired regioisomer and the desired product 44 was isolated in 75% yield following column
chromatography. The 3-phenol backpocket moiety was added by a Suzuki-Miyaura cross-
coupling to give 35 in 42% yield (Scheme 2). As the focus of this project was to analyse the
final products, attempts to improve the yield of this reaction were not undertaken as sufficient

guantities of the target compound could be obtained.

(e}
. () (]
SN (a) Q (b) N
El\ll\/)\CI | N/)N\CI KN\/)N\Q/OH
44 35

(a) Morpholine, DIPEA, DMF, 1 h. r.t. 70% vyield (b) -(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenol, Pd(dppf)Cl..CH:Cl, K>COs, 2-propanol/H,0 (5:1) 100 °C, 16 h. 42% yield
Scheme 2: Synthesis of Compound 35.

For CPP, DHP and THP containing compounds, it was initially envisaged that all compounds
could be furnished from a common intermediate via a divergent synthesis. For 4-pyrimdine
compounds 36-38 this proved possible (Scheme 3). In this case, the use of the DHP compound
38 as a common intermediate enabled synthesis of THP 37 and CPP 38 in a more efficient

manner than linear synthesis would allow.
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(@) 2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(PPhs)s4, K2COs3,
toluene/DMF (9:1), 120 °C, uWave, 4 h, 38% vyield (b) 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylhphenol, Pd(dppf)Cl..CH.Cl,, K.CQO3, 2-propanol/H,0 (5:1) 100 °C, uWave, 1 h. 70% yield; (c)
COware apparatus, Pd (5% on carbon), AcOH, Zn-Powder, 4M HCI., r.t.- 50 °C, 20 h. 46% yield (d)
NaH, Me3;SOCI, DMSO, 65 °C, 4 h., 18% yield.

Scheme 3: Divergent chemical synthesis of compound 36-38.

For the formation of THP compound 37, CO-ware apparatus'®* was used (Figure 30). In this
procedure, hydrogen gas is generated from hydrochloric acid and zinc, this increases safety as
no external hydrogen gas source is needed. The reaction to form compound 37 proceeded well
although the isolated yield was significantly lower than expected (46%). This was not further

investigated on this fragment as sufficient product was isolated.

Chamber A | Chamber B
Hydrogen Production f Hydrogen Consumption

Zn(s) + HCl(ag) — H,

Figure 30: Two-chamber system (COware), in which hydrogen gas is generated in chamber A by
reacting aqueous HCI with granular metallic zinc. The produced gaseous hydrogen was utilized directly

in a hydrogenation reaction in Chamber B.3
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CPP-pyrimidine 38 was formed via a nucleophilic cyclopropanation utilising Corey-
Chaykovsky derived chemistry'* which was identified as an alternative route by other
members of our laboratory!?® after failure of Simmons-Smith cyclopropanation chemistry
suggested that the alkene was electron-deficient in nature. LCMS analysis indicated that this
reaction contained a complex mixture of components and purification was problematic due to
close running impurities in both normal and reverse phase chromatography. Despite this, an

adequate yield (18%) of desired product was obtained to enable conformational studies.

An analogous, divergent synthesis was initially pursued in order to furnish 2-pyridyl
compounds 32-34. Whilst DHP 32 and THP 33 were both synthesised following this
methodology in similar or improved yield compared with the corresponding 4-pyrimidyl
compounds, subjecting DHP 32 to Corey-Chaykovsky cyclopropanation conditions however,
afforded no desired product and instead the undesired methylated phenolic ether side product

47 was formed; this is most likely due to the increased electron density of pyridine compared

to pyrimidine.
o]
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2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(dppf)Cl..CH2Cl;, K2COs,
2-propanol/H.0 (5:1) , r.t., 16 h. 60 % yield; (b) 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenol, Pd(dppf)Cl..CH,Cl,, KoCOs3, 2-propanol/H,0 (5:1) 100 °C, uWave, 1 h, 51% vyield; (c)
COware apparatus, Pd (5% on carbon), AcOH, Zn-Powder, 4M HCI., r.t.- 50 °C, 4 h. 70% yield; (d)
NaH, Me3;SOCI, DMSO, 65 °C, 4 h, 0% vyield, 38% vyield of undesired 47.

Scheme 4: Attempted divergent chemical synthesis of compound 32-34.

The mechanism for Corey-Chaykovsky cyclopropanation is shown in Scheme 5. The classical
substrate for this type of reaction is an a, f-unsaturated carbonyl, however in the current study
we postulate that the reaction proceeds via an anion intermediate. This intermediate anion can

be resonance-stabilised in the pyrimidine ring and therefore the reaction is able to proceed
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more readily than with pyridine. This is not the case with pyridine and we postulated that the
alkene in DHP 32 has an insufficient level of electron deficiency to undergo nucleophilic

cyclopropanation. o 0

o O
|®§ NaH
/|\

Scheme 5: Proposed mechanism for Corey-Chaykovsky cyclopropanation of DHP 36 to form CPP 38.
Note the intermediate anion resonance stabilisation. It is postulated that this stabilisation enables the

reaction to proceed and lack of stabilisation is behind failure of DHP 32 to undergo analogous chemistry.

The failure of the Corey-Chaykovsky cyclopropanation chemistry on pyridine 32 raised some
questions on the nature of the alkene double-bond in this pyridine-DHP system. It had been
assumed that the double bond in 32 would be too electron-deficient to engage in electrophilic
Simmons-Smith chemistry.?351%¢ However the disparity between reactivity of 4-pyrimidine 36
and 2-pyridine 32 with respect to nucleophilic cyclopropanation suggested that the alkene in
2-pyridine 32 had increased electron density. A Simmons-Smith reaction was therefore
attempted on DHP 32 and the precursor 46 (Scheme 6). Unfortunately, no product was
observed in either reaction, and work-up returned starting material.
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(@) Et2Zn (15% wt. in toluene) (1.5 eq.), CH2l» (1.5 eq.), tolueng, r.t- 50 °C up to 30 h, no desired

product.

Scheme 6: Failed attempts at Simmons-Smith cyclopropanation chemistry on compounds 46 and 34.

Due to the failure of attempts to cyclopropanate DHP 32 an alternative synthesis was required
for CPP 34 and related CPP compounds 39-42. The cyclopropylpyran building block 51 was
synthesized by Simmons-Smith cyclopropanation of commercially available DHP pinacol
boronate 49 to obtain cyclopropylpyran pinacol boronate 50. This was followed by conversion
to the corresponding trifluoroborate salt 51 utilizing modified non-etching conditions (Scheme
7).5%" Trifluoroborate salt 51 is a coupling partner suitable for sp?-sp® Suzuki-Miyaura cross

coupling and conditions have been reported in the literature for Pd-mediated coupling of

T e

N

ﬁ_% KF/l\F

similar compounds.*®

49 50 51
(a) Et2Zn, ICILCI, CeHsF, -5 °C, 5 h, 78% yield; (b) KFg), L-(+)-tartaric acid, MeCN/MeOH (1:1) r.t.
0.5 h, 100%

Scheme 7: Synthesis of trifluoroborate 51.
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A screen of conditions for this reaction carried out by another member of our laboratory for a
related substrate (Table 5)*° identified a procedure very similar to previous reports in the
literature. In this screen, it was established that the PdCl»(dppf).CH.Cl, adduct was a good
catalyst for this coupling reaction (entry 1-5). Potassium trifluoroborate 51 is the most
efficient coupling partner (entry 5 vs. entry 3 and 4). As in the literature, The
Pd(OAc)./CataCXium® system is the most efficient catalyst for this transformation. This
catalytic system is so efficient that complete conversion to the bis- coupled product is observed
within 4 hours (entry 6). This over-reactivity can be controlled by reducing the stoichiometry
of potassium trifluoroborate 51, and we have carried out analogous coupling reactions using
~1.2 eq. of potassium trifluoroborate in which acceptable yields of the desired product are

achieved.
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F.C7 gl N F,C7 "l PN
, , FoC7 gl 3
starting material U o)
desired product hydrolysed bis-coupled product
starting material
®
K+F’Bll_ F
Cat./ T Solvent T Desired Hydrol Bis-
Entry Boron  jong  Ba® g gugem (hy Product  SM M Prod
PdCl,(dppf) THF/H,O 35 39% 3% 9% 7%
1 A CHCL o CsOH 120 “gqy T 185 42% 206 11% 8%
PdCl,(dppf) THF/H,O 2 20% 45% 16% 3%
2 B CHCL COH 120 o) 6 17%  33%  12% 3%
PdCl,(dppf) 2 50% 14% 7% 7%
3 A CHCl, CsOH 80 TI(-|1IB/.I1|§O 45 50% 12% 8% 7%
adduct ' 195 53% 8% 7% 8%
PdCl,(dppf) 2 41% 11% 17% 4%
4 B CHCl, CsOH 80 THF/,HZO 45 42% 9% 17% 7%
adduct 10D 195 a0% 5% 20 9%
PdCly(dppf)
5 C CHCl, CsOH 120 THF/_HZO 6 66% 1% 0% 11%
adduct (10-1)
Pd(OAQ) 15 9% 0% 0% 73%
C)z, Tol./H,0O 2.5 7% 0% 0% 93%
6 € camCXum CxCO: 80 51y 4 0% 0% 0%  100%
6 0% 0% 0% 94%

Table 5: LCMS analysis of trial Suzuki-Miyaura cross coupling reactions with CPP boronates. Carried

out by another member of our laboratory.*®

Formation of the trifluoroborate salt 51 added an additional step to the synthesis, however, this

is associated with a ~3-fold increase in the yield of the Suzuki-Miyaura cross-coupling. It has

been reported previously that when using pinacol boronates similar to compound 50 the major

product was protodeboronation of the starting material.*® Trifluoroborate salts can mitigate

formation of protodeboronation by-products.!® To understand the importance of variables

including; the choice of boronate, choice of base, solvent-system and stoichiometry, it is

important to understand the mechanism of the Suzuki-Miyaura catalytic cycle.
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The Suzuki-Miyaura cross-coupling reaction was first reported in 198141142 and over the past
40 years has become vitally important for C-C bond formation, a review in 2014 found that
~20% of all new pharmaceutical syntheses contain at least one Suzuki-Miyaura cross-coupling
step.1*® As recognition of the significance of this reaction, Suzuki received a share of the 2010
Nobel prize for chemistry.}* Despite the great importance of this reaction, its mechanism has
been under debate until recently. This debate centred around the rate-determining
transmetallation step and the identity of the active pre-transmetallation intermediates. There
are two proposed routes by which this this transmetallation step may feasibly occur (Scheme
8) Pathway A: in which a palladium halide complex reacts with trihydroxyborate and pathway
B: in which a palladium hydroxo- complex reacts with a boronic acid.

lT Pathway A I,‘
L-Pd—X » L-Pd—R'
! OH !

R =Y R
Pre-transmetalation R _B\_OH Post-transmetalation
complex OH complex

©oH oH
)C(9 Pathway B R—F
L \
I OH
L—Fl’d—OH
R

Scheme 8: Two competing pathways for the transmetallation step of the Suzuki-Miyaura cross coupling

reaction.

Kinetic studies have established that pathway B is the dominant pathway and is favoured over
pathway A by more than four orders of magnitude.'*>*¢ In addition to this, the use of rapid
injection NMR has shown the formation of the suspected pre-transmetallation intermediates
occurs much more readily via pathway B.9 With this evidence in hand, the catalytic cycle of

the Suzuki-Miyaura cross-coupling reaction can be best represented as shown in Scheme 9.
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Scheme 9: General Suzuki-Miyaura cross-coupling reaction catalytic cycle.

sp® Alkyl boronates are known to be susceptible to protodeboronation and the transmetallation
step with these substrates is comparatively slow.'*° This effect is likely to be accentuated even
further with bulky tertiary sp® boronate esters such as 50. Organotrifluoroborates have emerged
as alternative nucleophilic partners in Suzuki-Miyaura cross-coupling. Their tetracoordinate
nature masks the inherent reactivity of the C-B bond. This makes organotrifluoroborates
essentially protected forms of boronic acids, and their reactivity can be unveiled under
analogous conditions to those required for cross-coupling. Under Suzuki-Miyaura reaction
conditions, the organotrifluoroborates are slowly hydrolysed to the corresponding boronic
acids, which are the reactive species.' This slow hydrolysis maintains a low concentration of
the boronic acid species which undergoes reaction quickly after formation, thereby preventing

large quantities of protodeboronation by-product.

There have been three roles of the base determined within the Suzuki-Miyaura cross coupling,

and thus selection of the optimal base and its stoichiometry can have a large impact on the
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outcome of the reaction. The first role of hydroxide is formation of a Pd(L).ArOH complex,
which has been shown to be the active pre-transmetallation catalytic species. Displacement of
a halide (X) with a hydroxide facilitates transmetallation via coordination of the highly
oxophilic boronate species.’* The reductive elimination step of the catalytic cycle is also
facilitated by hydroxide. The hydroxide coordinates to the post- transmetallation species
Pd(L)2ArAr’ to form a pentavalent intermediate in which the two R-groups are cis-, therefore
favouring elimination.2*> As well as its role in promoting the reaction, hydroxide also has a
role in hindering reactivity. Hydroxide ions enable formation of the inactive ‘ate’ complex,
which undergoes transmetallation at a very slow rate.** Due to these opposing roles, the rate
of the transmetallation step (kons) follows a bell-shaped curve with respect to increasing
concentration of hydroxide ions. It is clear that hydroxide ions are the active basic species in
the reaction. This has been demonstrated by the greatly decreased rate observed when the
reaction is carried out with “dry” Cs,CO3 with “dry” reaction solvent, as under these conditions
there will not be a significant amount of hydroxide formed.*® Carbonate bases can be used,
however they are converted to the active hydroxide ion via reaction with water (Scheme 10).
Reactions in which carbonate-based bases are often carried out in a solvent mixture containing

around ~10% water.

M,CO, + H,0 = MOH + MHCO4

Scheme 10: Reaction of carbonate base with water.

It has also been demonstrated that fluoride ions (F°) are capable of performing the same roles
as hydroxide ions within the Suzuki-Miyaura cross coupling. Importantly, it has been shown
that PdR(L).F is able to undergo transmetallation with a boronic acid in an analogous fashion
to PdR(L).0OH, as a consequence of the fluorophilicity of the boron centre (Scheme 11).1%!
The reactivity of fluoride in the Suzuki reaction is important to consider when using
organotrifluoroboronate coupling partners, as the fluoride released on hydrolysis to the

corresponding boronic acid is able to take part in the catalytic cycle.
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Scheme 11: Transmetallation step from PdR(L).OH and the analogous step from the corresponding
fluoride containing complex PdR(L)2F.

Inclusion of an anionic base inevitably comes associated with a counter cation. The identity of
this cation can also have an impact on the reaction. In particular, the counter carbocation has
a decelerating effect on the transmetallation step. This is due to complexation of the
hydroxoligand of PAR(L).OH by the counter cation. The level to which this decreases the rate
of transmetallation is correlated to the oxophilicity of the cation (Na*> Cs* > K*).152 The cation
however has another role, which can promote transmetallation. The ligand exchange step is
reversible and by complexing with halide that has been displaced by hydroxide, equilibrium
can be driven to form more of the active pre-transmetallation species PAR(L).OH. This is the
reason that Ag* or TI* have been shown to enhance the rate of reaction for Suzuki-Miyaura
cross couplings,t®® the AgX/TIX compound which is formed is insoluble and therefore the
halide is removed from the equilibria, driving formation of increased concentration of
PdR(L).OH.

In standard sp?-sp? for Suzuki-Miyaura cross couplings reactions, the oxidative addition step
is usually rate determining when using aryl chloride coupling partners. However, it is unclear
whether this is the case with Suzuki-Miyaura cross couplings involving CPP 51, due to the
comparatively slow rate of the transmetalion step with tertiary alkyl boronates. It is therefore
difficult to state the rate determining step of the catalytic cycle without kinetic studies.
CataCXium® A was reported within the literature to be a particularly active ligand for Suzuki-
Miyaura cross coupling reactions with aryl chlorides. This is because CataCXium® A is a
bulky, electron rich mono-phosphine and stabilises a Pd(PR3) species, which is thought to
undergo facile oxidative addition with aryl chlorides.®*%® We have reasoned that this
accounts for the superiority of CataCXium® A over other ligands in literature screening on
similar compounds to 33. A proposed catalytic cycle for Suzuki-Miyaura cross coupling
reactions involving CPP 51 and using the Pd(OAc)./CataCXium® A catalytic system is shown

in Scheme 12.
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Scheme 12: Proposed Suzuki-Miyaura catalytic cycle for formation of cross-coupled product 48.

Using the conditions reported within the literature, and identified by another member of our
laboratory,®*® Suzuki-Miyaura cross-coupling gave cyclopropylpyran containing compound
48. Compound 48 was subjected to an additional Suzuki-Miyaura cross-coupling to introduce
the 3-phenol backpocket group and furnish the final product 34 as a racemic mixture. The
racemic final product was separated into single enantiomers 34a and 34b using chiral column

chromatography elsewhere within our laboratory. This synthesis is shown in Scheme 13.
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(@) Pd(dppf)Cl..CH:Cl,, CsOH.H,0, THF: H,O (10:1), 100 °C, 3 h, 27% (b) 3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenol, Pd(dppf)Cl..CH,Cl,, KoCOs, 2-propanol/H.O
(5:1) 100 °C, uWave, 1.5 h, 48% yield; (c) Chiral HPLC purification.

(a)

Scheme 13: Synthesis of 34a and 34b. NB: absolute stereochemistry was assigned from X-ray crystal
structure of 34a (vide infra).

This methodology was further utilised to furnish CPP containing final products 40-42 (Scheme
14). The vyield for CPP Suzuki-Miyaura cross-coupling is reasonably consistent for each
example (yield ranges between 31% and 41%) The major side-products which contributed to
a low yield in these reactions include bis-coupled product and hydrolysed starting material
(Figure 31), however despite this, an acceptable yield of product was obtained in all cases.
The CPP-containing intermediates 52-54 had the appropriate back-pocket group installed via
a Suzuki-Miyaura cross-coupling reaction to give racemic final products 40-42. Racemic
compounds 40-42 were again separated into their respective single enantiomers by chiral
HPLC.
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Figure 31: Side-products (not isolated, corresponding mass observed in LCMS) for formation of 48.
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(a) Pd(OAC),, CataCXium® A , Cs,COs3, tol./H,0 (10:1), 90 °C, 16 h, 41% vyield; (b) 3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenol, Pd(11)(dppf)Cl2.CH.Cl, K.COs, 2-propanol/H,0 (5:1)
100 °C, 3 h, 21% yield; (c) Pd(OAc),, CataCXium® A , Cs,COs, tol./H,0 (10:1), 90 °C, 16 h, 37%
yield; (d) 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol, Pd(11)(dppf)Cl..CH,Cl,, K,COs3, 2-
propanol/H;0 (5:1) 100 °C, 3 h, 55% yield; (e) Pd(OAc),, CataCXium® A, Cs,COs, tol./H,0 (10:1),
90 °C, 16 h, 37% vyield; (f) 1-ethyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea,

Pd(I1)(dppf)Cl2.CH.Cl», K2CO3, 2-propanol/H,0 (5:1) 100 °C, 3 h, 37% yield.

Scheme 14: Synthesis of Compounds 40-42. Final products were subjected to chiral HPLC to obtain
single enantiomer products 40a/40b, 41a/41b and 42a/42b.
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2-Pyrimidine 39 was also synthesised using analogous chemistry, however, the order of steps
is reversed to account for the inherent reactivity of the pyrimidine heterocycle. The 3-phenol
back-pocket group is installed first into the more reactive 4-position to give 2-
chloropyrimidine 55, followed by installation of the CPP group at the less reactive 2-position
between the two ring nitrogens (Scheme 15). This gives racemic compound 39 which was

separated into single enantiomers by chiral HPLC.
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(@) 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol, K,COs, Pd(dppf)Cl..CHCl,, 2-propanol:

H,0 (5:1), 100 °C, 3 h, 20% yield; (b) Pd(OAc), cataCXium® A , Cs,COs3, tol. /H,0 (10:1) 100 °C, 3
h, 21% yield; (c) Chiral HPLC.

wnH

/>""'

Scheme 15: Synthesis of 2-pyrimidine compounds 39a and 39b.

2.3 X-ray Crystal Structures

The tool compounds were recrystalised using toluene or acetonitrile in order to facilitate X-
ray crystallography. Firstly, X-ray crystal structures of the 2-pyridine matched set of
compounds 31-34 were obtained. Gratifyingly the X-ray crystal structures of 2-pyridine
morpholine 31, DHP 32, THP 33 and CPP 34a (Table 6) align closely to the conformation of
these compounds predicted by DFT (Figure 23). As predicted, morpholine 31 and DHP 32
have co-planar conformations, likely due to the stabilising effects of N-lone pair donation and
n-bond conjugation respectively. For these compounds the predicted minimum energy
dihedral angle closely agrees with the measured dihedral angle. It is important to note that the
predicted minimum energy dihedral angle is only accurate to the nearest multiple of ten, as in
the dihedral angle scanning experiment, the test molecule is measured at 10° increments of

rotation around the dihedral angle of interest.
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Another measurement which was found to be useful in assessing the co-planarity of these
molecules is the angle between the average plane of each ring, as measured in the
crystallographic software package Mercury (Figure 32).*" This gives an impression of how
“flat” the profile of the molecule is. This parameter is useful as it is reported that only
molecules which are able to adopt a co-planar conformation and sterically mimic the ATP

natural ligands are effective hinge binding fragments.2®

o

yiean: 02 C12C13C14 C15C16

Figure 32: Example of average ring planes in CPP 34a. Planes were generated, and angles

were measured using Mercury v3.7.

The fully saturated tetrahydropyran ring has no orbitals available for overlap, and therefore as
predicted the THP containing compound 33 preferentially occupies the sterically favourable
orthogonal conformation. Addition of a cyclopropane ring to form CPP 34a is associated with
a switch in conformational preference. CPP 34a occupies a co-planar conformation and it was
postulated that this was due to a stabilising interaction, akin to conjugation, between the
cyclopropyl and aryl ring systems (vide supra).

61
Declan M Summers



CONFIDENTIAL — DO NOT COPY

EO] o)
N >
N N
Z OH = OH
31 32

(e} (e}
H
B B
Z OH = OH
33 34a

Entry Compound _ Predicted _Measured Angle petween
Number dihedral angle dihedral angle average ring planes
1 31 170 ° -173.4° 16.9°
2 32 170° 178.2° 93°
3 33 300 ° -75.9° 70.7°
R -169.2 ° 15.0°
4 34a 170 162.3° 44.1°

Table 6: X-ray crystal structures for 2-pyridyl compounds 31-34a. Measured angles shown for
comparison to those predicted from dihedral angle scans. The angle between the average plane of each
ring is also shown as an additional measure of co-planarity. If more than 1 conformer is present in the

unit cell of the crystal, data for all conformers is shown in the table.

With the result for 2-pyridyl CPP 34a in hand, attention was turned to compounds 38-42 in
which the core 6-membered aryl ring is varied. The X-ray crystal structures for these

compounds are shown in Table 7.
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Entry Compound Predicted Measured dihedral Angle between
Number dihedral angle angle average ring planes
1 38a 170° -167.7 ° 26.3
-175.7° 36.8
15.0° 34.6
-179.5° 35.2
2 39%b 0°and 170° 172.2° 26.1
56° 27.6
3 40b 90 ° 121.1° 51.7
66.1° 81.4
R -149.2 ° 28.6
4 41a 260 03° 6.4
5 42b 270 ° -106.1° 83.8

Table 7: X-ray crystal structures for CPP compounds 38-42. Measured angles shown for comparison
to those predicted from dihedral angle scans. The angle between the average plane of each ring is also
shown as an additional measure of co-planarity. If more than 1 conformer is present in the unit cell of
the crystal, data for all conformers is shown in the table. Enantiomers shown selected on quality of

crystal.
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Generally, the CPP containing compounds displayed a good agreement between the predicted
low energy conformation and measured solid-state conformation. Pyrimidine isomers 38 and
39 both have multiple molecules within their unit cell however, all of these molecules can be
described as having a co-planar conformation. The unit cell of 4-pyrimidine 38 (Figure 32) is
complex with four individual molecules. Three of the molecules within the unit cell have a
measured dihedral angle that is within 10 ° of the predicted 170 ° dihedral angle. The final
molecule however, has a measured dihedral angle of 15 °. This is due to this molecule
occupying opposite co-planar conformation, which is a local energy minimum (Figure 26).
Similarly, for 2-pyrimidine 39 (Figure 34) there is a molecule occupying each of the

energetically equivalent minimum energy conformations.

/:’

Figure 33: Crystal packing for 4-pyrimidine 38a. Molecules are coloured by symmetry equivalence so

that the four individual molecules that make up an asymmetric unit can be seen.
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Figure 34: Crystal packing for 2-pyrimidine 39b. Molecules are coloured by symmetry equivalence so

that the two individual molecules that make up an asymmetric unit can be seen.

3-Pyridine 40b and phenyl 42b are predicted to occupy orthogonal conformations and the X-
ray crystal structures of these compounds agree with these predictions. The CPP ring is twisted
out of plane and therefore the value of the measured dihedral angle ranges from 66 ° to 121 °.
The presence of an orthogonal conformation which is unsuitable for target engagement, likely

makes these hinge-core fragments unsuitable for mTOR inhibitors (vide supra)

4-Pyridine 41a is particularly interesting. This compound was computationally predicted to
occupy an orthogonal conformation; at the time, it was postulated that this was a steric effect
due to the observation that 4-pyridine is electronically analogous to 2-pyridine. It was therefore
thought that the increased steric bulk of an adjacent methine system accounted for the disparity
in predicted conformation between 2-pyridine 34a and 4-pyridine 41a. However, the X-ray
crystal structure of 4-pyridine 34a has molecules with a co-planar conformation. It was
postulated that, in this case, the magnitude of stabilisation inferred by electronic overlap is
underestimated in the predicted conformation. However, it is also plausible that this is an

artefact of crystal packing in the solid state.

2.4 Natural Bond Orbital Analysis

In order to further understand the steric and electronic factors which contribute to
conformation, a natural bond orbital analysis was carried out by another member of our

laboratories.'®®
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Natural bond orbital (NBO) analysis is an energy and wavefunction decomposition method
whereby localised electron pair orbitals are generated for bonding pairs and lone pairs. Using
second order perturbation analysis the interaction of these bonding NBO’s with anti-bonding
NBO’s can be measured.’®® This technique was used to compare the cyclopropyl to aryl

interactions in tool compounds 25 and 30.

8
9 O 12 o] o)
10 7 11
X=CHorN 4| Y43
2’ X6 | SN
~ ~
L A
4
25 30

Orbital Contribution

B(7-13) B(Ar) B(CPP)
System — — — orbital A orbital
B*(1-6) B*(CPP) B*(Ar)
25 (170°°) 243 60.5 106.1 166.6
Min Energy 9.0
25 (270°°) 25 60.6 97.0 157.6
Max Energy
30 (190°°) 8.3 725 83.4 155.9
Max Energy 18
30 (270°) 0.00 73.0 81.1 154.1
Min Energy
Steric Contribution
System ?ée:::;: Steric (Ar) (Sctgéc) steric A steric
25 (170°) n. a -168.1 2015 -369.6
Min Energy 55
25 (270°°) n. a -179.8 -195.3 375.1
Max Energy
30 (190 %) 1197 1733 2226 -395.8
Max Energy 119
30 (270°) 45 1785 2055 -383.9
Min Energy

Table 8: NBO second order perturbation analysis. Orbital stabilisation and steric analysis. Values in kJ
mol. Positive values denote stabilisation, negative values denote destabilisation. B= bonding orbital,

B*= anti-bonding orbital. Atom numbering relates to generalised structure shown above.

The NBO analysis provides an insight into the minimum energy conformation of CPP-
containing compounds. Orbital contribution is stabilisation arising from electron transfer from
the cyclopropyl bonding orbitals into the aryl n-system and vice versa. The donation from
cyclopropane bonding orbital into the aryl antibonding orbital is greater than in the other

direction, which is expected given the n-donation properties of cyclopropane.’?” Orbital
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interactions stabilise co-planar conformations in both cases, although this effect is 7.2 kJ mol
! greater for 4-pyrimidine 25. It was postulated that the increased stabilisation of the co-planar
conformation of 4-pyrimidine 25 is a consequence of the increased electron deficiency of this

aryl ring compared to benzene.

Steric considerations also favour the co-planar conformation for 4-pyrimidine 25 contributing
5.5 kJ mol?, whereas the co-planar conformation for phenyl 30 is strongly destabilised by -

11.9 kJmol ostensibly due to the steric impact of the additional adjacent methine system.

This interesting steric result can go some way to accounting for the incorrect conformational
prediction of 4-pyridine 41a. This system is predicted to have a reasonable orbital stabilisation,
and as it is sterically analogous to phenyl 30, steric destabilisation can be estimated to be ~12
kJ mol. In this situation it is possible that the energy barrier to rotation for 4-pyridine 41a is
very small, and therefore it has been suggested that crystal packing forces may stabilise a co-

planar conformation in the solid state.

2.4 ROESY NMR Study

With the X-ray crystal structures in hand, attention was turned towards the conformational
preferences in solution, as drug-target interactions occur in the solution phase, this is arguably
the most important parameter for assessing the likelihood of biological activity. To probe the
conformation in solution, ROESY NMR experiments were conducted on CPP compounds 34
and 40-42.

ROESY (rotating-frame Overhauser spectroscopy experiment) is an experimental method to
easily obtain NOE (nuclear Overhauser effect) information for a molecule in a single
experiment without prior knowledge of the special assignment or molecular structure. NOE
NMR is able to provide information on dipolar coupling between protons which are in close
spatial proximity, and hence provide information on molecular conformation. Before
discussing the NOE data in detail, it is important to understand the theoretical background of
the technique and how NOE data is generated, as this will provide an insight into the

limitations of this technique within systems such as those of interest to the current study.

Nuclear Overhauser effect (NOE) is defined as alteration of the normal spin populations of a
nucleus (X) which causes the populations and therefore signal intensities of other non-
irradiated nuclei (A), which are referred to as “interesting protons” to change, providing X is
causing T, relaxation of A by the dipole-dipole mechanism.'®* When two protons are close in

space their magnetic dipoles interact. The dipole-dipole interactions are normally averaged out
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by tumbling of molecules in solution; they do however dominate the *H T; relaxation processes

in most molecules that contain more than one proton.

To gain an understanding of the nuclear Overhauser effect, consider the pair of protons labelled
AX, which are close in space but not J coupled. When the X proton (known as the source
proton) is irradiated at its Larmor frequency, the populations of the aa and of3 states become
equalized, as do the Po and PBp states (Figure 35). This reduces the population difference
towards zero (called saturation). Once the radio frequency pulse is switched off, the population
difference of the source proton (X) will return to its equilibrium state (B to ), the excited state
X proton can return to the ground state by two mechanisms; w2 and wo. For small molecules
W is the most important transition. This is a double quantum transition meaning both A and
Xare in the excited state () and simultaneously flip back into the ground state. As this happens
the source proton X returns to equilibrium, however this causes more “interesting” protons (A)
to inhabit the ground state that at equilibrium. This increases the population difference of
proton A which results in an increase in the intensity of the proton NMR peak for A, this is
NOE. As the dipole-dipole interactions are only active over a range of >4 A the NOE spectrum
can provide valuable information about the proximity of different protons in space and

therefore conformational preferences of the molecule. 164162

Mg - A
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" Irradiate (saturate) this transition
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oo @y Zero quantum
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N4 + A N = Total number of nuclei

A = Excess population in ground state

Figure 35: Energy level diagram for a two-proton system (XA) which can undergo NOE.

There are various difficulties when interpreting NOE data to obtain information about
molecular conformation. The main issue is that the NOE enhancement attenuates to 1/r® of the
internuclear separation?®® - which means that NOE enhancement rapidly decreases with

distance.
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This 1/r® relationship between the relevant NOE crosspeak and internuclear distance, (Figure
36) makes it challenging to extract reliable data from systems such as those of interest to the
current study in which there is rotation around the CPP - pyridine bond. This is because the
experiment is biased towards molecules in which there are shorter internuclear distances, and
will display larger NOE peaks, even if only a small proportion of the sample occupies this
conformation at any one time. NOE studies are, however, a useful tool as they allow us to
determine if the system is capable of adopting certain conformations in solution, even if the

relative populations of molecules in each conformation cannot be accurately quantified.

NOE Dependence on Internuclear Distance

100
ag 4 e.g. gemingl CH; pair internal
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Figure 36: Graph showing the 1/r® relationship between relative NOE and internuclear distance.

To probe the conformations of the tool compounds by ROESY NMR, firstly, molecular
mechanical models were generated by the author in MOE?® in order to obtain internuclear
distances for the predicted orthogonal conformations. For all low energy conformers generated
by molecular mechanics studies the 9-CH; to 5-CH distances, and where applicable, the 9-CH,
to 1-CH were all greater than 3.1 A (see Table 9 for numbering convention). Furthermore, the
5-CH to 8-CH, and where applicable, the 1-CH to 8-CH distances were all >2.8 A. Hence, this
group of relatively long distances are characteristic of the orthogonal conformers calculated

by molecular mechanics.

The significantly shorter distances indicated by NMR imply that 2-pyridine 34 clearly has
more co-planar conformations in solution. The distance of 2.37 A is close to the co-planar

crystal structure distance (2.05 A), especially when the presence of higher energy orthogonal
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conformations in solution is considered. To a much lesser extent, 4-pyridine 41 also appears

to show the presence of co-planar conformations in solution (Table 9).

o) 0 o o)
<
> » oo
= OH N~ OH N7 OH o
34 40 41 42
N/U\N/\
H H
X,Y,Z=NorCH
Compound Inter- Molecular NOE Crystal
Entry Npo nuclear X Mechanical Distance Structure
' distance Prediction (A) (A) distance (A)
1 34 9CH’-5CH N 3.39 2.37 2.05
2 40 9CH”-1CH CH 3.40 2.90 2.71
3 41 9CH’-5CH CH 3.48 2.80 2.25
4 42 9CH’-5CH CH 3.49 3.28 2.68

Table 9: Comparison of internuclear distances predicted from model structures to those measured from
X-ray crystal structures and ROESY NMR for compounds 34 and 40-42.

2.5 Biological Screening and PI3Ké Co-Crystallography of Tool
Compounds

Tool compounds were tested in a range of biochemical and physicochemical assays in order
to determine if, as expected, the propensity of certain CPP- core combinations to preferentially
occupy low energy co-planar confirmations translates into improved biological activity in lipid
kinases and PIKKs. Results from the PI3K isoform TR-FRET screening is shown in Table 10.
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H H
Entr Compound Hinge PI3Ka PI3K PI3Kd PI3K
Y No. Core (R% Isomer — 1Cso pICst? oiCs  pICs
1 31 2-Py.  Morph. - 5.4 5.1 54 (+4) 5.1 (+.4)
2 32 DHP - 4.9 4.9 5.4 5.1 (.5)
3 34a CPP 1R, 6S 4.7 <45 4.5 <45
4 34b 1S, 6R 4.7 <45 5.2 <45
5 33 THP - 4.6 <41 4.8 4.5
6 35 4-Pyrim.  Morph. - 6.3 6.2 (x.4) 6.6 6.1
7 36 DHP - 55 (+.6) 5.6 (+.4) 5.9 5.5 (+.7)
8 38a CPP 1R, 6S 5.2 4.9 55 (x.4) 5.0
9 38b 1S, 6R 5.6 5.0 5.9 5.3 (%.5)
10 37 THP - 4.8 4.6 5.1 4.7
11 39a 2-Pyrim. CPP 1R, 6S 55 4.9 5.7 5.5
12 39b 1S, 6R 4.9 <45 5.1 5.0 (+.4)
13 40a 3-Py. CPP 1R, 6S <43 <43 4.7 4.6
14 40b 1S, 6R <43 <43 4.7 4.6
15 41a 4-Py. CPP 1R, 6S 4.6 <43  50(+5) 4.7
16 41b 1S, 6R <43 <4.3 45 45
17 42a Phenyl. CPP 1R, 6S 5.1 4.6 49 (x6) 4.8(x4)
18 42b 1S, 6R <43 4.4 4.8 4.7

Table 10: Results of PI3K isoform TR-FRET assays. N=3 or greater in all cases. Potency ranges are
shown for values which fall outside the error of the assay (0.3) otherwise potency range is not shown.

NB: A description of this assay procedure can be found in chapter Il of this thesis.

The results show that CPP is most active at PI3K3 over the other PI3K isoforms. The matched
set of 4-pyrimidine compounds shows how in these small tool compounds the CPP 38b is not
as active as morpholine 35 (5-fold lower activity). It is thought that this is due to the greater
selectivity which CPP containing compounds display for mTOR over closely related lipid
kinase/ PIKKs (vide-infra). It is encouraging that the most active CPP enantiomer 38b is
equipotent with DHP 36, which is reported in the literature as a morpholine replacement.*
CPP 38b is also significantly more active than the corresponding THP analogue 37 (~ 6 fold

increase in potency).

Similarly, in the 2-pyridyl matched set, the morpholine 31 and DHP 32 containing compounds
have similar potency to the most active CPP containing compound 34b (~1.6-fold difference

in activity, which is within the limits of error within this assay) and the corresponding THP 33
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has a lower activity. It is worth noting, in general the 2-pyridyl core is less favourable, this is
thought to be due to other factors which the core ring influences, such as position of the back-

pocket.

The 2-pyrimidine 39 is also active, although the opposite enantiomer (1R, 6S) 39a is more
active in this case, and the reasons behind this are currently unclear. Although predicted to
occupy co-planar confirmations, neither enantiomer of 4-pyridine 41 is significantly more

biologically active than 3-pyridine 40 or phenyl 42.

To confirm that compounds were binding in the proposed mode, another member of our
laboratory produced protein co-crystal structures of CPP 34b, Morpholine 31 and THP 33 in
murine PI3K3 (Figure 37). CPP compound 34b and morpholine compound 31 bind to the
protein in analogous modes, both participating in hydrogen bonding interactions with VVal828
in the hinge region and the phenol forming a H-bond to Tyr813 in the backpocket. The crystal
structure demonstrates the importance of the co-planar conformation for favourable alignment
in the active site. THP 33 also occupies a co-planar conformation when bound to murine
PI3KS3, forming hydrogen bonding interactions with Val828 and Asp787. The unfavourable
conformation adopted for binding may explain the lower activity observed for THPs (33, 37)
relative to the morpholine (31, 35) and CPP analogues (34b, 38b)

Figure 37: Morpholine 31 (fuchsia), CPP 34b (green) and THP 33 (orange) bound to the active site of
mouse PI3K3.

The tool compounds were also tested within the mTOR kinobead assay (Table 11) (vide-
infra). Although CPP is envisaged as a mTOR hinge binding moiety, the potencies observed
within this assay were very low. It is thought that this is likely to be because of the low-
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molecular weight of the tool compounds. It was also noted that the 3-phenol backpocket, which
was employed in the majority of tool these tool compounds, is known to be a less efficient
motif in this context when applied to mTOR. Therefore, in this study the PI3K biological data
was used to inform on the level of activity which more highly elaborated project compounds

may be expected to have at mTOR.

R'I
OH (o)
@, =0T O
BP H H
Entry ComNpOCfund Core H(IS?)E lsomer n;'ll'c(i(lji

1 31 2-Py. Morph. - 3.9
2 32 DHP - 4.2
3 34a CPP 1R, 6S 3.0
4 34b 1S, 6R 3.5
5 33 THP - 3.0
6 35 4-Pyrim. Morph. - 5.9
7 36 DHP - 5.7
8 38a CPP 1R, 6S 3.0
9 38b 1S, 6R 5.1
10 37 THP - 4.5
11 39a 2-Pyrim. CPP 1R, 6S 4.5
12 39b 1S, 6R 4.5
13 40a 3-Py. CPP 1R, 6S 5.3
14 40b 1S, 6R 5.3
15 41a 4-Py. CPP 1R, 6S 4.4
16 41b 1S, 6R 4.3
17 42a Phenyl. CPP 1R, 6S 5.3
18 42b 1S, 6R 3.0

Table 11: Results of the mTOR Kinobead assay. N= 3 or greater in all cases. All potency ranges fall
within the error of the assay (0.3) and therefore are not shown. NB: A description of this assay procedure

can be found in chapter Il of this thesis.

As well as biological activity, it is important to understand how the replacement of morpholine
with CPP may affect the physicochemical properties of potential drug molecules. The tool
compounds were tested in physicochemical assays in order to determine lipophilicity,

solubility and permeability (

Table 12) CPP-containing compounds are more lipophilic than their morpholine containing

analogues, however, somewhat counter-intuitively, solubility is improved, and permeability
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remains at an encouraging level, therefore the addition of the CPP group has the potential to

tune physicochemical properties in interesting ways depending on

Chrom Chrom

Entry Com,\f’gund Core I-é:_\r;lge Isomer Sﬁ;ﬁ;‘;ﬁy nﬁ/ll\l/lsZc le—?%D4 LogP
1 31 2-Py. Morph. - 304 680 4.2 421
2 32 DHP - 391 577 4.45 4.46
3 34a CPP 1R, 6S 355 546 5.02 5.00
4 34b 1S, 6R 353 553 4,98 4,98
5 33 THP - 385 530 4.25 4.25
6 35 4-Pyrim.  Morph. - 414 500 2.72 2.73
7 36 DHP - 443 573 3.57 3.56
8 38a CPP 1R, 6S 460 605 4.02 4.02
9 38b 1S, 6R 525 570 4.01 4.02
10 37 THP - 390 490 3.34 3.33
11 39a 2-Pyrim. CPP 1R, 6S 358 435 4.09 4.10
12 39b 1S, 6R 429 475 411 412
13 40a 3-Py. CPP 1R, 6S 355 330 3.39 3.40
14 40b 1S, 6R 451 305 3.39 3.40
15 41a 4-Py. CPP 1R, 6S 519 525 3.72 3.72
16 41b 1S, 6R 463 495 3.71 3.71
17 42a Phenyl. CPP 1R, 6S 68 425 5.23 5.49
18 42b 1S, 6R 65 400 5.24 5.49

the requirements of a project.

Table 12: Physiochemical properties for tool compounds 31-42. Description of the Solubility,
permeability and chromLogD/P assays are available in chapter Il of this thesis.

2.6 Conclusion

Within this chapter, a range of techniques including DFT studies, X-ray crystallography, NMR
and biological/ physicochemical assays have been utilised in an attempt to fully delineate the

properties of the cyclopropylpyran hinge binding fragment.

Analysis of the cyclopropylpyran hinge binding fragment has illuminated several areas in
which significant improvements over the commonly used cyclic N-aryl based hinge binding
fragments has been achieved. The first of these is novelty, morpholine based hinge binding
fragments are ubiquitous in the literature, and therefore a previously unreported alternative
which has demonstrated comparable potency in model compounds when tested against lipid

kinase targets offers a significant advantage in the discovery of novel compounds.
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As well as the proprietary advantage offered by cyclopropylpyran, the fragment also offers a
number of advantages which improve the quality of inhibitor compounds. The first of these is
an increase in fraction sp?, this is a measure of the 3-D character of a molecule and an increase
in this parameter has been previously associated with a higher chance of developability and an
increase in selectivity.!®’ Cyclopropylpyran also has a number of perceived toxicity
improvements over corresponding N-aryl amine compounds, for instance removal of an
embedded aniline which removes the risk of genotoxic metabolites forming in vivo.% It was
also postulated at this stage that the lower propensity for electron donation into aromatic
systems observed for cyclopropylpyran compared with corresponding N-aryl amine
compounds may offer a toxicity advantage for compounds which contain aniline-based
backpocket groups. This particular factor is investigated in detail within chapter 1l of this
thesis.

It is also important to consider the limitations of cyclopropylpyran. The synthesis of
compounds containing cyclopropylpyran is significantly more complex than the
corresponding N-aryl amine containing compounds and currently involves synthesis of a
bespoke boronate which then undergoes a challenging sp?-sp® Suzuki-Miyaura cross-coupling.
This reaction is often low yielding and could prove challenging and expensive in the later
stages of lead optimisation, where multi-gram quantities of final product would be required.
In addition to this, the resulting cyclopropylpyran-containing compound is racemic and
therefore currently requires chiral separation, as an enantioselective synthesis has yet to be
developed. The process of chiral separation is required as the regulatory agencies require that
drug compounds are marketed as single enantiomers, unless the racemic mixture is a more
effective drug.’® On a small scale, as is the case with the current study, chiral HPLC is an
appropriate technique for separation of racemic mixtures. However, on a larger scale this is
extremely costly, and the large quantities of solvent required are environmentally unfriendly.
With these limitations in mind, progression of cyclopropylpyran containing compounds to the
later stages of drug development would be challenging with current synthetic strategy. Within
our group work is ongoing on a chiral synthesis of cyclopropylpyran building blocks to

overcome this challenge.

As well as the chemical tractability of cyclopropylpyran-containing compounds, this
investigation has demonstrated that substitution of N-aryl amines for cyclopropylpyran is
associated with an increase in lipophilicity. An increase in lipophilicity generally contributes
to decreasing solubility, selectivity and absorption, as well as increased permeability and

metabolic turnover.’®” For the cyclopropylpyran/ morpholine matched molecular pair
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compounds contained in this chapter however, there is a general concurrent increase in both
lipophilicity and solubility. Further studies in the following chapter will aim to elucidate how

an increase in lipophilicity affects other parameters such as selectivity.

The work carried out in this chapter has also aimed to determine the aryl rings with which
cyclopropylpyran is compatible, assuming as in this study, that co-planarity is a requirement
for biological activity. It has been found that electron deficient rings such as pyrimidine are
compatible, as are pyridine rings in which there is a nitrogen adjacent to the cyclopropylpyran
fragment. These compounds were predicted by DFT studies to preferentially occupy co-planar
conformations and this was confirmed experimentally utilising a range of techniques such as
X-ray crystallography, NOE NMR and evaluation of biological activity. Logically these
results can be extrapolated to other electron-deficient systems such as triazines although these

have not been considered in the current study.

The incompatibility of 3-pyridine and phenyl rings was also predicted by DFT before being
confirmed experimentally. 4-Pyridine was predicted incorrectly by DFT to strongly prefer an
orthogonal conformation. This compound crystallises in a co-planar conformation however
NMR studies offer a less clear result. This result highlights a level of uncertainty around DFT
predictions. However, generally these predictions have allowed identification of suitable

cyclopropylpyran - core combinations and offers an advantage prior to compound synthesis.

It is anticipated that the results of this study provide a solid foundation to inform the medicinal
chemist situations where incorporation of the cyclopropylpyran fragment or related structure
may be effective both for PIKK inhibition space and more widely in drug discovery. With the
results from this study in hand, chapter Il of this thesis details the application of

cyclopropylpyran to a series of mTOR inhibitor compounds.
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Chapter I1: Development of
pyrazolopyrimidine based mTOR
Inhibitor compounds with a
cyclopropylpyran hinge binding motif.
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1. Introduction

1.1 Bicyclic mTOR Inhibitors

With the positive results reported for the application of the CPP hinge binding fragment to
monocyclic systems in the previous chapter of this thesis, our investigation was focused on
whether this could be replicated in bicyclic systems, which have proved to be highly potent

and selective molecules in the literature.

In a series of publications which were disclosed between 2009 and 2010, medicinal chemistry
groups at Wyeth Research reported the discovery of a series of 5,6-bicyclic mTOR inhibitors.
A number of fused bicyclic cores were investigated including: pyrrolopyrimidines,
thienopyrimidines,*¢°7° triazolopyrimidines!’* and purines.'’> Example lead compounds from

these series are shown in Figure 38.

H H
56 57
PI3Ka. PICso = 8.9 PI3Ka PICsp = 7.1
mTOR pICg,=8.8 mTOR pICq, = 6.9

) )

N “ AN \l NH
N O N ~ NG
N W "

N
H H
58 59
PI3Ko PICs; = 8.0 PI3Kao PICs = 8.5
mTOR plCg=9.0 mTOR pICgy=7.5

Figure 38: Example 5,6-bicyclic compounds from the literature.

In addition to these commonly employed 5,6 bicyclic systems, a number of 6,6 bicyclic
systems have also been reported by AstraZeneca. The most notable examples of these
compounds are Vistusertib (AZD2014) 17 which reached phase 11 clinical trials for a broad
range of cancers, before being discontinued in November 2018 for safety/efficacy reasons,'’

and AZD8055 16 which progressed to phase I clinical trials before being discontinued due to
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risks around accurately predicting clinical exposure.}” The structures and related biological
data for these compounds are shown in Figure 39. Both compounds are based on a
pyridopyrimidine structure, although examples based on a pteridine core 60 were also

investigated and found to also have reasonable activity.

) ) )
N~ N~ N~
o} ZZ2 N OH ZNF N /NfLN -
| | | :
“ S WS QWS ©£\N WA
K/O ~0 ‘VO \\\\\-K/O
Vistusertib (AZD2014) (17) AZD8055 (16) 60
PI3Ka plCg = 5.4 PI3Ka. plCsy = 5.4 PAkt pICso = 7.0
mTOR plCs; = 8.6 mTOR plICsq= 9.9
pAkt plCgq = 7.1 pAkt pICsy=7.6

Figure 39: 6,6-bicyclic compounds reported by AstraZeneca.'°

2.1 Compound Profiling

Before synthesis and analysis of any compounds, it is important to establish how they will be
assessed. This section outlines the biological and physicochemical assays to which the
compounds will be subject. This section also provides information on the procedure and
underlying scientific concepts behind the assays which are used to evaluate potential inhibitor

compounds. Assays were performed elsewhere within our laboratories.

2.1.1 mTOR Kinobead Chemoproteomic Binding Assay

When compounds are synthesised, they will be tested in a variety of in vitro assays to assess
which compounds are suitable for progression into in vivo animal models. Compounds are first
tested in the primary mTOR Kinobead assay, which provides the mTOR potency for the
compound. This is a chemoproteomic binding assay which assesses potency against native
full-length proteins directly from cells, providing a more accurate representation of the activity
of a compound than biochemical assays which use recombinant protein.’> A schematic

showing the assay procedure is shown in Figure 40.

The mTOR chemoproteomic binding assay is a competition binding assay based on affinity
enrichment of endogenous mTOR from whole cell lysate (HuT-78) with a Kinobead binding
matrix in the presence of a test inhibitor compound. A kinobead is a polymer bead which
contains, on its surface, immobilised broad-spectrum kinase inhibitors. After a period of
incubation, the plates are washed which removes any enzyme which remains unbound.

Remaining bound enzyme is then eluted from the Kinobeads. The eluted enzyme is then
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incubated on a nitrocellulose membrane with a primary rabbit anti-mTOR antibody and a
secondary anti-rabbit antibody coupled to an infra-red dye. The membrane is then scanned,
and signal intensities are quantified. Reduced binding of mTOR to the Kinobeads in the
presence of an inhibitor will lead to a lower/absent signal, and therefore the potency of the test

compound can be quantified.

Lysate in Inhibitor
diphosphate.__ R - Compound
buffer ° (

HuT-78 Cells

Cell lysate

containing kinase

Cell lysis

384 well plate loaded with
bl 10% kinobead slurry

_rk 1 ﬂﬂ h incubation

A
it SR ) .9
. Plate washed with ' Q

diphosphate buffer

Enzyme eluated from kinobeads
and transferred to nitrocellulose
Signal intensity is quantified,
membrane

less enzyme due to potent

inhibitar = signal reduction

)Y Y f

overnight incubation
Membrane +Secondary anti-rabbit Ir-dye 800 AB

Nitrocellulose

Figure 40: Schematic diagram showing the mTOR kinobead binding assay procedure.”
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2.1.2 phospho-Akt Cellular Assay

As well as an indication of compound potency at the target enzyme, a cellular assay is able to
provide information on the ability of a compound to cross the cellular phospholipid bilayer.
This is important for an intracellular target such as mTOR, and therefore cellular assays are a

vital component of the compound screening process.

Akt (protein kinase B) is a kinase which is a downstream target of mTORC2 (Figure 41) Akt
is positioned at the membrane via binding to PIPsz where it is phosphorylated by mTOR.
Phosphorylated Akt then has a number of downstream cellular effects.”” The level of
phosphorylated Akt in a cell is therefore an indication of mMTOR activity in a cellular context.
This is the principle underlying the pAkt cellular assay.

r[ Growth Factors ]

k)

PI3Ka-5

mTORC2

--------------------

4: Cytoskeletal
: organisation :

--------------------

4_ Cell survival,
: metabolism

Figure 41: Simplified view of the PI3K/mTOR/Akt pathway.”

The procedure for the cellular pAkt assay is shown in Figure 42. Human lung fibroblasts are

dispensed onto 384 well plates, which are then treated with test inhibitor compound and
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incubated. Cell signalling lysis buffer is added which prevents any further phosphorylation of
Akt. This cell lysate is then transferred onto a GAR plate and shaken overnight. Antibodies
are added to detect both total and phosphorylated Akt. These antibodies are attached to electro
chemiluminescent labels (SULFO-TAG) which emit light when an electric current is applied.
This light emission is used to quantify the amount of phosphorylated Akt. A highly potent

mTOR inhibitor will prevent phosphorylation of Akt, and therefore a weaker signal is observed

in this case.
Cell signalling
Human Lung ‘ Inhibitor lysis buffer
Fibroblasts Compound £
)‘“\
% ﬂ v ¥ X
1 h incubation 7 N
X //
384 well-plate 30 min shaking to Lysate transfered
y to GAR-plate
ensure lysis.
Cold Room
Buffer halts overnight Anti-mouse
phosphorlysation MSD detectlon
Mouse Total
MSD read buffer Akt detectlon SULFO
&> TAG
Current Applied F_/‘ / ‘&\ /)k&\\
Light emission N Q #/ %
Magnitude correlates to {\NVV\ <:I
pAkt levels. A\S 7

1 h shaking

Figure 42: Schematic diagram showing the electrochemiluminescence pAkt assay.’®

2.1.3 “Scar-in-a-jar” Phenotypic Assay

Fibrotic conditions such as IPF are characterised by excessive production and deposition of
collagen, which converts normal tissue into scar tissue and is associated with loss of function.
Therefore, to validate the effectiveness of any promising lead compounds which are
synthesised, their ability to prevent collagen production must be assessed. The scar-in-a-jar
assay is an in vitro phenotypic assay which examines collagen 1 deposition and pro-collagen
1 c-terminal peptide generation. This is an effective representation of clinical disease and

reduces the need for animal models within the early drug discovery stage.
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The assay measures collagen deposits produced directly by cells in a macromolecular
environment. A macromolecule, FiColl mix, is added to mimic molecular crowding and this
accelerates the deposition of collagen in the time-frame of the assay. TGF-f is used to induce
collagen deposition in fibroblast cultures. This causes fibroblasts to lay down mature collagen
1 which is detected by immunocytochemistry and quantified by image algorithms using an
INCell 2000 analyser. The presence of a highly potent mTOR inhibitor reduces the level of
collagen and therefore an 1Cso value can be obtained from the relative levels of collagen that
can be visualised. There are two versions of the assay; one in which healthy lung tissue is used,
and another where tissue from diseased donors is used. The general procedure for the assay is

shown in Figure 43.

. Inhibitor
Human Lung Fibroblasts
Compound
TGFB
@ Ficoll % ﬂ
Tissue samples from ‘ 72 h incubation

Healthy donor or IPF
patient

E—
5 ﬂ 72 h incubation
R

°Foo | _ &
§ R sy
£ ) e &&=
X \e . : A
.'q Y B Primary Collagen 1 AB / \\

Leg INCell 2000 24 hin fridge.
Collagen 1 visualisation Secondary Alexa 488 AB

Figure 43: Schematic diagram of the scar-in-a-jar assay.®” 17’

2.1.4 PI3K TR-FRET Assay

Obtaining high selectivity for mTOR over the closely related PI3K family of lipid kinases is
challenging, it is however desirable for compounds to be highly specific for mTOR as this may
cause fewer side effects meaning that the compound will be better tolerated. To assess
selectivity over the PI3K family, compounds were tested against the PI3Ks in a TR-FRET

assay. The principles of this assay are outlined in Figure 44.
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Figure 44: Schematic diagram showing the TR-FRET assay for PI3K .18
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This assay is based on the principle that the PI3K family of kinases phosphorylate
phosphatidylinositol 4,5-bisphosphate (PIP2) to form PIPs. PIP; binds to the PH domain of
GPR-1 with high affinity. In this assay there is a PIPs-biotin complex which is able to bind to
the PH domain of (Eu)-labelled anti-GST, GST tagged GRP1 through PIPs, whilst
simultaneously binding to streptavidin tagged allophycocyanin (strep-ACP) through biotin.
ACP is a fluorescent protein and Eu excitation of the complex with 330 nm light causes an

energy transfer to ACP which then emits light at 665 nm.

When PI3K enzymes are able to convert PIP; into PIP3, the free PIP; is able to complete for
binding to GRP-1 and therefore a reduction in signal occurs. The more effective a PI3K
inhibitor is, the less PIPs is produced which results in greater PIPs-biotin binding to GRP-1,
resulting in an increased signal. This signal can be quantified to give a ICso value for the test

compound.t’® This was carried out with each PI3K isoform of interest (a, B, 5, y).
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2.1.5 Physicochemical Assays

In addition to high potency against the desired target and selectivity over closely related
targets, a potential drug compound must have favourable physicochemical properties, so that
it can reach the intended site of action and possess appropriate pharmacokinetics. To assess

their properties, lead compounds are tested in various physicochemical assays.

Solubility is assessed with a kinetic solubility measurement using a HPLC charged aerosol
detection (CAD) technique.'™ In this assay the kinetic aqueous solubility at neutral pH is
determined by measuring the concentration of solute in solution after precipitation from a
DMSO stock solution. This method is useful as it is high-throughput, and therefore compound
data can be obtained for a large number of compounds in a short space of time. This assay
however, has the drawback that it is not particularly representative of a biological system, and
in addition to this, the CAD solubility assay is precipitative from DMSQO. This technique
removes and factors due to slow dissolution. Promising compounds can therefore be further
tested in a dissolution assay using simulated lung fluid (SLF).1® SLF is a buffer with an ionic
composition similar to human lung fluid, and therefore the solubility of compounds in this

medium is likely to be more representative of their in vivo solubility.

Permeability is a measure of the ability of a compound to cross the cellular phospholipid
bilayer, which is important when a compound is required to cross a cellular wall in order to
reach the site or action. To measure their permeability, compounds were tested using a HPLC
artificial membrane permeability assay in a high-throughput manner. Another assay that can
be used to investigate compound permeability is the Madin-Darby Canine Kidney (MDCK)
assay.'®! This assay requires solid material and therefore was only used for more promising

lead compounds.

The lipophilicity of a compound is important to know when optimising lead compounds as it
has an effect on a number of ADMET (absorption, distribution, metabolism, excretion,
toxicity) parameters such as: volume of distrubution,’® protein binding'® and hERG
activity.’8 Lipophilicity is measured in terms of LogP, which is the partition coefficient
between octanol and water.2% In our laboratories a chromatographic hydrophobicity index
(CHI) is utilised.’ A test compound is eluted on a reverse-phase column with
water/acetonitrile, and the retention time is used in combination with the hydrogen bond donor
count (HBC) to calculate the relative lipophilicity value in octanol (LogP) using equation 1
in Figure 45.%8" An early study, performed in 1977, reported that LogP values are not an

accurate representation of the lipophilicity of compounds with ionisable groups.®® The degree
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of ionisation is dependent on the pH of the solution in which it is dissolved. The study asserted
that a more accurate representation would, therefore, involve undertaking the partition
experiment in a solvent buffered to physiological pH (pH 7.4). The authors termed this the
distribution coefficient, expressed as LogD. In our laboratories, we are able to generate LogD
values using a similar CHI experiment conducted at a specific pH. This will give a LogD value
using equation 2 in Figure 45.18 Subsequent research showed that CHI logD values did not
correlate well to logD values generated from shake-flask experiments. Based on this a new
equation was subsequently derived to convert CHI logD into chromLogD values, which more
closely represent the values obtained from shake-flask experiments. (equation 3 in Figure
45),189

LogP = 0.05CHI + 0.41HBC — 1.41 (Equation 1)
LogDpn = CHIpn -1.46 (Equation 2)
Chrom LogDp+ = 0.08CHIpn — 2 (Equation 3)

Figure 45: The equations used for calculating LogP and LogD values from CHI chromatographic

retention times.

It is also important to understand the metabolism of potential drug compounds, as this can
provide information on the likely half-life of a drug once it reaches the systemic circulation.
For an oral compound, a low clearance is desirable as this means that the active drug is
available to exert its effect for a longer period of time. In an inhaled project however, this can
be reversed, and a moderate-to-high clearance is often preferred. The reason for this is that the
drug interacts directly with the site of action (the lungs) and once it passes into the systemic
circulation, rapid metabolism can help to minimise unwanted systemic exposure of the drug,
therefore addressing issues related to target-mediated side effects provided the metabolites are

inactive and non-toxic.

Clearance can be measured in vitro using liver microsomes. These are sub-cellular fractions
which contain membrane bound enzymes that metabolise drugs.!®® The liver is the most
important site of drug metabolism in the body and approximately 60% of marketed compounds
are cleared by hepatic CYP-mediated metabolism.* The experiment was run with
microsomes from both humans and mice, as their CYP profiles differ. Given that early in vivo
experiments would be carried out in mice, it is useful to understand the behaviour of
compounds in this species. Some of the more promising lead compounds in the current study

had microsomal stability tested.
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2.1.6 Ames Mutagenicity Test

Aromatic amines are a class of compounds in which many members are carcinogenic.
However, they are a privileged structure and appear in ~13% of currently marketed drugs.%?
It is therefore vital to understand what causes this mutagenicity and be able to establish if a

novel aniline containing compound is likely to be carcinogenic.

The toxicity or aromatic amines is thought to be caused by their oxidation within the liver by
CYP450 enzymes. This forms N-hydroxyl amines (primary metabolism). Secondary
sulfination or acetylation enables formation of a nitrenium ion, which is an electrophile
capable of binding to DNA (Scheme 16). This is thought to be one of the major routes through
which DNA binding and subsequent mutations can occur.931%

Phase Il
CYP450 Conjugatlon
—_— /O
NH, N

R: Ac or HSO3

P o )
DNA covalent NH

interactions.

Nitrenium ion

Scheme 16: Metabolism of aniline based compounds leading to genotoxic metabolites.

The Ames test is an assay that measures bacterial revertant colony formation. It was named
after Bruce Ames, who first reported this assay in 1974.1% The Ames test uses bacteria which
are unable to biosynthesise their own histidine (Salmonella typhimurium His-). These strains
are autotoxic as they require histidine for growth and therefore are unable to grow on histidine
free media. In the presence of a possible mutagen, the bacterial DNA may undergo point-
mutations which allows the mutant bacteria to start producing histidine, meaning they are able
to grow. If significantly more bacterial colonies grow on the plate treated with test compound,
then this compound is deemed mutagenic. Rat liver extract (S9-Mix) is included to metabolise
the compound of interest, as this enables the test to also establish if any metabolites are

genotoxic (Figure 46).1%
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Figure 46: Schematic diagram showing the Ames mutagenicity test.
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2.1.7 Compound Testing

Figure 47 summarises the screening cascade in which compounds will be tested. This centres

around the project aims (vide-infra) of achieving a novel series of mTOR inhibitor compounds

which offer a range of differentiated physicochemical properties.

Target Potency
mTOR Kinobead (primary potency)
pAkt (Cellular potency)
Scar-In-A-Jar (HT) (Cellular potency)
PI3K TR-FRET (PI3Ko,p,8,v potency)

Physicochemical Assavs

CAD Solubility
Artificial Membrane Permeability

chromLogP/D

-

( Initial Screening \

J

v k

f Additional Assavys for Promising ﬂ\
Leads.

In Vitro Clearance (mouse/human)
MDCK permeability
SLF Solubility

Diseased Scar-In-A-Jar (DPU)

Toxicity
Ames Mutagenicity Screen

hERG (QUBE)

Kinobead Lipid Kinase Selectivity

\_ Panel J

Figure 47: Screening cascade for target compounds.
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2.2 Dihedral Angle Scanning for Cyclopropylpyran Bicyclic
Compounds

Before synthesis of any compounds, examples of potential 5,6- and 6,6- bicyclic
cyclopropylpyran containing compounds were modelled in a dihedral angle scanning study
(Figure 47 & 48) in order to predict if compounds were likely to be able to occupy the co-
planar conformation required for interaction with the mTOR binding pocket. This same
methodology was used to assess tool compounds 22-30 in the previous chapter and generally
provided good predictions of the favoured CPP conformation observed within X-ray crystal

structures (vide supra).

16
14
12

10

Relative Energy (lkJmol?)

0 50 100 150 200 250 300 350

Dihederal Angle (°)

==@=Pyrimidine ==fe=Imidazolopyrimidine === Pyrrolopyrimidine ==#==Pyrazolopyrimidine

o} 0 0 0
2SN N— SN 2SN Z N
[\) </I% (/g Nﬁ%

N N NN NN

N
H

25 61 62 63
Figure 48: Dihedral scan showing minimum energy conformations for CPP 5,6 bicyclic systems (61-

63). Parent pyrimidine (25) is included for comparison.?
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Figure 49: Dihedral scan showing minimum energy conformations for CPP pyridopyrimidine 64.

Parent pyrimidine 25 is included for comparison.'*

5,6-Bicyclic systems (61-63) appeared from the dihedral angle scanning study to be
compatible with cyclopropylpyran in terms of the favourable co-planar conformation being
adopted. Imidazolopyrimidine 61 in particular has an energy profile which is very similar to
pyrimidine 7. For pyrazolopyrimidine 63 and pyrrolopyrimidine 62 the system is complicated
by the steric impact of the proton at position-3 of the 5-membered ring. For 5,6 Bicyclic
systems this proton is at a sufficient distance that co-planar conformations are favoured.
Figure 50 shows the two low energy conformations of pyrazolopyrimidine. We have
postulated that the lowest energy conformation for this compound (Figure 50, pane A)
represents a compromise between steric clash and stabilising electronic overlap. Interestingly,
the local minimum at 180 ° (Figure 50, pane B) appears to be caused by the favourable
placement of the position-3 proton between the two geminal cyclopropylpyran protons, this

co-planar conformation may also be stabilised by electronic overlap.
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Figure 50: Structures of pyrazolopyrimidine 63 generated in MOE. The dihedral angle was manually
set to show minimum energy conformation as predicted in dihedral angle scanning study. (A) 330 °

global minimum. (B) 180 ° local minimum

Pyridopyrimidine 64 is not predicted from the dihedral angle scanning study to occupy a co-
planar conformation (Figure 49). This is thought to be due to the closer proximity of the proton
in position-5 of the pyridopyrimidine ring compared with the corresponding proton within a
5,6-bicyclic system (Table 13)

Entry Compound Syn-H Anti-H

1 64 1.68 1.32

2 63 2.00 1.68

Table 13: Distances between geminal CH; protons and proton in adjacent ring of the bicyclic system
for pyrazolopyrimidine 63 and pyridopyrimidine 64. NB: Syn- represents proton on the same side of the

pyran ring as the cyclopropane ring.

The predictions made by these dihedral scanning experiments suggest that 5,6-bicyclic
systems may tolerate cyclopropylpyran as a replacement hinge binding fragment, whereas 6,6-
bicyclic systems are unlikely to do so.
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2.3 Bicyclic Core Compounds

2.3.1 AZD8055 Matched Molecular Pair

Cyclopropylpyran containing pyridopyrimidine compounds were synthesised by another
member of our laboratory**® and these compounds allow us to further build confidence in the
validity of predictions based on dihedral scanning experiments. AZD8055 (16) was a highly
potent and selective compound which progressed into phase | clinical trials. Its clinical
development was terminated due to high hepatic turnover, and for this reason the core fragment
may offer advantages as an inhaled molecule. At the time of synthesis, the validity of
predictions from the dihedral scanning experiments was not well established and so the
cyclopropylpyran AZD8055 analogue 72 was synthesised despite predictions that it may not
occupy the required conformation for binding. The synthesis of this compound is shown in
Scheme 17 and was performed by another member of our laboratories.**
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(a) LIHMDS, THF, DCM, r.t., 30 min, 68% yield (b) DIPEA, 2-MeTHF, r.t., 30 h, 94% yield (c)
Pd(dppf)Cl;, K2CQOs, 2-propanol: H,0, uWave, 110 °C, 40 min, 47% yield (d) H,, Pd/C, EtOH,
EtOAC, r.t., 24 h, 34% yield (e) Tf,O, TEA, CHCI;3, r.t., 5 h, quant. (f) 2-(3,6-dihydro-2H-pyran-4-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(dppf)Cl, 1,4-dioxane, H,O, pWave, 110 °C, 30 min, 110
°C, 44% yield (g) (1) Me3SOCI, NaH, DMSO, r.t., 21 °C, 20h (1) TFA, r.t., 16 h, 27% yield over 2

steps.

Scheme 17: Synthesis of cyclopropylpyran AZD8055 analogue.**
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Comparison of the cyclopropylpyran analogue 72 with AZD8055 (16) confirmed that the
cyclopropylpyran hinge binding fragment is poorly tolerated. The compound is ~100 fold
lower in potency at mTOR. Compound 72 is also >100 fold less active in the cellular Akt
assay. Compound 72 has increased lipophilicity compared with AZD8055 and as a result of
this its permeability is slightly improved whilst solubility is decreased. Due to the significantly
lower activity of compound 72, cyclopropylpyran was not further considered in
pyridopyrimidine based compounds. The poor performance of CPP 72 further validates the

use of dihedral angle scanning studies to predict the suitability of CPP containing compounds.

mTOR pAkt Solubility AMP LogD/

Entry Compound Rl pICso pICso (Mg/mL)  (nm/sec) LogP
O
1 16 [Nj 8.5 7.5 356 459 4.6/4.7
ol
o)
2 72 6.5(n=2) 5.4 (n=1) 206 500 4.9/4.9

Table 14: In-house Biological and physicochemical data for AZD8055 (16) and the cyclopropylpyran
containing analogue 72. N=3 or greater unless shown. All potency ranges fall within the error of the assay
(mTOR= 0.3, Akt= 0.5) and therefore are not shown.

2.3.2 5,6-Bicyclic Core Scan

With DFT predictions indicating the potential suitability of 5,6 bicyclic compounds for
combination with the cyclopropylpyran hinge, work was carried out elsewhere within our
laboratory to establish the most efficient 5,6 bicyclic core — cyclopropylpyran combination.®’

A range of 5,6 bicyclic cores were considered and these are shown in Figure 51.
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Figure 51: Cyclopropylpyran 5,6 bicyclic compounds proposed for synthesis.

2.3.1 Synthesis of Cyclopropylpyran 5,6 Bicyclic Core Compounds

5,6 Bicyclic compounds 73-80 were synthesised by another member of our laboratories.'*
Commercially available 5,6 bicyclic starting materials were utilised. The cyclopropylpyran
hinge binding fragment was installed via a Suzuki-Miyaura cross coupling reaction. This
challenging sp? — sp® disconnection is discussed in greater detail in the previous chapter of this
thesis. The yield of this reaction was generally poor, which is likely attributable to coupling at
the 2-position of the dichloropyrimidine, leading to formation of unwanted bis- coupled by-
product. In the synthesis of compounds 76-83 the yield of step (a) varied between 20-40%
yield. The CPP containing intermediates then underwent an additional Suzuki-Miyaura cross
coupling reaction (b) to install the 4-ethyl urea back pocket group. The reaction yields for this
reaction remained unoptimized and products were purified by mass-directed auto purification
(MDAP) to give final products of high purity in sufficient quantities for biological testing
(Scheme 18). Pyrazolopyrimidine 81, pyrazolopyridine 82 and imidazopyridine 83 were
deprotected without purification and the deprotected final products were purified by MDAP
(Scheme 19).
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() Pd(OAC),, CataCXium® A , Cs,COs3, tol./H0 (10:1), uWave, 120 °C, 2 h. (b) 1-ethyl-3-(4-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea, Pd(dppf)Cl,, Cs,COs, dioxane:H,0 (10:1),

80 °C, 5 h.

Scheme 18: Synthesis of 5,6 bicyclic compounds 76-80.1%

Declan M Summers

97



CONFIDENTIAL — DO NOT COPY

o 0

N

</ | ~N EC) </N | N

N = o) N 7 0
L H L

@] N N/\ N N/\
H H H H

83 75

(@) HCI (4 M in dioxane), r.t., 16 h.
Scheme 19: THP deprotection of compounds 116, 117 and 118.

Imidazo[1,2-a]pyrazine 85 was synthesised by first installing the 4-ethyl urea back pocket
group via Suzuki-Miyaura cross coupling reaction with commercially avaliable 6,8-
dibromoimidazo[1,2-a]pyrazine. This gives the desired substitution pattern within the product,
as the bromide at position-8 is more reactive and forms intermediate 84 as the major product
in a 4.5:1 ratio. Bromide 84 then underwent a subsequent Suzuki-Miyaura cross coupling
reaction to install the cyclopropylpyran motif at position-6 and furnish compound 85 (Scheme
20).
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(a) 1-ethyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea, Pd(dppf)Cl,, Cs,COs,
dioxane:H,0 (10:1), 100 °C, 15 h. 17% vyield. (b) Pd(dppf)Cl,, dioxane/H,O (10:1), 100 °C, 14 h, 7%
yield.

Scheme 20: Synthesis of 85.

2.3.2 Cyclopropylpyran 5,6-Bicyclic Core Compound Analysis

When selecting a starting point for a drug discovery project, it is important to carefully select
the most promising fragment, as this is more likely to lead to high quality target compounds.
Clearly the potency of a compound against the desired target is of paramount importance,
however potency is known to positively correlate with both molecular weight!® and
lipophilicity.?®® Therefore optimising for potency alone will likely lead to larger more
lipophilic lead compounds, which has been attributed to a number of issues such as: poor
metabolic stability,®® increased promiscuity?® and decreased absorption (due to poor

solubility?® and/or permeability).2°3

To enable potency measurements to be normalised for molecular weight and lipophilicity,
leading to a fairer comparison, efficiency measurements such as binding efficiency index
(BEI)?4 and lipophilic ligand efficiency (LipE)*® are used. BEI can be defined as the potency

per unit of mass whereas LipE subtracts the lipophilicity (chromLogD) from the potency
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(pICso). For oral candidate compounds, a LipE of between 5-6 is considered optimal. The

equations used to derive the two-efficiency metrics are shown in Figure 52.

BEI = Target Potency (plCso) X 1000 / Molecular Weight (kDa) (Equation 1)

LipE = Target Potency (pICso) — chromLogD (Equation 2)

Figure 52: Equations to calculate binding efficiency index (BEI) and lipophilic ligand efficiency
(LipE).

The potency, efficiency and selected physicochemical data for cyclopropylpyran 5,6 bicyclic

compounds 73-80 is shown in Table 15.
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176 </Nj|\/1N 61  NT 161 32 o0 125
N '

N Ay 251
2 75 (Nﬁ\/ 5.4 48 143 29 S0 469
H
S 3.45
/N *
3 77 (Nik/ 4.3 47% 114 08 S 328
H

N 5.39
4 78 (/j\l N 6.4 65 162 10 43
g A 5.50

S Ay 5.06
5 79 CT 4 6.6 65 167 15 2.0 47
N

0Ny 4.65
6 80 ng\/ 6.4 6.6* 169 1.8 169 114
N
N 3.49
7 73 N@g N 7.0 6.7 185 35 3
\ _ 3.50
” )y

X 3.27
N
P 5.8 5.7 159 27 397 22

Iz’

;N 6.2 58 164 24 >0 4o

9 85 O . . 4 24 30
&Y

Table 15: Biological and physicochemical measured data for compounds 73-80 and 85. NB: plCsg
values marked with * are n= 2, all other plCso values are n= 3 or greater. All potency ranges fall within

the error of the assay (MTOR= 0.3, Akt=0.5) and therefore are not shown.

Pyrazolopyrimidine 73 was the most potent compound from this initial screen and it was also
the most efficient compound (in terms of BEI and LLE). The solubility of 73 is very low,

however this compound was still considered a promising lead given its other properties,
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particularly given the level of potency in the pAkt cellular assay. The compound has two
vectors through which groups can be incorporated in order to further improve both potency
and physicochemical properties. As we were targeting an inhaled drug compound (vide supra),
low solubility was considered less problematic, and we were interested in exploring a wide
range of physicochemical space. For these reasons, further work was focused on developing a
pyrazolopyrimidine series of mTOR inhibitors. The vectors which were the focus of our
optimisation as well as their expected position within the ATP-binding site of mMTOR are
highlighted in Figure 53.

OH
S P ey
N N N [j R
N” N
O)\Ar kAr oél\q % N H H
R =
2 N
T N/jj\J\ A o/s
CF N7 N7 TR — N N)J\N,Ar
° — R H H O H
& other small
alkyl groups R

Figure 53: Vectors for optimisation in pyrazolopyrimidine compounds. R* = Ribose region. R? =
Backpocket Region (hydrophobic pocket). General examples of groups exemplified within the literature
are shown. The diagram shows the positioning of the inhibitors within mTOR ATP-binding site
including the hinge region (black-1), hydrophobic pocket (blue-2), ribose pocket (red-3) and solvent
front (red-5, -6 and blue-4). Note the colouring of R! and R? correspond to their different binding

regions.?%
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Other 5,6 bicyclic cores were not as efficient as pyrazolopyrimidine 73. Removal of 1 nitrogen
from the pyrimidine ring to give pyrazolopyridine 74 causes a 10-fold decrease in potency.
Similarly, a 5-fold decrease in potency is observed between imidazolopyrimidine 76 and the
corresponding imidazopyridine 75. Imidazopyridine 75 is 8-fold less potent than
imidazolopyrimidine 73. However, due to the lower lipophilicity of 75 the LipE of these two
compounds is similar, the BEI of pyrazolopyrimidine 73 however, is significantly better.
Thienopyrimidine compounds 78 and 79 have reasonably good target affinity, however due to

their high lipophilicity the LipE value for these compounds is very low.

2.4 Literature Review of Pyrazolopyrimidine Based mTOR Inhibitor
Compounds

Pyrazolopyrimidine 73 proved to be the most efficient core at mTOR when combined with
cyclopropylpyran and this is also the most highly exemplified class of 5,6-bicyclic compounds.
There have been extensive publications from Wyeth on this class of compounds and the highly
potent and selective compounds reported within these publications, coupled with our own
initial data, prompted further investigation into this class of compounds.

Compound 83 (Table 16) was first discovered through a high throughput screen for mTOR
inhibitors?®® and was chosen as a promising lead-like starting point due to its low molecular
weight, low lipophilicity, reasonable ligand efficency?®” and reasonable mTOR potency. This
compound, however, was 6-fold more potent at PI3Ka, highlighting the considerable
challenge associated with achieving highly potent and selective inhibitors for mTOR.

O

Z ~N

Nl
\N N/)\©/OH
<N/§ 83
H
MTOR PICso 6.7
PI3Ka PICso 7.4
MW 297
cLogP 1.86

Ligand efficiency 0.34

Table 16: Literature biological and physicochemical data for compound 83.
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As highlighted in Figure 54(a) there are 3 plausible vectors which can be optimised for
potency and selectivity. This includes: the aryl substituent at the 6-position of
pyrazolopyrimidine, the 1-position and the 4-position of the pyrazolopyrimidine ring. Docking
studies?®® with compound 83 have been performed in an mTOR homology model, derived
from the X-ray crystal structure of PI3Ky. This shows that the morpholine in the 4-position
potentially forms a hydrogen bonding interaction with the hinge region of the kinase active
site (Val2240). The 3-phenol in the 6-position forms an additional hydrogen bonding
interaction with the backpocket region of the kinase active site (Asp2195). The piperidine ring
in the 1-position occupies the region of the active site which is occupied by the ribose ring of
the natural substrate (ATP). This is commonly referred to as the ribose region.

The docking study shown in Figure 54(b) also suggests why selectivity for mTOR over PI3Ka
is a challenge. The active site only differs at two locations within 3 A of compound 83,
Trp2239 to Val850 and Leu2354 to Phe930. In the figure these residues are shown in orange.
These amino acid residues are close to the hinge binding morpholine but do not form hydrogen

bonding interactions with the ligand.

(@ Hinge binding (b) LYS2187
vector
O
N TRP2239,
VAL ¥
4 >N
NI
NTN
Ribose d 83 Backpocket
region N vector
H

Figure 54: (a) Compound 83 highlighting the positions of each substituent when bound to mTOR active
site (b) Putative binding mode of compound 83 with the mTOR homology model.

2.4.1 Literature Backpocket Group Optimisation

The most extensively explored vector within the literature is the aryl substituent in the 6-
position, which occupies the backpocket region of the kinase active site. A variety of aryl
substituents were examined in this position and the results are summarised in Table 17.
Movement of the phenolic hydroxyl group to either the 2- or 4- position of the aryl ring led to
areduction in activity, presumably due to loss of the hydrogen bonding interaction to Asp2195.

A variety of indole substituents were also tested in this position, of which, the 5-indolyl

104
Declan M Summers



CONFIDENTIAL — DO NOT COPY

analogue 89 was the most potent. Alkylation of the indole nitrogen to form compound 90
further emphasizes the importance of a hydrogen bond donor in the backpocket, as this

compound is ~6.5-fold less potent than indole 89.

)

=z
Z N
N2

z
X

A T

Entry Compound No. MTOR pICso  PI3Ka plCso

OH
1 84 /\©/ 7.1 7.4
2 85 /ﬁij 5.9 5.4
HO
3 86 /\Q 6.8 6.1
OH
(1)
4 87 N 6.9 6.0
H
5 88 é[% 6.8 6.6
N
H
6 89 /\m 7.1 6.0
H
7 90 m 6.2 5.3
\

Table 17: Phenol and indole backpocket groups.:®

In a further study to identify potential alternative backpocket groups, 3- or 4- anilino
substitution led to a decrease in mTOR activity. However it was discovered that introducing a
nitrogen into the ring to give the 2-aminopyridin-5-yl derivative gave an increase in mTOR
potency (Table 18).1% This increase in potency was attributed to the formation of an additional

hydrogen bonding interaction between the ring nitrogen and an amino acid residue (Lys2187).
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Regioisomers of aminopyridine 93 (compounds 94 and 95) did not provide this same increase

in potency. Interestingly, the mTOR potency was maintained when the hydrogen bond donor

was moved to an exocyclic position, such as in compound 96. Modelling has shown that the

carbonyl oxygen in acetamide 96 is likely to maintain the same H-bonding interaction with

Lys2187.1% The data in Table 18 indicates the importance of combining a hydrogen bond

donor and acceptor in the backpocket group. Compound 97 is not able to form a hydrogen

bonding interaction due to N-methylation, this results in a 30-fold decrease in mTOR activity

for this compound in comparison with compound 96.
O
N
N\/ | ~N
N N/)\R

O

Entry Compound No. R MTOR plICso  PI3Ka plCso
NH,
1 91 /\O 7.0 6.4
NH,
X
3 93 | 8.0 7.2
N” NH,
N_ _NH,
4 94 s 6.9 6.0
P
N
B 6.8 6.0
5 95 . .
Z NH,
6 96 A@L i 78 6.9
N J . .
H
7 97 A@L i 6.3 6.1
\ J . .

Table 18: Anilino and aminopyridine based backpockets.% note phenyl ring in position 1. This was

used for backpocket exploration due to synthetic tractability of this core.

Building on the high potency of acetamide 96, the authors explored varying the carbonyl group

attached to the aniline in order to further improve potency and increase selectivity. Methyl

Declan M Summers
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carbamate 98 was found to have promising mTOR potency and an increase in selectivity over
PI3Ka. The cellular potency of this compound within a cancer cell line (LNCaP) was,
however, disappointing and therefore further options were explored. The authors reported
decreased potency for larger alkyl carbamates, except in the case of hydroxyethyl carbamate
100, which was ~3-fold more potent than the methyl carbamate. Replacing carbamates with
the corresponding urea (Compound 101) was also associated with an increase in potency. The

results of this SAR study are shown in Table 19.
()
N

N
N
) .
N

/B
o
Compound MTOR PI3Ka L LNCaP
Entry No. X R PICss _ PICs  S0eCtVItY 5y
1 98 CH o 7.9 6.3 42 6.3
2 99 N *’{Hko/ 8.3 6.1 172 6.7
o}
3 100 N Ao~ oH 88 6.5 189 8.0
H
4 101 CH JOL 9.3 7.9 28 8.8
5 102 N fiu N” 9.4 7.4 107 8.5
O
6 103 cH AN 7.1 6.2 8 5.6
H
(]
7 104 CH MH/ 6.8 5.4 24 5.0

Table 19: Aniline based backpocket optumisation.®

The increased potency observed for hydroxyethyl carbamate 100 and methyl ureas 101 and
102 can be rationalised by considering the docking of these compounds in an mTOR homology
model (Figure 55). Hydroxyethyl carbamate 100 is predicted to form hydrogen bonding
interactions in the backpocket region between NH and Asp2195, the carbonyl oxygen and
Lys2187 and an additional interaction between the hydroxyl group and Asp2191. This
additional interaction provides this compound with an increase in mTOR potency. Similarly,

from this modelling effort, the urea derivative 102 is anticipated to form an additional third
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hydrogen bonding interaction in the backpocket region. The urea carbonyl oxygen interacts
with Lys2187 and both urea NH groups form a hydrogen bond with Asp2195. Again, the
presence of a third interaction in the backpocket region provides an increase in mTOR potency

for this compound. These compounds also show reasonable selectivity over PI3Ka

Figure 55: (a) Docking study of Compound 100 in mTOR homology model. (b) Docking study of
Compound 102 in mTOR homology model.1%®

Further examples of urea based backpocket groups were then explored by the authors, the most
highly potent of which was the hydroxyethyl urea 105. Considering compounds 100 and 102
it is plausible that this compound forms 4 hydrogen bonding interactions in the backpocket
region, which can account for its superior mTOR potency. Urea isosteres were also briefly
investigated by the authors however it was found that these were all inferior to the parent urea

compound (Table 20).
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)
i

Compound mTOR  PI3Ka L LNCaP
Entry No. X R PICxo  PICsxp  SCECtVMty  "pyog
1 105 CH A@ 0 9.5 7.1 282 76
NJ\N/\/OH ' ' '

H
N/CN
2 106 N P& 8.3 6.6 56 5.9
N

N7 NH,
N
3 107 N U =0 6.7 5.4 23 5.4
N
H
S
4 108 CH /\Q I 8.7 6.9 69 7.2
N

N
H H

Table 20: Urea optimisation and exploration of potential urea isosteres.%®

Since these initial reports, additional publications have further expanded the backpocket
groups and incorporated diaryl urea groups in this position. An X-ray crystal structure of the
4-pyridyl urea 109 bound to PI3Ky (Figure 56) shows a shift in the peptide chains of the
enzyme, in order to accommodate the aryl urea group. This shift exposes the 4-position of the
aryl ring to solvent and therefore this position can be used to attach water solubilising groups

(WSGs) with the aim of improving compound solubility.
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Figure 56: X-ray crystal structure to show movement of protein loops (green to purple) in PI3Ky to

109

accommodate aryl urea group of 109. This leaves the 4 position of pyridine ring exposed to solvent.208

Structure is available in the protein data bank: PDB code 3IBE.

The use of water-solubilising groups in this solvent-exposed position has produced highly
potent mTOR compounds with improved physicochemical properties and microsomal
stability. Due to the large molecular weight of these compounds, they have been optimised by
the authors for intravenous administration.?”® Examples of diaryl urea compounds are shown
in Table 21.
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Compound mTOR PI3Ka L LNCaP  Micro
Entry No. R pICso pl1Cso Selectivity plCso (t%)
1 110 /_: 9.7 7.5 175 7.5 24
D
2 111 [ N 9.5 7.7 60 7.2 9

3 112 95 7.8 44 >00  >30
4 113 §_®_\ 101 82 75 >0 13
OH

NB: micro. Is nude mouse liver microsomes half-life.

Table 21: Aryl urea backpocket compounds.?%®

2.4.2 Literature Ribose Group Optimisation

Another area which has been explored within the literature is the vector extending from
position 1 of the pyrazolopyrimidine ring, often referred to as the ribose region due to the
position it occupies in the kinase active site relative to the natural ligand, ATP. Compound
114, which was identified as a result of a high throughput screen had a piperidine ring in this

position and substitution of the piperidine nitrogen has been extensively explored.

Early compound iterations commonly included a benzyl group at this position, most likely due
to this group being utilised as a protecting group during the synthesis of these compounds.
Despite good mTOR potency, benzyl groups often gave compounds with poor metabolic
stability due to dealkylation of the piperidine ring nitrogen and are very lipophilic. For these

reasons, the authors explored alternative substituents in this position (Table 22)

Methylation (116), acylation (117) and urea formation (118, 119) were all associated with a
reduction in potency. Methyl carbamate 75 offered improved microsomal stability combined

with good potency and selectivity.
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Compound mTOR PI3Ka - LNCaP  Micro
Entry No. R PICs,  PICsp S0V ‘picl awy)
1 114 FH 8.9 7.6 16 59  >30
2 115 FBn 9.3 7.8 27 8.8 3
3 116 E-ch, 7.7 6.8 10 6.1 2
o)
4 117 =4 8.7 6.6 107 6.1 27
o)
5 118 - 8.7 6.8 75 56  NT
HN—
0]
6 119 é—/<N_ 9.0 6.7 190 67  >30
/
o)
7 120 L4 9.3 7 217 75 >30
O__

NB: micro. Is nude mouse liver microsomes half-life.

Table 22: Exploration of the piperidine ring substituent.?%

Additional carbamates including isopropyl carbamate and tert-butyl carbamate were

examined, however these compounds suffered from a reduction in microsomal stability.'%

Small acyclic alkyl groups were also considered in the 1-position of pyrazolopyrimidine

(Table 23). These compounds were in general less selective than their piperidine carbamate

analogue 120, however the isopropyl compound 123 and trifluoroethyl derivative 124 both

had good selectivity and cellular activity. It is important to note the replacement of morpholine

with bridged morpholine in compounds 121-126. This additional bulk in the hinge region is

also shown to improve selectivity for mTOR (vide infra)
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Compound mTOR PI3Ka L LNCaP  Micro
Entry No. R PICs0 PICx,  0eCVIY  picl )
1 121 F-cH, 8.9 6.6 184 68  >30
2 122 — 9.1 6.6 364 72 >30
3 123 §_< 9.9 6.6 1950 8.3 >30
4 124 ?TCF 9.3 5.8 3232 7.4 >30
3
5 125 5—\_ on 85 6.4 132 6.2 NT
6 126 %_LN/ 7.8 6.0 66 6.4 5
\

NB: micro. Is nude mouse liver microsomes half-life.

Table 23: Exploration of 1-alkyl substituted pyrazolopyrimidines.1%

Despite good stability at mouse liver microsomes (Table 23), compounds 123 and 124

suffered from low stability at human liver microsomes (half-life of 12 minutes and 5 minutes,

respectively). The authors therefore turned their attention to cyclic alkyl groups which are

more structurally related to piperidines. Based on this, a series of cyclohexyl analogues were

prepared (Table 24). Cyclohexanone 127 was potent and selective for mTOR, however was

only moderately stable in mouse and human liver microsomes. Reduction of the ketone to

cyclohexanol compounds 128 and 129 resulted in sub-nanomolar, highly selective compounds

with good microsomal stability. Methylation of these compounds to give methyl ethers 130

and 131 resulted in compounds with improved cellular potency, but which had only moderate

microsomal stability. Cyclohexyl ketals (132-134) had excellent cellular potency and good

microsomal stability.
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Compound mTOR PI3Ka L LNCaP Micro.
Entry No. R PIC  PICs 0™ picy "M H

1 127 9.7 5.9 5913 7.5 20 10

)
2 128 }—Om--OH 9.6 6.1 3975 77 >30 >30
3 129 i—<:>—0H
/
4 130 §—<:> uuuuu ¢ 9.4 5.9 3079 87 >30 15
/
5 131 S—O—o 9.5 6.2 2136 90 17 NT

O_

6 w X 91 62 875 87 15 30
O_

7 133 §—<:><j 9.7 5.9 5619 87 30 26
@)

8 134 §—<:><> 89 65 305 81  >30 >30
(0]

NB: micro. M = nude mouse liver microsomes half-life. H= Human liver microsomes half-life.

9.5 6.6 757 7.7 >30 >30

Table 24: Exploration of 1-cyclohexyl analouges.%

Although some investigation has been performed into varying the substituent at position-1 of
the pyrazolopyrimidine, this position remains underexplored. The reported SAR focuses
mainly on modifying groups such as piperidine and cyclohexyl. This is likely because the
installation of the ribose substituent is in the first step of the pyrazolopyrimidine ring synthesis
and therefore full bespoke syntheses would be required to vary this position more widely.
Nevertheless, this position provides an underexplored opportunity which could be utilised

further in an attempt to tune potency, selectivity and physicochemical properties.

2.4.3 Literature Hinge Group Optimisation

As intimated previously, the hinge binding morpholine group has been modified within the
literature. It was discovered that substitution on the morpholine ring is able to increase
selectivity for mTOR over closely related PI3Ko.!* Table 25 shows some substituted

morpholines which have been used as alternative hinge binding groups.
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R']
~
NT N 0
(/5 JU R3
N~ N’
H H
N

R2
Compound 1 2 3 mTOR PI3Ka -
Entry No. R R R pICso pICso Selectivity
0
1 120 = 9.3 7.0 217
O_
2 102 0 SN FMe gy 7.4 108
J
3 135 n 0 95 6.3 1531
4 136 | :o—/ et 9.8 6.2 4141
5 137 SN 9.4 6.2 1410
o — %—Me
6 138 9.7 5.7 1803
N 0
7 139 S et 97 53 26665
O_

8 140 <] 92 5.4 6913
9 141 @ o e 9.7 5.4 19414

10 142 L oO— Lt 9.2 5.3 8886
/",, O ‘\‘\\\
11 143 [ j SN Fme 7.1 5.4 46
e &
12 144 O] o e 8.6 6.6 116
13 145 M’I‘W § ot — §-Et 8.7 6.1 360
14 146 o §-Et 8.7 6.3 307
O F
15 147 [N] 5—40_/ §—F 8.7 6.3 289
16 148 e %—4-Py 9.2 7.7 32
17 149 o §—Et 9.1 5.4 4985
Ll ¢ F
18 150 8.9 53 3666
N o/ §—F
19 151 ke g4-Py 9.6 6.3 1846

Table 25: Exploration of substituted morpholine hinge binding fragments.*
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The rationale behind the increase in selectivity noted for substituted morpholine compounds
may be attributed to a single amino acid substitution in the hinge region of mMTOR. Modelling
(Figure 57) indicates that in PI3Ka/y, Phe961 is likely to be too large to accommodate the
additional bulk from a bridged morpholine such as in compound 137. However, in mTOR the
amino acid located at this position is the smaller leucine (Leu961). This point change creates
a slightly deeper pocket and therefore the bridged morpholine can be accommodated in the
hinge region of mTOR. The same reasoning can me employed to explain the increased

selectivity observed for compound 141 over parent morpholine 120.

Figure 57: Differences in binding of the bridged morpholine in 93 to mTOR and PI3Ky. (A)
Compounds 102 (colour by element) and 137 (green) docked to PI3Ky. Yellow dotted lines indicate
hydrogen bonds, with corresponding distance measurements coloured the same as the acceptor oxygen.
(B) Compounds 102 (colour by element) and 137 (green) docked to mTOR. (C) Superposition of the
complex between 137 and mTOR (red) with PI3Ky (coloured by element) with close steric contacts

indicated by blue dashed lines. Distances in Angstroms.

Methyl and dimethyl substitution adjacent to the hinge binding nitrogen (compounds 143-145)
is associated with a reduction in potency and selectivity. This is likely due to clashes with the
hinge region of the kinase. It is known that the methyl groups in cis-2,6-dimethylmorpholine
143 adopt an equatorial conformation, which means that the hinge is too wide for the binding
pocket and steric clashes occur with amino acid residues in the hinge region (Tyr867 and
Cys885). A similar effect is likely to occur with racemic 2-methyl morpholine which accounts

for the reduced potency observed for compounds 144 and 145.

Methyl substitution was better tolerated at the 3-position of the morpholine ring. It was found
that (R)- methyl morpholine compounds (149-151) were more potent at mTOR whereas the
opposite enantiomer (S)- methyl morpholine compounds (146-148) had a higher activity at
PI3Ka. This means that the different enantiomers of this hinge can provide compounds with
elevated levels of selectivity for mTOR (when (R)- isomer is used) or dual mTOR/PI3K

compounds (when (S)- isomer is used).
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Carbon linked hinge binding fragments have also been investigated in order to provide an
alternative to the common morpholine derived fragments. For example, dihydropyran (DHP)

has been shown to be an effective replacement for morpholine (Table 26).%8

R
(0] (@)
50 o
o { me
H

Morpholine DHP CF, N,R2
H
Entry Con"\\lpc:)und R R? mTOR plCso PI3Ka pICso  Selectivity
1 152 DHP 8.7 6.7 100
%—Me
2 153 Morpholine 9.0 6.7 194
3 154 DHP F 9.0 5.6 2300
4 155 Morpholine E_F 9.2 6.5 525
5 156 DHP \ N 9.0 7.2 66
6 157 Morpholine NG 9.7 8.0 50

Table 26: Morpholine and DHP matched pair compounds.%

Hydrogenation of DHP compound 158 to the corresponding tetrahydropyran 159 resulted in a
28-fold decrease in mTOR potency. Notably, the PI3Ka potency of tetrahydropyran 159 is
also decreased by ~ 16-fold. This suggests a more general intolerance for the saturated hinge
binder, rather than a specific incompatibility with mTOR (Table 27) This highlights the
importance of co-planarity between the core aryl ring and hinge binding fragment. In DHP
coplanarity is favoured due to conjugation between the alkene and the pyrazolopyrimidine -
system. In the corresponding THP, there are no orbitals available to overlap with the adjacent
n-system and so the sterically favoured orthogonal conformation is adopted. This preference
for an orthogonal conformation is reflected in the reduced potency of the THP analogue 159.
Figure 58 shows the minimum energy conformation of THP 159 overlaid onto a docking study
of DHP 158 in an mTOR homology model. This shows how in its minimum energy
conformation, a hydrogen bonding interaction to the backbone of Val2240 is not possible. In

addition to this, the THP ring has unfavourable steric interactions with the binding pocket.
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o) 0
7
2 >N % SN
N N | ~ OH N‘N | pz OH
@ 158 @ 159
Entry  COmpound R MTORPICs) ~ PI3KaPICs  Selectivity

1 158 DHP 1.7 7.2 3.3
2 159 THP 6.3 6.0 2

Table 27: comparison between DHP and THP hinge binding fragment.*58

Figure 58: Overlay of docked DHP analogue 158 (in magenta) and the minimum energy conformation
of THP analogue 159 (in orange) in an mTOR homology model based on the PI3Ky crystal structure.

The hydrogen bond between the hinge region and the DHP ring is shown in yellow; steric clashes for

the THP analogue are shown in cyan.'®

Building on the hinge binding fragment SAR exploration which has been reported by Wyeth,
we therefore considered the suitability of cyclopropylpyran to act as a hinge binding fragment

in this class. It was postulated that if cyclopropylpyran could occupy a coplanar conformation
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in an analogous manner to DHP it may offer some benefits with respect to selectivity, as
observed for substituted morpholine derivatives due to the deeper binding pocket in mTOR

(vide supra), as well as representing a novel hinge binding motif in this context.

2.5 Inhaled Administration of Drugs.

Before considering compounds for synthesis, it was important to consider the desired route of
administration for these compounds, as this will have a large impact on the physicochemical

profile which will be pursued.

mTOR signalling is essential for normal cell viability, and therefore inhibition of mTOR can
be detrimental to healthy tissues. Common side effects observed with the mTOR inhibitor
temsirolimus include: rash, asthenia, stomatitis, nausea, oedema and anorexia. More serious
side effects can include: metabolic and hematolic abnormalities, renal failure, pulmonary
toxicity, wound-healing complications, cerebral haemorrhage, gastrointestinal perforation and
hypersensitivity reactions.?%?!! Temsirolimus is currently approved for use in patients with
renal cell carcinoma. In patients with advanced cancer, there is a greater tolerance for side
effects, from a regulatory perspective, as these patients will die without treatment and the use
of chemotherapies can directly extend their lives. In patients with idiopathic pulmonary
fibrosis such side effects may be less acceptable. In a study investigating the tolerability of the
two approved IPF therapies, Pirfenidone and Nintedanib, 42% and 40% of patients,
respectively discontinued treatment over a 3 year time period.?*2 Commonly, patients taking
either anti-fibrotic therapy have reported gastrointestinal side effects (vomiting, diarrhoea,
dyspepsia) and skin related events (rash and photosensitivity). As these medications only slow
lung function decline, and do not stop or reverse the effects of IPF, the benefits are often
outweighed by adverse events, particularly in cases where medication may stop being as
effective.?®* With this in mind, novel anti-fibrotic therapies with better efficacy and an

improved side effect profile would be clearly beneficial to IPF patients.

One strategy to attempt to overcome the severe side effects observed with mTOR inhibition is
to develop compounds which are inhaled rather than ingested orally. For a lung disease such
as IPF this strategy has several potential benefits over oral administration of drugs. Firstly,
inhaled delivery allows administration of the drug directly to the site of action (the lungs). This
offers the advantage that significant quantities of the drug are available in the lungs, however
systemic drug exposure is potentially kept at a very low level. In addition to this, inhaled
medications are often rapidly metabolised into inactive metabolites once they are absorbed

from the lungs (sometime called a soft drug approach).?* With these benefits in mind, the
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decision was made within our laboratories to pursue an inhaled strategy for mTOR inhibition
to treat IPF.

The favourable physicochemical properties of orally administered drugs are well established,
first being outlined in Lipinski’s “rule of 5”°?'> which states that in general orally active drugs
do not violate more than one of the following:

e No more than 5 hydrogen bond donors.
¢ No more than 10 hydrogen bond acceptors.
o A molecular mass of less than 500 Daltons.

e AlogP not greater than 5.

The optimal physicochemical properties of inhaled medications however, are less well
defined. This can increase the challenge associated with hit-to-lead development and lead
optimisation of medication intended for inhaled delivery. In an attempt to better define these
properties, other members of our laboratories have analysed the calculated physicochemical
properties of 81 currently marketed respiratory drugs, including 29 drugs that are administered
by inhaled or intranasal routes.?® In this analysis it was found that the properties of inhaled
drugs differed from oral drugs. This study concluded that inhaled/ intranasally administered

respiratory drugs differ from orally administered drugs by:

¢ Significantly higher hydrogen bond count and polar surface area.
e Significantly higher molecular weight.

e A trend towards lower lipophilicity.

However, these conclusions were based on a small data set, where a significant proportion of
the compounds could be dosed either orally or via inhaled administration and therefore
formulating design principles based on these observations is not possible. Interestingly the
authors note that the range of values including lipophilicity and molecular weight is greater
for inhaled compounds. This can potentially be attributed to the fact that a topical compound
only has to reach the local site of action and therefore does not have to achieve good
bioavailability like an oral compound. The different requirements of inhaled and oral
compounds can be exploited in the soft drug approach to ensure that inhaled drugs are poorly
absorbed and quickly metabolised once they reach systemic circulation. This is particularly
important when a target is known to cause adverse effects when inhibited systemically,

considering that a substantial amount of inhaled drug is swallowed by the patient.
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Another area of inhaled drug design which must be considered relates to duration of action.
Commonly an objective in the design of a respiratory medicine to prolong duration of action,
which is most readily achieved by prolonging the retention of the compound within the lungs.
Lung retention is often achieved through manipulation of the physiochemical properties of a
given compound and studies have shown that increasing lipophilicity/ decreasing solubility

and increasing molecular weight can be effective ways to achieve lung retention.?!7218

Moderate to low solubility, high permeability compounds can effectively be retained in the
lungs, however this class of compound can have pharmacokinetics that are difficult to interpret
as well as potential macrophage toxicology caused by accumulation of compound within the

lung.?®

High solubility, low permeability compounds are easy to screen, however their design can be
challenging, given that mTOR is an intracellular target and compounds will need to permeate

the cell membrane.?®

Based on all of the above, given the range of physicochemical properties that could potentially
yield an effective inhaled mTOR inhibitor, the design hypothesis at the outset of the current
study was to attempt to cover a range of physicochemical space when further developing a

series of 5,6 bicyclic inhibitors.

2.6 CZ415 and Vistusertib — Benchmark Compounds

When attempting to optimise a novel series of cyclopropylpyran containing bicyclic mTOR
inhibitor compounds it is advantageous to consider compounds which are already published

in order to benchmark the performance of new compounds against the existing literature.

CZ415 (160) is a highly selective bicyclic mTOR inhibitor which was developed by Cellzome,
a company which GlaxoSmithKline aquired in 2012. CZ415 (160) has been shown to have in
vivo efficacy against models of arthritis.??* As we have a full suite of data obtained elsewhere
in our laboratories on this published compound, it provides a useful benchmark with which to
assess the quality of novel pyrazolopyrimidine containing compounds. The biological and

physiocochemical data associated with CZ415 is shown in Table 28.
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()
NI

N™ N
C2415 (160) H H
mTOR Kinobead plCso 8.0 (=.7) ChromLogD/P 4.3/4.3
pAkt plCso 78 (£.7) CAD solubility (ug/mL) 150
Healthy Scar-in-a-Jar pICso .
6.5 (4.5) (+.6) SLF Solubility (pg/mL) 17
(Cell Count)
Diseased Scar-in-a-Jar plCso 6.3 (£.7) FaSSIF Solubility (pg/mL) 18

Artificial membrane
PI3Koa plCso 53&.7) . 200
permeability (nm/sec)

MDCK Permeability
PI3Kp plCso 4.8 363
(Pexact) (nm/sec)

IVC (Rat/Mouse/Human)

PI3K3 plCso 5.0 (+.7) Liver microsomes 0.73/1.27/4.64
(mL/min/g) (avg.)
PI3Ky plCso 5.1 hERG QUBE 4.6 (£.5)
Parent aniline Ames test Positive (with
DNA-PK plCs 5.5 (£.6) )
(TA98 and TA100) S9-Mix)

Table 28: Data on CZ415 (160) collected within our laboratories. N=3 or greater for all assays. Potency
ranges are shown for values which fall outside the error of the assay (mTOR, PI3K, DNA-PK, hERG=
0.3 pAkt, SIAJ= 0.5) otherwise potency range is not shown.

CZA415 has a potency of 10 nM in the primary mTOR kinobead assay and this is maintained
in the pAkt cellular assay. Reasonably good potency at the sub-micromolar level is also
observed in the phenotypic scar-in-a-jar assay. This level of potency would therefore be the
minimum that would be considered in a novel 5,6 bicyclic compound , given than CZ415 is
active in vivo. Selectivity over closely related lipid kinases is good with >100 fold selevtivity
observed over all the PI3K isoforms and DNA-PK. Again this is the minimum that we would

consider in a novel 5,6 bicyclic compound.

The physiocochemical properties of CZ415 are reasonably well balanced. The permeability
of CZ415 is good and the lipophilicity of the compound is at an acceptable level. The ageuous

solubility of CZ415 is lower than would be optimal for an oral candidate, however the

122
Declan M Summers



CONFIDENTIAL — DO NOT COPY

solubility is reasonable if inhaled routes of administration are considered. As previously
mentioned, an inhaled mTOR inhibitor is being targeted and we are attempting to cover a range

of physicochemical space with the cyclopropylpyran bicyclic series.

CZ415 has weak activity at hERG (25 pM) which has been associated with potentially fatal
cardiac arrhythmia.??? Given the potency of the compound against mTOR, it is possible there
is a safe therapeutic window, however this hERG activity would still ideally be eliminated in

any novel template which would represent a successor compound to CZ415.

When the parent aniline of CZ415 was tested in an Ames mutagenicity test, it was found that
the compound was mutagenic in the presence of S9-mix. This is a significant barrier to the
development of this compound, therefore when developing a novel 5,6 bicyclic compound it
was deemed necessery to mitigate any possible genotixicity risk.

Another literature mTOR inhibitor compound, which has already been discussed in this thesis,
is Vistusertib (AZD2014) (17). Vistusertib was developed by AstraZeneca and progressed into
several Pl clinical trials for various forms of cancer, before being terminated in late 2018.1"3
Due to the promise of this compound within the mTOR inhibitor space, a suite of in-house
data has deen obtained to facilitate direct comparision with in-house compounds (Table 29).
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()
N7

AZD2014 (17) L_0

mTOR Kinobead plCso 8.2 (£.6) ChromLogD/P 4.6/4.7

pAkt plCso 7.1(5) CAD solubility (ug/mL) 24

Healthy Scar-in-a-Jar pICso .
6.2 (4.9) SLF Solubility (ug/mL) NT

(Cell Count)
Diseased Scar-in-a-Jar plCso 6.2 FaSSIF Solubility (ug/mL) 116
Artificial membrane

PI3Ka plCso 4.8 475

permeability (nm/sec)
MDCK Permeability
PI3Kp plCso 45 NT
(Pexact) (nm/sec)

IVC (Rat/Mouse/Human)

PI3KS3 plCso 5.3 Liver microsomes NT
(mL/min/g) (avg.)
PI3Ky plCso 514 hERG QUBE NT
Parent aniline Ames test
DNA-PK plCs 52 (x4) NA
(TA98 and TA100)

Table 29: Data on vistusertib (AZD2014) (17) generated within our laboratories. N=3 or greater for all
assays. Potency ranges are shown for values which fall outside the error of the assay (mTOR, PI3K,
DNA-PK= 0.3 pAkt, SIAJ= 0.5) otherwise potency range is not shown.

The primary mTOR potency of AZD2014 is in the low nanomolar range, however there is a
greater than 10-fold reduction in the pAkt cellular assay. The sub-micromolar potency
observed in the phenotypic Scar-in-a-jar assays is similar to CZ415, and there is a similar level
of selectivity over closely related PI3K and DNA-PK kinases. The physicochemical properties
are reasonable however CAD solubility is reduced for AZD2014 compared with CZ415 whist
atrificial membrane permeability is increased. AZD2014 does not have any potential aniline

derived metabolites and therefore does not require an Ames test at this stage.

2.7 Project Aims

The aim of this project is to assess the suitability of cyclopropylpyran as a hinge binding

fragment in a series of pyrazolopyrimidine based mTOR inhibitor compounds. The
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pyrazolopyrimidine template has been established as the most efficient bicyclic system in
combination with cyclopropylpyran using computational predictions and biological analysis

of a series of cyclopropylpyran containing 5,6 bicyclic systems (vide supra).

The remainder of chapter will focus on the development of a series of pyrazolopyrimidine
compounds based on this initial hit. The aim is to establish if, through optimization, a
compound can be identified which is suitable for progression into PK/PD studies and has the
scope to offer a potential alternative to current proprietary compounds which are under
development at GSK. For a compound to be considered for further development it would need

to fulfil the following criteria:

e Primary mTOR plCs of >8.0.

e Activity is maintained in cellular assay (pAkt) (<10-fold difference in potency).
e plCso of >6.0 in phenotypic “Scar-in-a-jar” assay.

e No less than 100-fold selectivity over any PIKK.

¢ No toxicology issues (hERG and Ames).

e Improved solubility (compared to initial pyrazolopyrimidine example 73).

e Permeability maintained at level to ensure intracellular targets can be reached.

With these criteria in mind for a novel compound, we sought to develop a compound which

was able to fulfil these lead criteria.

2.8 Literature Matched-Molecular Pair Compounds

The first stage in the development of novel pyrazolopyrimidine mTOR inhibitors was to assess
morpholine containing literature examples, in order to obtain an idea of how the potencies
which have been reported within the literature correlate with the platform of biological assays
available within our laboratories. Furthermore, cyclopropylpyran matched molecular pairs
were proposed for synthesis in order to establish the effect this replacement has on biological

activity and physicochemical properties.

As previously mentioned, aside from the hinge, there are two vectors which can be modified
to improve potency and physicochemical properties. The N-1 substituent, known as the ribose
region due to the position it occupies within the kinase active site is commonly a substituted
piperidine ring.1® Compounds containing benzyl, tert-butyl carbamate and parent amine have

all been proposed for synthesis with two common backpocket substituents.

125
Declan M Summers



CONFIDENTIAL — DO NOT COPY

Another common ribose group is 1,1,1-trifluoroethane which is the best performing substituent

from a range of small alkyl groups. Compounds containing this group have also been

synthesised with common backpocket substituents. Table 30 summarises the matched

molecular pairs of interest which were proposed for synthesis.

!

) C
2 N
NSl
g

R1
Entry  Compound No. Hinge R! (Ribose ) R? (Backpocket)
1 161 Morpholine OA
2 162 CPP @y“‘
3 163 Morpholine OA A@\ o
4 164 CPP HN N)J\N/\
H H
5 165 Morpholine Q)\
O__N
6 166 CPP >< Wof
7 84 Morpholine OA
8 167 CPP @N
9 83 Morpholine O)\ OH
10 168 CPP HN U
11 169 Morpholine Q)\
O__N
12 170 CPP hig
O
13 171 Morpholine k@\ 0
14 172 CPP HJL”/\
F3Cjﬁ
15 173 Morpholine K@\ o /@
|
X
N” N
16 174 CPP NN

Table 30: Summary of proposed pyrazolopyrimidine MMP compounds for synthesis.

2.8.1 Synthesis of Literature MMP Compounds

Compounds which are reported within the literature were synthesised following published

procedures.” Benzyl piperidine substituted pyrazolopyrimidine core 175 was synthesised via
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a condensation reaction followed by nucleophilic aromation substitution between 1-benzyl-4-
hydrazinylpiperidine and 2,4,6-trichloropyrimidine-5-carbaldehyde which was previously
reported by Wyeth.1’2 The proposed mechanism for this reaction is shown in Scheme 21 and
is presumed to be common across all of the pyrazolopyrimidine forming reactions reported in

this work.

The benzyl piperidine substituted pyrazolopyrimidine product 175 was very unstable to heat,
which has previously been reported.” In our hands we found that the product underwent near
total degredation to an unidentified mixture of by-products upon concentration of the reaction
mixture on a rotary evaporator with the water bath set to 40 °C. To overcome this instability,
the reaction mixture was quenched with hydrochloric acid (4 M in dioxane) to form the
hydrochloric acid salt of 175, which was stable to heat. This allowed for the removal of

volitiles and the reaction mixture was telescoped and used without further purification.
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Scheme 21: Proposed mechanism for formation of N1-substitued pyrazolopyrimidine 175 with alkyl

-H,0

hydrazine and 2,4,6-trichloropyrimidine-5-carbaldehyde.

Dichloride core 175 then underwent nucleophilic aromatic substitution with morpholine at the
4-position of the ring system, which was predicted to be the most susceptible to attack.?2*224
Product 175 is suficently electron-rich that a further SnAr process will not occur at position 6
without more forcing reaction conditions. At room temprerature we are therefore able to obtain

the desired mono-substituted product 176 in good yield (71%).

Suzuki-Miyaura cross coupling of 176 with the appropriate pinacol boronate ester furnishes
the correponding 4-ethyl urea (161) or 3-phenol (84) product. These products were then benzyl
deprotected via hydrogenolysis using CO-ware appuratus'®® to give piperidine products 163
and 83. The lower than expected yield in this step may be attributed to purification by MDAP,

which was used for convinence on the small reaction scale. The reaction yields remain
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unoptimised as an adequate quantity compound was obtained for biological testing. Finally,
reaction of piperidines 163 and 83 with Boc anhydride, gave the corresponding tert-butyl
carbamates 165 and 169 (Scheme 22).

e}
m )
H N
N. 7 SN
NH2 N | X
@O N N/)\CI N /)N\
NT N7 i

(a) (/5 (b)
¢ LN 17 (/5 176
o” XN e N
| B Cl
o N e

(c)

0
0 ()
N [ j N
Z2n N 7~ SN
VI ‘ap
N _ X \ P
N N~ "R! L N\/ | )N\ <L N N~ R!
& A e
AN 169, 165 (/5 83, 163 N 84,161
0 N
§d ! 0
a0l "
R'= N)J\N/\
H o H

161, 163 and 165 83, 84 and 169

(a) (i) TEA, EtOH, -78-0 °C, 2 h (ii) HCI (4M in dioxane), 96% yield (b) Morpholine, TEA, EtOH,
r.t., 1 h, 71% yield (c) aryl boronic acid pinacol ester, Pd(PPhs)s, Na,COs, DME:H,0 (8:1), 100-150
°C, MWave, 1.5 h, 33-69% yield (d) COware appuratus , Pd (5% on carbon), EtOH, Zn, HCI (4M), r.t.,
24 h, 33-48% yield (e) Boc,O, TEA, DCM, r.t., 2 h, 42-44% yield.

Scheme 22: Synthesis of piperidine containing compounds 83, 84 and 134-137.

Cyclopropylpyran containing compounds were synthesised from the common dichloro-

intermediate 175. A Suzuki-Miyaura cross coupling reaction was used to install the
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cyclopropylpyran hinge binding fragment. This reaction was particularly low yielding (5%),
and it was postulated that the reaction product 177 (Scheme 23) was unstable on silica
columns, and therefore in subsequent attempts of this reaction, the product was telescoped as
a crude mixture to the next step. Backpocket groups were introduced into the 6-position of the
pyrazolopyrimidine ring via Suzuki-Miyaura cross-coupling to give 3-phenol 167 and 4-ethyl
urea 162. A sufficient quantity of compound 162 was obtained to progress further with the
synthesis. There were concerns about the use of hydrogenolysis to remove the benzyl
protecting group in 162 because of the reported instability of cyclopropyl rings to these
conditions.?”® Based on this, an alternative deprotection method using o-chloroethyl
chloroformate was utilised.?? This reaction provided a reasonable yield (40%) of piperidine
164 after MDAP (Scheme 23). The proposed mechanism for this alternative deprotection
methodology is shown in Scheme 24.

The use of a-chloroethyl chloroformate in this reaction successfully leads to the desired
piperidine product, this has been attributed to the steric bulk provided by the presence of a-
methyl and chloro- groups, which prevent Sn2 attack of chloride at the a-carbon. A carbon
bearing a chloride is also suitably electron-deficient to prevent an Syl type reaction from
occurring by destabilisation of the resulting carbocation.??” Other chloroformates such as
ethyl- and benzyl chloroformate have been observed to fragment to the undesired alkyl
chloride and carbon dioxide leading to a reduced yield of the desired deprotected amine
(Scheme 25).228

An insufficient quantity of 3-phenol 167 was obtained to progress this compound further
through the synthesis. Similarly, an insufficient quantity of 4-ethyl urea 164 was obtained to
form compound 166. As compound 162 and 164 and 167 had already been furnished, it was
felt that this was sufficient for comparison of literature biological data, given the significant

challenge of working with the unstable and capricious benzyl piperidine core 175.
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167 162
() Pd(OAC);, CataCXium® A , Cs,COs, toluene/H,0 (10:1), 100 °C, 16 h, 5% yield (b) aryl
boronic acid pinacol ester, Pd(PPhs)s, Na;COs, DME:H,0 (8:1), 115-120 °C, 2 h, 42-56%
yield (c) (i) a-chloroethyl chloroformate, DCM, 0 °C, 2 h, (ii) MeOH, r.t., 68 h, 40% yield.

Scheme 23: Synthesis of piperidine-containing compounds 162, 164 and 167.
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Scheme 24: Proposed mechanism for N-benzyl deprotection with a-chloroethyl chloroformate.??
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Scheme 25: Explanation of the importance of a-chloroethyl chloroformate to the mechanism of the
benzyl deprotection of 164.227:228

Trifluoroethyl-substituted compound 182 was synthesised following the literature preparation
of this compound™® after an attempt to form dichloro- intermediate 178 using
trifluoroethylhydrazine and 2,4,6-trichloropyrimidine-5-carbaldehyde yielded no product with
complete degredation of starting materials to a mixture of unidentified by-products (Scheme
26).
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(a) TEA, EtOH, -78 °C, 2 h, 0% vyield.

Scheme 26: Failed cyclisation strategy to obtain compound 178.

Following from this, compound 182 was synthesised by cyclisation of trifluoroethyl hyrazine
and 2-(ethoxymethylene)malononitrile to give intermediate 179. Benzoylation of the
intermediate amino group with 4-nitrobenzoyl chloride formed pyrazole 180. Treatment of
180 with refluxing base and peroxide gave pyrazolopyrimidine 181 in good yield (60%).
Chlorination of 181 with POCI; provided compound 182 in very good yield (83%) although

due to issues with purification this was taken forward to the subsequent step (Scheme 27).

J e,

o T @O | M, | @ My
H —_— —_ > k H
180

(b)

Cl OH
NN SN
{ “@ { N*@
CF, NO, CF,4 NO,
182 181

(@) (i) 2,2,2-trifluoroethylhydrazine (70% soln. in H,0), EtOH, 95 °C, 0.5 h. (ii) 4-nitrobenzoyl
chloride, TEA, DCM/MeOH (2:1) r.t., 1.5 h, 58% yield (b) NaOH (2M), H,0; (30% soln. in H0),
EtOH, 115 °C, 1.5 h, 60% yield (c) POCls, reflux, 1.5 h, 83% vyield, used crude.
Scheme 27: Synthesis of 182.

Compound 182 is an appropriate common intermediate to furnish both morpholine and
cyclopropylpyran containing compounds. In order to furnish literature morpholine containing
compound 183, heteroaryl chloride 182 underwent a nucleophilic aromatic substitution
reaction with morpholine. This reaction was extremely efficient, and a very good yield (85%)

was achieved by simply heating the reaction mixture with a hot-air gun for 2 minutes.
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Cyclopropylpyran derivative 184 was synthesised via Suzuki-Miyaura cross coupling. The
yield for this reaction was 69%, which is a very good result for this challenging class of sp?-
sp® couplings. It is likely that this superior yield is, in part, down to the lack of competing

chloride positions in compound 182.

Nitro- containing compounds 183 and 184 were then reduced to the corresponding aniline
products 185 and 186 using iron powder under ultrasonic irradiation.??® These reduction
conditions were chosen due to the perceived instability of the cyclopropyl group in 184 under
standard hydrogenation conditions (vide supra). This method provided both 185 and 186 in

excellent yields (94% for both examples) with no further purification required. (Scheme 28).
()
N

(c)
7 ~N
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S @ {183
7 N CF NO,

z
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N b
N
{184
CF, NO

(a) Morpholine, EtOH, TEA, heat gun, 2 min, 85% yield (b) Potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate, Pd(OAc),, CataCXium® A , Cs,COs, toluene/H,0 (10:1), 120 °C, 3 h, 69% vyield (c)
Fe powder, AcOH, EtOH, H-0, sonicator, r.t., 1.5-3 h, 94% yield for both examples.

2

Scheme 28: Synthesis of aniline intermediates 185 and 186.

Anilino- compounds 185 and 186 were converted into 4-ethylurea (171 and 172) and 4-(4-
pyridylurea) (173 and 174) using para-nitrophenyl chloroformate and relevant amine in a 2-
step, 1-pot procedure (Scheme 29).%° This reaction is thought to proceed via an isocyanate

intermediate which is formed in situ (Scheme 30).
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(a) (i) para-Nitrophenyl chloroformate, Pyridine, DCM, r.t., 1.5 h (ii) R>-NH;, DIPEA, r.t., 2.5 h, 24-
51% yield.

Scheme 29: Synthesis of urea compounds 171-174
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Scheme 30: Proposed mechanism for urea formation using para-nitrophenyl carbamate.
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2.8.2 Literature Compounds

As well as the literature compounds which were synthesised, a number of published
compounds were purchased from a commercial vendor. The aim was to acquire compounds in
order to cover a wide range of reported potencies based on the literature data. This work was
carried out in order to establish the validity and potential utility of the published literature SAR
(vide supra). Prior to the introduction of a chemoproteonomic mTOR kinobead assay within
our laboratories, a FRAP1 biochemical assay was used to assess compound activity and was
found to be unreliable. It has also been noted that other groups have noticed errors with similar
assays, for example a publication by AstraZeneca utilised a pAkt cellular assay as the primary
assessment of potency.® With this uncertainty in mind, a range of literature compounds was
therefore tested within the biological assays established in out laboratories (Table 31).

136
Declan M Summers



CONFIDENTIAL — DO NOT COPY

R1

L
N —
NT>NT RS

R2

Entry " o R? Re mMTOR rICs0  PI3Ka pICso
No. GSK  Lit. GSK Lit.
o
1 84 0 54 71 65% 74
[] A©/OH
N
L
2 83 Q)\ 60 67 62 74
HN
4 161 O/\ 69 91 61* 66
(0]
[N] AEj\ )OJ\ *
5 163 R NN 77 116 53* 65
6 165 °© “O/\ 73 123 > 61
' (n=1)
7 187 OA /\@ 62 81 49 57
N
N H
=
8 99 o N 72 83 50 61
. Ok
9 188 - W 66 g4 52 60
®7 ' '
OYN
e} (0]
10 189 ~ /\Q O\ 78 92  52% 62
NN
(e} A@\ 0
11 154 [/] FaC Y NJ\N/\/F 70 90 5.2 5.6
H H
(0]
12 133 KJOQ/\ /\@i 83 97 51 59
N </ N N/ . . . .
e 0 H H
137

Declan M Summers



CONFIDENTIAL — DO NOT COPY

Literature assays: *“mTOR — Biochemical DELFIA assay using purified Flag-tagged truncated human
TOR (amino acids 1360-2549).%! PPI3Ka — Biochemical plate based fluorescence polarisation (FP)
assay.’®? In-house assays: mTOR - Kinobead chemoproteomic binding assay.'” YPI3Ka —

Biochemical HTRF assay.'’®

Table 31: mTOR and PI3Ka in-house and literature pICso values for published compounds. Potency
values marked with * are N=2. N=3 or greater for all other compounds. Potency ranges are shown for

values which fall outside the error of the assays (0.3) otherwise potency range is not shown.
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Figure 59: Graph comparing literature mTOR potency to in-house mMTOR kinobead potency for

compounds in Table 31.
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Figure 60: Graph comparing literature PI3Ka potency to in-house PI3Ka TR-FRET potency for

compounds in Table 31.

For mTOR, the potencies reported in the literature are not a particularly good indication of the
potency values obtained in our laboratories. This is likely due to the fact the assays have a very

different format. Within the literature, a biochemical (DELFIA) style assay is used in which a

139
Declan M Summers



CONFIDENTIAL — DO NOT COPY

recombinant, truncated version of mTOR is used. In our own studies, a kinobead mTOR assay
(vide supra) was employed, which uses mTOR from whole cell lysate. This means that the
MTOR protein will be associated with other proteins in mMTORC1 and mTORC2 complexes
and the values obtained from this assay may be a more accurate representation of a biological
system. Given there is only a weak correlation (R?=0.58) between the literature potency and
measured potency, we were not able to utilise the literature structure-activity relationship
(SAR) effectively to optimise for target potency with novel cyclopropylpyran-containing
compounds. Nevertheless, synthesis of the compounds was very worthwhile and gave a more
realistic assessment of the SAR which could then be used appropriately in future compound
design. In addition, the physicochemical data obtained on the analogues provided a strong
benchmark for the design process.

2.8.3 Cyclopropylpyran Matched Molecular Pair Compounds

In order to establish the effectiveness of the cyclopropylpyran motif as a hinge binding
fragment in the pyrazolopyrimidine series of mTOR inhibitors, several matched pairs were

made with the corresponding morpholine systems

Table 32).
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Entry No. Hinge R R mTOR pAKt P(:L35K
1 161 Morph. 6.9 72 &1
(0]
2 162 cPP NN T reesy 11 23
5.3
3 163 Morph. o 77 65() oy
HN NJ\N/\ '
4 164 CPP NN 71(6) 64 NT
6.5
5 84 Morph. 5.4 6.7
P O)\ £ : on 6.7
6.1
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6.1
7 171 Morph. /\CL o 75(£5) 78 oy
FiC Y Pg '
8 172 CPP NTNTS 70 75 gg
7.6
9 173 Morph. o 16 &T) 7.5
ey TOLE O 4
10 174 CPP NN 6.6 75 o

Table 32: Biological assay data for cyclopropylpyran/ morpholine matched molecular pair compounds.

N=3 or greater for all compounds. Potency ranges are shown for values which fall outside the error of

the assay (mTOR= 0.3 pAkt= 0.5) otherwise potency range is not shown. Range is not shown for PI3K

isoform assay.
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5.67/
1 161 Morph. O)\ ] 37 325 648
[1 A
2 162 CPP é NN 90 205 e‘;gsé/
3 163 Morph. O)\ /\Q o 457 3 ézg/
HN J\
4 164 CPP NN 491 6.5 g'gg/
6.20/
5 84 Morph. O)\ o 11 35 e
6 167 CPP é : 26 00 139
7 171 Morph. /\© o 1 . 3'33’
FiC Y PIS '
8 172 CPP NN 3 970 ggg’
457/
9 173 Morph.
FCTY /\CL )i O 1 120 4.90
’ NN 5.46/
10 174 CPP H o H 3 165  or

Table 33: Physicochemical assay data for cyclopropylpyran/ morpholine matched molecular pair

compounds.

Across this small set of matched molecular pairs, the primary potency at mTOR observed for
cyclopropylpyran containing compounds is reasonably well maintained from the
corresponding morpholine hinged matched molecular pair compound. Cyclopropylpyran
compounds exhibit slightly reduced potency in all instances except for 162 vs. 163. The
cyclopropylpyran compounds are less efficent (LipE) owing to their increased lipophilicity,
although this increase in lipophilicity does not generally have a negitive effect on solubility.

4-Pyridyl urea 174 has the largest reduction in mTOR potency compared to its corresponding
morpholine 173 (~10-fold), however it is worth noting the equivilence of cellular pAkt potency

for these two compounds.

Although a slight reduction in lipophilic ligand efficency was observed for the

cyclopropylpyran containing compounds, these compounds were still of interest because of
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the general increase in selectivity over closely related PI3K lipid kinases that was observed
when switching the hinge binding fragment to cyclopropylpyran, as well as the proprietary

nature of these compounds.

Taken as a set, these compounds provide good evidence that replacing morpholine for
cyclopropylpyran may be tolerated for pyrazolopyrimidine based compounds. This limited set
of compounds do indicate that balancing solubility and permeability presents a particular
challenge, however as discussed above, we are interested in pursuing a range of
physiocochemical profiles. We therefore proceeded to optimise both available vectors for

MTOR potency and to achieve a balanced solubility and permeability profile.

2.8 Optimisation of N-1 Substituent

Optimisation attempts were initially focused on the N1-position of pyrazolopyrimidine. This
substituent is thought to occupy a solvent-exposed region of the mTOR active site and may

therefore tolerate a range of substitution in this position.

The piperidine substituents which are common within the previously published literature were
not further investigated. This decision was taken due to the high lipophilicity of substituted
compounds (for example in compounds 162 and 167) and very low permeability of parent
piperidine compound 164, suggesting that finding an acceptable balance of solubility/
permeability in this compound class would be challenging.

In an attempt to improve physiocochemical properties of cyclopropylpyran compounds such
as 162, the inclusion of water-solubilising cyclohexyl analogues was examined. This has been
previously reported within the literature.'® Cyclohexyl analogues were chosen as they are
structurally similar to piperidine-based compounds. However, it was anticipated that the
synthesis of these compounds would be more tractable as the instability of intermediates
reported (and observed) within the synthesis of substituted piperidine compounds such as 162

were not reported in this case.

Compounds initally proposed for synthesis are summarised in Table 34, along with predicted
physicochemical properties for these compounds. The ketal functional group in 190 could be
deprotected to ketone 191. This provided a handle for a late-stage modification strategy,
enabling chemical diversity to be incorporated into this position. Neutral (192 and 193) and

basic (194) water-solubilising groups were proposed for incorporation into this position.
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Compound 1 Predicted Predicted
Entry 7 No. R Solubility Class ~ AMP clogD  clogP

O

1 190 §—<:>< j Low 108 3.35 3.35
(0]

2 191 Z—<:>:o High 128 3.08 3.08

3 192 wQH High 97 2.27 2.27

4 193 §—<:>—0H High o7 2.27 2.27
/ .
5 194 }—<:>----'N\ High 216 0.71 3.47

Table 34: Predicted physicochemical properties for cyclohexyl compounds 190-194. NB: Predicted

physicochemical data was generated in Helium (Ceiba Solutions). Calculated logP and logD 7.4 values

are calculated in Chemaxon.

The physicochemical values predicted for cyclohexyl compounds 190-194 suggest that
improvements to solubility can be made, presumably as a consequence of reducing
lipophilicity, whilst maintaining permeability in an acceptable space; these compounds were

therefore prioritised for synthesis and biological evaluation.

2.8.1 Synthesis of Cyclohexyl-N1-Substituted Pyrazolopyrimidine
Compounds

In order to incorporate 1,4-dioxaspiro[4.5]decane at the N1-position of pyrazolopyrimidine,
1,4-dioxaspiro[4.5]decan-8-one was combined with tert-butylcarbazate in the presence of
sodium triacetoxyborohydride (STAB). This reaction was stirred overnight to give Boc-
protected hydrazine 195. Compound 195 was heated in water at reflux for 16 h in order to
produce hydrazine intermediate 196 in situ. This solution was cooled and 2,4,6-
trichloropyrimidine-5-carbaldehyde was added, furnishing the appropriate dichloro-
pyrazolopyrimidine 197. Suzuki-Miyaura cross coupling to install cyclopropylpyran at the 4-
position was somewhat inefficent, leading to formation of significant quantities of bis- coupled

product and hydrolysed starting material (hydrolysis of the heteroaryl chloride). These by
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products were difficult to remove by purification, and there were concerns about the stability
of 198 on silica columns, due to a low recovery from attempted purifications. With this in
mind compound, 198 was telescoped to the next stage of the synthesis as a crude reaction
mixture. A subsequent Suzuki-Miyaura cross coupling reaction on compound 198 gave
compound 190 in reasonable yield (53%). Ketal deprotection of 190 with hydrochloric acid
gave ketone 191 in quantative yield. (Scheme 31).
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N
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(a) STAB, DCM, AcOH, r.t., 16 h. 89% vyield (b) (i) H20, Reflux, 16 h. (ii) 2,4,6-trichloropyrimidine-
5-carbaldehyde, TEA, EtOH/H20 (1:1), 0 °C, 0.5 h, 49% yield over 2 steps. (c) Potassium 3-
oxabicyclo[4.1.0]heptan-6-yltrifluoroborate, Pd(OAc),, CataCXium® A , Cs,COs, toluene/H,0 (10:1),
100 °C, 16 h, telescoped (d) 1-ethyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea,
Pd(PPhs)s, Na,CO3, DME:H0 (8:1), 120 °C, 2 h, 53% vyield (e) HCI, THF, r.t. 2 h, quant.

Scheme 31: Synthesis of 190 and 191.

Compound 191 was subsequently further diversified at the ketone position. Reduction with
sodium borohydride gave the trans-alcohol 192 as the major product (5:1 ratio). Reduction
with L-selectride however, gave complete selectivity for the cis-alcohol product 193. This was

confirmed by analysis of the coupling constants within the NMR spectra for these compounds
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(Figure 61). By considering the dihedral angle between coupled protons in each isomer and
using the Karplus relationship,?323 we are able to assign the correct stereochemistry to each
compound. In both isomers, the proton Ha is in an axial position, due to the large steric bulk
of the pyrazolopyrimidine group. This proton therefore has a larger coupling (~11 Hz) as it
has a dihedral angle of ~180° to a vicinal proton, the other vicinally coupled proton has a

smaller coupling constant (~4 Hz) as the dihedral angle is this case is ~60°.

The NMR spectrum of 192 shows that the proton Hgis also in an axial position, as it has similar
coupling constants (11.0 Hz and 4.2 Hz), this confirms a trans- relationship for the substituents
in the cyclohexyl ring. In the NMR spectrum for compound 193 the proton Hg does not have
a clearly defined multiplet, presumably due to the small coupling constants expected for an
equatorial proton. Therefore, this indicates a cis- relationship for the substituents in the

cyclohexyl ring

trans-isomer 192

H Hs OH
A
MO0A: 4.94 ppm; t; J=11.43x(2), 4.1x(2); 1H M 3.88 ppm; tt; J=11x(2), 4.16x(2); 1H

/

E

Minor Cis-isomer

; %ﬁ ®=60°

A HB"\'(Z-S Hz)
5 N ®=180"°
o o 8-15 H
TR ae | as | ar e s aaas Az an o ap 3 ChemiealShi ( ?) OH
H
cis-isomer 193 OH
Ha Hs W Ha

I MA7: .19 o m; 1] H H

M19: 4.96 ppm; tt:J=|1.4‘6x[2). 3.64x(2); 1H
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Figure 61: NMR analysis of trans-alcohol product 192 and cis-alcohol 193 showing the rationale

used to assign relative stereochemistry to these two stereoisomers.

The different selectivity observed with these reducing agents can be rationalised using the
Felkin-Anh model, which suggests that the transition state for addition to the equatorial face
of cyclohexanone involves greater torsional strain than that of addition to the axial face
(Figure 62).2323%
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Figure 62: Newmann projections showing the greater eclipsing reactions that result from attack of

hydride at equatorial face.

With a small, sterically unhindered nucleophile such as NaBHj, attack at the axial- face is
favoured by a predicted ~1.1 kcal mol™. This value would correspond to an 86:14 ratio of
trans: cis product at room temperature, which is similar to what we have observed
experimentally. Attack of cyclohexanone with a sterically hindered nucleophile, such as L-
selectride, favours equatorial attack by ~3.7 kcal mol. Computational analysis has suggested
this is due to this reaction proceeding via a late stage transition state, where the carbonyl carbon
has a geometry close to tetrahedral. This is likely to be due to the lower reactivity of sterically
demanding hydride reagents. This results in lower overall torsional strain and a very small
difference in torsional strain between axial and equatorial attack. In this scenario, selectivity

for equatorial attack is dominated by steric effects, leading to the major cis- product being

almost exclusively formed.?®” (Figure 63)

“ B

Figure 63: Energetically favoured transition states for reduction of tert-butyl cyclohexanone with (A)
Sterically unhindered nucleophile such as LiAlH4 (shown) or NaBH4 and (B) sterically hindered
nucleophile such as L-selectride (lithium triisopropylhydride was modelled as a surrogate system, as it

is less computationally demanding).?’

Reductive amination of ketone 191 with dimethylamine and sodium triacetoxyborohydride led
to tertiary amine 194 (Scheme 32). LCMS analysis of the reaction mixture suggested
formation of both stereoisomers in a 2.5:1 ratio. Only the major isomer was isolated in
sufficient purity, and this was assigned by NMR as the cis- isomer 194. This is presumably

favoured due to the increased steric bulk of STAB relative to NaBHas.
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(a) NaBHa4, THF, r.t., 1 h, 45% vyield (b) L-Selectride (2M in THF), THF, 50 °C, 1 h. 44% vyield (c)
dimethylamine (2M in THF), STAB, AcOH, DCE, 50 °C., 3 h, 18% vyield.
Scheme 32: Synthesis of 192-194

2.8.2 Cyclohexyl-N1-Substituted Compounds

The biological and pyhsicochemical properties of substituted cyclohexyl class of compounds
is reported in Table 35. Ketal-containing compound 190 displays a moderate increase in
potency in comparison to benzyl piperidine 162. Compound 190 also has a lower molecular
weight, meaning this molecule is more efficent than 162 (BEI= 14.5 vs. 12.5). This potency
was also maintained within the cellular pAkt assay. The solubility and permeability of 190 is
similar to 162. The increase in mTOR potency and similar physicochemical properties noted

for 190 meant that this was a good starting point for derivatization.

Ketone 191 maintains a similar potency to 190 and due to the decrease in molecular weight
this compound is more efficent (BElI = 15.4). Ketone 190 has increased solubility and
permeability and reduced lipophilicity. This cyclohexanone fragment was not pursued in

earlier reports as it only displayed moderate levels of stability towards nude mouse and human
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liver microsomes.'® Microsomal stability is an important parameter for orally administered
compounds, as it is desirable for these compounds to remain in the systemic circulation and
exert their therapeutic effect for as long as possible. For inhaled compounds, however, the
situation is different. Once an inhaled drug compound reaches the systemic circulation, rapid
hepatic clearence can help to minimise unwanted side-effects that may be caused by systemic
exposure.?® Therefore as we are targeting an inhaled compound, this cyclohexanone analog

remains interesting for further profiling.

The cyclohexyl based compounds 190 and 191 display an increase in selectivity over the
corresponding benzyl piperidine 162. The selectivity of compound 162 for mTOR over PI3K3
is ~20 fold, whereas with cyclohexyl analouges 190 and 192 this selectivity is ~250 fold and
~125 fold, respectively. The origin of this selectivity increase is not entirely clear as this group
is expected to occupy a region which is exposed to solvent.?%® However, literature reports
indicate that increases in selectivity when targeting this region are possible.?° In this case, the
authors postulated that this might be attributed to formation of additional hydrogen bonding
interactions with the ribose pocket of mMTOR, whereas in PI3K isoforms, this interaction is not
formed, or not necessary for inhibitory activity. It is plausible that a similar effect is being
observed for the cyclohexyl-based compounds in this series.
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H H
Ch
Compound ) PICso CAD AMP rom
Entry R LogD/
No. mTOR pAkt PI3Ka,B,6,y (Hg/mL) (nm/sec)

LogP

RN R
cm HOC) o s e
vom HOR o [How o ow

5.3,4.8 14 285 !
5.5 5.6 421

/ <45,4.8 3.12/
6 194 ;—<:>—N\ 6.1 6.7 5.0, 4.9 239 130 6.43

Table 35: Biological and physicochemical data for cyclohexyl-N1-substituted compounds 190-194.

5 193 OH 7.7 7.6

¢

Benzyl-piperidine containing compound 162 is included for reference. N=3 for all compounds. Potency
ranges are shown for values which fall outside the error of the assay (mTOR= 0.3 pAkt= 0.5) otherwise

potency range is not shown. Range is not shown for PI3K selectivity data.

Reduction of 191 to give alcohol stereoisomers 192 and 193 is associated with an increase in
potency, however a reduction is seen in both solubility and permeability. The analogous
dimethylamine containing compound 194 has a ~40 fold reduction in mTOR potency
compared to the corresponding alcohol 193. Dimethylamine 194 is also ~10 fold less selective
than alcohols 192 and 193. The reason behind this decrease in potency and selectivity was
unclear, as this vector is expected to be solvent exposed, although as previously mentioned,
this effect may be caused by formation of an addtitional hydrogen bonding interaction in the
case of the more active examples. To understand this phenomenom, we considered the

predicted binding of these fragments in the active site of mTOR (Figure 64).
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Figure 64: Live Design (Schrédinger) docking of morpholine-hinged analogues of 192 (yellow) and
194 (brown). H-Bonding interaction shown between cyclohexanol and Ser2165. Potential steric
interaction between dimethylamine and GIn2167. This is postulated to account for discrepancy in
potency. Note: Morpholine hinge binding fragments were used due to issues modelling the

cyclopropylpyran fragment in the correct conformation.

Docking studies on analogous morpholine-hinged compounds were performed in order to
attempt to understand the difference in potency observed for cyclohexanol 192 and amine 194.
This suggests the alcohol may be able to form a hydrogen bond with Ser2165. In addition to
this, one of the N-methyl groups in compound 169 has a potential steric clash with GIn2167.
These observations may, in part, account for the differences in potency between these two

compounds.

Although alcohol 193 was the most efficient compound (LipE= 3.6) in this set, cyclohexanone
191 (LipE= 2.5) was selected for further study as it was deemed to have the best overall

balance of potency, solubility and permeability.

151
Declan M Summers



CONFIDENTIAL — DO NOT COPY

2.9 Optimisation of Position-6 Substituent (Backpocket Group)

With cyclohexanone 191 identified as an efficient, cellularly potent compound that displayed
a moderate increase in solubility and permeability, attention was turned to optimisation of the

backpocket vector.

Optimisation was carried out with two different N-1 substituents. Ketal 195 was selected due
to its favourable properties (vide supra) and the opportunity to unmask the cyclohexanone
motif. The trifluoroethyl N-1 substituent was selected due to the tractable synthesis of this
core, which allowed suitable quantities to be synthesised for chiral chromatography. Obtaining
single enantiomer intermediates 186a/ 186b enabled us to synthesise single enantiomer
products and also submit material to genotoxicity assays as the single enantiomer (Figure 65).

Aniline-based backpocket groups were optimised on these two parent compounds in parallel.

(0]
SN
N
~
N)\@\
% ) NH,
(e}
P
186a/ 186b 199

Figure 65: Aniline based intermediates 186a/b and 199 for backpocket optimisation study.

There have been extensive reports of backpocket optimisation within the mTOR
literature,108.114.206.208.209 hoywever, due to our concerns relating to the validity of the literature
SAR when compounds were tested in our own hands (vide supra) we conducted a new
analysis, attempting to optimise for mTOR potency and physicochemical properties. Urea-
based backpocket groups are the most highly potent compounds based on earlier reports and
molecular modelling has suggested this may be due to the formation of 3 hydrogen bonding
interactions from the urea functionalilty.’® Additionally, a substituted ethyl moiety, such as
hydroxyethyl, is capable of conferring further potency, potentially through the formation of a
fourth hydrogen-bonding interaction in the backpocket region and therefore may impart an
increase in potency (Figure 66). It was also anticipated that inclusion of polar groups at this
position would increase the aqueous solubility of the compound. For these reasons, a scan of

solubilising groups in the backpocket region was proposed.
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Figure 66: Potential hydrogen bonding interactions in back-pocket region.

Table 36 shows the compounds which were considered for synthesis from intermediates 186
and 199; this set includes substituted ethyl urea compounds which contain both neutral and
basic polar groups. Additionally, thioureas 203 and 209 were proposed for synthesis due to
the performance of this group in other compound series examined within our laboratory.
Methyl glycinamides 204 and 210 were included as it was perceived that this compound would

allow exploration of more highly soluble molecules.
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R,
Predicted .
Entry Corr’llpgund R? R? Solubility Pr;?\'/rsed cLogD cLogP
' Class
0]
1 200a/b AN OH Low 188 2.33 2.33
H H
7 |
2 201ab AN High 321 1.88 3.02
H H
0 (\N/
3 2028 FcY A M AN High 185 2.28 2.85
H H
S
4 203ab Aot Low 326 3.14 3.14
H H
? H
5  204a/b AGAAN High 342 1.45 2.53
H
0]
6 205 Ay OH High 32 2.03 2.03
H H
o
7 206 Ay, High 26 0.17 1.93
H H
0 |
8 207 Al N High 83 1.59 2.73
H H
9 208 I AN High 35 1.99 2.55
H H
S
10 209 Ay on High 66 2.85 2.85
H H
?
11 210 AN High 79 2.18 3.26
H

Table 36: Predicted physicochemical properties for proposed compounds 200-210. NB: Predicted
physicochemical data was generated in Helium (Ceiba Solutions). Calculated logP and logD 7.4 values

are calculated in Chemaxon.

2.9.1 Synthesis of Pyrazolopyrimidine 150 Analogues

Compound 186 was prepared as a racemic mixture (vide supra) and could be separated into a
pair of single enantiomers by Chiral HPLC chromatography (Scheme 33). This provided
enantiopure material required for Ames liability testing, and also facilitated the synthesis of a

series of enantiopure final products for biological evaluation.
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~N

N N N
N N/ N N/ N N/
4 186 4 186a ( 186b
CF, NH CFs NH, CF, NH,
(a) Chiral HPLC

Scheme 33: Chiral purification of 186. NB: Stereochemistry shown was determined by analogy to the

2

crystal structure of tool compound 34a. Isomer with positive optical rotation was determined to be
(1S,6R) 186a. Isomer with negative optical rotation was determined to be (1R,6S) 186b. it was presumed
that stereochemistry was maintained in all derivatives of 186. Structures are of adequate quality that
oxygen is a sufficiently heavy atom to allow for absolute stereochemical determination. For more detail

see experimental section.

Intermediate aniline enantiomers 186a and 186b were then used to synthesise a series of urea
analogues (196-198) via the previously mentioned urea formation methodology which utilises
para-nitrophenyl chloroformate. The products which were synthesised in this manner are

summarised in Table 37.

R’ R’
N 4 >N
N/\/f\ N @ Né@
NN NT N 0
(_ 186alb N A R
CF3 NH, CF3 ” N

(i) para-Nitrophenyl chloroformate, Pyridine, DCM, r.t., 0.5 h (ii) R,-NH., DIPEA, r.t.,, 0.5 h

Yield (%)
OH 83%

Entry Compound No. R?
1 200a

RZ
A
2 201a ( JH x{\/N\ 97%

3 202a N 65%

4 200b

A g
|
5 201a %H LN 85%

6 202b N 77%

72%
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Table 37: Urea analogues synthesised from cyclopropylpyran enantiomers 186a and 186b.

Aniline containing compounds 186a and 186b were also utilised to synthesise thioureas 203a
and 203b using 1,1'-thiocarbonyldiimidazole (TCDI). This reaction gave the desired products
in very good yield (82-92%). (Scheme 34)

(o)

(o
(a) =
7 N\/ | /N
186a/b 203a/b OH
{ NH CF, N~ N7

CF3 2 H H

(a) (i) TCDI, DCM, pyridine, r.t. 0.5 h (ii) Ethanolamine, r.t. 0.5 h, 82-92% yield

Scheme 34: Synthesis of 203a and 203b.

Finally, 4-methylglycinamides 204a and 204b were also synthesised from chiral aniline
derivatives 186a and 186b, respectively. This was acheived via a two step synthesis. In the
first step, 186 underwent an amide coupling reaction facilitated by HATU with Boc-N-methyl
glycine. Following this, the intermediate product was immediately deprotected to furnish 4-
methylglycinamides 204a and 204b. A deprotection procedure??® using microwave irridation
in the mildly acidic solvent, hexafluoroisopropanol, was used as in our hands, this reaction
was convenient and provided a cleaner reaction profile than the more usual TFA/DCM
deprotection conditions. (Scheme 35).
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g
CF, N ~
H

(@) () HATU. DIPEA, Boc-N-methyl glycine, 2-MeTHF, r.t., 16 h (11) HFIP, pyWave, 150 °C, 2 h, 50-
57% yield over 2 steps.
Scheme 35: Synthesis of 204a and 204b.

2.9.2 Synthesis of 190 & 191 Analogues

The backpocket motif was varied in cyclohexyl-containing compounds by Suzuki-Miyaura
cross coupling of compound 198 with tert-butyl (4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl)carbamate to give compound 211. Subsequent Boc- deprotection furnished aniline
199 which was sutiable for further derivatization (Scheme 36). Compound 199 was not
chirally separated due to resource and the ketal/ ketone derivatives were initially tested in

biological assays as racemic mixtures.

(a) tert-butyl (4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate, Pd(PPhs)s, Na,COs,
DME:H,0 (8:1), 100 °C, 1.5 h, 66% yield (b) HFIP, uyWave, 150 °C, 1 h, quant.
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Scheme 36: Synthesis of 199.

Aniline 199 was derivatizated into various urea compounds using para-nitrophenyl

chloroformate as described above. Compounds synthesised in this fashion are summarised in

Table 38.
o) o)
Z ~N 7 ~N
NG (a) NC%
_ o Jiy
199 R
0 0

(Lo (Lo

(a) (i) para-Nitrophenyl chloroformate, pyridine, DCM, r.t., 1.5 h (ii) R*"NH,, DIPEA, r.t., 1.5 h.

Entry Compound No. R? Yield (%0)
1 212 O 70%
NH, 49% (after Boc-
2 213 W deprotection)
|
3 214 NS 66%
K\N/
4 215 Y\/N\) 76%

Table 38: Urea analogues synthesised from 199.

As with trifluoroethyl compound 186, compound 199 was also converted into thiourea 216

and N-methyl glycinamide 217 using the previously described procedures (Scheme 37).
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(0]

N o
217 N N
H
0

K/o

(a) (i) TCDI, DCM, pyridine, r.t. 2 h (ii) Ethanolamine, r.t. 0.5 h, 54% vyield (b) (i) HATU. DIPEA,
Boc-N-methyl glycine, 2Me-THF, r.t., 16 h (ii) HFIP, microwave, 150 °C 1.5 h, 13% over 2 steps.

Scheme 37: Synthesis of 216 and 217.

Where there were suitable quantities of material to allow it, ketal compounds were deprotected

to give ketone products. Table 38 highlights the products which were formed via this process.
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SN 7 N
P (a) N, P
NN - NT >N
_.R _R
N N
(6]
(e}

(a) HCI, THF, r.t. 2 h

Entry Compound No. R Yield (%)
0
1 205 \%J\N/\/OH 69%
H
9 |
2 207 \(U\N/\/N\ 66%
H

o N~
3 208 \%LN/\/N(\) 93%
H
S

4 209 %N/\/OH 75%
H

Table 39: Synthesis of ketones 205-209

Attempts to ketal deprotect intermediate Boc-N-methyl glycinamide 217 resulted in significant
quantities of unwanted dimer. It was postulated from LCMS analysis of the reaction mixture
to be the structure depicted in Scheme 38. As this was likely to be uncontrollable, an
alternative strategy was devised to bypass the ketone compound 210 and instead obtain alcohol
219
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(0]
Q N=
N
T]/\N N=
N'N | N o |
\ _N
HN\{
NH
% \
Suspected dimerised enamine side product

(@) HCI, THF, r.t. 2 h
Scheme 38: Attempted synthesis of 210

In order to selectively deprotect the ketal residue whilst leaving the Boc-group intact, a trans-
acetalization was carried out with acetone.?** The intermediate ketone was reduced directly to
the corresponding alcohol with NaBH4. LCMS analysis of the reaction mixture suggested a
mixture of sterecisomers (~4:1). This mixture was telescoped to the deprotection step. MDAP
purification was able to separate the stereoisomers and give a clean fraction of the major

product, which was determined by NMR analysis to be the trans-isomer 219.
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(0]
N
) (@) Yl
-
N N N 0 H
NH, N JJ\/ N \ﬂ/o><
o o H o

(b)

<
D

(d)

N\/
N 0 H
5 TR
H
HO

(a) HATU, DIPEA, Boc-N-methyl glycine, 2Me-THF, r.t., 24 h (b) Acetone, TsOH, 50 °C, 2.5 h. (c)

NaBH4, THF, r.t., 1 h. (d) HFIP, pWave, 150 °C, 2 h, 17% over 4 steps.

Scheme 39: Synthesis of 219.

Finally, an indole backpocket was introduced into intermediate 198. as this had been

successful in other compound series, elsewhere within our laboratory. Indole pinacol boronate

225 was synthesised by an external CRO using the route described in Scheme 40.

Commercially avaliable ethyl 5-bromo-1H-indole-2-carboxylate 220 was reduced to give

alcohol 221. This product was then re-oxidised to give aldehyde 222, which underwent

reductive amination to form secondary amine 223. The free amine residue as well as the indole
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nitrogen in compound 223 were protected to give 220 which was subjected to a Miyaura

borylation to give pinacol ester coupling partner 221 (Scheme 40).

Br OJ Br OH Br H
o H N o)

(a) LiAIH4, THF, 45 min, 0 °C, 85% vyield (b) MnO,, DCM, r.t., 3 h, 55% yield (c) MeNH,,
NaBH3;CN, AcOH, DCE, r.t., 48 h, 47% yield (d) Boc,O, TEA, DMAP, DCM, r.t., 72 h., 25% yield
(e) B2Piny, PA(OAC)2, KOAC, P(Ph).t-Bu, 1,4-dioxane, 100 °C 4 h, 54% vyield.

Scheme 40: Synthesis of indole coupling partner 225, performed by external CRO.

Suzuki-Miyaura cross coupling of chloride 198 and pinacol boronate 225 gave intermediate

226 which was boc-deprotected to give indole containing compound 227 (Scheme 41).
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(a) (i)

N\/ = HN
N N)\©j\>_/
227 N
H
O

L
(@) (i) Pinacol boronate 221, Pd(PPhs)s, Na,COs, DME:H.0 (8:1), 100 °C, 2 h (ii) HFIP, pWave, 120
°C 3.5 h, 25% yield over 2 steps.
Scheme 41: Synthesis of 227.

2.9.3 Evaluation of Backpocket Optimisation

Table 40 displays the associated biological and physicochemical data for the enantiomeric
pairs of compounds prepared. Hydroxyethyl urea 196a has a 4-fold increase in potency over
the corresponding ethyl compound 172. It was postulated that this increase is due to an
additional hydrogen bonding interaction as described above. It is also worth noting that ethyl
urea 172 is a racemic compound, which likely negatively affects potency compared with single
enantiomer 200a. Modifying the alcohol substituent in 200a had a negative effect on mTOR
potency. It was observed that additional steric bulk in this position reduced mTOR potency,
presumably due to a steric clash with the protein. This is exemplified in the decreasing potency
trend observed for 200 — 201 — 202, and this is similar to what was reported within the
literature.’® As expected, the inclusion of both neutral (200) and basic (201 and 202) polar
groups in the backpocket increased solubility over 172. Permeability is noted to be reduced,
but due to the very high permeability of ethyl urea 172 (AMP= 970 nm/sec) permeability is
still maintained at an acceptable level. The physicochemical properties of piperazine 202 are

well balanced, however, the potency of this compound is significantly reduced.
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N
H H

£y COMPOUNd Rl pICso CAD AMP  LogD/
ntr

N MTOR pAKt PD3Kapoy (g/ml) (misec) LogP

49,4.8 4,15/

1 200a Y\/OH 7.8 7.2 47 47 39 215 441

2 200b 7.1 6.8 49, 4.6, 38 250 4,17/

(+.4) ' 5.0, 6.2 4.46

49,49 3.66/

3 201a | 6.4 6.3 5.5 5.2 28 185 531

’“A{\/N\

49,4.8 3.65/

4 201b 5.8 6.0 5.1 54 26 170 5 37

47,4.6 3.72/

5 202a Q“/ 5.6 5.8 5.1, <4.5 96 160 454

N 49,48 3.59/

6 202b <5.3 55 5.2 4.8 99 160 448

Table 40: Biological and physicochemical data for Compounds 200-202. N=3 or greater. Potency
ranges are shown for values which fall outside the error of the assay (mTOR= 0.3 pAkt= 0.5) otherwise
potency range is not shown. Range is not shown for PI3K selectivity data. (a) Stereoisomer 1, assumed
(1S, 6R) by analogy to 34a. (b) Stereoisomer 2, assumed (1R, 6S) by analogy to 34a.

Additionally, a limited number of alternative backpockets were examined (Table 41). In the
literature, switching from a urea to corresponding thiourea is associated with a decrease in
potency (vide supra).®® However, in our hands, a 4-fold increase in potency was observed for
thiourea 203a over corresponding urea 200a. Thiourea 203a was 2-fold less soluble than the
corresponding urea 200a, with permeability increasing by ~50%. Glycinamides have been
associated with a reduction in potency attributed to the loss of a potential hydrogen bond donor
due to absence of nitrogen. In the current study, methyl-glycinamide 204a was ~3-fold less
potent than hydroxyethyl urea 200a but exhibited a >2-fold increase in solubility.
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oF
o,

7 | ~N
N N/)\©\
1
<CF3 N
H
Compound . pICso CAD AMP  LogD/
Entry R
No. MTOR pAkt PI3Ka,d,y (MO/mL) (nmisec)  LogP
<45, <45, 4.71/
1 203a S 8.4 8.3 <45, <45 21 310 495
\HLN/\/OH )
H 5.2,<45 472
2 203b 1.7 7.7 <45,5.8 21 330 496
4.7,47 4.25/
3 204a o 7.3 7.0 5.0, <4.5 49 270 530
%&N\ 5.0, 4.6 417/
4 204b 6.0 6.1 5.4 5.0 49 325 542

Table 41: Biological and physicochemical data for Compounds 203-204. N=3 or greater All potency
ranges fall within the error of the assay (mTOR= 0.3 pAkt= 0.5) and therefore are not shown. Range is
not shown for PI3K selectivity data. NB: compounds labelled (a) Stereoisomer 1, assumed (1S, 6R) by

analogy to 34a. (b) Stereoisomer 2, assumed (1R, 6S) by analogy to 34a.

In parallel, aniline based backpocket groups were investigated with the cyclohexyl ketal
substituent in the ribose N-1 position (Table 42). For these compounds, the hydroxyethyl urea
was marginally more potent than the corresponding thiourea 216, however for hydroxyethyl
urea 208 there was a <10-fold drop off within the pAkt cellular assay, whilst thiourea 216 was
equipotent in the pAkt assay. This is most likely due to the lower permeability of 212, meaning
that less compound is able to enter the cell. The solubility of thiourea 216 is drastically reduced
compared to 212. Methyl-glycinamide 217 was equipotent with thiourea 216 against the
primary mTOR assay. However, there was a ~5-fold decrease in the cellular pAkt assay. As
the permeability of this compound is good, this may be due to the nitrogen in this compound
being charged at physiological pH, resulting in a cationic compound which cannot cross the

cellular phospholipid bilayer.

Amines 213-215 display the same trend as 200-202, in that the more bulky the backpocket
substituent, the less potent the compound, further highlighting that steric bulk in this position

is not well tolerated.
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(0]
N/ | ~N
N N/)\©\
R1
L;o
C d IC CAD AMP
Entry ompotn R? . LogD/P
No. mMTOR  pAkt PI3Kae,5,y (H9/mL) (nm/sec)
(6]
5.4,<4.5 4.19/
OH S
1 212 ;‘“\HJLH/\/ 82 72 Lgo7 92 8 i
(e}
5.2,4.9 3.18/
2 213 A~ N, 79 69 ’ 422 6
NTON 5.9, 5.2 5.11
(0]
l 6.9 4.9,5.0 3.65/
3 214 ;‘“\N H/\/N\ (=.4) 63 5050 414 120 .05
o (N7 <45 <45 3.72/
4 215 A N 59 6.3 Al 27 71 '
N“N 5.3,<45 5.45
S
5.6, <4.5, 4.84/
5 216 ;‘“\HJLH/\/OH 80 80 ol 1 38 g
(e}
H 45,45 4.28/
6 217 ;’LHJ\/N\ 80 73 gL 321 320 Coa

Table 42: Biological and physicochemical data for Compounds 212-217. N=3 or greater. Potency
ranges are shown for values which fall outside the error of the assay (mTOR= 0.3 pAkt= 0.5) otherwise

potency range is not shown.

Hydroxyethyl urea 205 (Table 43) and the corresponding thiourea 209 had a very similar
potency value at mTOR. However, urea 205 compound had a much greater drop-off in the
cellular pAkt assay and was 25-fold less potent. The drop in cellular potency is again likely to
be due to the low permeability of this compound. Hydroxyethyl thiourea 209 also has a larger
drop-off than the corresponding ketal 216; the logD is lower (4.0 vs. 4.8) and this is also
reflected in the permeability value. Compound 207 has a much better aqueous solubility,
however the decrease in permeability which results in a large decrease in cellular potency
highlights the challenges associated with optimising multiple physiocochemical properties
simultaneously. There is an interplay between solubility and permeability, and attempting to

improve one property often negatively affects the other.?*? This is exemplified in piperazine
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208 which has very good ageueous solubility but a drastically reduced permeability. The two
amine based compounds (207 and 208) have poor mTOR potency and their selectivity over
PI3K3 is <10-fold.

Compound CAD AMP
Entry LogD/P
No. PI3Ka,,8,y (H9/mL) (nm/sec)

5.6,5.0 3.41/

1 205 5.6, 5.5 236 34 366
5.0,5.0 3.03/

2 207 6.0, 5.2 377 64 482
4.8, 4.6 3.03/

’ 208 N 5248 2 18 43
j\ 5.8, <45 4.00/

4 209 AyHhy~oon 83 75 LTy 21 190 0

Table 43: Biological and physicochemical data for Compounds 205-209. Values marked with * are
N=2, all other values are N=3 or greater. Potency ranges are shown for values which fall outside the

error of the assay (mMTOR= 0.3 pAkt= 0.5) otherwise potency range is not shown.

Due to the chemical instability of N-methyl glycinamide 210 (vide supra), ketal 218 was
deprotected and reduced directly to the corresponding trans-alcohol 219, and the associated
biological data is shown in Table 44.
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N\/ =N
N =
O " :: ~ j.J\/H
N ~N
H
nd
MTOR plCso 8.2 (n=2)
pAkt plCso 7.1 (n=1)
PI3Ka,B,d,y pICso 47,4.9,5.2,<45 (all n=2)
CAD (pg/mL) 168
AMP (nm/sec) 135
ChromLogD/P 2.86/3.97

Table 44: Biological and physicochemical data for Compound 219.

trans-Alcohol 219 has similar potency to hydroxyethyl urea 205 and thiourea 209. It also has
a similar reduction in potency within the cellular pAkt assay. The solubility and permeability
of these compounds are reasonably balanced and ~1000-fold selectivity is observed over the
PI3K isoforms. The observed reduction in cellular potency however precludes this particular

compound from further analysis.

Indole compound 227 was synthesised due to the success of this back-pocket motif in other
MTOR series within our laboratories, however in the current study, the compound 227 had

poor biological activity and therefore was not further considered (Table 45).

o)
N\/ | >N

N NWN—

N

H
MTOR PICso 6.8
pAkt PICso 6.4

PI3Ka,pB,0,y pICso 4.8,5.0,5.0,4.7
CAD (pg/mL) 301
AMP (nm/sec) 295
ChromLogD/P 4.00/6.97

Table 45: Biological and physicochemical data for Compound 227. All potency ranges fall within the
error of the assay (mTOR= 0.3 pAkt= 0.5) and therefore are not shown. Range is not shown for PI3K
selectivity data.
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2.10 Further Analysis of 203a

At this stage, 203a containing a thiourea derived backpocket and fluoroethyl ribose unit was
progressed for further profiling to compare it against CZ415. This compound showed single
digit nanomolar potency in both the mTOR and pAkt assays, and therefore the compound was
investigated further, dispite the suboptimal ageuous solubility of the compound as this was not

anticipated to preclude the development of an inhaled compound.

2.10.1 Ames Mutagenicity Test of 203a

A positive result in the Ames mutagenicity test immediately prevents further development of
a compound in question. This is due to the fact that the Ames assay has a high correlation with
carcinogenicity in animals.?*® Therefore, a full screening of a compound is required before the
compound advances to first time in human (FTIH) studies.?** A full regulatory GLP Ames
screen is resource intensive and requires significant amounts of test compound (~300 mg) in
order to test a range of bacterial strains. However, this is impractical early in compound
development, and is only routinely performed when a compound is under consideration for
candidate selection. Earlier in development a “mini-Ames” assay is utilised. This assay is a
miniaturised version of the Ames test, which is run in 6-well plates and usually incorporates
two strains of salmonella; TA98 (frame shift mutations) and TA100 (base-pair mutations).?*°
Within our laboratories this assay requires ~50 mg of material. This assay has been shown to
have very high concordance with the GLP Ames screen and, therefore, is an appropriate
surrogate for compounds at an earlier stage of development.*® Generally within the
pharmaceutical industry, a clear positive result is defined as at least a two-fold increase in
revertant colonies of the bacterial strains used (i.e. TA98 or TA100) in just one test article

concentration either in the presence or absence of S9 with evidence of a dose-response.?*

Parent anilines 186a and 186b were tested in the mini-Ames assay as it is assumed that these
compounds may be formed as metabolites of compounds such as 203a and 203b in vivo.
Morpholine hinged compound 185 was also tested for comparision and to establish what

effect, if any, cyclopropylpyran has on this system (Table 46, Table 47 and Table 48).
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Strain Dose Per Plate  Mean revertants Ratio
(mg) per plate (Treated to Solvent)
TA100 50 160.0 1.1
150 137.5 0.9
500 152.5 1.0
1500 ppt formed -
DMSO Control 151.3 -
TA98 50 31.0 1.0
100 27.0 0.9
500 35.0 1.2
1500 ppt formed -
DMSO Control 30.0 -
Result: Negative

Table 46: Mini-Ames result (in presence of S9-Mix) for Compound 186a. Ames screening was carried

out elsewhere within our laboratories.

Strain Dose Per Plate  Mean revertants Ratio
(mg) per plate (Treated to Solvent)
TA100 50 151.5 1.0
150 150.0 1.0
500 126.0 0.8
1500 ppt formed -
DMSO Control 151.3 -
TA98 50 415 1.4
100 34.0 1.1
500 35.5 1.2
1500 ppt formed -
DMSO Control 30.0 -
Result: Negative

Table 47: Mini-Ames result (in presence of S9-Mix) for Compound 186b. Ames screening was carried

out elsewhere within our laboratories.
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)

Strain Dose Per Plate  Mean revertants Ratio

(mg) per plate (Treated to Solvent)
TA100 50 159.5 0.9

150 149.5 0.9

500 135.5 0.8

1500 ppt formed -
DMSO Control 172.5 -
TA98 50 94,5 2.2

100 119.5 2.8

500 79.0 1.9 (some ppt)

1500 ppt formed -
DMSO Control 42.3 -
Result: Positive

Table 48: Mini-Ames result (in presence of S9-Mix) for Compound 185. Ames screening was carried

out elsewhere within our laboratories.

The results of this Ames screen show that gratifyingly, whilst the aniline in both enantiomers
of the parent aniline 186 do not induce bacterial mutations, the morpholine substituted system
185 significantly increases the mean revertant per plate for TA98, meaning it is positive in the

Ames test.

This result indicates a potential toxicological benefit for the novel cyclopropylpyran hinge
binding fragment over literature morpholine hinge binding fragments. It is reasoned that the
difference is a result of the cyclopropylpyran being less electron donating than morpholine,
meaning the extended aromatic system is more electron deficient overall. The correlation
between calculated electron density and number of revertant colonies per plate has previously
been reported, and strategies to negate Ames liability by decreasing the aryl amine electron
density have proved effective.?*” Compounds routinely have the energy of the highest occupied
molecular orbital (eHOMO) calculated as a measure of electron density. This is able to give a
computational prediction, so the Ames risk of a potential target can be assessed. However, as
shown in Figure 67, this does not always correctly predict the Ames risk of a compound,
therefore synthesis and testing of any important compounds is recommended. With the results
obtained, it was possible to continue progression of 186a to investigate the SAR of aniline
based back-pockets and from this thiourea 203a was identified as a compound of interest for

further biological profiling.
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Figure 67: Highest occupied molecular orbital energy (eHOMO) calculations (Hartree) calculated in

Schrodinger LiveDesign®.

2.10.2 Kinobead Lipid Kinase Selectivity Profiling

As discussed above, the lipid kinases and PIKKSs have similar structures, therefore it can often
be challenging to achieve good levels of selectivity for the desired target over closely related
kinases. To investigate promising compounds such as 203a are tested in a kinobead lipid
kinase selectivity panel.!”® This experiment utilised CZK133 Kinobeads and a mixed cell
lysate of Hela, Jurkat and K-562 cells. This gives a good representation of the selectivity for

the target of interest (MTOR) and the results of this experiment are shown in Figure 68.
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Figure 68: Results from kinobead lipid kinase selectivity profiling experiment for compound 203a NB:

All results are an average of n=2 experiments.
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This experiment shows the high level of selectivity which thiourea 203a has over closely
related kinases. ATR (Ataxia telangiectasia and Rad3 related protein) is a PIKK which is
involved in delay of cell cycle progression in response to DNA damage.*® It has high structural
homology with mTOR, so much so that it is sometimes referred to as FRAP related protein-1.
Thiourea 203a has a 100-fold selectivity for mTOR over ATR, meaning it is likely that a
therapeutic window could exist where mTOR could be inhibited without inhibiting ATR. In
addition to this, 203a shows high levels of selectivity (>~4000 fold) over all the other lipid

kinases/PIKKs included in the selectivity profiling panel.
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2.10.3 Comparison of Compound 203a to CZ415

O @
= ; wnH
N N
ois\/:\H)\N |:> N/,TN
(@) — \N —
N { N )
Ccz415 203a
NN o NS OH
H H H H
Cz415 203a
mTOR Kinobead pICso 8.0 (x.7) 8.4
pAkt plCso 7.8 (i.7) 8.3

Healthy Scar-in-a-Jar pICsq (Cell

6.5 (4.5) (.6) 6.9 (<4.4) (+.6)

Count)
Diseased Scar-in-a-Jar plCsp 6.3 (.7) 7.0
PI3Ka plICso 5.3(+.7) <4.5 (>7900X)
PI3Kp plICso 48 <4.5 (>7900X)
PI3K3 plCso 5.0 (+.7) <4.5 (>7900X)
PI3Ky plCso 5.1 <4.5 (>7900X)
DNA-PK pICso 5.5 (+.6) <4.5 (>7900X)
ChromLogD/P 4.3/4.3
CAD solubility (ug/mL) 150 19
SLF Solubility (pg/mL) 17 <1
FaSSIF Solubility (ug/mL) 18 NT
Artificial membrane permeability
(nmsec) 200 310
MDCK Permeability (nm/sec) 363 8
IVC (Rat/Mouse/Human) (mL/min/g) 0.73/1.27/4.64
hERG QUBE 4.6 <43

Parent aniline mini-Ames Positive (with S9-Mix) Negative (with S9-Mix)

Table 49: Comparison of biological and physicochemical data for CZ415 and 199a. N=3 or greater for
all assays. Potency ranges are shown for values which fall outside the error of the assay (mTOR, PI3K,
DNA-PK, hERG= 0.3 pAkt, SIAJ= 0.5) otherwise potency range is not shown.

In comparing the overall properties of the two compounds (Table 49), thiourea 203a offers a
significant advantage over CZ415 from the perspective of target potency. The primary mTOR
potency and the pAkt cellular potency have been increased by ~0.5 log units. In addition to

this, the scar-in-a-jar assay results show a similar increase in terms of impact on collagen 1
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deposition whilst causing no decrease in cellular count within healthy lung fibroblasts. In
fibroblasts derived from Idiopathic Pulmonary Fibrosis patients, compound 203a is 5-fold
more potent in reducing reducing collagen 1 deposition and pro-collagen 1 c-terminal peptide

generation.

In addition to the increase of on-target potency, compound 203a has significantly better
general selectivity over closely related PI3K and PIKK kinases. All PI3K isoforms and DNA-
PK are below the lower limit of the assay and, therefore, highlight the very high selectivity of
compound 203a. The kinobead lipid kinase selectivity profiling experiment (Table 49) shows
the wider selectivity of 203a, with ATR the only kinase to show a response being 100-fold
less responsive. CZ415 on the other hand has low level activity at all 4 PI3K isoforms and
DNA-PK.

From a toxological standpoint compound 203a is superior to CZ415. Although both
compounds contain a N-aryl degradant which can potentially be formed in vivo or would
present a major issue in compound development. Hence, there is a strong preference to
eliminate Ames-positive degradants or intermediates. The N-aryl amine in CZ415 is Ames
positive, meaning it causes mutations in bacterial strains and therefore is likely to be
carcinogenic in animals (vide supra). This result prevents CZ415 from being further
developed and structural changes to this molecule would be required to mitigate this risk. 203a
also has the potential to be metabolised to form an N-aryl amine. However, this has been
proven to be Ames negative, meaning that this compound is not mutagenic. This result offers
a significant advantage as this compound template can therefore be developed without needed

to adopt structural changes to mitigate Ames risk.

hERG is responsible for forming part of the potassium ion (K*) channels within the heart and
is therefore involved in coordination of heart-beat. hERG can commonly be inhibited by
pharmaceuticals in off-target interactions and this inhibition can lead to QT prolongation.?4°
Long QT syndrome effects repolarisation of the heart and lead to an irregular heat-beat,
potentially leading to a fatal ventricular tachyarrhythmia (Torsades de Pointes). This means
hERG is an important anti-target that must be avoided in drug development.?* Thiourea 203a
was not active at a hERG QUBE assay (a high throughput ion channel screening system
developed by Sophion Bioscience®°) whereas CZ415 showed low level activity, therefore

203a represents a safer compound in this aspect.

The clearance of 203a is moderate in human and liver microsomes. This is potantially useful

in the context of identification of compounds for inhaled delivery. The physicochemical
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properties of 199a, however, remain a concern. The CAD solubility of 203a is much lower
than CZ415 and the SLF solubility is very low. The artificial membrane permeability (AMP)
of 199a is increased, however the MDCK permeability of the compound is much lower. Whilst
these results are concerning, it is worth noting that cellular potency data suggests the
compound is able to cross the cellular membrane and the compound shows good levels of
activity in phenotypic assays. In addition to this, as we are targeting an inhaled route of
administration the bioavaliability of the compound is not as important as in oral drugs, as
delivery of the drug is directly to the site of action. Nevertheless, in an attempt to improve

ageuous solubility, a further exploration of the N1-position substituent was undertaken.

2.11 Attempts to Further Optimise N1-Substituent of 203a

With thiourea 199a identified as a potent and selective mTOR inhibitor, efforts were then
focused on increasing the aqueous solubility by modifying the group in the N1-position of the
pyrazolopyrimidine ring. In order to do this, we attempted to purchase or synthesise hydrazine
starting materials which fulfilled the following criteria:

e The group did not contain any stereocentres (i.e: a linear alkyl group or a symmetrical
cyclic system. This was to avoid adding further complexity to the molecule as this
would further increase complexity and cost of future development.

¢ Inclusion of either a polar neutral water solubilising group, or a basic centre in an

attempt to increase aqueous solubility.

In order to find groups which met these design criteria, commercially available alkyl hydrazine
was considered. This provided a number of suitable groups which had predicted
physicochemical properties that suggested improvements in solubility over 203a (Table 50).
Tetrahydrothiophene 229 and ethyl ester 232 were predicted to have low solubility, however
these compounds are both potential intermediates in the synthesis of compounds 231 and 233
respectively and therefore can be tested to confirm this without significant extra synthetic
effort.
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o)
N
N\/ | N
N7\ S
1
R N)J\N/\/OH
H H
Compound Predicted Predicted
Entry No. R Solubility Class AMP cLogD cLogP
1 203 é_\ Low 326 3.14 3.14
CF,
2 228 E—Co High 100 2.11 2.11
3 229 §—<:/\s Low 171 3.00 2.00
4 230 N High 172 1.79 1.90
_/
0
5 231 i—Cs\i High 31 1.11 1.11
o)
6 232 5_}0 Low 170 2.15 2.15
0o __
7 233 5_>/7NH High 25 1.16 1.16
g \
8 234 5_\_ High 59 1.50 1.50
OH
9 235 %_L High 159 0.70 2.19

Z
RS

Table 50: Predicted physicochemical properties for proposed compounds 228-235. Trifluoroethyl
compound 203 is shown for comparison. NB: Predicted physicochemical data was generated in Helium

(Ceiba Solutions). Calculated logP and logD 7.4 values are calculated in Chemaxon.

2.11.1 Synthesis of Compounds with VVaried N1-Substituent

In order to vary the substituent at position N-1, individual syntheses were carried out, due to
the failure of alkylation or Mitsunobu chemistry in functionalising this position. The group in
the N-1 position was installed in the first step of the synthesis as an alkyl hydrazine, The alkyl
hyrazine starting materials were commercially avaliable with the exception of
Tetrahydrothiopyran 236 which was synthesised in an analogous procedure to the cyclohexyl

ketal analogue described previously (vide supra) Scheme 42.
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237

(a) STAB, AcOH, DCM, r.t., 16 h, 96% yield. (b) HO, reflux, 16 h. compound used in next step as an
aqueous solution.
Scheme 42: Synthesis of 233

The approach highlighted in Scheme 43 enabled the synthesis of compounds 228-230. After
synthesis of the substituted pyrazolopyrimidine ring (238-240), the cyclopropylpyran hinge
binding moiety was introduced by Suzuki-Miyaura cross coupling. Compounds 241-243 were
telescoped to the next stage of the synthesis where the Boc-protected para-aniline was
introduced into position 6 by Suzuki-Miyaura cross coupling. Subsequent deprotection of
compounds 244-246 gave free anilines 247-249 which were then converted into the final

thiourea derivatives 228-230.
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cl o)
N
Cl N/)\CI @ _ N )N\ _® N
NTSNT e Nl )N\
H R N7
R1NNH 238-240 R
2 241-243
(c)
O 0 O

7 =N - ®©® SN @7 SN
NG N NG
I[\1] N s N N/ ,’\11 N (0]
R 228-230 NJ\N/\/OH R" 247.249 R 244246 NJ\OX
NH,
H H H
oo gipva
o

228,238,241 229,239,242 230, 240, 243,
244, 247 245, 248 246, 249

(a) TEA, EtOH, -78-0 °C, 2-4 h, 45-46% (b) Potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate,
Pd(OAC),, CataCXium® A , Cs,COs, toluene/H,0O (10:1), 110 °C, 2-4 h, telescoped (c) tert-butyl (4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate, Pd(PPhs)s, Na;COs, DME:H,0 (8:1),
90 °C, 1.5 h, 35% yield (deprotected in situ in some instances) (d) HFIP, microwave, 120 °C, 1.5 h,
telescoped (e) (i) TCDI, DCM, pyridine, r.t. 1-2 h (ii) Ethanolamine, r.t. 0.5 h, 8-21% yield.
Scheme 43: Synthesis of 228-230.

As previously outlined, further derivatisation of N-1 substituents was possible in some
instances. Intermediate 245 was oxidised using m-CPBA to give cyclic sulfone 250. From this
stage the synthesis was analogous to that described above; Boc-deprotection with HFIP gave
aniline 251, from which the corresponding thiourea 231 was formed (Scheme 44).
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(@) mCPBA, DCM, 0 °C, 2.5 h, 75% (b) HFIP, uWave, 120 °C, 1.5 h, quant. (c) (i) TCDI, DCM,
pyridine, r.t. 1 h (ii) Ethanolamine, r.t. 0.5 h, 45%.
Scheme 44: Synthesis of 227.

The synthesis of ethyl ester 232 was completed utilising a similar synthesis to compounds 228-
230. (Scheme 47). This synthesis differs in that the back-pocket substituent was introduced as

a nitro precursor, as this was compatible with further derivatisation of ethyl ester on
intermediate compound 254.
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(a) TEA, EtOH, -78 °C, 2 h, 51% yield (b) Potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate,
Pd(OAC),, CataCXium® A , Cs,COs, toluene/H,0O (10:1), 110 °C for 1 h followed by 60 °C for 16 h,
48% vyield (c) 4,4,5,5-tetramethyl-2-(4-nitrophenyl)-1,3,2-dioxaborolane, Pd(PPhs)s, Na2COs,
DME:H0 (8:1), 70 °C, 16 h, 74% yield (d) Fe-powder, AcOH, EtOH, H0, sonicator, r.t., 4 h, 73%
yield () (i) TCDI, DCM, pyridine, r.t. 2 h (ii) Ethanolamine, r.t. 0.5 h, 28% yield.

Scheme 45: Synthesis of 232

Similarly, attempts were made to diversify the ethyl ester substituent in compound 254. Ethyl
ester intermediate 254 was sucessfully converted into the corresponding methyl amide 256 by
stirring in methylamine (2M solution in THF). This product could then be reduced to the
corresponding aniline 257 before formation the the thiourea compound 233 (Scheme 46).
Although reduction of 254 to alcohol 255 was possible, attempts to obtain the desired thiourea
product 234 from this intermediate were unsuccessful. This is potentially due to the free
alcohol interacting in subsequent reactions and leading to low reaction yields or failed

reactions (Scheme 47). Due to this another strategy was pursued to obtain the alcohol 234.
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_NH

(a) Methylamine (2M. in THF), r.t., 24 h, quant. (b) Fe-powder, AcOH, EtOH, H0, sonicator, r.t., 1.5
h, 66% yield (c) (i) TCDI, DCM, pyridine, r.t. 2 h (ii) Ethanolamine, r.t. 0.5 h, 34% vyield
Scheme 46: Synthesis of 233.

(0]

N
N
N (a)
o) VN N)\©\

254 NG,
//o

HO

(@) NaBH4, THF, r.t., 22 h. 36% yield
Scheme 47: Failed synthetic efforts towards 234.
In order to synthesise alcohol 234 pyrazolopyrimidine 258 was synthesised from 2-
hydrazinylethan-1-ol and 2,4,6-trichloropyrimidine-5-carbaldehyde (Scheme 48). The
primary alcohol in 258 was then protected with a tert-butyl dimethylsilyl (TBS) protecting

group to give 259. Temperature control of this reaction was vital as when the reaction was
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conducted at room temperature an unwanted by-product 260 was exclusively formed. By-
product 260 was formed by nucleophilic aromatic substitution at position-4 with imidazole,
and this was avoided by cooling reaction to 0 °C. With 259 in hand, two subsequent Suzuki-
Miyaura cross-coupling reactions to introduce the cyclopropylpyran hinge binding fragment
and the Boc-protected aniline backpocket motif to give compound 262. Boc-deprotection with
HFIP and microwave irradiation successfully unveiled the free aniline 263 whilst leaving the
alcohol protected. Thiourea formation was followed by silyl deprotection with

tetrabutylammonium fluoride to give final product 234.

N
cl
o\
i : 4>
x * P/~ SN
o —@ . )\ e N
/J N N/)\CI
258
HO_~-NH: a >s>< /! 260
H ~.7
© /S><

N)J\N/\/OH
H H

(a) TEA, EtOH, -78-0 °C, 2 h, 68% yield (b) TBDMSCI, imidazole, DMF, 0 °C, 1 h, 99% yield (c)
Potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate, Pd(OAc),, CataCXium® A, Cs,COs,
toluene/H,0 (10:1), 110 °C for 1 h followed by 60 °C for 16 h, 28% yield (d) tert-butyl (4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate, Pd(dppf)Cl..DCM , Na,COs, DME:H,0 (8:1),
90 °C, 1.5 h, 69% yield (e) HFIP, uWave, 120 °C, 1 h, 92% vyield (f) (i) TCDI, DCM, pyridine, r.t., 2
h (ii) Ethanolamine, r.t. 0.5 h. telescoped (iii) TBAF (2M. in THF), 0 °C, 1 h, 68% yield over 3 steps.
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Scheme 48: Synthesis of 234.

Several strategies were employed to obtain dimethyl amino compound 235. Firstly, ethyl ester
intermediate 254 was converted into tertiary amide 264. However, attempts to reduce this
amide to the corresponding amine 262! were low yielding and this strategy was abandoned
(Scheme 31). Another strategy that was examined was to silyl-deprotect intermediate 262 and
oxidise the corresponding free alcohol 262 using Dess-Martin periodinane with the intention
of carrying out a reductive amination on the aldehyde product. Oxidation of 263 showed
evidence of product present in the reaction mixture by LCMS. Column chromatography of this
reaction mixture yielded no desired product. It was presumed that the aldehyde 267 was

unstable on silica and therefore this strategy was abandoned.

N NO,
N
(0]

—x—

/ | SN

S0 :
H Ao X

H H

(a) dimethylamine (2M in THF), 60 °C, 36 h, 50% (b) PhSiHs, [Ir(COD)CI],, toluene, 110 °C, 16 h.
(c) TBAF (IM. in THF), 0 °C, 1 h, 99% (d) DMP, r.t., 3.5 h.

Scheme 49: Failed synthetic efforts towards 235

In order to access dimethylamine 235, a new route was devised (Scheme 50). Commercially
available 4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidine was THP protected to give compound
268. Two subsequent Suzuki-Miyaura cross-coupling reactions were used to introduce the
cyclopropylpyran hinge binding fragment to obtain compound 269, followed by the para-
nitrobenzene backpocket group to give compound 270. Deprotection of 270 with hydrochloric
acid gave pyrazolopyrimidine 271 in excellent yield. Although previous attempts at alkylating
commercially available 4,6-dichloro-1H-p231yrazolo[3,4-d]pyrimidine had all failed, it was
possible to alkylate 271 with sodium hydride and 2-bromo-N,N-dimethylethan-1-amine

hydrobromide®? to give 2 isomers of product (272 and 273). It was inferred from the **N
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HMBC NMR spectrum that the major reaction product was the desired regioisomer. (Figure
69).

o
cl
cl .
NN @ . N N/)\CI ) A
N _ N /)\
NNl 0 268 N al
@ 269
o
(c)
N
N
Nl
H 272
N (e)
- ©

Ny //K©\
273 NO,

(a) DHP, p-TsOH, THF:DCM (1:1) r.t., 16 h, 36% yield (b) Potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate, Pd(OAc),, CataCXium® A , Cs,COs, toluene/H,0 (10:1), 110 °C for 1 h followed by
60 °C for 16 h, 11% yield (c) 4,4,5,5-tetramethyl-2-(4-nitrophenyl)-1,3,2-dioxaborolane,
Pd(dppf)Cl..DCM, Na,COs, DME:H,0 (8:1), 90 °C, 1.5 h, 67% yield (d) HCI (2 M. in dioxane), r.t.,

16 h, 93% vyield (e) 2-bromo-N,N-dimethylethan-1-amine hydrobromide, NaH, DMF, r.t., 4 h, 48%
yield (272), 15% vyield (273).

Scheme 50: Synthesis of 272 and 273.
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Figure 69: Key >N HMBC NMR spectrum showing characterising coupling between H4 and N6,

Absence of coupling from H4 to N7 suggests the regiochemistry of major compound 272.

With compound 272 in hand, the nitro- group was reduced to give aniline 274, from which

formation of the thiourea gave final product 235 (Scheme 51).

No2 /

(a) Fe-powder, AcOH, EtOH, H,0, sonicator, r.t., 2 h, telescoped (b) (i) TCDI, DCM,

pyridine, r.t. 1 h (ii) Ethanolamine, r.t. 0.5 h, 35%

Scheme 51: Synthesis of 235.
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2.11.2 Biological Profiling of Compound 199a Analogues

The data on compounds prepared to optimise the N1 vector of 203a are summarised in Table
51. Tetrahydropyran 228 equipotent with 203a. It is worth noting that 228 was tested as a
racemic mixture whilst 203a is the most potent single enantiomer, thus the activity of the most
potent 228a enantiomer is potentially slightly higher than 8.4. The cellular pAkt potency for
228 is reduced by 4-fold compared to its potency at mTOR. This compound also does not have
significantly better solubility than 203a and so did not fulfil the requirements of this iteration.
For this reason, compound 228 was not progressed further and single enantiomers were not

obtained

Tetrahydrothiopyran 229 has an ~8-fold reduced mTOR potency compared with 203a,
however the associated cellular potency (Akt) is similar to that of 203a. There is no significant
difference in solubility, and therefore, this compound was not considered further. Oxidation
of the tetrahydrothiopyran to the corresponding cyclic sulfone 231 restores the primary mTOR
potency (plCso = 8.4), however the aqueous solubility of this compound is decreased. The low
aqueous solubility of this compound was initially surprising considering the decrease in
lipophilicity observed for this compound. This can potentially be attributed to intermolecular
interactions involving the sulfone functionality, which stabilise crystal packing. This was
observed by a group at AstraZeneca, who whilst investigating low solubility on a GPR119
agonist compound found that 59% of methyl-sulfone containing small molecule crystal
structures in the CCDC database contain at least one type of interaction involving the sulfone
functionality.?®® In addition to low solubility, the cellular potency of 231 decreases by
approximately 60-fold compared with the primary mTOR potency. This reduction in cellular

potency is most likely caused by the extremely low permeability of this compound.

Morpholine 230 has a weaker potency in both mTOR and pAkt and this negates its marginally
improved solubility. With cyclic systems failing to give an improved physicochemical profile,

attention was turned to small alkyl- based groups.

Ethyl ester 232 has a poor primary mTOR potency and whilst amide 233 had improved
potency, this was still considerably lower than 203a. Amide 229 does have a greater than 2-
fold increase in solubility over 203a however extremely low permeability is likely to be

responsible for a more than 100-fold drop-off in potency within the pAkt cellular assay.

Alcohol 234 was equipotent with 203a, however this compound also has extremely low

permeability which likely affects its cellular pAkt potency. The same issue is observed for
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dimethylamine 235 which is the most potent compound mTOR inhibitor prepared in the
current study (plCso =8.6). The difficulty encountered in finding a potent group which confers
an improved physicochemical profile shows the challenge of further optimising 203a. In
summary, further exploration of the ribose motif did not yield significant improvements over

compound 203a.

(0]
N
N N
~
b NJ\@\ S
R
N)J\N/\/OH
H H
Compound 1 pICso CAD AMP
Entry R LogD/P
No. mTOR  pAkt  PB3Kappy (HO/ML)  (nmisec)
4,30/
5.7,<45 21 270
1 228 S_CO 84 19 5460 4.41
5.35/
<4.5,<4.5,
2 229 §—<:/\s 580 Sy 16 - 5.60
3.68/
/~ N\ * * 4.8, <45
3 230 N o 7.5 6.4 <4.5,5.0 27 145 3.69
0 5.6, <4.5 3.49/
4 231 i_CS‘\o 84 66 LiGo 13 3 4eg
4,16/
45 <45
5 232 $_>—o 6.7 6.5 ! 22 320
<45, 4.8 4.48
o AN
2.37/
48,45
6 233 é_>/*N{J' 552 4549 0 4 260
(e}
2.69/
5.7,4.8
7 234 g_\~OH 8.4 6.6 5.0 5.6 19 3 284
2.94/
h / 5547
8 235 N\ 8.6 6.5 49 56 42 56 374

Table 51: Biological and physicochemical data for N1-substituted compounds 228-235. .Values
marked with * are N=2, all other values are N=3 or greater. Potency ranges are all within the error
of the assay (MTOR= 0.3 pAkt= 0.5) and therefore are not shown. Range is not shown for PI3K

selectivity data.

189
Declan M Summers



CONFIDENTIAL — DO NOT COPY

2.12 Conclusions and Future Work

The novel cyclopropylpyran hinge binding fragment which was developed in our laboratories
has been applied in a 5,6 bicyclic series of mTOR inhibitors where it has been shown to be an
effective replacement for morpholine. During this study, and as a result of extensive
investigation of literature compounds, it was possible to assert that the literature SAR was not
reprsentative of what was observed with the asssay platform available in our own laboratories,
and therefore this data was not used to guide potency optimisation. The optimisation efforts
described above identified thiourea 203a, a low nanomolar mTOR inhibitor, which has similar
activity in a cellular context. When compared with the high quality literature compound
CZ415, 203a has higher primary mTOR potency and generally is more selective over closely
related lipid kinases. Compound 203a is superior from a toxological stand-point, as it has been
shown to be Ames negative and has no measurable activity in a hERG assay. The relatively
low solubility of 203a is considered to be manageable, especially given the intended inhaled
route of delivery. Based on all of the above, the majority of the aims stated at the beginning of
this project have been sucessfully achieved with 203a (Table 52)

~
2‘ N/)\Q S
199a
CF, ”J\”/\/OH

Aim Result with 203a
Primary mTOR plCsg of >8.0. plCso= 8.4
Activity is maintained in cellular assay (pAkt). plCso= 8.3

pICso of >6.0 in phenotypic “Scar-in-a-jar”

assay pICso= 6.9

<100-fold potency demonstated in
No less than 100 fold selectivity over any PIKK chemoproteomic competition assay (~100
fold demonstated over ATR)
Parent aniline is Ames Negative in mini-
No toxicology issues (hERG and Ames). Ames Experiment.
<4.3in hERG QUBE

Improve solubility/ Maintain permeability

Table 52: Summary of performance of 203a against aims set at start of project.
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Having stated this, it is still desirable to synthesise compounds in the pyrazolopyrimidine class
with tuned physicochemical properties. The current study has shown that neutral water
solubilising groups do not confer sufficient solubility, whilst basic amines result in compounds
with very low permeability, which negatively affects cellular potency. Further studies could
determine if an acceptable solubility/permeability balance can be achieved within this series

of compounds.

Analysis of the compound in the current study suggest that the observed reduction in cellular
potency (pAkt) is inversely correlated to permeability. This is expected as compounds with a
low permeability are less able to enter cells and thus interact with intracellular targets. The
graph in Figure 70 suggests that in subsequent studies, a permeability (AMP) of >150 nm/sec
should be targeted, as project compounds in this class have a less than 10-fold drop off in

cellular potency.

2.5

15

R2=0.7424

0.5

Cellular Potency Drop Off
=

-0.5
0 50 100 150 200 250 300 350 400

Artificial Membrane Permeability (nm/sec)

Figure 70: Graph showing cellular potency drop off (mMTOR plCsy — pAkt plCso) vs. Atrtificial
membrane permeability for compounds from the current project. NB: Compounds with primary mTOR

potency <7 have been excluded.

By contrast, however, analysis also shows that in this set of project compounds, permeability
values of over 150 nm/sec correlates to a solubility of less than 50 pg/mL (Figure 71).
Although compounds intended for inhaled delivery can have low solubility compared to oral

compounds, there are concerns around accumulation of very low solubility compounds in the
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lung and the toxicity related to this. 2° For this reason compounds with a solubility >100

pug/mL should be targeted for future compounds in this series.

600
550

500 o
450
400
350
300

250
200
150

Solubility (CAD) (ug/mL)

100 ° -9
50 @ ® P ’.
) o o § % o LI lll.' ®

0 50 100 150 200 250 300 350 400

Artificial Membrane Permeability (nm/sec)

Figure 71: Graph showing CAD solubility vs. AMP permeability for compounds from the current

project. Future iterations should target a physicochemical profile encapsulated by green box.

One strategy which could be pursued in future iterations to moderate permeability in
compounds with basic amines is to modify the pKa of the amine. By lowering the pKa of the
amine, a greater proportion of compound will be uncharged at physiological pH and therefore

more easily able to cross the cellular membrane. The matched pair shown in

Table 53 highlights the potential of this strategy to yield compounds in the desired chemical
space. Dimethylamine 235 is the most potent compound currently synthesised at mTOR,
however there is a more 100-fold reduction in potency in the cellular pAkt assay. This is likely
to be due to the low permeability of this compound which may be caused by ionisation of the
amine at physiological pH (predicted pKa = 8.9). The morpholine nitrogen in 230 has a lower
predicted pKa and therefore will be significantly less ionised at physiological pH, this
translates to this compound having improved permeability, meaning that drop off is only ~10-
fold for this compound. The extra steric bulk in morpholine 230 is thought to reduce the
primary mTOR activity and therefore further studies would be focused on tuning pKa without

lowering biological activity.
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mTOR p|C50
pAkt plCso 6.5 6.4
Drop-off (fold) 2.1 11
CAD Sol
45 27
(Mg/mL)
AMP (nm/sec) 56 145
Predicted pKa
(Chemaxon) 8.68 6.85

Table 53: Comparison of compounds 235 and 230

Table 54 shows some proposed future targets, aimed at modifying the amine pKa, these targets
plausibly offer the opportunity to achieve cellularly potent compounds in the desired
physicochemical space and efforts towards their synthesis would be a logical next step for this

project.
R! Pka Prediction
F
N/ 7.1
\
O/
N/_ 6.8
\
F
§_\_N/ 75
\

Table 54: Proposed future synthesis targets for amine pka modification.

In summary, the tactical application of the CPP moiety as a morpholine bioisostere in a
pyrazolopyrimidine series has furnished a novel, tractable series of mTOR inhibitors with a
promising overall profile as exemplified by compound 203a. Future studies should focus on
tuning the balance of solubility and permeability in order to deliver a high-quality lead
compound which could pave the way towards novel treatments in the area of Idiopathic

Pulmonary Fibrosis.
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Experimental Section
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3.1 General Information

Solvents and reagents. Magnetic stirrer bars were stirred vigorously using stirrer hot plates.
Solvents and reagents were purchased from commercial suppliers and used as received.
Reactions were monitored by thin layer chromatography (TLC) or liquid chromatography-

mass spectroscopy (LCMS). Heating was conducted using hotplates with DrySyn adaptors.

Chromatography. Thin layer chromatography (TLC) was carried out using polyester-backed
precoated silica plates (particle size 0.2 mm). Spots were visualised by ultraviolet (UV) light
(Amax = 254 nm or 365 nm) and then stained with potassium permanganate solution followed
by gentle heating. Flash column chromatography was carried out using the Teledyne ISCO
CombiFlash® Rf+ apparatus with RediSep® silica cartridges. Fractions were collected by
following UV trace (Amax = 254 nm and 280 nm).

Reverse-Phase Flash Column Chromatography. Reverse-Phase column chromatography
was carried out using Teledyne ISCO CombiFlash® Rf+ apparatus and SNAP C-18 silica

cartridges of various sizes.

Formic: Using a gradient elution with the mobile phases as (A) H2O containing 0.1%
volume/volume (v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic acid.
Gradient conditions and flow-rate were variable depending on 2 min LCMS retention
time of desired product.

High pH: Using a gradient elution with the mobile phases as (A) 10 mM aqueous
ammonium bicarbonate solution, adjusted to pH 10 with 0.88 M agueous ammonia and
(B) acetonitrile. Gradient conditions and flow were variable depending on 2 min LCMS

retention time of desired product.

Reverse Phase Preparative- High Performance Liquid Chromatography. Prep HPLC was

carried out on a Grace Revalaris® Prep apparatus.

Formic: Crude reaction mixtures were loaded into the sample loop of the apparatus in a
1:1 DMSO: MeOH mixture (5 mL max). Using Sunfire prep C18 OBD™ 5uM
30x100mm column and a gradient elution with the mobile phases as (A) H.O containing
0.1% volume/volume (v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic

acid. Flow-rate was set at 32 mL/min and run-times varied by sample.
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High pH: Crude reaction mixtures were loaded into the sample loop of the apparatus in
a 1:1 DMSO: MeOH mixture (5 mL max). Using Xbridge C18 OBD™ 5uM 30x100mm
column and a gradient elution with the mobile phases as (A) H-O containing 0.1%
volume/volume (v/v) ammonium bicarbonate and (B) acetonitrile containing 0.1% (v/v)

ammonium bicarbonate. Flow-rate was set at 32 mL/min and run-times varied by sample.

Liquid Chromatography Mass Spectrometry. LCMS analysis was carried out on a Waters
Acquity UPLC instrument equipped with a BEH column (50 mm x 2.1 mm, 1.7 um packing
diameter) and Waters Micromass ZQ MS using alternate-scan positive and negative
electrospray. Analytes were detected as a summed UV wavelength of 210-350 nm. Two liquid

phase methods were used:

Formic: 40 °C, 1 mL/min flow rate, using a gradient elution with the mobile phases as
(A) HxO containing 0.1% volume/volume (v/v) formic acid and (B) acetonitrile
containing 0.1% (v/v) formic acid. Gradient conditions were initially 1% B, increasing
linearly to 97% B over 1.5 min, remaining at 97% B for 0.4 min then increasing to 100%

B over 0.1 min.

High pH: 40 °C, 1 mL/min flow rate, using a gradient elution with the mobile phases as
(A) 10 mM aqueous ammonium bicarbonate solution, adjusted to pH 10 with 0.88 M
aqueous ammonia and (B) acetonitrile. Gradient conditions were initially 1% B,
increasing linearly to 97% B over 1.5 min, remaining at 97% B for 0.4 min then increasing
to 100% B over 0.1 min.

Nuclear Magnetic Resonance (NMR) Spectroscopy. Proton (*H) and carbon (**C) spectra
were recorded in deuterated solvents at ambient temperature (unless otherwise stated) using
standard pulse methods on any of the following spectrometers and signal frequencies: Bruker
AV-400 (*H = 400 MHz, 3C = 101 MHz, **F = 376 MHz), Bruker AV-500 (*H = 500 MHz,
13C = 126 MHZz), or Bruker AV-600 (*H = 600 MHz, 3C = 150 MHz). Chemical shifts are
reported in ppm and are referenced to tetramethylsilane (TMS) or the following solvent peaks:
CDCl; (*H =7.27 ppm, ¥C = 77.0 ppm), DMSO-ds (*H = 2.50 ppm, **C = 39.5 ppm), CDs0OD
(*H = 3.31 ppm, *3C = 49.0 ppm) or CDsCN (*H = 1.94 ppm, *C = 118.7 ppm). Coupling
constants are shown to the nearest 0.1 Hz and multiplicities are described as singlet (s), doublet

(d), triplet (t), quartet (q), quintet (quin), sextet (sxt), septet (sept), broad (br.) and multiplet
(m).
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Infrared (IR) Spectroscopy. Infrared spectra were recorded using a Perkin Elmer Spectrum
1 or Spectrum 2 machine. Absorption maxima (vmax) are reported in wavenumbers (cm™) and

are described as strong (s), medium (m), weak (w) and broad (br.).

High-Resolution Mass Spectrometry (HRMS). High-resolution mass spectra were recorded

on one of two systems:

System A — Micromass Q-Tof Ultima hybrid quadrupole time-of-flight mass
spectrometer, with analytes separated on an Agilent 1100 Liquid Chromatograph
equipped with a Phenomenex Luna Casg (2) reversed phase column (100 mm x 2.1 mm,
3 um packing diameter). LC conditions were 0.5 mL/min flow rate, 35 °C, injection
volume 2-5 pL, using a gradient elution with (A) H>O containing 0.1% (v/v) formic
acid and (B) acetonitrile containing 0.1% (v/v) formic acid. Gradient conditions were
initially 5% B, increasing linearly to 100% B over 6 min, remaining at 100% B for 2.5
min then decreasing linearly to 5% B over 1 min followed by an equilibration period

of 2.5 min prior to the next injection.

System B — Waters XEVO G2-XS quadrupole time-of-flight mass spectrometer, with
analytes separated on an Acquity UPLC CSH Cis column (100mm x 2.1mm, 1.7um
packing diameter). LC conditions were 0.8 mL/min flow rate, 50 °C, injection volume
0.2 pL, using a gradient elution with (A) H.O containing 0.1% (v/v) formic acid and
(B) acetonitrile containing 0.1% (v/v) formic acid. Gradient conditions were initially
3% B, increasing linearly to 100% B over 8.5 min, remaining at 100% B for 0.5 min
then decreasing linearly to 3% B over 0.5 min followed by an equilibration period of

0.5 min prior to the next injection.
Mass to charge ratios (m/z) are reported in Daltons.

Melting points. Melting points were recorded on either Stuart SMP10 or Stuart SMP40

melting point apparatus.

Mass Directed Auto Preparation (MDAP). Mass-directed automatic purification was
carried out using a Waters ZQ MS using alternate scan positive and negative electrospray and

a summed UV wavelength of 210-350 nm. Two liquid phase methods were used:

Formic — Sunfire C1g column (100 mm x 19 mm, 5 um packing diameter, 20 mL/min
flow rate) or Sunfire Cig column (150 mm x 30 mm, 5 um packing diameter, 40 mL/min

flow rate), using a gradient elution at ambient temperature with the mobile phases as (A)

197
Declan M Summers



CONFIDENTIAL — DO NOT COPY

H20 containing 0.1% volume/volume (v/v) formic acid and (B) acetonitrile containing

0.1% (v/v) formic acid.

High pH — Xbridge Cis column (100 mm x 19 mm, 5 um packing diameter, 20 mL/min
flow rate) or Xbridge Cis column (150 mm x 30 mm, 5 pm packing diameter, 40 mL/min
flow rate), using a gradient elution at ambient temperature with the mobile phases as (A)
10 mM aqueous ammonium bicarbonate solution, adjusted to pH 10 with 0.88 M aqueous

ammonia and (B) acetonitrile.

Hydrophobic frit cartridges by ISOLUTE® contain a frit which is selectively permeable to
organic solutions. These are separated from aqueous phase under gravity. Various cartridge

sizes were used.

3.2 Tool Compound Synthesis

4-(6-Chloropyridin-2-ylYmorpholine (43)%*
[O]
N

@\
Z ¢l

A mixture of 2,6-dichloropyridine (1.00 g, 6.76 mmol) and morpholine (1.76 mL, 20.2 mmol)

was stirred at 100 °C for 3 h. The reaction was monitored by LCMS and, upon complete
consumption of starting material, the reaction was cooled to r.t. and partitioned between ethyl
acetate (30 mL) and sat. ag. sodium bicarbonate (30 mL). The aqueous phase was extracted
with further ethyl acetate (3 x 10 mL). The combined organic layer was dried (hydrophobic
frit) and concentrated in vacuo. The resulting residue was purified by flash column
chromatography (cyclohexane: ethyl acetate 0-25% (12 column volumes)). The appropriate
fractions were concentrated in vacuo to give 4-(6-chloropyridin-2-yl) morpholine (1.04 g, 5.24
mmol, 77 % yield) as a colourless cloudy oil. LCMS (formic) rt. 1.00 (100%) MH" for desired
M= 198.056. *H NMR (DMSO-ds, 400 MHz) § = 7.53-7.61 (m, 1H), 6.78 (d, J = 8.3 Hz, 1H),
6.70 (d, J = 7.6 Hz, 1H), 3.65-3.71 (m, 4H), 3.40-3.47 ppm (m, 4H). ¥C NMR (101 MHz,
DMSO-ds) 6 = 159.5, 148.6, 141.0, 112.4, 105.8, 66.2, 45.3. HRMS (system A) calculated for
CoH12CIN20 199.0633, found 199.0624. FTIR (cm™) 2961, 1593, 1442, 1253, 1115, 955, 775
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4-(2-Chloropyrimidin-4-yl)morpholine (44)!3*
0

)

To a mixture of morpholine (0.87 mL, 10.0 mmol) and DIPEA (3.49 mL, 20.0 mmol) in N, N-
dimethylformamide (13 mL). 2,4-Dichloropyrimidine (1.49 g, 10.0 mmol) was added

dropwise and the resulting solution was stirred at r.t. for 1 h. The reaction was monitored by
LCMS and upon complete consumption of starting material the reaction was concentrated in
vacuo. The resulting residue was purified by flash column chromatography (cyclohexane:
ethyl acetate 0-50% (12 column volumes)). The appropriate fractions were concentrated in
vacuo to give 4-(2-chloropyrimidin-4-yl)morpholine (1.40 g, 7.02 mmol, 70 % vyield) as a
white solid. LCMS (formic) rt. 0.64 (100%) MH" for desired M= 199.051. *H NMR (CDCls,
400 MHz) 6 =8.07 (d, J=6.1 Hz, 1H), 6.39 (d, J = 6.1 Hz, 1H), 3.74-3.82 (m, 4H), 3.62-3.67
(m, 4H). *C NMR (101 MHz, CDCl3) 8= 162.9, 160.8, 157.5, 101.1, 66.3, 44.2. HRMS
(system A) calculated for CgH11CIN3O 200.0585, found 200.0577. FTIR (cm™?) 2973, 1579,
1373, 1161, 1112, 859, 822.

3-(6-Morpholinopyridin-2-yl)phenol (31)%°

()
N
SN
= OH

In a 10-20 mL Biotage microwave vial a mixture of 4-(6-chloropyridin-2-yl)morpholine (500
mg, 2.52 mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (831 mg, 3,78 mmol)
Pd(dppf)Cl..CH:Cl; (206 mg, 0.25 mmol) and potassium carbonate (696 g, 5.03 mmol) was
dissolved in 2-propanol (8.3 mL) and water (1.7 mL). The resulting suspension was degassed
with a stream of nitrogen for 10 min, sealed and stirred at 100 °C for 16 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (10 g). The resulting mixture was
concentrated in vacuo. The resulting residue was purified by reverse phase flash column
chromatography (high-pH, 15-85% (15 column volumes)) to give 3-(6-morpholinopyridin-2-
yl)phenol (420 mg, 1.64 mmol, 65% yield) as a white solid. The product was recrystallised
from hot toluene to give material of the required quality for X-ray Crystallography. LCMS
(high-pH) rt. 0.99 (100%) MH* for desired M= 256.121. *H NMR (DMSO-dg, 600 MHz) & =
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9.44 (br., s, 1H), 7.63 (dd, J = 8.3, 7.5 Hz, 1H), 7.48-7.49 (m, 1H), 7.43-7.46 (m, 1H), 7.22-
7.25(m, 1H), 7.18 (d, J = 7.3 Hz, 1H), 6.79 (ddd, J = 8.1, 2.6, 0.7 Hz, 1H), 6.78 (d, J = 8.4 Hz,
1H), 3.72-3.77 (m, 4H), 3.51-3.56 ppm (m, 4H). 3C NMR (DMSO-ds, 151 MHz): § = 159.2,
158.0, 154.3, 141.0, 138.9, 129.9, 117.6, 116.2, 113.7, 110.0, 106.3, 66.5, 45.6 ppm. HRMS
(system A) calculated for CisH17N2O, 257.1285, found 257.1276 FTIR (cm™): 3263, 1570,
1438, 1380, 1296, 1215, 1105, 849, 876. M.P: 138-140 °C.

3-(4-Morpholinopyrimidin-2-yl)phenol (35)%%°

)

)
N)\©/

In a 10-20 mL Biotage microwave vial a mixture of 4-(2-chloropyrimidin-4-yl)morpholine
(800 mg, 4.01 mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (1.32 g, 6.01
mmol) Pd(11)(dppf)Cl..CH2CI>(327 mg, 0.40 mmol) and potassium carbonate (1.11 g, 8.01
mmol) was dissolved in 2-propanol (12 mL) and water (2.4 mL). The resulting suspension was
degassed with a stream of nitrogen for 10 min, sealed and stirred at 100 °C for 16 h. The
reaction was monitored by LCMS, and upon complete consumption of starting material, the
reaction was cooled to r.t. and filtered through a celite cartridge (10 g). The resulting mixture
was concentrated in vacuo and dry loaded onto Florisil®. The crude reaction mixture was
purified by flash column chromatography (cyclohexane: ethyl acetate 0-100% (15 column
volumes)). The appropriate fractions were concentrated in vacuo to give 3-(4-
morpholinopyrimidin-2-yl)phenol (434 mg, 1.69 mmol, 42% yield) as a light orange solid.
The product was recrystallised from hot acetonitrile to give material of the required quality for
X-ray Crystallography. LCMS (formic) rt. 0.44 (100%) MH* for desired M= 257.116. *H NMR
(DMSO-ds, 400 MHZz) & =9.46 (s, 1H), 8.33 (d, J = 6.0 Hz, 1H), 7.76-7.81 (m, 2H), 7.22-7.28
(m, 1H), 6.83-6.89 (m, 1H), 6.75 (d, J = 6.1 Hz, 1H), 3.65-3.76 ppm (m, 8H). 3C NMR (101
MHz, DMSO-dg) 6 = 162.8, 162.1, 157.8, 156.6, 139.9, 129.7, 119.0, 117.7, 114.9, 102.1,
66.3, 44.2. HRMS (system A) calculated for C14H16N3O, 258.1237, found 258.1231. FTIR
(cm) 2957, 1576, 1366, 1186, 1116, 875, 861. M.P:167-169 °C.
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2-Chloro-4-(3,6-dihydro-2H-pyran-4-yl)pyrimidine (45)?®
0

=
| N/)\CI

In a 10-20 mL Biotage microwave vial a mixture of 2,4-dichloropyrimidine (1.49 g, 10.0
mmol), 2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3.15 g, 15.0
mmol), Pd(PPhs). (1.15g, 1.00 mmol) and potassium carbonate (4.15g, 30.0 mmol) was
dissolved in toluene (12 mL) and N,N-dimethylformamide (1.3 mL) and the resulting
suspension was degassed with a stream of nitrogen for 10 min, sealed and irradiated in a
Biotage initiator+ microwave at 120 °C for a total of 4 h. The reaction was monitored by
LCMS and, upon complete consumption of starting material, the reaction was cooled to r.t.
and filtered through a celite cartridge (10 g). The resulting mixture was concentrated in vacuo
and purified by reverse phase flash column chromatography (formic, 15%-55% (15 column
volumes)) to give 2-chloro-4-(3,6-dihydro-2H-pyran-4-yl)pyrimidine (740 mg, 3.76 mmol,
38% yield) as an off-white solid. LCMS (formic) rt. 0.79 (99%) MH* for desired M= 196.040.
'H NMR (MeOD, 400 MHz) & = 8.74 (d, J = 5.4 Hz, 1H), 7.69 (d, J = 5.4 Hz, 1H), 7.27-7.32
(m, 1H), 4.51-4.56 (m, 2H), 4.04-4.10 (m, 2H), 3.46-3.49 (m, 2H), 2.70-2.76 (m, 2H) *C NMR
(101 MHz, MeOD) 6 =168.2, 162.3, 161.1, 134.5, 133.3, 115.6, 66.9, 65.3, 26.1 ppm. HRMS
(system A) calculated for CoHisN,O, 255.1128, found 255.1114. FTIR (cm™) 1703, 1566,
1368, 1340, 1178, 997, 852, 799, 776.

3-(4-(3,6-Dihydro-2H-pyran-4-yDpyrimidin-2-yl)phenol (36)

o)

=

B
N/)\©/OH

In a 10-20 mL Biotage microwave vial a mixture of 2-chloro-4-(3,6-dihydro-2H-pyran-4-
yl)pyrimidine (620 mg, 3.15 mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol
(1.04 g, 4.73 mmol), Pd(dppf)Cl..CH.CI (257 mg, 0.32 mmol) and potassium carbonate (872
mg, 5.11 mmol) was dissolved in 2-propanol (8.4 mL) and water (6.3 mL). The resulting
suspension was degassed with a stream of nitrogen for 10 min, sealed and irradiated at 100 °C
in a Biotage initiator+ microwave for 1 h. The reaction was monitored by LCMS and, upon

complete consumption of starting material, the reaction was cooled to r.t. and filtered through
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a celite cartridge (10 g). The resulting mixture was concentrated in vacuo and partitioned
between ethyl acetate (20 mL) and water (20 mL). The aqueous phase was extracted with
further ethyl acetate (3x 20 mL) and the combined organic layers were dried (hydrophobic frit)
and concentrated in vacuo. The resulting residue was purified by flash column
chromatography (cyclohexane: ethyl acetate 0-100% (15 column volumes)) to give 3-(4-(3,6-
dihydro-2H-pyran-4-yl)pyrimidin-2-yl)phenol (536 mg, 2.11 mmol, 70% yield) as a white
solid. LCMS (formic) rt. 0.90 (99%) MH* for desired M= 254.106. *H NMR (CDCl; 400 MHz)
5=28.74 (d, J = 5.4 Hz, 1H), 8.07 (d, J = 7.5 Hz, 1H), 8.00 (s, 1H), 7.37 (t, J = 7.8 Hz, 1H),
7.21(d, J=5.4 Hz, 1H), 7.06-7.10 (m, 1H), 7.00 (ddd, J = 8.0, 2.6, 0.9 Hz, 1H), 4.43-4.48 (m,
2H), 4.00 (t, J = 5.4 Hz, 2H), 2.67-2.74 ppm (m, 2H). **C NMR (101 MHz, CDCls) § = 163.6,
163.2, 157.5, 156.0, 139.5, 133.1, 130.4, 129.8, 120.7, 117.8, 114.9, 113.2, 65.8, 64.3, 25.2.
HRMS (system B) calculated for C15H1sN20O, 255.1128, found 255.1114. FTIR (cm™) 3268,
1568, 1430, 1384, 1232, 1130, 780. M.P. 133-135 °C.

3-(4-(Tetrahydro-2H-pyran-4-yl)pyrimidin-2-y)phenol (37)

)

| N/)\©/OH

To one chamber of a COware apparatus a mixture of 3-(4-(3,6-dihydro-2H-pyran-4-
yl)pyrimidin-2-yl)phenol (200 mg, 0.79 mmol) and Palladium (5% on Carbon) (4.20 mg, 0.04
mmol) was added. The resulting mixture was dissolved in acetic acid (4.0 mL) and nitrogen
was blown through the apparatus for 5 min. To the second chamber zinc powder (1.03 g, 15.7
mmol) and hydrochloric acid (0.67 mL, 22.2 mmol) were added and the COware apparatus
was sealed. The reaction mixture was stirred at r.t. for 16 h followed by at 50 °C for 4 h. The
reaction was monitored by LCMS and, upon complete consumption of starting material, the
reaction was cooled to r.t., filtered through a celite cartridge (2.5 g) and concentrated in vacuo.
The resulting crude mixture was purified by flash column chromatography (cyclohexane: ethyl
acetate 0-100% (12 column volumes)) to give 3-(4-(tetrahydro-2H-pyran-4-yl)pyrimidin-2-
yl)phenol (92 mg, 0.36 mmol, 46% yield) as a pale yellow solid. The product was recrystallised
from toluene to give material of the required quality for X-ray crystallography. LCMS (formic)
rt. 0.86 (100%) MH" for desired M= 256.121. *H NMR (DMSO-ds, 400 MHz) & = 9.56 (s,
1H), 8.78 (d, J = 5.1 Hz, 1H), 7.84-7.89 (m, 2H), 7.29-7.36 (m, 2H), 6.91 (ddd, J = 8.1, 2.4,
1.1 Hz, 1H), 3.95-4.03 (m, 2H), 3.38-3.60 (m, 2H), 2.95-3.05 (m, 1H), 1.78-1.90 ppm (m, 4H).
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13C NMR (101 MHz, DMSO-dg) 8 = 172.9, 163.4, 158.2, 158.1, 139.2, 130.0, 119.0, 118.2,
117.6, 114.9, 67.3, 42.3, 31.5. HRMS (system A) calculated for C15sH17N2O, 257.1285, found
257.1279. FTIR (cm™) 2961, 2836, 1576, 1383, 1224, 1082, 851. M.P: 159-161 °C.

3-(4-(3-Oxabicyclo[4.1.0]heptan-6-y)pyrimidin-2-yl)phenol (38)

o

=~ "N
|

H

\N (@]

In a 10-20 mL microwave vial trimethyloxosulfonium chloride (303 mg, 2.36 mmol) and
sodium hydride (60 mg, 2.36 mmol) were dissolved in anhydrous DMSO and the reaction was
stirred under nitrogen for 20 min, until visible evolution of hydrogen had ceased. A solution
of 3-(4-(3,6-dihydro-2H-pyran-4-y)pyrimidin-2-yl)phenol (300 mg, 1.18 mmol) in anhydrous
DMSO (2 mL) was added dropwise and the reaction mixture was stirred at 65 °C for 4 h. The
reaction mixture was suspended between ethyl acetate (15 mL) and water (15 mL) and the
aqueous layer was extracted with further ethyl acetate (3x 15 mL). The combined organic layer
was dried (hydrophobic frit) and concentrated in vacuo. The crude reaction mixture was
purified by prep HPLC (formic, 32-99% over 40 min) to give 3-(4-(3-oxabicyclo[4.1.0]heptan-
6-yl)pyrimidin-2-yl)phenol (56 mg, 0.21 mmol, 18% yield). LCMS (formic) rt. 0.92 (99%)
MH* for desired M= 268.121. '"H NMR (DMSO-ds, 400 MHz) & = 9.55 (s, 1H), 8.71 (d, J =
5.4 Hz, 1H), 7.81-7.85 (m, 2H), 7.34 (d, J = 5.6 Hz, 1H), 7.27-7.32 (m, 1H), 6.90 (ddd, J =
8.1, 2.4, 1.0 Hz, 1H), 3.94 (dd, J = 11.5, 4.4 Hz, 1H), 3.88 (dd, J = 11.2, 1.2 Hz, 1H), 3.61 (dt,
J =115, 5.1 Hz, 1H), 3.38 (ddd, J = 11.5, 8.8, 5.1 Hz, 1H), 2.70 (dt, J = 14.2, 4.9 Hz, 1H),
2.00 (ddd, J = 14.2, 8.7, 5.6 Hz, 1H), 1.84-1.93 (m, 1H), 1.48 (dd, J = 9.2, 3.8 Hz, 1H), 1.18
(dd, J = 6.6, 3.9 Hz, 1H). 3C NMR (DMSO-ds, 101 MHz) & = 173.1, 162.9, 158.0, 157.6,
139.3,130.0, 119.0, 118.2, 115.1, 114.9, 65.1, 63.6, 25.0, 23.3, 23.0, 22.5. HRMS (System A)
calculated for C16H17N20, [MH*] 269.1285, found 269.1276. FTIR (cm™) 3268, 1568, 1430,
1384, 1232, 1130, 780. M.P. 133-135 °C.

Chiral Purification of 3-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)pyrimidin-2-yl)phenol (38)

Total sample dissolved in ethanol (3 mL) and heptane (3 mL) and liquid loaded onto the
column in 0.5 mL manual injections.

Column: Chiralpak IC5 250x20mm (Room Temp)

Flow Rate: 20 mL/min (58 bar)
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Detection: UV Diode Array at 280nm

Mobile Phase A: Heptane

Mobile Phase B: Ethanol

Modifier: Isopropyl amine

Isocratic method: 90:10:0.2 mobile phase A: mobile phase B: modifier

Runtime: 20 min.

The combined fractions for isomer 1 (38a) and isomer 2 (38b) were concentrated by a stream
of nitrogen to yield. 1% eluting isomer (38a) (27 mg, 99.7% chirally pure by chiral HPLC
analysis) as a white solid ap®® = -100.0 (0.2 g/100 mL). Confirmed by X-ray crystallography
to be 3-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-ypyrimidin-2-yl)phenol.

2" eluting isomer (38b) (25 mg, 99.5% chirally pure by chiral HPLC analysis) as a white solid
ap? = +69.9 (0.299/100 mL). Inferred from the X-ray crystal structure of 38a that 38b is 3-(4-
((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-ypyrimidin-2-y)phenol.

the single enantiomer products were recrystallised from toluene to give material of the required

quality for X-ray crystallography.
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Figure 72: Chiral purification of 3-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)pyrimidin-2-yl)phenol (38)
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2-Chloro-6-(3,6-dihydro-2H-pyran-4-yl)pyridine (46)
o)

B
cl

In a 10-20 mL Biotage microwave vial a mixture of 2-bromo-6-chloropyridine (1.92 g, 10.0
mmol), 2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.52 g, 12.0
mmol), Pd(dppf)Cl..CH.Cl, (732 mg, 1.00 mmol) and potassium carbonate (2.76 g, 20.0
mmol) was dissolved in 2-propanol (11 mL) and water (2.2 mL). The resulting suspension was
degassed with a stream of nitrogen for 10 min, sealed and stirred at r.t. for 16 h. The reaction
was monitored by LCMS and upon complete consumption of starting material the reaction
was filtered through a celite cartridge (10 g). The resulting mixture was dried (hydrophobic
frit) and concentrated in vacuo. The crude reaction mixture was purified by reverse phase flash
column chromatography (formic, 30-85% (12 column volumes)) to give 2-chloro-6-(3,6-
dihydro-2H-pyran-4-yl)pyridine (1.17 g, 5.98 mmol, 60% vyield). LCMS (formic) rt. 0.99
(96%) MH* for desired M= 195.045. *H NMR (CDCls, 400 MHz) § = 7.59-7.67 (m, 1H), 7.27-
7.30 (m, 2H), 7.20 (d, J = 7.8 Hz, 1H), 6.78-6.81 (m, 1H), 4.39 (s, 2H), 3.95 (t, J = 5.4 Hz,
2H), 2.59-2.66 (m, 2H). *C NMR (101 MHz, CDCls) § = 157.5, 150.9, 138.9, 132.9, 127.7,
122.3,116.9, 65.8, 64.3, 25.7 HRMS (system A) calculated for C1oH11:CINO 196.0338, found
196.0324. FTIR (cm) 1712,1558, 1413, 1360, 1162,1050, 987, 880, 784, 658.

3-(6-(3,6-Dihydro-2H-pyran-4-y)pyridin-2-yl)phenol (32)
o)

=

>N
| = OH

In a 10-20 mL Biotage microwave vial a mixture of 2-chloro-6-(3,6-dihydro-2H-pyran-4-
yl)pyridine (500 mg, 2.56 mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (844
mg, 3.83 mmol), Pd(dppf)Cl..CH,Cl, (209mg, 0.26 mmol) and potassium carbonate (706 mg,
5.11 mmol) was dissolved in 2-propanol (8.4 mL) and water (1.68 mL). The resulting
suspension was degassed with a stream of nitrogen for 10 min, sealed and irradiated at 100 °C
in a Biotage initiator+ microwave for 1 h. The reaction was monitored by LCMS and upon
complete consumption of starting material the reaction was filtered through a celite cartridge
(10 g). The resulting mixture was concentrated in vacuo and partitioned between ethyl acetate

(20 mL) and water (20 mL). The aqueous phase was extracted with further ethyl acetate (3 x
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20 mL). The combined organic layers were dried (hydrophobic frit) and concentrated in vacuo.
The resulting residue was purified by reverse phase flash column chromatography (high-pH,
30-85% (15 column volumes)) to give 3-(6-(3,6-dihydro-2H-pyran-4-yl)pyridin-2-yl)phenol
(328 mg, 1.29 mmol, 51% yield) as an amorphous white solid. The product was recrystallised
from hot toluene to give material of the required quality for X-ray crystallography. LCMS
(formic) rt. 1.01 (100%) MH* for desired M= 254.106. *H NMR (DMSO-ds, 400 MHz) & =
9.52 (br s, 1H), 7.81-7.86 (m, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.57-7.59 (m, 1H), 7.47-7.55 (m,
2H), 7.25-7.31 (m, 1H), 6.86-6.89 (m, 1H), 6.84 (ddd, J = 8.1, 2.4, 0.7 Hz, 1H), 4.28-4.35 (m,
2H), 3.87 (t, J = 5.5 Hz, 2H), 2.60-2.68 (m, 2H). *C NMR (DMSO-ds, 101 MHz) § = 158.2,
156.0, 155.3, 140.6, 138.1, 134.2, 130.1, 126.8, 118.8, 117.8, 117.7, 116.5, 113.8, 65.5, 64.2,

40.7, 40.3, 39.8, 40.0, 39.4, 25.8. HRMS (system A) calculated for CisH16NO, 254.1176,

found 254.1171. FTIR (cm™) 3251, 1567, 1440,1213, 1043, 963, 877, 796, 696. M.P. 148-150
°C.

3-(6-(Tetrahydro-2H-pyran-4-yl)pyridin-2-yl)phenol (33)

To one chamber of a COware apparatus a mixture of 3-(6-(3,6-dihydro-2H-pyran-4-
yl)pyridin-2-yl)phenol (300 mg, 1.18 mmol) and Palladium (5% on Carbon) (6.30 mg, 0.06
mmol) was added. The resulting mixture was dissolved in acetic acid (6.0 mL) and nitrogen
was blown through the apparatus for 5 min. To the second chamber zinc powder (1.55 g, 23.7
mmol) and hydrochloric acid (1.01 mL, 33.4 mmol) were added and the COware apparatus
was sealed. The reaction mixture was stirred at r.t. for 16 h followed by at 50 °C for 4 h. The
reaction was monitored by LCMS and, upon complete consumption of starting material, the
reaction was cooled to r.t., filtered through a celite cartridge (2.5 g) and concentrated in vacuo
to give 3-(6-(tetrahydro-2H-pyran-4-yl)pyridin-2-yl)phenol (211 mg, 0.83 mmol, 70% vyield)
as a white solid. The product was recrystallised from toluene to give material of the required
quality for X-ray crystallography. LCMS (formic) rt. 0.69 (99%) MH*for desired M= 255.126.
'H NMR (CDCls, 400 MHz) & = 7.67-7.73 (m, 1H), 7.61 (dd, J = 2.4, 1.6 Hz, 1H), 7.52-7.59
(m, 1H), 7.30-7.36 (m, 1H), 7.10-7.14 (m, 1H), 6.89 (ddd, J = 8.1, 2.7, 0.9 Hz, 1H), 4.12-4.19
(m, 2H), 3.58-3.66 (m, 2H), 3.05 (tt, J = 11.1, 4.0 Hz, 1H), 1.92-2.08 (m, 4H). 3C NMR (101
MHz, CDCl3) 6 = 164.0, 156.2, 156.0, 141.2, 137.2,129.9, 119.4, 119.1, 118.2, 115.9, 113.9,
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68.2, 43.4, 32.4. HRMS (system A) calculated for CisH1sNO,, 256.1332 found 256.1321.
FTIR (cm™) 3222, 1584, 1447, 1301, 1220, 1080, 980, 840. M.P. 174-176 °C.

2-(3-Oxabicyclo[4.1.0]heptan-6-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (50)

To a stirred solution of 2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (25.0 g, 119 mmol) in fluorobenzene (240 mL) at -5 °C was added
chloroiodomethane (315 g, 1.79 mol) in fluorobenzene (240 mL) and diethylzinc (1 M in
hexanes) (1.19 L, 1.19 mol). These reagents were added in six equal portions each over a
period of 5 mins. Upon completion of the final addition the reaction mixture was warmed to
r.t. and stirred for 5 h. The consumption of starting material was monitored by TLC (n-hexane:
ethyl acetate (5:1) product at rf. 0.4, visualised by PMA stain). The reaction was quenched by
addition of 10% aqueous ammonium chloride (500 mL) and the aqueous layer was extracted
with diethyl ether (2 x 500 mL). The combined organic layers were dried (Na,SOs,), filtered
and concentrated in vacuo to afford 2-(3-oxabicyclo[4.1.0]heptan-6-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (26 g, 92 mmol, 78% vyield) as a pale brown solid. TLC (n-hexane: ethyl
acetate (5:1)) rf. 0.4. 'H NMR (CDCls, 400 MHz) 6 =4.00 (d, J = 11.2 Hz, 1H), 3.84 (dd, J =
11.2,3.4 Hz, 1H), 3.59 (ddd, J =11.2, 6.4, 2.4 Hz, 1H), 3.11-3.19 (m, 1H), 2.03 (ddd, J = 14.4,
4.6,2.7 Hz, 1H), 1.66 (ddd, J = 14.4, 11.2, 6.4 Hz, 1H), 1.23 (s, 12H), 1.05-1.11 (m, 1H), 0.95
(dd, J = 8.3, 3.2 Hz, 1H), 0.65 ppm (dd, J = 5.7, 3.3 Hz, 1H). 3C NMR (CDCls, 101 MHz) &
= 83.2, 65.5, 64.7, 24.7, 24.7, 17.2, 16.2 ppm (1C not observed). FTIR (cm™) 2927, 1372,
1318, 1140, 1073, 851, 667. Does not ionise.

Potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate (51)
O

kP9

F'$\F
F

To a stirred solution of 2-(3-oxabicyclo[4.1.0]heptan-6-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (35.0 g, 156 mmol) in acetonitrile (289 mL) and methanol (289 mL) was added
potassium fluoride (36.3 g, 625 mmol) in water (100 mL). The resulting solution was stirred
for 10 min. at r.t. and then L-(+)-tartaric acid (49.4 g, 312 mmol) was added, followed by THF
(175 mL). The resulting solution was stirred at r.t. for 30 min. The resulting reaction mixture

was filtered, and the filtrate was concentrated in vacuo to afford a crude reaction product. The
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crude product was titrated in diethyl ether. The resulting mixture was filtered and dried over
high vacuum for 3 h to give 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate (32.0 g, 156 mmol,
100 % yield) as an off-white solid. *H NMR (DMSO-dg, 400 MHz) & = 3.74 (d, J = 11.0 Hz,
1H), 3.67 (dd, J = 10.8, 4.2 Hz, 1H), 3.29-3.36 (m, 1H), 2.95-3.03 (m, 1H), 1.71 (dt, J = 13.8,
4.2 Hz, 1H), 1.31 (ddd, J = 13.8, 9.8, 5.7 Hz, 1H), 1.08 (s, 1H), 0.46-0.53 (m, 1H), 0.29 (d, J
= 7.6 Hz, 1H), -0.15 - -0.10 ppm (m, 1H) **C NMR (DMSO-ds, 101 MHz): & = 66.9, 64.6,
26.9, 25.4,14.6, 13.1.

2-(3-Oxabicyclo[4.1.0]heptan-6-yl)-6-chloropyridine (48)
o)

-~ "N
|
Cl

S

In a 10-20 mL Biotage microwave vial a mixture of 2-(3-oxabicyclo[4.1.0]heptan-6-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.82 g, 8.11 mmol), 2,6-dichoropyridine (1.00 g,
6.76 mmol), caesium hydroxide monohydrate (2.27 g, 13.5 mmol) and Pd(dppf)Cl..CH:Cl,
(552 mg, 0.68 mmol) was dissolved in tetrahydrofuran (17.5 mL) and water (1.75 mL). The
resulting suspension was degassed with a stream of nitrogen for 10 min, sealed and stirred at
100 °C for 3 h. The reaction was monitored by LCMS and, upon complete consumption of
starting material, the reaction was cooled to r.t. and filtered through a celite cartridge (2.5 g).
The resulting mixture was concentrated in vacuo and dissolved in dichloromethane. The crude
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate O-
25% (15 column volumes)) to give 2-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloropyridine (448
mg, 2.19 mmol, 27% yield) as a yellow oil. LCMS (formic) rt. 1.03 (100%) MH* for desired
M= 209.061. *H NMR (CDCls, 400 MHz) & = 7.52-7.59 (m, 1H), 7.14 (dd, J = 7.8, 0.8 Hz,
1H), 7.10 (dd, J = 7.8, 0.8 Hz, 1H), 5.32 (s, 1H), 4.04 (dd, J = 11.6, 4.3 Hz, 1H), 3.96 (dd, J =
11.4, 1.5 Hz, 1H), 3.65 (dt, J = 11.6, 5.3 Hz, 1H), 3.47 (ddd, J = 11.6, 9.1, 5.1 Hz, 1H), 2.47-
2.56 (m, 1H), 2.13 (ddd, J = 14.1, 8.8, 5.7 Hz, 1H), 1.74-1.81 (m, 1H), 1.45 (s, 1H), 1.31-1.37
(m, 1H), 1.23 (s, 2H), 1.11 (dd, J = 6.3, 4.0 Hz, 1H). 3C NMR (CDCls, 101 MHz) & = 166.0,
150.6, 138.7, 120.7, 117.8, 65.7, 63.9, 26.6, 22.5, 21.6, 21.5. HRMS (system B) calculated for
C11H1sNOCI 210.0680, found 210.0692. FTIR (cm™) 1584, 1444, 1120, 865, 747.
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3-(6-(3-Oxabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phenol (34)
o)

OH

7\

In a 10-20 mL Biotage microwave vial a mixture of 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-2-
chloropyrimidine (488 mg, 2.33 mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenol (768 mg, 3.49 mmol), Pd(dppf)Cl..CH2Cl2(190 mg, 0.23 mmol) and potassium
carbonate (643 mg, 4.65 mmol) was dissolved in 2-propanol (8.2 mL) and water (1.6 mL). The
resulting suspension was degassed with a stream of nitrogen for 10 min, sealed and irradiated
in a Biotage initiator+ microwave at 100 °C for 1.5 h. The reaction was monitored by LCMS
and, upon complete consumption of starting material, the reaction was cooled to r.t. and
filtered through a celite cartridge (2.5 g) The resulting mixture was concentrated in vacuo and
then partitioned between ethyl acetate (20 mL) and water (20 mL), brine (5 mL) was added to
aid separation and the aqueous layer was extracted with further ethyl acetate (3 x 20 mL). The
combined aqueous layers were dried (hydrophobic frit) and concentrated in vacuo. The crude
product was purified by reverse-phase flash column chromatography (formic, 20-85% (15
column volumes)) to give 3-(6-(3-oxabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phenol (300 mg,
1.12 mmol, 48 % yield) as a white solid. LCMS (formic) rt. 0.94 (100%) MH™ for desired M=
267.126. *H NMR (DMSO-ds, 400 MHz) 8 = 9.49 (s, 1H), 7.74-7.79 (m, 1H), 7.64 (d, J = 7.8
Hz, 1H), 7.51-7.54 (m, 1H), 7.45-7.48 (m, 1H), 7.23-7.30 (m, 2H), 6.82 (ddd, J = 8.0, 2.5, 0.9
Hz, 1H), 3.97 (dd, J = 11.2, 4.7 Hz, 1H), 3.85 (dd, J = 11.4, 1.3 Hz, 1H), 3.57 (dt, J = 11.4,
5.3 Hz, 1H), 3.42 (ddd, J = 11.6, 8.4, 5.3 Hz, 1H), 2.65 (dt, J = 13.9, 5.3 Hz, 1H), 2.04 (ddd,
J=13.8,8.4,5.3 Hz, 1H), 1.78-1.84 (m, 1H), 1.35 (dd, J = 9.0, 3.7 Hz, 1H), 1.04 (dd, J = 6.1,
3.8 Hz, 1H). ®C NMR (101 MHz, CDCls) § = 164.0, 156.1, 155.3, 141.1, 136.9, 129.8, 119.1,
117.8,116.9, 115.9, 113.7,65.9, 64.2, 26.7, 22.7, 21.5, 21.2 HRMS (System A) calculated for
C17H1sNO- 268.1332, found 268.1325. FTIR (cm™*) 3254, 1571, 1439, 1305, 1214, 1175, 1059,
748. M.P. 115-117 °C.

Chiral purification of 3-(6-(3-oxabicyclo[4.1.0]heptan-6-ypyridin-2-yl)phenol (34)

Ttotal sample dissolved in ethanol (10 mL) and heptane (10 mL) and liquid loaded onto the
column in 0.3 mL manual injections.

Column: Chiralpak AD-H (250x4.6 mm, 5 uM, room temp.)

Flow Rate: 42.5 mL/min (54 bar)

Detection: UV Diode Array at 250 nm
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Mobile Phase A: Heptane

Mobile Phase B: Ethanol

Modifier: TFA

Isocratic method: 2000:150:2.5 mobile phase A: mobile phase B: modifier

Runtime: 40 min.

The combined fractions for isomer 1 (34a) and isomer 2 (34b) were concentrated by a stream
of nitrogen to yield. 1% eluting isomer (34a) (71 mg, >99.9% chirally pure by chiral HPLC
analysis) as a white solid (0p?® (0.5 g/100 mL) = -30.2. Confirmed by X-ray crystallography
to be 3-(6-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-ypyridin-2-yl)phenol.

2" eluting isomer (16b) (83 mg, 94.6% chirally pure by chiral HPLC analysis) as a white solid
(ap? (1.0 g/100 mL) = +42.2. Inferred from the X-ray crystal structure of 34a that 34b is 3-
(6-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phenol.

The single enantiomer products were recrystallised from toluene to give material of the

required quality for X-ray crystallography.
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Figure 73: Chiral purification of 3-(6-(3-oxabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phenol (34)
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3-(3-Oxabicyclo[4.1.0]heptan-6-yl)-5-chloropyridine (52)
o)

=

Nsal
In a 10-20 mL Biotage microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate (600 mg, 2.94 mmol), 3-bromo-5-chloropyridine (736 mg, 3.82 mmol),
caesium carbonate (2.87 g, 8.82 mmol), palladium(ll) acetate (66mg, 0.29 mmol) and
cataCXium® A (211mg, 0.59 mmol) was dissolved in toluene (13.4 mL) and water (1.34 mL)
The resulting suspension was degassed with a stream of nitrogen for 10 min, sealed and stirred
at 90 °C for 16 h. The reaction was monitored by LCMS and, upon complete consumption of
starting material, the reaction was cooled to r.t. and filtered through a celite cartridge (2.5 g).
The resulting mixture was concentrated in vacuo and dry-loaded onto Florisil®. The crude
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate
0% to 50% (15 column volumes)) to give 3-(3-oxabicyclo[4.1.0]heptan-6-yl)-5-
chloropyridine (255 mg, 1.22 mmol, 41% yield). LCMS (formic) rt. 0.86 (100%) MH* for
desired M= 209. *H NMR (DMSO-dg, 400 MHz) 5 = 8.49 (d, J = 2.0 Hz, 1H), 8.45 (d, J = 2.2
Hz, 1H), 7.77-7.82 (m, 1H), 3.98 (dd, J = 11.4, 4.5 Hz, 1H), 3.81 (dd, J = 11.4, 1.1 Hz, 1H),
3.50 (dt, J=11.0, 5.4 Hz, 1H), 3.41 (ddd, J = 11.7, 8.3, 5.4 Hz, 1H), 2.08 (ddd, J = 14.2, 8.8,
6.1 Hz, 1H), 1.99 (dt, J = 13.9, 5.1 Hz, 1H), 1.43-1.50 (m, 1H), 1.12 (dd, J = 9.2, 4.5 Hz, 1H),
0.94 (dd, J =5.9, 4.6 Hz, 1H). **C NMR (CDCls, 101 MHz) & = 147.0, 146.1, 144.5, 134.8,
132.0, 65.6, 63.8, 30.1, 30.0, 20.0, 18.3, 18.0 HRMS (System B) calculated for C1:H12NOCI
210.0686, found 210.0692. FTIR (cm™?) 1573, 1412, 1104, 1078, 884, 707,

4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-2-chloropyridine (53)

In a 10-20 mL Biotage microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate (600 mg, 2.94 mmol), 2-chloro-4-iodopyridine (915 mg, 3.82 mmol),
caesium carbonate (2.87 g, 8.82 mmol), palladium(ll) acetate (66mg, 0.29 mmol) and
cataCXium® A (211mg, 0.59 mmol) was dissolved in toluene (13.4 mL) and water (1.34 mL)
The resulting suspension was degassed with a stream of nitrogen for 10 min, sealed and stirred

at 90 °C for 16 h. The reaction was monitored by LCMS and, upon complete consumption of
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starting material, the reaction was cooled to r.t. and filtered through a celite cartridge (2.5 g).
The resulting mixture was concentrated in vacuo and dry-loaded onto Florisil®. The crude
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate O-
100% (15 column volumes to give 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-2-chloropyridine (225
mg, 1.07 mmol, 37% yield) as an amorphous white solid. LCMS (high-pH) rt. 0.95 (96%)
MH" for desired M= 209.061. *H NMR (DMSO-ds, 400 MHz) & = 8.27 (dd, J = 5.1, 0.5 Hz,
1H), 7.33 (dd, J = 1.7, 0.5 Hz, 1H), 7.25 (dd, J = 5.4, 1.7 Hz, 1H), 3.93 (dd, J = 11.4, 4.5 Hz,
1H), 3.79 (dd, J = 11.4, 1.3 Hz, 1H), 3.50 (dt, J = 11.2, 5.1 Hz, 1H), 3.38 (ddd, J = 11.5, 8.3,
5.1 Hz, 1H), 2.08-2.15 (m, 1H), 2.02 (ddd, J = 13.9, 8.3, 5.6 Hz, 1H), 1.50-1.59 (m, 1H), 1.15
(dd, J=9.2, 4.5 Hz, 1H), 1.04 ppm (dd, J = 6.4, 4.6 Hz, 1H).2*C NMR (DMSO-dg, 101 MHz)
8 =165.3, 156.0, 154.9, 126.4, 125.8, 69.8, 68.1, 32.6, 25.6, 25.5 ppm (1C not observed)
HRMS (system B) calculated for C1:H1,NOCI 210.0686, found 210.0694. FTIR (cm™) 1589,
1387, 1130, 1076, 926, 868.

6-(3-Chlorophenyl)-3-oxabicyclo[4.1.0]heptane (54)

)

Cl

In a 10-20 mL Biotage microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate (600 mg, 2.94 mmol), 1-bromo-3-chlorobenzene (732 mg, 3.82 mmol),
caesium carbonate (2.87 g, 8.82 mmol), palladium(ll) acetate (66mg, 0.29 mmol) and
cataCXium® A (211mg, 0.59 mmol) was dissolved in toluene (13.4 mL) and water (1.34 mL).
The resulting suspension was degassed with a stream of nitrogen for 10 min, sealed and stirred
at 90 °C for 16 h. The reaction was monitored by LCMS and, upon complete consumption of
starting material, the reaction was cooled to r.t. and filtered through a celite cartridge (2.5 g).
The resulting mixture was concentrated in vacuo and dry-loaded onto Florisil®. The crude
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate O-
30% (12 column volumes)). The appropriate fractions were concentrated in vacuo to give 6-
(3-chlorophenyl)-3-oxabicyclo[4.1.0]heptane (225 mg, 1.07 mmol, 37% yield) as a colourless
oil. LCMS (formic) rt. 1.23 (100%) MH* for desired M= 208.065. *H NMR (DMSO-dg, 400
MHz) & = 7.29-7.37 (m, 2H), 7.22-7.27 (m, 2H), 3.98 (dd, J = 11.5, 4.6 Hz, 1H), 3.77-3.82
(m, 1H), 3.48 (dt, J = 11.5, 5.6 Hz, 1H), 3.39 (ddd, J = 11.5, 8.3, 5.4 Hz, 1H), 2.05 (ddd, J =
13.9, 8.6, 5.6 Hz, 1H), 1.95 (dt, J = 13.7, 5.1 Hz, 1H), 1.33-1.42 (m, 1H), 1.02 (dd, J = 9.2,
4.5 Hz, 1H), 0.89 ppm (dd, J = 5.9, 4.6 Hz, 1H). 3C NMR (DMSO-ds, 101 MHz) & = 150.4,
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133.5, 130.7, 127.1, 126.2, 125.9, 65.4, 63.5, 30.2, 21.9, 19.0, 18.8 ppm. HRMS (System B)
calculated for C1.H140CI 209.0733, found 209.0733. FTIR (cm't) 1596, 1125, 1076, 885, 738.

3-(5-(3-Oxabicyclo[4.1.0]heptan-6-yl)pyridin-3-yl)phenol (40)
o)

Na OH

In a 2-5 mL Biotage microwave vial a mixture of 3-(3-oxabicyclo[4.1.0]heptan-6-yl)-5-
chloropyridine (250 mg, 1.19 mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol
(394 mg, 1.79 mmol), Pd(dppf)Cl2.CH2CI>(97 mg, 0.12 mmol) and potassium carbonate (330
mg, 2.39 mmol) was dissolved in 2-propanol (3.9 mL) and water (0.79 mL). The resulting
suspension was degassed with a stream of nitrogen for 10 min, sealed and stirred at 100 °C for
19 h. The reaction was monitored by LCMS and, upon complete consumption of starting
material, the reaction was cooled to r.t. and filtered through a celite cartridge (2.5 g). The
resulting mixture was concentrated in vacuo and dry-loaded onto Florisil®. The crude reaction
mixture was purified by flash column chromatography (cyclohexane: ethyl acetate 0-100%
(15 column volumes)). The appropriate fractions were concentrated in vacuo to give 3-(5-(3-
oxabicyclo[4.1.0]heptan-6-yl)pyridin-3-yl)phenol (67 mg, 0.25 mmol, 21% yield) as a white
solid. LCMS (formic) rt. 0.55 (100%) MH* for desired M= 267.126. *H NMR (DMSO-dg, 600
MHz) & =9.58 (s, 1H), 8.63 (d, J = 2.2 Hz, 1H), 8.50 (d, J = 2.2 Hz, 1H), 7.79-7.82 (m, 1H),
7.27-7.31 (m, 1H), 7.12-7.15 (m, 1H), 7.06-7.09 (m, 1H), 6.81-6.85 (m, 1H), 4.03 (dd, J =
11.4, 4.4 Hz, 1H), 3.84 (dd, J = 11.4, 1.5 Hz, 1H), 3.51 (dt, J = 11.4, 5.5 Hz, 1H), 3.44 (ddd,
J=11.7, 8.4, 4.8 Hz, 1H), 2.12 (ddd, J = 13.9, 8.4, 5.5 Hz, 1H), 2.04 (dt, J = 13.9, 5.1 Hz,
1H), 1.47-1.51 (m, 1H), 1.15 (dd, J =9.2, 4.4 Hz, 1H), 0.95 (dd, J =5.9, 4.8 Hz, 1H). ®*C NMR
(DMSO-ds, 151 MHz) 6 = 158.4, 147.9, 145.4,143.2, 139.0, 135.8, 132.9, 130.6, 118.2, 115.6,
114.3,65.4, 63.4, 30.0, 20.1, 18.6, 18.3 HRMS (system B) calculated for C17H:sNO,268.1293,
found 268.1331. FTIR (cm™) 2932, 1594, 1460, 1251, 1125, 780. M.P. 176-178 °C.

Chiral purification of 3-(5-(3-Oxabicyclo[4.1.0]heptan-6-y)pyridin-3-yl)phenol (40)

Total sample dissolved in ethanol (3 mL) and liquid loaded onto the column in 1.5 mL manual

injections.

Column: Chiralpak 1A (30mm x 25cm, 5um, room temperature)
Flow Rate: 30 mL/min

Detection: UV Diode Array at 215 nM

Mobile Phase A: Heptane

213
Declan M Summers



Mobile Phase B: Ethanol

Modifier: Isopropyl amine.
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Isocratic method: 60:40:0.2 mobile phase A: mobile phase B: modifier

Runtime: 30 min.

The combined fractions for isomer 1 (40a) and isomer 2 (40a) were concentrated by a stream
of nitrogen to yield. 1% eluting isomer (40a) (32 mg, 98.9% chirally pure by chiral HPLC
analysis) as a white solid (ap® (0.5 g/100 mL) = +53.3. Inferred from the X-ray crystal

structure of 40b that 40a is confirmed by X-ray crystallography to be 3-(5-((1S,6R)-3-
oxabicyclo[4.1.0]heptan-6-yh)pyridin-3-yphenol.

2" eluting isomer (40b) (29 mg, >99.5% chirally pure by chiral HPLC analysis) as a white

solid (ap?® (1.0 g/100 mL) = -13.3 Confirmed by X-ray crystallography to be_3-(5-((1R,65)-3-
oxabicyclo[4.1.0]heptan-6-yhpyridin-3-yphenol.

The single enantiomer products were recrystallised from toluene to give material of the
required quality for X-ray crystallography.
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Figure 74: Chiral purification of 3-(5-(3-oxabicyclo[4.1.0]heptan-6-yl)pyridin-3-yl)phenol (40)
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3-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phenol (41)
o)

=

|
Sy OH

In a 2-5 mL Biotage microwave vial a mixture of, 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-2-
chloropyridine (200 mg, 0.95 mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol
(315 mg, 1.43 mmol), Pd(I1)(dppf)Cl2.CH2CI>(78 mg, 0.10 mmol) and potassium carbonate
(264 mg, 1.91 mmol) was dissolved in 2-propanol (3.2 mL) and water (0.64 mL). The resulting
suspension was degassed with a stream of nitrogen for 10 min, sealed and stirred at 100 °C for
3 h. The reaction was monitored by LCMS and, upon complete consumption of starting
material, the reaction was cooled to r.t. and filtered through a celite cartridge (2.5 g). The
resulting mixture was concentrated in vacuo and dry-loaded onto Florisil®. The crude reaction
mixture was purified by flash column chromatography (cyclohexane: ethyl acetate 0%-100%
(15 column volumes)) to give 3-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phenol (140
mg, 0.52 mmol, 55% yield) as a white solid. LCMS (formic) rt. 0.56 (100%) MH* for desired
M= 267.126. *H NMR (DMSO-ds, 600 MHz) 5 = 9.48 (s, 1H), 8.51 (d, J = 5.1 Hz, 1H), 7.65
(d, J =1.8 Hz, 1H), 7.51-7.53 (m, 1H), 7.49-7.51 (m, 1H), 7.25-7.29 (m, 1H), 7.19 (dd, J =
5.1, 1.8 Hz, 1H), 6.83 (dd, J = 8.1, 2.6 Hz, 1H), 3.99 (dd, J = 11.4, 4.8 Hz, 1H), 3.83 (dd, J =
11.4, 1.1 Hz, 1H), 3.53 (dt, J = 11.4, 5.3 Hz, 1H), 3.44 (ddd, J = 11.6, 8.3, 5.1 Hz, 1H), 2.18
(dt, J = 13.9, 5.3 Hz, 1H), 2.09 (ddd, J = 13.9, 8.4, 5.5 Hz, 1H), 1.55-1.59 (m, 1H), 1.17 (dd,
J=9.2, 4.8 Hz, 1H), 1.03 ppm (dd, J = 6.1, 4.6 Hz, 1H). 3C NMR (DMSO-ds, 151 MHz) & =
158.1, 157.3, 156.7, 149.8, 140.8, 130.0, 120.4, 117.9, 116.4, 114.0, 65.3, 63.4, 28.4, 21.1,
20.2, 20.2 ppm (1C not observed.) HRMS (system A) calculated for Ci7H:17NO, 268.1332,
found 268.1327. FTIR (cm™) 3062, 1604, 1581, 1350, 1220, 1127, 866, 787. M.P. 140-142°C
Chiral purification of 3-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phenol (41)

Total sample dissolved in ethanol (7 mL) and liquid loaded onto the column in 0.5 mL manual
injections.

Column: Chiralpak IF5 (250x30mm, room temp.)

Flow Rate: 42.5mL/min (60bar)

Detection: UV Diode Array at 280 nM

Mobile Phase A: Heptane

Mobile Phase B: Ethanol

Modifier: Isopropyl amine

Isocratic method: 90:10:0.2 mobile phase A: mobile phase B: modifier
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Runtime: 25 min

The combined fractions for isomer 1 (41a) and isomer 2 (41b) were concentrated by a stream
of nitrogen to yield. 1% eluting isomer (41a) (57 mg, 99.2% chirally pure by UV) as a white
solid (0p? (0.22 g/100 mL) = +36.4. Inferred from the X-ray crystal structure of 41b that 41a
is 3-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-ypyridin-2-yl)phenol.

2" eluting isomer (41b) (60 mg, 95% chirally pure by UV) (ap? (0.2 g/100 mL) = -40.0.

Confirmed by X-ray crystallography to be 3-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-
ylpyridin-2-yl)phenol.

The single enantiomer products were recrystallised from toluene to give material of the
required quality for X-ray crystallography.
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Figure 75-: Chlralpurlflc t_i.t_);of 3-(4-(3-0xabicyclo[4.1.0]heptan-6-yl)pyridin-2-yl)phen_ol (41)

1-(3'-(3-Oxabicyclo[4.1.0]heptan-6-y[1,1'biphenyl]-4-yI)-3-ethylurea (42)
o]

<

J ok
N)LN/\

H H
In a 25 mL Biotage microwave vial a mixture of 6-(3-chlorophenyl)-3-

oxabicyclo[4.1.0]heptane (250 mg, 1.20 mmol),1-ethyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)urea (521 mg, 1.80 mmol), Pd(dppf)Cl..CH>Cl, (98 mg, 0.12 mmol)
and potassium carbonate (331 mg, 2.40 mmol) was dissolved in 2-propanol (3.9 mL) and water
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(0.79 mL). The resulting suspension was degassed with a stream of nitrogen for 10 min, sealed
and stirred at 100 °C for 3 h. The reaction was monitored by LCMS and, upon complete
consumption of starting material, the reaction was cooled to r.t. and filtered through a celite
cartridge (2.5 g). The resulting mixture was concentrated in vacuo and dry-loaded onto
Florisil®. The crude reaction mixture was purified by flash column chromatography
(cyclohexane: ethyl acetate 0-100% (15 column volumes)) to give 1-(3-(3-
oxabicyclo[4.1.0]heptan-6-y1)[1,1'biphenyl]-4-yI)-3-ethylurea (150 mg, 0.45 mmol, 37%
yield) as an off white solid. LCMS (formic) rt. 1.09 (100%) MH* for desired M= 336.184. 'H
NMR (DMSO-ds, 600 MHz) 6 = 8.51 (s, 1H), 7.54 (d, J = 8.8 Hz, 2H), 7.48 (d, J = 8.8 Hz,
2H), 7.46 (s, 1H), 7.41 (d, J = 7.7 Hz, 1H), 7.34 (t, J = 7.7 Hz, 1H), 7.20 (d, J = 7.7 Hz, 1H),
6.12 (brt, J=5.3 Hz, 1H), 4.02 (dd, J = 11.2, 4.6 Hz, 1H), 3.82 (d, J = 11.0 Hz, 1H), 3.49 (dt,
J=114,5.1Hz 1H), 3.42 (ddd, J = 11.7, 8.4, 5.5 Hz, 1H), 3.10-3.16 (m, 2H), 2.31 (s, 1H),
2.09 (ddd, J=13.9, 8.1, 5.9 Hz, 1H), 2.02 (dt, J = 13.9, 5.9 Hz, 1H), 1.38-1.44 (m, 1H), 1.01-
1.13 (m, 4H), 0.87-0.92 ppm (m, 1H). **C NMR (DMSO-ds, 151 MHz) & = 155.5, 148.5,
140.6, 133.3, 129.3, 128.7, 127.4, 125.7, 125.0, 124.0, 118.4, 65.6, 63.6, 34.4, 30.7, 22.3, 18.8,
18.6, 15.9 ppm. HRMS (system B) calculated for C»1H24N20, 377.1871, found 377.1915.
FTIR (cm™) 3322, 2965, 1646, 1546, 1232, 908, 836. M.P. 198-200 °C

Chiral purification of 1-(3'-(3-oxabicyclo[4.1.0]heptan-6-y1)[1,1'biphenyl]-4-yl)-3-ethylurea
(42)

Total sample dissolved in ethanol (7.5 mL) and liquid loaded onto the column in 0.5 mL

manual injections.

Column: Chiralpak 1D5 (250x30mm room temp.)

Flow Rate: 42.5 mL/min (69bar)

Detection: UV Diode Array at 280nM

Mobile Phase A: Heptane

Mobile Phase B: Ethanol

Modifier: Isopropyl amine

Isocratic method: 85:15:0.2 mobile phase A: mobile phase B: modifier

Runtime: 20 min

The combined fractions for isomer 1 (42a) and isomer 2 (42b) were concentrated by a stream
of nitrogen to yield. 1% eluting isomer (42a) (59 mg, >99.9% chirally pure by chiral HPLC
analysis) as a white solid (ap?® (0.5 g/100 mL) =-16.0. Inferred from the X-ray crystal structure
of 42b that 42a is 1-(3'-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yI)-[1,1'-biphenyl]-4-y1)-3-
ethylurea.
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2" eluting isomer (42b) (67 mg, 97.3% chirally pure by chiral HPLC analysis) (ap® (0.5
0/100 mL) = +16.0. confirmed by X-ray crystallography to be 1-(3'-((1S,6R)-3-
oxabicyclo[4.1.0]heptan-6-yI)-[1,1'-biphenyl]-4-yI)-3-ethylurea.

The single enantiomer products were recrystallised from toluene to give material of the

required quality for X-ray crystallography
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Figure 76: Chiral purification of 1-(3'-(3-oxabicyclo[4.1.0]heptan-6-yl)[1,1'biphenyl]-4-yl)-3-
ethylurea (42)

3-(2-Chloropyrimidin-4-yl)phenol (55)%’
cl

A

N™N

%OH

In a 10-20 mL Biotage microwave vial a mixture of 3-(4,4,55-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenol (1.66 g, 7.55 mmol) 2,4-dichloropyrimidine (750 mg, 5.03 mmol),
potassium carbonate (1.39 g, 10.1 mmol) and Pd(dppf)Cl..CH,Cl, (411mg, 0.50 mmol) was
dissolved in 2-propanol (16.7 mL) and water (3.3 mL). The resulting suspension was degassed
with a stream of nitrogen for 10 min, sealed and stirred at 100 °C for 3 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (2.5 g). The resulting mixture was
concentrated in vacuo and dry-loaded onto Florisil®. The crude reaction mixture was purified

by flash column chromatography (cyclohexane: ethyl acetate 0-100% (15 column volumes))
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to give 3-(2-chloropyrimidin-4-yl)phenol (230 mg, 1.00 mmol, 20% yield). LCMS (formic)
rt. 0.85 (90%) MH* for desired M= 206.025. *H NMR (400 MHz, DMSO-ds) 8 = 9.77 (br., S,
1H), 8.79 (d, J = 5.1 Hz, 1H), 8.06 (d, J = 5.1 Hz, 1H), 7.65 - 7.58 (m, 2H), 7.37 (t, J = 8.1
Hz, 1H), 7.00 (ddd, J =0.7, 2.2, 8.1 Hz, 1H).

3-(2-(3-Oxabicyclo[4.1.0]heptan-6-yl)pyrimidin-4-yl)phenol (39)
o)

U\Q/OH

In a 10-20 mL Biotage microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-

yltrifluoroborate (224 mg, 1.10 mmol), 3-(2-chloropyrimidin-4-yl)phenol (210 mg, 0.92
mmol), caesium carbonate (596 mg, 1.83 mmol), palladium(ll) acetate (33 mg, 0.15 mmol)
and cataCXium® A (105 mg, 0.29 mmol) was dissolved in toluene (4.2 mL) and water (0.42
mL). The resulting suspension was degassed with a stream of nitrogen for 10 min, sealed and
stirred at 100 °C for 3 h. The reaction was monitored by LCMS and, upon complete
consumption of starting material, the reaction was cooled to r.t. and filtered through a celite
cartridge (2.5 g). The resulting mixture was concentrated in vacuo and dry-loaded onto
Florisil®. The crude reaction mixture was purified by flash column chromatography
(cyclohexane: ethyl acetate 0-100% (15 column volumes)) to give 3-(2-(3-
oxabicyclo[4.1.0]heptan-6-yl)pyrimidin-4-yl)phenol (52 mg, 0.19 mmol, 21% yield) as a
white solid. LCMS (formic) rt. 0.94 (100%) MH* for desired M= 268.121. *H NMR (DMSO-
ds, 400 MHz) & = 9.67 (s, 1H), 8.72 (d, J = 5.4 Hz, 1H), 7.71 (d, J = 5.4 Hz, 1H), 7.62-7.65
(m, 1H), 7.58-7.61 (m, 1H), 7.30-7.37 (m, 1H), 6.94 (ddd, J = 8.1, 2.4, 1.0 Hz, 1H), 3.91 (dd,
J =115, 2.0 Hz, 1H), 3.88 (dd, J = 11.5, 3.7 Hz, 1H), 3.65 (ddd, J = 11.4, 5.9, 3.9 Hz, 1H),
3.30 (ddd, J = 11.2, 10.3, 5.1 Hz, 2H), 3.16 (dt, J = 14.4, 4.3 Hz, 1H), 1.94 (ddd, J = 14.4,
10.0, 6.0 Hz, 1H), 1.76-1.87 (m, 1H), 1.57 (dd, J = 9.0, 3.2 Hz, 1H), 1.09 ppm (dd, J = 6.4,
3.4 Hz, 1H). C NMR (DMSO-ds, 101 MHz) & = 172.1, 162.7, 158.4, 158.3, 138.2, 130.4,
118.5, 118.2, 114.0, 113.6, 65.0, 64.0, 25.0, 23.7, 23.5, 22.7 ppm. HRMS. (System B)
calculated for C16H1sN202 269.1290, found 269.1292. FTIR (cm) 3256, 2924, 1569, 1434,
1121, 731. M.P 125-127 °C

Chiral purification of 3-(2-(3-oxabicyclo[4.1.0]heptan-6-yl)pyrimidin-4-yl)phenol (39)

Total sample dissolved in ethanol (2 mL) and liquid loaded onto the column in 1 mL manual
injections.
Column: Chiralpak AD-H 25x30mm (Room Temp)
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Flow Rate: 30 mL/min

Detection: UV Diode Array at 215nm

Mobile Phase A: Heptane

Mobile Phase B: Ethanol

Modifier: None

Isocratic method: 90:10:0.2 mobile phase A: mobile phase B: modifier

Runtime: 45 min.

The combined fractions for isomer 1 (39a) and isomer 2 (39b) were concentrated by a stream
of nitrogen to yield; 1% eluting isomer (39a) (14 mg, 96.5% chirally pure by chiral HPLC
analysis) ap?®=-60.0 (0.2 g/100 mL). Inferred from the X-ray crystal structure of 39b that 39a
is 3-(2-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-y)pyrimidin-4-yphenol.

2" eluting isomer (39b) (15 mg, >99.5% chirally pure by chiral HPLC analysis) as a white

solid ap?® = +34.8 (0.23 g/100 mL) confirmed by X-ray crystallography to be 3-(2-((1S,6R)-
3-oxabicyclo[4.1.0]heptan-6-ypyrimidin-4-yl)phenol.

Single enantiomer products were recrystallised from toluene to give material of the required
quality for X-ray crystallography.
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Figure 77: Chiral purification of 3-(2-(3-oxabicyclo[4.1.0]heptan-6-yl)pyrimidin-4-yl)phenol
(39)
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3.3 Pyrazolopyrimidine Compounds

3.3.1 Literature Matched Pair Compounds

1-(1-Benzylpiperidin-4-yl)-4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidine Hydrochloride
175 172

cl
y ~N
NSl
N N/)\CI

Ina 150 mL RBF 2,4,6-trichloropyrimidine-5-carbaldehyde (1.33 g, 6.29 mmol) was dissolved
in EtOH (30 mL) and the resulting solution was cooled to -78 °C. 1-benzyl-4-
hydrazinylpiperidine dihydrochloride (1.75 g, 6.29 mmol) was added and the reaction was
stirred at -78 °C for 0.5 h before warming to 0 °C. The reaction was stirred at 0 °C for a further
1.5 h. The reaction was quenched with sodium bicarbonate (50 mL) and warmed to r.t. The
resulting mixture was extracted with DCM (3 x 50 mL). The combined organic layers were
dried (hydrophobic frit) and concentrated in vacuo using a rotary evaporator with the water
bath set to r.t. (product is reported to be unstable when heating to 40 °C). The resulting orange
oil was dissolved in MeOH (5 mL) and cooled to 0 °C. HCI (4M in dioxane, 5 mL) was added
dropwise. The product was concentrated and triturated with diethyl ether. The product was left
under diethyl ether in the freezer for 16 h before being filtered to give 1-(1-benzylpiperidin-4-
yl)-4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidine Hydrochloride (3.22 g, 6.06 mmol, 96 %
yield) as a pale orange solid LCMS (formic) rt. 0.63 (92%) MH* for desired M= 361.086. 'H
NMR (400 MHz, DMSO-dg) 6 = 8.59 (s, 1H), 7.69 (dd, J = 6.4, 2.9 Hz, 2H), 7.28-7.53 (m,
3H), 4.95-5.12 (m, 1H), 4.32 (d, J = 5.04 Hz, 2H), 3.45 (br. s., 2H), 3.19-3.34 (m, 2H), 2.53-
2.70 (m, 2H), 2.16 (d, J = 12.8 Hz, 2H).
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4-(1-(1-Benzylpiperidin-4-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)morpholine
176 258

)
N
2 ~N
N,
N N/)\CI

.
0

In a 10-20 mL microwave vial 1-(1-benzylpiperidin-4-yl)-4,6-dichloro-1H-pyrazolo[3,4-
d]pyrimidine Hydrochloride (1.60 g, 3.01 mmol) was dissolved in EtOH (10.4 mL).
Morpholine (0.26 mL, 3.01 mmol) and triethylamine (2.1 mL, 15.1 mmol) were added and the
reaction mixture was stirred at r.t. for 1 h. The reaction was monitored by LCMS and upon
complete consumption of starting material the reaction was concentrated in vacuo and
partitioned between ethyl acetate (20 mL) and sodium bicarbonate. The aqueous layer was
extracted with further ethyl acetate (3x 10 mL). The combined organic layers were
concentrated in vacuo to give an orange solid. This crude solid was triturated in cold diethyl
ether and filtered under vacuum to give 4-(1-(1-benzylpiperidin-4-yl)-6-chloro-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)morpholine (889 mg, 2.13 mmol, 71% yield) as a pale orange
amorphous solid. LCMS (formic) rt. 0.63 (97%) MH* for desired M= 412.178. *H NMR
(DMSO-ds, 400 MHz) & = 8.33 (s, 1H), 7.34 (d, J = 4.4 Hz, 4H), 7.21-7.29 (m, 1H), 4.48-4.66
(m, 1H), 3.81-3.97 (m, 4H), 3.74 (br t, J = 4.6 Hz, 4H), 3.31 (s, 1H), 2.93 (br d, J = 9.3 Hz,
2H), 2.04-2.24 (m, 4H), 1.76-1.92 ppm (m, 2H). *C NMR (101 MHz, DMS0-d6) & = 157.2,
156.7, 154.5, 139.0, 133.8, 129.1, 128.6, 127.3, 99.3, 66.2, 62.4, 54.5, 52.5, 31.4 (1C not
observed). HRMS calculated for C21H26CINsO 413.1858, found 413.1853. FTIR (cm™t) 1570,
1445, 1308, 1117, 992, 945, 777, 732.
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1-(4-(1-(1-Benzylpiperidin-4-yl)-4-morpholino-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-
3-ethylurea (161)%®

)
Q NN

In a 10-20 mL microwave vial a mixture of 4-(1-(1-benzylpiperidin-4-yl)-6-chloro-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)morpholine (200 mg, 0.48 mmol), 1-ethyl-3-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea (232 mg, 0.80 mmol), Pd(PPhs)s (56 mg,
0.05 mmol) and sodium carbonate (103 mg, 0.97 mmol) was dissolved in DME (8 mL) and
water (1 mL). The resulting suspension was degassed with a stream of nitrogen for 10 min,
sealed and irradiated in a Biotage initiator+ microwave at 150 °C for 1 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (10 g). The resulting mixture was
concentrated in vacuo the reaction mixture was purified by Mass Directed Auto Purification
(MDAP) (formic, Method 2) to give 1-(4-(1-(1-benzylpiperidin-4-yl)-4-morpholino-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (86 mg, 0.16 mmol, 33% vyield) as a
golden amorphous solid. LCMS (formic) rt. 0.69 (100%) MH* for desired M= 540.296. 'H
NMR (400 MHz, DMSO-ds) & = 8.69 (s, 1H), 8.31 (d, J = 8.8 Hz, 2H), 8.26 (s, 1H), 8.14 (s,
1H), 7.51 (d, J = 8.8 Hz, 2H), 7.34-7.40 (m, 4H), 7.30 (dd, J = 2.9, 5.9 Hz, 1H), 6.17 (t, J =
5.6 Hz, 1H), 4.82 (br. s., 1H), 3.99 (d, J = 4.7 Hz, 4H), 3.79 (t, J = 4.7 Hz, 4H), 3.64 (s, 2H),
3.09-3.18 (m, 2H), 3.02 (d, J=11.0 Hz, 2H), 2.12-2.38 (m, 4H), 1.85-2.00 (m, 2H), 1.08 (t, J
= 7.2 Hz, 3H). *C NMR (DMSO-ds, 101 MHz) 8 = 163.4, 159.9, 157.1, 155.4, 155.1, 143.3,
129.5, 129.3, 128.7, 127.6, 117.3, 99.0, 66.4, 62.1, 52.4, 34.4, 31.3, 15.9 (4C not observed).
HRMS calculated for CaoHasNsO2541.2961, found 541.3036. FTIR (cm?) 3306, 1541, 1389,
1224, 940.
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3-(1-(1-Benzylpiperidin-4-yl)-4-morpholino-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenol
Formic acid salt (84)
)
N

~
N
N N/)\©/OH
@
N
Hlﬁ@

In a 10-20 mL microwave vial a mixture of 4-(1-(1-benzylpiperidin-4-yl)-6-chloro-1H-

(0]
H J\O@

pyrazolo[3,4-d]pyrimidin-4-yl)morpholine (200 mg, 0.48 mmol), 3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenol (176 mg, 0.80 mmol), Pd(PPhs)s (56 mg, 0.05 mmol) and
sodium carbonate was dissolved in DME (8 mL) and water (1 mL). The resulting suspension
was degassed with a stream of nitrogen for 10 min, sealed and irradiated in a Biotage initiator+
microwave at 100 °C for 1.5 h. The reaction was monitored by LCMS and, upon complete
consumption of starting material, the reaction was cooled to r.t. and filtered through a celite
cartridge (10 g). The resulting mixture was concentrated in vacuo and dissolved in MeOH.
The crude reaction mixture was purified by reverse phase column chromatography (formic, 5-
55%, (12 column volumes)) to give 3-(1-(1-benzylpiperidin-4-yl)-4-morpholino-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenol Formic acid salt (172 mg, 0.33 mmol, 69% yield) as an
amorphous yellow solid. LCMS rt. 0.69 (97%) MH* for desired M= 470.243. *H NMR (400
MHz, DMSO-ds) & = 8.30 (s, 1H), 8.16 (s, 1H), 7.73-7.95 (m, 2H), 7.15-7.41 (m, 6H), 6.55-
6.92 (m, 1H), 4.61-4.94 (m, 1H), 3.92-4.15 (m, 4H), 3.72-3.86 (m, 4H), 3.00 (d, J = 8.8 Hz,
2H), 2.08-2.35 (m, 4H), 1.80-2.03 (m, 2H). 3C NMR (101 MHz, DMSO-ds) & = 159.9, 157.8,
157.1, 154.9, 139.8, 138.7, 133.2, 129.6, 129.3, 128.7, 127.4, 119.5, 117.8, 115.4, 99.4, 66.4,
62.3, 54.1, 52.6, 31.4. HRMS (system B) calculated for CzH1N,O¢ 471.2508, found
471.2508. FTIR (cm™) 1557, 1439, 1236, 1114, 784, 735, 696.
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1-Ethyl-3-(4-(4-morpholino-1-(piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenylurea (163)%%8

)
N
~
N/ | /N
N N)\©\ (0]
H H
N

In one chamber of a COware apparatus 1-(4-(1-(1-benzylpiperidin-4-yl)-4-morpholino-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (75 mg, 0.14 mmol) and Pd/C (5%) (1.5
mg, 0.01 mmol) were dissolved in EtOH (3 mL). To the other chamber zinc powder (181 mg,
2.27 mmol) and HCI (4M) (0.12 mL, 3.38 mmol) were added and the CO-ware apparatus was
sealed. The reaction was stirred at r.t. for 24 h. The reaction mixture was filtered through celite
(2.5g) and concentrated in vacuo. The resulting residue was dissolved in MeOH and passed
through an SCX column eluting with ammonia in MeOH (4M) to give 1-ethyl-3-(4-(4-
morpholino-1-(piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)urea (30 mg, 0.067
mmol, 48% vyield) as an amorphous white solid. LCMS (formic) rt. 0.57 (95%) MH* for
desired M=450.249. 'H NMR (400 MHz, MeOD) § = 8.26-8.51 (m, 2H), 8.13 (s, 1H), 7.15-
7.70 (m, 2H), 4.98 (s, 1H), 4.01-4.19 (m, 4H), 3.76-3.92 (m, 4H), 3.17-3.30 (m, 4H), 2.87 (dt,
J=12.6,2.2 Hz, 2H), 2.26 (dd, J = 12.2, 3.9 Hz, 2H), 2.01 (d, J = 10.27 Hz, 2H), 1.19 (t, J =
7.21 Hz, 3H). *C NMR (101 MHz, MeOD) & = 160.5, 157.1, 156.6, 154.9, 142.0, 132.3,
132.0, 128.9, 117.6, 98.9, 66.3, 54.1, 45.4, 44.9, 34.3, 31.7, 14.2 (4C not observed).

3-(4-Morpholino-1-(piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenol Formic acid
salt (83)
®
N

N
N
. :
N N/ OH
@
N

o}
HJ\OG H’F"

In one chamber of a CO-ware apparatus 3-(1-(1-benzylpiperidin-4-yl)-4-morpholino-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenol Formic acid salt (100 mg, 0.21 mmol) and Pd/C (5%)
(2.3 mg, 0.02 mmol) were dissolved in EtOH (4 mL). To the other chamber zinc powder (278
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mg, 4.25 mmol) and HCI (4M) (0.18 mL, 5.95 mmol) were added and the CO-ware apparatus
was sealed. The reaction was stirred at r.t. for 24 h. The reaction mixture was filtered through
celite (2.5g) and concentrated in vacuo and the resulting residue was purified by Mass Directed
Auto Purification (MDAP) (formic, method B) to give 3-(4-morpholino-1-(piperidin-4-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenol Formic acid salt (30 mg, 0.07 mmol, 33% yield) as
an amorphous white solid. LCMS (formic) 0.56 (100%) MH" for desired M= 380.156. H
NMR (400 MHz, DMSO-ds) & = 8.36 (s, 1H), 8.31 (s, 1H), 7.84-7.95 (m, 2H), 7.27 (t, J = 8.0
Hz, 1H), 6.80-6.95 (m, 1H), 4.97 (ddd, J = 11.4, 7.5, 4.2 Hz, 1H), 4.01 (t, J = 4.5 Hz, 4H),
3.70-3.85 (m, 4H), 3.29 (d, J = 12.5 Hz, 2H), 2.83-3.06 (m, 2H), 2.26 (dq, J = 12.3, 3.8 Hz,
2H), 1.98 (d, J = 10.5 Hz, 2H). 3C NMR (101 MHz, DMSO-ds) & = 157.9, 145.9, 133.4, 129.6,
129.6, 119.5, 117.9, 115.5, 99.4, 94.2, 87.9, 66.4, 55.4, 53.3, 44.2, 30.5. HRMS (system B)
calculated for CoH2sNsO2 381.2039, found 381.2034. FTIR (cm™) 1561, 1443, 1391. 1002,
894, 785.

tert-Butyl-4-(6-(-(3-ethylureido)phenyl)-4-morpholino-1H-pyrazolo[3,4-d]pyrimidin-

1yl)piperidine-1-carboxylate (165)%°8

5T e
N
g

In a 05-2 mL microwave vial 1-ethyl-3-(4-(4-morpholino-1-(piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)urea (10 mg, 0.02 mmol) was dissolved in DCM (0.5
mL) before triethylamine (10 pL, 0.07 mmol) and Boc-anhydride (6 pL, 0.03 mmol) were
added. The reaction was sealed and stirred at r.t. for 2 h. The reaction mixture was concentrated
by blown nitrogen and dissolved in MeOH. The crude reaction mixture was purified by Mass
Directed Auto Purification (MDAP) (formic, method D) to give tert-butyl 4-(6-(-(3-
ethylureido)phenyl)-4-morpholino-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-
carboxylate (5 mg, 9.3 umol, 42% yield) as an amorphous white solid. LCMS (formic) rt. 1.20
(100%) MH* for desired M= 550.302. *H NMR (MeOD, 400 MHz) & = 8.37 (d, J = 8.8 Hz,
2H), 8.13 (s, 1H), 7.47 (d, J = 8.8 Hz, 2H), 5.06 (it, J = 11.5, 4.2 Hz, 1H), 4.23-4.33 (m, 2H),
4.02-4.10 (m, 4H), 3.83-3.92 (m, 4H), 3.27 (q, J = 7.6 Hz, 2H), 2.97-3.17 (m, 2H), 2.21 (qd, J
=12.3, 4.3 Hz, 2H), 1.94-2.06 (m, 2H), 1.53 (s, 9H), 1.19 ppm (t, J = 7.2 Hz, 3H).
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3C NMR (101 MHz, MeOD) & = 160.6, 157.1, 156.6, 155.1, 155.0, 142.0, 132.5, 131.9, 128.9,
117.5, 99.0, 79.9, 66.3, 54.0, 45.4, 34.3, 30.8, 27.3, 14.3 (1C not observed). HRMS (system
B) calculated for CasH39NsO4551.3094, found 551.3088.

tert-Butyl-4-(6-(3-hydroxyphenyl)-4-morpholino-1H-pyrazolo[3,4-d]pyrimidin-1-

yvl)piperidine-1-carboxylate (169)

)

NmE\@/OH
»
;)
In a 0.5-2 mL microwave vial 3-(4-morpholino-1-(piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenol (17 mg, 0.04 mmol) was dissolved in DCM (0.5 mL) before
triethylamine (18 pL, 0.13 mmol) and Boc-anhydride (12 pL, 0.05 mmol) were added. The
reaction was sealed and stirred at r.t. for 2 h The reaction mixture was concentrated by blown
nitrogen and dissolved in MeOH. The crude reaction mixture was purified by Mass Directed
Auto Purification (MDAP) (formic, method D) to give tert-butyl-4-(6-(3-hydroxyphenyl)-4-
morpholino-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (9 mg, 0.02 mmol,
44% vyield). LCMS (formic) rt. 1.24 (99%) MH* for desired M= 480.249. *H NMR (MeOD,
400 MHz) 6 =10.33 (br., s, 1H), 9.11 (s, 1H), 8.66-8.72 (m, 2H), 8.08 (t, J = 7.9 Hz, 1H), 7.69
(ddd, J = 8.0, 2.5, 1.0 Hz, 1H), 5.80 (tt, J = 11.3, 4.2 Hz, 1H), 4.87-5.00 (m, 2H), 4.78-4.84
(m, 4H), 4.56-4.66 (m, 4H), 3.85 (br s, 2H), 2.70-2.90 (m, 4H), 2.26 (s, 9H). *C NMR (MeOD,
101 MHz) & = 160.8, 158.6, 157.9, 155.7, 155.2, 140.6, 134.1, 130.4, 120.3, 118.6, 116.2,
100.2, 80.1, 67.2, 54.6, 32.2, 29.4 (2C not observed). HRMS (system B) calculated for
C24H37N20s 481.2550, found 481.2563. FTIR (cm™) 1672, 1561, 1429, 1367, 1236, 1154,
1006, 892, 779.
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1-(1-Benzylpiperidin-4-yl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-
pyrazolo[3,4d]pyrimidine (177)

In a 10-20 mL microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate (691 mg, 3.39 mmol), 1-(1-benzylpiperidin-4-yl)-4,6-dichloro-1H-
pyrazolo[3,4-d]pyrimidine hydrochloride (1.50g, 2.82 mmol), caesium carbonate (2.29 g, 7.05
mmol), palladium (I1) acetate (51 mg, 0.23 mmol) and cataCXium® A (162 mg, 0.45 mmol)
was dissolved in toluene (12 mL) and water (1.2 mL). The resulting suspension was degassed
with a stream of nitrogen for 10 min, sealed and stirred at 100 °C for 16 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (10 g). The resulting mixture was
concentrated in vacuo. The resulting mixture was concentrated in vacuo and dry-loaded onto
Florisil®. The crude reaction mixture was purified by flash column chromatography
(cyclohexane: ethyl acetate 0%-100% (15 column volumes)) to give 1-(1-benzylpiperidin-4-
yl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidine (65 mg, 0.15
mmol, 5% yield) as an amorphous white solid. LCMS (formic) rt. 0.69 (90%) MH+ for desired
M= 423.183. 'H NMR (400 MHz, CDCl3) & 8.13 (s, 1H), 7.31-7.41 (m, 4H), 7.23-7.30 (m,
1H), 4.82 (tt, J = 11.5, 4.8 Hz, 1H), 3.95-4.10 (m, 2H), 3.78 (ddd, J = 11.6, 6.0, 3.7 Hz, 1H),
3.61 (s, 2H), 3.41-3.54 (m, 1H), 3.06 (d, J = 11.5 Hz, 2H), 2.88 (td, J = 13.9, 4.3 Hz, 1H),
2.13-2.49 (m, 6H), 1.88-2.04 (m, 2H), 1.65 (dd, J = 9.3, 4.2 Hz, 1H), 1.42 (dd, J = 6.7, 4.2 Hz,

1H). Product was telescoped to next step ~90% pure. Full analysis was not taken.
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1-(4-(1-(1-Benzylpiperidin-4-yl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-ethylurea (162)
o}
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In a 2-5 mL microwave vial a mixture of 1-ethyl-3-(4-(4,4,55-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)urea (110 mg, 0.38 mmol), 1-(1-benzylpiperidin-4-yl)-4-(3-
oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidine (150 mg, 0.23 mmol),
sodium carbonate (49 mg, 0.46 mmol) and Pd(PPhs)s4 (27 mg, 0.02 mmol) was dissolved in
DME (2 mL) and water (0.25 mL). The resulting suspension was degassed with a stream of
nitrogen for 10 min, sealed and stirred at 120 °C for 2 h. The reaction was monitored by LCMS
and, upon complete consumption of starting material, the reaction was cooled to r.t. and
filtered through a celite cartridge (2.5g). The resulting mixture was concentrated in vacuo and
purified by Mass Directed Auto Purification (MDAP) (High pH, Method 4) to give 1-(4-(1-
(1-benzylpiperidin-4-yl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)-3-ethylurea (70 mg, 0.13 mmol, 56% yield) as an amorphous white solid. LCMS
(formic) r.t. 0.76 (97%) MH+ for desired M=551.301. *H NMR (MeOD, 400 MHz) & = 8.47
(d, J = 8.8 Hz, 2H), 8.21 (s, 1H), 7.51 (d, J = 8.8 Hz, 2H), 7.39-7.43 (m, 2H), 7.34-7.39 (m,
2H), 7.27-7.32 (m, 1H), 4.93 (tt, J = 11.5, 4.2 Hz, 1H), 4.09 (dd, J = 11.5, 3.9 Hz, 1H), 4.05
(dd, J =115, 1.7 Hz, 1H), 3.78 (ddd, J = 11.7, 5.9, 4.2 Hz, 1H), 3.65 (s, 2H), 3.54 (ddd, J =
11.7,9.5,5.1 Hz, 1H), 3.28 (d, J = 7.3 Hz, 2H), 3.11 (br d, J = 11.5 Hz, 2H), 3.03 (dt, J = 14.0,
4.6 Hz, 1H), 2.30-2.51 (m, 5H), 2.23-2.30 (m, 1H), 1.91-2.08 (m, 2H), 1.69 (dd, J = 9.2, 4.0
Hz, 1H), 1.35 (dd, J = 6.7, 4.3 Hz, 1H), 1.20 ppm (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz,
MeOD) & = 159.9, 156.5, 153.7, 142.3, 137.3, 132.1, 132.1, 131.5, 129.3, 129.1, 127.9, 127.0,
117.7, 109.5, 65.1, 63.7, 62.5, 54.5, 52.3, 34.3, 30.6, 26.4, 24.3, 22.7, 22.3, 14.2. HRMS
(system B) calculated for Cs2HasN;0O2 552.3087, found 552.3090. FTIR (cm™) 1656, 1552,
1384, 1307, 1227, 1169, 971, 804, 736, 698
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3-(1-(1-Benzylpiperidin-4-yl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenol (167)

2 ~N

(g | N/&@w
0

In a 2-5 mL microwave vial a mixture of 1-ethyl-3-(4-(4,4,55-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)urea (110 mg, 0.38 mmol), 1-(1-benzylpiperidin-4-yl)-4-(3-
oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidine (150 mg, 0.23 mmol)
sodium carbonate (49 mg, 0.46 mmol) and Pd(PPhs)s4 (27 mg, 0.02 mmol) was dissolved in
DME (2 mL) and water (0.25 mL). The resulting suspension was degassed with a stream of
nitrogen for 10 min, sealed and stirred at 115 °C for 2 h. The reaction was monitored by LCMS
and, upon complete consumption of starting material, the reaction was cooled to r.t. and
filtered through a celite cartridge (2.5g). The resulting mixture was concentrated in vacuo and
purified by Mass Directed Auto Purification (MDAP) (High pH, Method 4). The appropriate
fractions were concentrated in vacuo to give 3-(1-(1-benzylpiperidin-4-yl)-4-(3-
oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenol (46 mg, 0.1 mmol,
42% vyield) as an amorphous off-white solid. LCMS (formic) rt. 0.74 (97%) MH* for desired
M=481.248. *H NMR (DMSO-dg, 400 MHz) & = 8.38 (s, 1H), 7.92-7.99 (m, 2H), 7.31-7.40
(m, 5H), 7.24-7.30 (m, 1H), 6.92 (ddd, J = 8.1, 2.3, 1.1 Hz, 1H), 4.75-4.97 (m, 1H), 3.99 (dd,
J =115, 3.9 Hz, 1H), 3.94 (dd, J = 11.5, 1.5 Hz, 1H), 3.69 (ddd, J = 11.5, 5.9, 4.4 Hz, 1H),
3.58 (s, 2H), 3.44 (ddd, J = 11.5, 9.3, 5.1 Hz, 1H), 2.93-3.06 (m, 3H), 2.18-2.32 (m, 6H), 1.90-
2.00 (m, 2H), 1.66 (dd, J = 9.2, 4.0 Hz, 1H), 1.33 (dd, J = 6.6, 4.2 Hz, 1H) *C NMR (101
MHz, DMSO-dg) 6 = 169.8, 159.5, 158.0, 153.6, 139.3, 138.9, 133.0, 130.0, 129.2, 128.7,
127.4,119.6,118.3, 115.4, 110.0, 65.1, 63.7, 62.4, 54.5, 52.5, 31.6, 26.2, 24.7, 23.9, 23.1.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(piperidin-4-y)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)-3-ethylurea (164)

N
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H H
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In a 2-5 mL microwave vial 1-(4-(1-(1-benzylpiperidin-4-yl)-4-(3-oxabicyclo[4.1.0]heptan-6-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (60 mg, 0.11 mmol) was dissolved
in DCM (1 mL). The resulting solution was cooled to 0 °C and chloroethyl chloroformate (18
pL, 0.16 mmol) was added. The resulting yellow solution was stirred at 0 °C for 2 h. The
reaction mixture was concentrated in vacuo and then stirred in MeOH at r.t. for 68 h. The
resulting mixture was concentrated in vacuo and purified by Mass Directed Auto Purification
(MDAP) (formic, Method 2) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(piperidin-4-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (20 mg, 0.04 mmol, 40% yield) as
an amorphous white solid. LCMS (formic) rt. 0.62 (99%) MH* for desired M= 461.254. 'H
NMR (DMSO-dg, 400 MHz) 6 =9.05 (s, 1H), 8.40 (d, J = 8.8 Hz, 2H), 8.35 (s, 1H), 7.57 (d,
J = 8.8 Hz, 2H), 6.52 (t, J = 5.4 Hz, 1H), 5.03-5.11 (m, 1H), 3.99 (dd, J = 11.5, 4.2 Hz, 1H),
3.94 (dd, J=11.2, 1.5 Hz, 1H), 3.68 (ddd, J = 11.5, 5.9, 4.6 Hz, 1H), 3.44 (ddd, J = 11.6, 9.2,
5.1 Hz, 1H), 3.31 (br d, J = 10.5 Hz, 2H), 3.18 (s, 1H), 3.09-3.17 (m, 2H), 2.92-3.06 (m, 3H),
2.20-2.34 (m, 4H), 2.03 (br d, J = 12.0 Hz, 2H), 1.65 (dd, J = 9.2, 4.0 Hz, 1H), 1.31 (dd, J =
6.6, 4.2 Hz, 1H), 1.07 ppm (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, DMSO-dg) 5 = 169.5,
155.4,153.7, 144.0, 133.2, 130.1, 129.6, 117.5, 114.3, 109.5, 65.2, 63.8, 53.1, 44.0, 34.4, 30.4,
26.3, 24.7, 23.8, 23.0, 15.9. HRMS (system B) calculated for CzsH32N-O, 462.2617, found
462.2620. FTIR (cm™) 1680, 1534, 1383, 1309, 1223, 1170.
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N-(4-Cyano-1-(2,2,2-trifluoroethy)-1H-pyrazol-5-yl)-4-nitrobenzamide (180)%

In a 100 mL RBF (2,2,2-trifluoroethyl)hydrazine (70% solution in water) (1.93 mL, 15.3
mmol) was dissolved in EtOH (10 mL). The reaction was flushed with nitrogen and cooled to
0 °C. 2-(ethoxymethylene)malononitrile (1.87 g, 15.3 mmol) was added in one portion and the
reaction was heated to 95 °C for 0.5 h. LCMS analysis indicated complete conversion to
desired intermediate. The reaction mixture was cooled and concentrated in vacuo to give a red
solid. The resultant residue was dissolved in DCM (20 mL) and acetonitrile (10 mL) and
cooled to 0 °C. 4-nitrobenzoyl chloride (4.27 g, 23.0 mmol) and triethylamine (8.55 mL, 61.4
mmol) was added and the reaction was stirred at r.t. for 1.5 h. The reaction mixture was diluted
with ethyl acetate (200 mL) and washed with sat. ag. sodium bicarbonate (250 mL). The
combined organic layers were dried (hydrophobic frit) and concentrated in vacuo to give a
dark red gum. The crude residue was purified by flash column chromatography (cyclohexane:
ethyl acetate 0-100% (15 column volumes)) to give N-(4-cyano-1-(2,2,2-trifluoroethyl)-1H-
pyrazol-5-yl)-4-nitrobenzamide (3.03 g, 8.93 mmol, 58% yield) as an amorphous orange solid.
LCMS (formic) rt. 0.97 (94%) MH- for desired M=339.058. *H NMR (400 MHz, DMSO-ds)
5 = 8.41-8.48 (m, 2H), 8.18-8.28 (m, 3H), 5.27 (q, J = 9.0 Hz, 2H) *C NMR (101 MHz,
DMSO-dg) 6 = 164.8, 150.4, 143.3, 143.0, 138.2, 130.2, 124.3, 123.5 (q, Jcr = 279.5 Hz, 1C),
112.9, 89.8, 49.5 (q, Jcr = 36.0 Hz, 1C). HRMS calculated for C13HgF3NsO3 340.0679, found
340.0656. FTIR (cm®) 3247, 2249, 1698, 1527.2, 1262, 1173, 1085.

6-(4-Nitrophenyl)-1-(2,2 2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ol (181)8

In a 150 mL RBF N-(4-cyano-1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl)-4-nitrobenzamide
(1.63g, 4.80 mmol) was dissolved in EtOH (12 mL) and sodium hydroxide (2.0 M) (26.1 mL,
52.2 mmol). The reaction mixture was cooled to 0 °C and hydrogen peroxide (30% aqueous)
(5.44 mL, 53.2 mmol) was added. The reaction was heated to 95 °C and stirred for 1 h. LCMS

analysis indicated complete conversion to desired intermediate. The reaction was heated to
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115 °C and stirred for 1.5 h. The reaction mixture was concentrated in vacuo to remove EtOH
and the resulting aqueous solution was acidified to pH 1 with HCI (2M), at this point a yellow
precipitate formed. The precipitate was collected by filtration under reduced pressure and dried
in a drying piston for 16 h to give 6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (1.16 g, 2.87 mmol, 60% vyield) as an amorphous yellow solid. LCMS
(formic) rt. 0.97 (93%) MH" for desired M= 339.058. *H NMR (DMSO-ds, 400 MHz): § =
12.86 (br., s, 1H), 8.44 (d, J = 9.0 Hz, 2H), 8.39 (d, J = 9.3 Hz, 1H), 8.29 (s, 1H), 5.35 ppm
(9, 3 = 9.1 Hz, 2H). 3C NMR (101 MHz, DMSO-ds) 5 = 158.3, 154.9, 153.9, 149.9, 138.1,
136.7,131.2, 130.3, 124.0 (q, *Jcr = 280.2 Hz, 1C), 105.4, 47.8 (g, 2Jcr = 34.5 Hz, 1C). HRMS
calculated for C13HgNsOsF3 340.0657, found 340.0656. FTIR (cm™) 3119, 1698, 1523, 1347,
1151, 854, 708.

4-Chloro-6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidine (182)'%®

Cl

In a 50 mL RBF 6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ol
(1 g, 2.65 mmol) was dissolved in POCI3 (10 mL). The reaction mixture was heated at reflux
for 1.5 h. After this time the initial yellow solution transformed to an orange solution. The
reaction was diluted with DCM and concentrated in vacuo. The resulting tan solid was crushed
and washed with water. This aqueous suspension was filtered under reduced pressure and the
product was dried in a drying piston for 1 h to give 4-chloro-6-(4-nitrophenyl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidine (930 mg, 2.21 mmol, 83% vyield) as an
amorphous tan solid. LCMS (formic) 1.37 (85%) MH+ for desired M=357.024. H NMR (400
MHz, DMSO-ds) & 8.62-8.76 (m, 3H), 8.36-8.46 (m, 2H), 5.59 (g, J = 8.8 Hz, 2H) Product

was telescoped to next step <90% pure. Full analysis was not taken due to impurities.
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4-(6-(4-Nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)morpholine
183

)

AN
A
CF4 NO

In a 10-20 mL microwave vial 4-chloro-6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-

2

pyrazolo[3,4-d]pyrimidine (250 mg, 0.59 mmol) was dissolved in EtOH (4 mL). Morpholine
(57 L, 0.65 mmol) and triethylamine (0.41 mL, 2.97 mmol) was added and the reaction was
heated with the aid of a hot-air gun until all solid had dissolved (ca. 2 min). The reaction
mixture was cooled to r.t. at which point a precipitate formed. The precipitate was filtered in
vacuo and washed with MeOH. The resulting brown solid was dried in a vacuum oven for 16
h to give 4-(6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
yl)morpholine (205 mg, 0.50 mmol, 85% yield) as an amorphous tan solid. LCMS (formic) rt.
1.30 (97%) MH* for desired M= 408.341. *H NMR (400 MHz, DMSO-ds) & = 8.63-8.79 (m,
2H), 8.52 (s, 1H), 8.29-8.39 (m, 2H), 5.37 (q, J = 9.1 Hz, 2H), 4.06 (br., s., 4H), 3.82 (m., 4H).
13C NMR (101 MHz, DMSO-dg) § = 157.2, 149.2, 144.0, 135.8, 129.8, 124.1, 121.9, 120.6,
112.0,99.4, 66.3 ppm (2C not observed). HRMS calculated for C17H15F3sNsO3 395.1418, found
395.1408. FTIR (cm™) 1563, 1341, 1265, 1157, 1119, 941, 713.

4-(3-Oxabicyclo[4.1.0]heptan-6-y)-6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-
pyrazolo[3,4d]pyrimidine (184)

In a 2-5 mL microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate (548 mg, 2.68 mmol), 4-chloro-6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidine (500 mg, 1.12 mmol) , caesium carbonate (1.82 g, 5.59 mmol),
palladium(ll) acetate (40 mg, 0.18 mmol) and cataCXium® A (128 mg, 0.36 mmol) was

dissolved in toluene (3.6 mL) and water (0.36 mL). The resulting suspension was degassed
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with a stream of nitrogen for 10 min, sealed and stirred at 120 °C for 3 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (10 g). The resulting mixture was
concentrated in vacuo. The resulting mixture was concentrated in vacuo and dry-loaded onto
Florisil®. The reaction was purified by Flash Column chromatography (cyclohexane: ethyl
acetate 0-100% (15 column volumes)) to give 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-
nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4d]pyrimidine (324 mg, 0.77 mmol, 69%
yield) as an amorphous tan solid. LCMS (formic) rt. 1.41 (96%) MH" for desired = 419.121.
'H NMR (DMSO-ds, 400 MHz) & =8.75 (d, J = 9.0 Hz, 2H), 8.62 (s, 1H), 8.38 (d, J = 9.0 Hz,
2H), 5.51 (9, J = 9.0 Hz, 2H), 4.01 (dd, J = 11.2, 3.9 Hz, 1H), 3.96 (dd, J = 11.5, 1.5 Hz, 1H),
3.70 (ddd, J = 10.3, 5.9, 4.6 Hz, 1H), 3.48 (ddd, J = 11.2, 9.0, 5.4 Hz, 1H), 2.97 (dt, J = 14.2,
4.7 Hz, 1H), 2.25-2.37 (m, 2H), 1.73 (dd, J = 9.2, 4.0 Hz, 2H), 1.42 ppm (dd, J = 6.7, 4.3 Hz,
1H). C NMR (101 MHz, DMSO-ds) & = 171.31, 158.37, 155.34, 149.45, 143.33, 135.65,
129.99, 129.95, 124.30, 124.14 (q, Ncr = 280.2 Hz, 1C), 110.45, 65.08, 63.66, 47.51 (q, 2Jcr
= 34.5 Hz, 1C), 26.09, 24.99, 24.77, 24.02. HRMS calculated for Ci9H16F3sNsO3 420.1283,
found 420.1281 FTIR (cm™) 1557, 1346, 1264, 927, 854.

4-(4-Morpholino-1-(2,2 2-trifluoroethyl)-1H-pyrazolo[3 ,4-d]pyrimidin-6-yDaniline (185)
)
N

AN
N‘//\AK\N
CF, NH

In a 10-20 mL microwave vial 4-(6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-

2

d]pyrimidin-4-yl)morpholine (130mg, 0.32 mmol) was dissolved in acetic acid (2 mL), EtOH
(2 mL) and water (1 mL). Iron powder (89 mg, 1.59 mmol) was added and the resulting
suspension was sonicated for 3 h. The reaction mixture was filtered to remove iron and
partitioned between ethyl acetate (5 mL) and potassium hydroxide (2M) (5 mL). The organic
layer was washed with brine (5 mL) and water (5 mL). The organic layer was then dried
(hydrophobic frit) and concentrated in vacuo to give 4-(4-morpholino-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (113 mg, 0.30 mmol, 94% yield) as an amorphous
yellow solid. LCMS (formic) rt. 0.98 (100%) MH* for desired M=378.142. 'H NMR (400
MHz, DMSO-ds) 6 = 8.35 (s, 1H), 8.18 (d, J = 8.6 Hz, 2H), 6.39-6.83 (m, 2H), 5.60 (s, 2H),
5.24 (g, J = 9.1 Hz, 2H), 3.98 (t, J = 4.5 Hz, 4H), 3.79 (t, J=4.9 Hz, 4H). 3C NMR (101 MHz,
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DMSO-ds) 6 =161.6, 157.3, 157.1, 151.9, 135.4, 130.3, 125.1, 124.3 (q, }Jcr = 281.0 Hz, 1C),
113.4, 98.3, 66.4, 47.0 (g, 2Jcr = 33.8 Hz, 1C), 45.4. HRMS calculated for Ci7H17FsNO
379.1481, found 379.1493. FTIR (cm™) 1569, 1394, 1267, 1158, 1007, 789.

4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-
pyrazolo[3,4-d]pyrimidine (186)

In a 10-20 mL microwave vial 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidine (200 mg, 0.48 mmol) was dissolved in EtOH
(3.5 mL), acetic acid (3.5 mL) and water (1.8 mL). Iron powder (133mg, 2.39 mmol) was
added and the reaction was placed in a sonicator for 1.5 h. The reaction mixture was filtered
to remove iron and partitioned between ethyl acetate (10 mL) and sodium hydroxide (2 M) (10
mL). The aqueous layer was extracted with ethyl acetate (3x 5 mL). The combined organic
layers were dried (hydrophobic frit) and concentrated in vacuo to give 4-(4-(3-
oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
ylaniline (175 mg, 0.45 mmol, 94% yield) as an amorphous yellow solid.

Chiral  Purification of  4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidine (186)

Total sample dissolved in ethanol (24 mL) and liquid loaded onto the column in 4 mL manual
injections.

Column: 30mm x 25cm Chiralcel OJ-H (5um)

Flow Rate: 30 mL/min

Detection: UV Diode Array at 215 nM

Mobile Phase A: Heptane

Mobile Phase B: Ethanol

Modifier: Isopropyl amine.

Isocratic method: 50:50:0.2 mobile phase A: mobile phase B: modifier

Runtime: 30 min.

The combined fractions for isomer 1 (186a) and isomer 2 (186a) were concentrated in vacuo

to yield. 1st eluting isomer (186a) (58 mg, >99.5% chirally pure by chiral HPLC analysis) as
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a white solid (ap? (0.24 /100 mL) = +33.3 implied from crystal structure of (38a) that positive
rotation is 1S, 6R.
2" eluting isomer (186b) (63 mg, >99.5% chirally pure by chiral HPLC analysis) as a white
solid (ap® (0.24 g/100 mL) = -33.3 implied from crystal structure of (40b) that negative
rotation is 1R, 6S.

urreant Chromatogram(s)

DAD1 B, 5ig=2304 Ref=550, 100 (26--18JACKO3 2018-05-28 15-14-251M8679165-1 D)
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mAU
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Figure 78: Chiral purification of compound 186

4-(4-((1S,6R)-3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2 2-trifluoroethyl)-1H-pyrazolo[3,4-

d]pyrimidin-6-yDaniline (186a)

LCMS (formic) rt. 1.13 (100%) MH* for desired M= 389.146. *H NMR (DMSO-ds, 600 MHz)
§=28.41 (s, 1H), 8.25 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 8.4 Hz, 2H), 5.74 (s, 2H), 5.35 (q, J =
9.0 Hz, 2H), 3.99 (dd, J = 11.4, 4.4 Hz, 1H), 3.94 (dd, J = 11.4, 1.1 Hz, 1H), 3.65-3.70 (m,
1H), 3.44 (ddd, J = 11.6, 9.4, 5.1 Hz, 1H), 2.94 (dt, J = 13.9, 4.8 Hz, 1H), 2.27 (ddd, J = 14.4,
9.1, 5.9 Hz, 1H), 2.20-2.23 (m, 1H), 1.63 (dd, J = 9.2, 4.0 Hz, 1H), 1.31 (dd, J = 6.8, 4.2 Hz,
1H). *C NMR (151 MHz, DMSO-de) & = 169.90, 161.34, 155.90, 152.41, 135.22, 130.53,
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124.44,124.23 (g, *Jcr= 280.3 Hz, 1C), 113.7, 108.6, 65.1, 63.7, 47.1 (q, 2Jcr = 34.8 Hz, 1C),
26.2, 24.7, 23.9, 23.0. HRMS calculated for C19H1gF3sNsO 390.1542, found 390.1537. FTIR
(cm™) 3429, 3351, 3241, 1567, 1384, 1267, 1141, 923. 0p?® (0.24 g/100 mL) = +33.3.

4-(4-((1R,6S)-3-Oxabicyclo[4.1.0]heptan-6-y1)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-ylaniline (186b)

LCMS (formic) rt. 1.12 (100%) MH+ for desired M= 389.146. *H NMR (DMSO-ds, 600 MHz)
5 =28.41 (s, 1H), 8.25 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 8.4 Hz, 2H), 5.74 (s, 2H), 5.35 (q, J =
9.0 Hz, 2H), 3.99 (dd, J = 11.4, 4.0 Hz, 1H), 3.94 (d, J = 11.0 Hz, 1H), 3.64-3.71 (m, 1H),
3.44 (ddd, J=12.1,9.2, 5.1 Hz, 1H), 2.94 (dt, J = 13.9, 4.6 Hz, 1H), 2.27 (ddd, J = 14.7, 9.5,
5.9 Hz, 1H), 2.19-2.23 (m, 1H), 1.63 (dd, J = 9.0, 3.9 Hz, 1H), 1.31 ppm (dd, J = 6.2, 4.4 Hz,
1H). **C NMR (151 MHz, DMSO-ds) 5 = 169.9, 161.3, 155.9, 152.4, 135.2, 130.5, 124.4,
124.2 (g, 1 = 280.3 Hz, 1C), 113.7, 108.6, 65.1, 63.7, 47.1 (g, ¥ = 33.9 Hz, 1C), 26.1, 24.7,
23.9, 23.0. HRMS calculated for C19H1sF3NsO 390.1542, found 390.1542. FTIR (cm™) 3424,
3361, 3241, 1568, 1384, 1266, 1140, 924. ap? (0.24 g/100 mL) = -33.3.

1-ethyl-3-(4-(4-Morpholino-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yvDphenylDurea (171)

0]

)
~
LS
CF, NJ\N/\
H H

In a 2-5 mL microwave vial 4-(4-morpholino-1-(2,2,2-trifluoroethyl)-1H-pyrazolo|[3,4-
d]pyrimidin-6-yl)aniline (50 mg, 0.13 mmol) and 4-nitrophenyl chloroformate (32mg, 0.16
mmol) were dissolved in DCM (2 mL). Pyridine (21 pL, 0.26 mmol) was added and the
reaction was stirred at r.t. for 1.5 h. Ethanamine (2M in THF) (0.2 mL, 0.40 mmol) and DIPEA
(35 pL, 0.2 mmol) were added and the reaction was stirred for a further 1 h. The reaction was

partitioned between DCM (5 mL) and water (5 mL) and the resulting mixture was separated
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using a hydrophobic frit. The organic layer was concentrated in vacuo and purified by Mass
Directed Auto Purification (formic, method C) to give 1-ethyl-3-(4-(4-morpholino-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)urea (15 mg, 0.03 mmol, 24% yield)
LCMS (formic) rt. 1.05 (99%) MH* for desired M=449.179. *H NMR (400 MHz, DMSO-ds)
5 =8.76 (s, 1H), 8.42 (s, 1H), 8.34 (d, J=8.80 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 6.24 (t, J =
5.5 Hz, 1H), 5.29 (q, J = 9.1 Hz, 2H), 4.02 (br. s., 4H), 3.80 (t, J = 4.8 Hz, 4H), 3.08-3.19 (m,
2H), 1.07 (t, J = 7.2 Hz, 3H) *C NMR (101 MHz, DMSO-dg) 6 = 161.0, 157.1, 155.4, 143.6,
135.5, 130.4, 129.5, 117.3, 112.0, 98.7, 66.4, 34.4, 15.9 (3C not observed). HRMS calculated
for CaoH22F3N70,450.1865 found 450.1866 FTIR (cm™) 1643, 1556, 1464, 1392, 1232, 1004,
939, 792.

1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-ethylurea (172)

In a 2-5 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (50 mg, 0.13 mmol) and 4-nitrophenyl
chloroformate (32mg, 0.16 mmol) were dissolved in DCM (2 mL). Pyridine (21 pL, 0.26
mmol) was added and the reaction was stirred at r.t. for 1.5 h. Ethanamine (2M in THF) (0.2
mL, 0.40 mmol) and DIPEA (35 uL, 0.2 mmol) were added and the reaction was stirred for a
further 1 h. The reaction was partitioned between DCM (5 mL) and water (5 mL) and the
resulting mixture was separated using a hydrophobic frit. The organic layer was concentrated
in vacuo and purified by Mass Directed Auto Purification (formic, method C) to give 1-(4-(4-
(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-

yl)phenyl)-3-ethylurea (30 mg, 0.07 mmol, 51% yield) as an amorphous white solid. LCMS
(formic) rt. 1.15 (98%) MH" for desired M=460.183. *H NMR (400 MHz, DMSO-ds) 5 = 8.78
(s, 1H), 8.49 (s, 1H), 8.41 (d, J = 8.8 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H), 6.22 (t, J = 5.5 Hz,
1H), 5.41 (g, J = 9.3 Hz, 1H), 4.00 (dd, J = 11.2, 3.9 Hz, 1H), 3.95 (dd, J = 11.7, 1.0 Hz, 1H),
3.69 (ddd, J = 11.5, 5.9, 4.6 Hz, 1H), 3.46 (ddd, J = 11.5, 9.0, 4.9 Hz, 1H), 3.19 - 3.11 (m,
2H), 2.96 (td, J = 13.9, 4.7 Hz, 1H), 2.34 - 2.23 (m, 2H), 1.67 (dd, J = 9.2, 4.0 Hz, 1H), 1.35
(dd, J = 6.6, 4.2 Hz, 1H), 1.08 (t, J = 7.2 Hz, 3H) 3C NMR (101 MHz, DMSO-ds) 5 = 170.4,
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160.5, 155.7, 155.3, 144.0, 135.4, 129.9, 129.6, 124.2 (q, YJcr = 280.2 Hz, 1C), 117.6, 109.3,
65.1, 63.7, 47.3 (q, 2Jcr = 37.4 Hz, 1C), 34.5, 26.2, 24.8, 24.2, 23.4, 15.9. HRMS calculated
for C22H23FsNs0,461.1913, found 461.1911. FTIR (cm™) 3335, 1646, 1551, 1164, 657.

1-(4-(4-Morpholino-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-
(pyridin-4-yl)urea (173)

)

In a 2-5 mL microwave vial 4-(4-morpholino-1-(2,2,2-trifluoroethyl)-1H-pyrazolo|[3,4-
d]pyrimidin-6-yl)aniline (50 mg, 0.13 mmol) and 4-nitrophenyl chloroformate (32mg, 0.16
mmol) were dissolved in DCM (2 mL). Pyridine (21 pL, 0.26 mmol) was added and the
reaction was stirred at r.t. for 1.5 h. Pyridin-4-amine (36 mg, 0.39 mmol) and DIPEA (35 pL,
0.2 mmol) were added and the reaction was stirred for a further 1 h. The reaction was
partitioned between DCM (5 mL) and water (5 mL) and the resulting mixture was separated
using a hydrophobic frit. The organic layer was concentrated in vacuo and purified by Mass
Directed Auto Purification (formic, method C) to give 1-(4-(4-morpholino-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-yl)urea (22 mg, 0.04
mmol, 33% yield) as an amorphous off white solid. LCMS (formic) rt. 0.73 (100%) MH™ for
desired M= 498.174. 'H NMR (400 MHz, DMSO-dg) & = 9.20 (d, J = 3.7 Hz, 2H), 8.40-8.45
(m, 3H), 8.38 (d, J = 6.1 Hz, 2H), 7.61 (d, J = 9.1 Hz, 2H), 7.42-7.49 (m, 2H), 5.31 (q, J = 9.1
Hz, 2H), 4.03 (br. s., 4H), 3.81 (t, J = 4.9 Hz, 4H) 3C NMR (101 MHz, DMSO-ds) & = 160.7,
157.2, 157.1, 152.5, 150.6, 146.9, 142.1, 137.0, 135.6, 131.9, 129.6, 118.3, 112.8, 98.8, 66.4,
(2C not observed) HMRS calculated for CasH21FsNsO, 499.1818, found 499.1819. FTIR (cm”
1) 1728, 1597, 1563, 1391, 1167, 1113, 1005, 938, 788, 514.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-y)phenyl)-3-(pyridin-4-ylurea (174)

~
N
N’ ~
0L
CFs NJ\N X
H H

In a 2-5 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-ylaniline (50 mg, 0.13 mmol) and 4-nitrophenyl
chloroformate (32mg, 0.16 mmol) were dissolved in DCM (2 mL). Pyridine (21 pL, 0.26
mmol) was added and the reaction was stirred at r.t. for 1.5 h. Pyridin-4-amine (36 mg, 0.39
mmol) and DIPEA (35 pL, 0.2 mmol) were added and the reaction was stirred for a further 1
h. The reaction was partitioned between DCM (5 mL) and water (5 mL) and the resulting
mixture was separated using a hydrophobic frit. The organic layer was concentrated in vacuo
and purified by Mass Directed Auto Purification (formic, method C) to give 1-(4-(4-(3-
oxabicyclo[4.1.0]heptan-6-y1)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)-3-(pyridin-4-yl)urea (29 mg, 0.06 mmol, 44% yield) as an amorphous white solid.
LCMS (formic) rt. 0.81 (100%) MH* for desired M = 509.179. *H NMR (400 MHz, DMSO-
ds) 6 =9.20 (d, J = 11.0 Hz, 1H), 8.51 (s, 1H), 8.49 (d, J = 8.8 Hz, 2H), 8.39 (d, J = 5.2 Hz,
2H), 7.65 (d, J = 9.0 Hz, 2H), 7.47 (dd, J = 5.2, 1.5 Hz, 2H), 5.43 (g, J = 9.0 Hz, 2H), 4.01
(dd, J =11.2, 4.2 Hz, 1H), 3.95 (dd, J = 11.2, 1.2 Hz, 1H), 3.69 (ddd, J = 11.7, 5.9, 4.4 Hz,
1H), 3.46 (ddd, J = 11.5, 9.3, 4.9 Hz, 1H), 2.97 (td, J = 14.1, 4.9 Hz, 1H), 2.35 - 2.24 (m, 2H),
1.69 (dd, J = 9.2, 4.0 Hz, 1H), 1.37 (dd, J = 6.6, 4.2 Hz, 1H). 3C NMR (101 MHz, DMSO-ds)
8=170.6, 160.3, 155.7,152.4, 150.7, 146.7, 142.4, 135.4, 131.3, 129.8, 124.2 (q, *Jcr = 281.0
Hz, 1C), 118.5, 112.9, 109.5, 65.1, 63.7, 47.3 (q, 2Jcr = 34.5 Hz, 1C), 26.2, 24.8, 24.3, 23.5.
HRMS calculated for CsH22F3sN70,510.1865, found 510.1866. FTIR (cm™) 1706, 1575, 1529,
1387, 1302, 1250, 1198, 805, 745, 659.
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3.3.2 Cyclohexyl-N1-Substituted compounds

tert-Butyl 2-(1,4-dioxaspiro[4.5]decan-8-yl)hydrazine-1-carboxylate (195)?%°

N~ O
Co}: ’

In a 250 mL RBF tert-butyl hydrazine carboxylate (2.54 g, 19.2 mmol) and 1,4-
dioxaspiro[4.5]decan-8-one (3.0g, 19.2 mmol) were dissolved in DCM (64 mL) and acetic

acid (4 mL). The reaction mixture was cooled to 0 °C and STAB (6.11g, 28.8 mmol) were
added. The reaction mixture was stirred at r.t. for 16 h. The reaction was quenched with
potassium bisulfate (10% aq., 50 mL) and diluted with water (50 mL). The organic layer was
further washed with NaOH (1M), dried (hydrophobic frit) and concentrated in vacuo. The
resulting colourless oil was triturated in petroleum ether to give tert-butyl 2-(1,4-
dioxaspiro[4.5]decan-8-yl)hydrazine-1-carboxylate (4.65 g, 17.1 mmol, 89% yield). 'H NMR
(400 MHz, DMSO-ds) & = 7.92-8.23 (m, 1H), 4.21 (br., s., 1H), 3.83 (s, 4H), 2.70-2.90 (m,
1H), 1.56-1.78 (m, 4H), 1.26-1.49 (m, 13H).

4.6-Dichloro-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidine (197)%°

Cl
2 SN
N
N N/)\CI
T o

In a 100 mL RBF tert-butyl 2-(1,4-dioxaspiro[4.5]decan-8-yl)hydrazine-1-carboxylate (1.45
0, 5.49 mmol) was suspended in water (12 mL) and the reaction was stirred at reflux for 14 h.
After this time the white suspension had turned to a pale-yellow solution. The reaction mixture
was cooled to 0 °C, triethylamine (1.1 mL, 8.04 mmol) and EtOH (12 mL) were added. 2,4,6-
trichloropyrimidine-5-carbaldehyde (1.0 g, 4.73 mmol) was added in a portion wise manner.
The reaction was stirred at 0 °C for 0.5 h. The reaction mixture was concentrated in vacuo and
partitioned between water and DCM. The combined organic layers were dried (hydrophobic
frit) and concentrated in vacuo. The resulting residue was triturated in diethyl ether to give
4,6-dichloro-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidine (760 mg, 2.31
mmol, 49% yield) as an amorphous off-white solid. LCMS (formic) rt. 1.17 (99%) MH* for
desired M= 328.049. 'H NMR (400 MHz, DMSO-ds) & = 8.55 (s, 1H), 4.85 (it, J = 11.4, 4.0
Hz, 1H), 3.81-4.05 (m, 4H), 2.21 (dq, J = 11.7, 4.3 Hz, 2H), 1.95 (dd, J = 11.9, 2.6 Hz, 2H),
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1.69-1.88 (m, 4H). *C NMR (DMSO-ds, 101 MHz) & = 155.3, 154.8, 153.7, 133.2, 113.2,
107.4, 64.3, 64.2, 55.6, 33.2, 29.3 ppm. HRMS (system B) calculated for Ci3H14CI:N4O;
329.0559, found 329.0573. FTIR (cm™) 1584, 1211, 1108, 963, 774.

4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidine (198)

o
2 ~N
N
N N/)\CI

In a 100 RBF a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate (2.2 g,
10.3 mmol), 4,6-dichloro-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidine
(2.82 g, 8.57 mmol), caesium carbonate (8.37 g, 25.7 mmol), palladium (1) acetate (308 mg,
1.37 mmol) and cataCXium® A (983 mg, 2.74 mmol) was dissolved in toluene (39 mL) and
water (3.9 mL). The resulting suspension was degassed with a stream of nitrogen for 10 min,
sealed and stirred at 100 °C for 16 h. The reaction was monitored by LCMS and, upon
complete consumption of starting material, the reaction was cooled to r.t. and filtered through
a celite cartridge (10 g). The resulting mixture was concentrated in vacuo. Due to a potential
instability of this compound on silica, the reaction mixture was telescoped to the next step as

a crude reaction mixture.

1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(1,4-dioxaspiro[4.5]decan-8-yI)-1H-
pyrazolo[3,4-d]pyrimidin-6-y)phenyl)-3-ethylurea (190)

4
N ~
N)\©\ o)
Q NJJ\N/\
0

L_°
In a 2-5 mL microwave vial a mixture of 1-ethyl-3-(4-(4,4,55-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)urea (490 mg, 1.69 mmol), 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-
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chloro-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidine (800 mg, 1.02 mmol
(50% wt.)) sodium carbonate (217 mg, 2.05 mmol) and Pd(PPhs)4 (118 mg, 0.10 mmol) was
dissolved in DME (9 mL) and water (1.1 mL). The resulting suspension was degassed with a
stream of nitrogen for 10 min, sealed and stirred at 120 °C for 2 h. The reaction was monitored
by LCMS and, upon complete consumption of starting material, the reaction was cooled to r.t.
and filtered through a celite cartridge (2.5g). The resulting mixture was concentrated in vacuo
and purified by Mass Directed Auto Purification (MDAP) (high-pH, Method 3) to give 1-(4-
(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-ethylurea (280 mg, 0.54 mmol, 53% yield). LCMS (formic) rt.
1.16 (100%) MH* for desired M= 518.618. *H NMR (CDCls, 400 MHz) 6 = 8.54 (d, J = 8.8
Hz, 2H), 8.08 (s, 1H), 7.48 (d, J = 8.6 Hz, 2H), 6.75 (s, 1H), 4.91-5.07 (m, 2H), 4.10 (dd, J =
11.5, 1.2 Hz, 1H), 4.05 (dd, J = 8.1, 3.9 Hz, 1H), 4.02-4.04 (m, 4H), 3.82 (ddd, J = 11.6, 6.1,
3.7 Hz, 1H), 3.51 (ddd, J = 11.6, 9.8, 5.0 Hz, 1H), 3.32-3.40 (m, 2H), 3.04 (dt, J = 13.8, 4.3
Hz, 1H), 2.42-2.56 (m, 2H), 2.37 (ddd, J = 14.0, 9.8, 6.0 Hz, 1H), 2.22-2.29 (m, 1H), 1.95-
2.10 (m, 4H), 1.87 (td, J = 13.0, 3.7 Hz, 2H), 1.70 (dd, J = 9.0, 4.2 Hz, 2H), 1.37 (dd, J = 6.6,
4.4 Hz, 1H), 1.21 (t, J = 7.2 Hz, 3H) *C NMR (101 MHz, DMSO-d¢) & = 169.7, 159.5, 155.3,
153.7,143.7, 132.9, 130.3, 129.6, 117.5, 109.5, 107.6, 65.1, 64.3, 64.3, 63.8, 54.2, 34.4, 33.5,
29.4, 26.3, 24.7, 23.7, 23.0, 15.9. HRMS (system B) calculated for CzsH3aNsO4 519.2720,
found 519.2720. FTIR (cmt) 1553, 1385, 1238, 1033, 924.52, 694.

1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-ethylurea (191)
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In a scintillation vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (260 mg, 0.43 mmol) was
dissolved in THF (2.1 mL). HCI (0.35 mL, 4.26 mmol) was added and the reaction was stirred
for 2 h. The reaction mixture was concentrated in vacuo and partitioned between DCM (10
mL) and water. (10 mL). The combined organic layers were dried (hydrophobic frit) and
concentrated in vacuo to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (239 mg, 0.43 mmol, 100 % yield) as
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a white amorphous solid. LCMS (high-pH) rt. 1.07 (100%) MH* for desired M= 474.565. H
NMR (CDCls, 400 MHz) 6 = 8.53 (d, J = 8.6 Hz, 2H), 8.10 (s, 1H), 7.50 (d, J = 8.8 Hz, 2H),
6.93 (s, 1H), 5.35-5.45 (m, 1H), 5.32 (s, 1H), 5.06 (br s, 1H), 4.10 (dd, J = 11.5, 1.5 Hz, 1H),
4.06 (dd, J=11.7, 3.7 Hz, 1H), 3.82 (ddd, J = 11.6, 5.9, 3.8 Hz, 1H), 3.51 (ddd, J = 11.5, 9.8,
5.1 Hz, 1H), 3.31-3.40 (m, 2H), 3.04 (dt, J = 13.9, 4.4 Hz, 1H), 2.58-2.75 (m, 6H), 2.32-2.44
(m, 3H), 2.23-2.31 (m, 1H), 1.60-1.78 (m, 3H), 1.39 (dd, J = 6.7, 4.3 Hz, 1H), 1.21 ppm (t, J
=7.2 Hz, 3H) °C NMR (101 MHz, CDCls) 6 = 209.5, 169.6, 159.8, 155.3, 154.0, 141.4, 132.7,
132.4, 129.8, 119.4, 109.9, 65.5, 64.2, 53.2, 39.3, 35.3, 30.9, 26.5, 24.7, 23.8, 22.8, 15.1.
HRMS calculated for Co6H30NsO3 475.2444, found 475. 2462. FTIR (cm™?) 1535, 1385, 1306,
1170, 853, 804.

1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-((1r,4r)-4-hydroxycyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-ethylurea (192)

(0]
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In a scintillation vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (50 mg, 0.09 mmol) was dissolved in THF
(1.7 mL). Sodium borohydride (17mg, 0.49 mmol) was added and the reaction was stirred at
r.t. for 1 h. The reaction was partitioned between ethyl acetate (10 mL) and sat. ag. sodium
bicarbonate (10 mL). The aqueous layer was extracted with further ethyl acetate (3x 5 mL).
The combined organic layers were dried (hydrophobic frit) and concentrated in vacuo. The
resulting residue was purified by Mass Directed Auto Purification (MDAP) (high-pH, Method
3) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-((1r,4r)-4-hydroxycyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (19 mg, 0.04 mmol, 45% vyield) as an
amorphous white solid. LCMS (high-pH) rt. 0.98 (100%) MH* for desired M= 476.254. 'H
NMR (DMSO-dg, 400 MHz) 6 = 8.75 (s, 1H), 8.38 (d, J = 8.1 Hz, 2H), 8.30 (s, 1H), 7.56 (d,
J =8.8 Hz, 2H), 6.20 (t, J = 5.5 Hz, 1H), 4.83 (tt, J = 11.7, 3.9 Hz, 1H), 4.69 (d, J = 4.2 Hz,
1H), 3.98 (dd, J = 11.5, 3.9 Hz, 1H), 3.94 (dd, J = 11.5, 1.5 Hz, 1H), 3.68 (ddd, J = 11.7, 5.6,
4.2 Hz, 1H), 3.54-3.63 (m, 1H), 3.44 (ddd, J = 11.5, 9.5, 5.1 Hz, 1H), 3.10-3.20 (m, 2H), 2.95
(dt, J = 13.9, 4.4 Hz, 1H), 2.18-2.31 (m, 2H), 1.90-2.11 (m, 5H), 1.64 (dd, J = 9.0, 3.9 Hz,
1H), 1.48 (br s, 2H), 1.30 (dd, J = 6.6, 4.2 Hz, 1H), 1.08 ppm (t, J = 7.2 Hz, 3H). *C NMR
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(DMSO-ds, 101 MHz) 6 =169.7, 159.5, 155.3, 153.6, 143.7, 130.3, 129.6, 117.5, 109.5, 68.5,
65.2, 63.8, 55.2, 34.6, 34.4, 30.3, 26.3, 24.7, 23.7, 22.9, 15.9 ppm. HRMS calculated for
Ca26H32NsO3 477.2614, found 477.2617. FTIR (cm™) 3329, 1537, 1386, 1230, 1057.
1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-((1s,4s)-4-hydroxycyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-ethylurea (193)
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In a scintillation vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (40 mg, 0.072 mmol) was dissolved in
THF (1.4 mL). L-selectride (2 M in THF) (0.18 mL, 0.35 mmol) was added and the reaction
was stirred at 50 °C for 1 h. The reaction was partitioned between ethyl acetate (10 mL) and
sat. ag. sodium bicarbonate (10 mL). The aqueous layer was extracted with further ethyl
acetate (3x 5 mL). The combined organic layers were dried (hydrophobic frit) and
concentrated in vacuo. The resulting residue was purified by Mass Directed Auto Purification
(MDAP) (high-pH, Method 3) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-((1s,4s)-4-
hydroxycyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (15 mg, 0.031
mmol, 44% yield) as a white solid. LCMS (high-pH) rt. 0.98 (100%) MH"* for desired M=
476.254. 'H NMR (DMSO-ds, 400 MHz) & = 8.75 (s, 1H), 8.38 (d, J = 8.1 Hz, 2H), 8.31 (s,
1H), 7.52-7.57 (m, 2H), 6.21 (t, J = 5.5 Hz, 1H), 4.87 (tt, J = 11.3, 3.7 Hz, 1H), 4.49 (d, J =
2.7 Hz, 1H), 3.99 (dd, J = 11.2, 3.9 Hz, 1H), 3.94 (dd, J = 11.0, 1.5 Hz, 2H), 3.69 (ddd, J =
11.5,5.9, 4.4 Hz, 1H), 3.44 (ddd, J = 11.5, 9.5, 4.9 Hz, 1H), 3.10-3.18 (m, 2H), 2.96 (dt, J =
14.1, 4.7 Hz, 1H), 2.36-2.45 (m, 2H), 2.19-2.31 (m, 2H), 1.80-2.05 (m, 3H), 1.62-1.76 (m,
5H), 1.30 (dd, J = 6.6, 4.2 Hz, 1H), 1.08 ppm (t, J = 7.2 Hz, 3H). 3C NMR (DMSO-ds, 101
MHZz) 6 = 169.6, 159.4, 155.3, 153.5, 143.6, 130.4, 129.5, 117.5, 109.4, 65.2, 63.8, 63.4, 55.3,
34.4,32.0,26.4,26.3,24.7,23.7, 22.9, 15.9 ppm. HRMS calculated for C,6H32NsO3 477.2614,
found 477.2614. FTIR (cm™) 3332, 1535, 1360, 1243, 1080.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-((1s,4s)-4-(dimethylamino)cyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-y)phenyl)-3-ethylurea (194)
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In a scintillation vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-ethylurea (50 mg, 0.09 mmol) was dissolved in DCE
(1.8 mL) and acetic acid (16 pL, 0.27 mmol). STAB (57 mg, 0.27 mmol) and dimethylamine
(2M in THF) (0.14 mL, 0.27 mmol) were added and the reaction was stirred at 50 °C for 3 h.
The reaction mixture was partitioned between DCM (10 mL) and sat. ag. sodium bicarbonate
(10 mL). The aqueous layer was extracted with further DCM (3x 5 mL). The combined organic
layers were dried (hydrophobic frit) and concentrated in vacuo. The resulting residue was
purified by Mass Directed Auto Purification (MDAP) (high-pH, Method 3) to give 1-(4-(4-(3-
oxabicyclo[4.1.0]heptan-6-yI)-1-((1s,4s)-4-(dimethylamino)cyclohexyl)-1H-pyrazolo[ 3,4-
d]pyrimidin-6-yl)phenyl)-3-ethylurea (8mg, 18% yield) as an amorphous white solid. LCMS
(high-pH) rt. 1.20 (98%) MH* for desired M= 503.301. *H NMR (CDClIs, 400 MHz) & = 8.53
(d, J = 8.8 Hz, 2H), 8.08 (s, 1H), 7.48 (d, J = 8.8 Hz, 2H), 6.89 (s, 1H), 5.00-5.12 (m, 2H),
4,10 (dd, J =11.2, 1.7 Hz, 1H), 4.05 (dd, J = 11.5, 3.7 Hz, 1H), 3.81 (ddd, J = 11.5, 6.0, 3.8
Hz, 1H), 3.50 (ddd, J = 11.5, 9.9, 5.0 Hz, 1H), 3.35 (qd, J = 7.3, 5.6 Hz, 2H), 3.04 (dt, J =
13.9, 4.4 Hz, 1H), 2.45-2.57 (m, 2H), 2.35-2.41 (m, 1H), 2.33 (5, 5H), 2.21-2.30 (m, 2H), 2.14-
2.35 (m, 1H), 2.07-2.18 (m, 2H), 1.78-1.93 (m, 2H), 1.62-1.77 (m, 3H), 1.36 (dd, J = 6.6, 4.2
Hz, 1H), 1.20 ppm (t, J = 7.2 Hz, 3H) 3C NMR (CDCls, 101 MHz) & = 169.3, 159.5, 155.4,
153.7, 141.1, 133.1, 131.7, 129.8, 119.6, 109.7, 65.5, 64.3, 60.5, 54.3, 42.9, 35.3, 27.2, 27.0,
26.6,24.7, 23.6, 22.6, 15.4 ppm. HRMS calculated for CsH37N;0,504.3086, found 504.3086.
FTIR (cm™) 3349, 2932, 1555, 1387, 1236, 1172.
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3.3.3 Backpocket Optimisation Compounds

4-(4-((1S,6R)-3-Oxabicyclo[4.1.0]heptan-6-y1)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yDaniline (200a)

0]
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In a 2-5 mL microwave vial 4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (20 mg, 0.05 mmol) and 4-
nitrophenyl chloroformate (12 mg, 0.06 mmol) was dissolved in DCM (1 mL). Pyridine (21
pL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. Ethanolamine (16 pL,
0.26 mmol) and DIPEA (13 pL, 0.08 mmol) were added and the reaction was stirred for a
further 1 h. The reaction was partitioned between DCM (5 mL) and water (5 mL) and the
resulting mixture was separated using a hydrophobic frit. The organic layer was concentrated
in vacuo and purified by prep HPLC (formic, 30-85%, 20 min) to give 4-(4-((1S,6R)-3-
oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
ylaniline (20 mg, 0.043 mmol, 83% yield) as an amorphous white solid LCMS (formic) rt.
0.97 (100%) MH* for desired M=476.178. *H NMR (400 MHz, DMSO-ds) & = 8.95 (s, 1H),
8.49 (s, 1H), 8.42 (d, J = 8.8 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 6.34 (t, J = 5.5 Hz, 1H), 5.45
-5.43 (m, 1H), 5.41 (g, J = 9.0 Hz, 2H), 4.75 (br s, 1H), 4.00 (dd, J = 11.5, 4.2 Hz, 1H), 3.95
(dd, J = 11.5, 1.7 Hz, 1H), 3.69 (ddd, J = 11.5, 5.7, 4.3 Hz, 2H), 3.50 - 3.44 (m, 3H), 3.19 (q,
J=5.6 Hz, 2H), 2.96 (td, J = 14.2, 4.6 Hz, 1H), 2.34 - 2.24 (m, 3H), 1.67 (dd, J = 9.3, 4.2 Hz,
1H), 1.35 (dd, J = 6.6, 4.2 Hz, 1H). HRMS calculated for CzH,3F3sNsO3 477.1862, found
477.1865. FTIR (cm™) 3295, 2954, 1660, 1539, 1386, 1239, 1152, 1064, 805

248
Declan M Summers



CONFIDENTIAL — DO NOT COPY

4-(4-((1R,6S)-3-Oxabicyclo[4.1.0]heptan-6-y1)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yDaniline (200b)
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In a 2-5 mL microwave vial 4-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (20 mg, 0.05 mmol) and 4-
nitrophenyl chloroformate (12mg, 0.06 mmol) was dissolved in DCM (1 mL). Pyridine (21
uL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. Ethanolamine (16 pL,
0.26 mmol) and DIPEA (13 pL, 0.08 mmol) were added and the reaction was stirred for a
further 1 h. The reaction was partitioned between DCM (5 mL) and water (5 mL) and the
resulting mixture was separated using a hydrophobic frit. The organic layer was concentrated
in vacuo and purified by prep HPLC (formic, 30-85%, 20 min) to give 4-(4-((1R,6S)-3-
oxabicyclo[4.1.0]heptan-6-y1)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yDaniline (18 mg, 0.036 mmol, 72% vyield) as a white solid. LCMS (formic) rt. 1.01 (100%)
MH* for desired M= 476.460. *H NMR (400 MHz, DMSO-dg) & = 8.95 (s, 1H), 8.49 (s, 1H),
8.42 (d, J=8.8 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 6.34 (t, J = 5.5 Hz, 1H), 5.45 - 5.43 (m, 1H),
5.41 (9, J = 9.0 Hz, 2H), 4.75 (br s, 1H), 4.00 (dd, J = 11.5, 4.2 Hz, 1H), 3.95 (dd, J = 11.5,
1.7 Hz, 1H), 3.69 (ddd, J = 11.5, 5.7, 4.3 Hz, 2H), 3.50 - 3.44 (m, 3H), 3.19 (g, J = 5.6 Hz,
2H), 2.96 (td, J = 14.2, 4.6 Hz, 1H), 2.34 - 2.24 (m, 3H), 1.67 (dd, J = 9.3, 4.2 Hz, 1H), 1.35
(dd, J=6.6, 4.2 Hz, 1H). HRMS calculated for C2H23F3sNsO3477.1862, found 477.1865. FTIR
(cmt) 3306, 2959, 1659, 1539, 1386, 1239, 1152, 1064.

1-(4-(4-((1S,6R)-3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(2,2 2-trifluoroethyl)-1H-

pyrazolo[3,4d]pyrimidin-6-yl)phenyl)-3-(2-(dimethylamino)ethyl)urea (201a)
o)
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In a 2-5 mL microwave vial 4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (20 mg, 0.05 mmol) and 4-

nitrophenyl chloroformate (12mg, 0.06 mmol) was dissolved in DCM (1 mL). Pyridine (21
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uL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. N1,N1-dimethylethane-
1,2-diamine (28 L, 0.26 mmol) and DIPEA (13 pL, 0.08 mmol) were added and the reaction
was stirred for a further 1 h. The reaction was partitioned between DCM (5 mL) and water (5
mL) and the resulting mixture was separated using a hydrophobic frit. The organic layer was
concentrated in vacuo and purified by prep HPLC (formic, 30-85%, 20 min) to give 1-(4-(4-
((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-
pyrazolo[3,4d]pyrimidin-6-yl)phenyl)-3-(2-(dimethylamino)ethyl)urea (25 mg, 0.050 mmol,
97% yield) as an amorphous white solid. LCMS (formic) rt. 0.73 (100%) MH* for desired M=
503.226. *H NMR (CDCls, 400 MHz) & = 8.52 (d, J = 7.9 Hz, 2H), 8.19 (s, 1H), 7.51 (d, J =
8.1 Hz, 2H), 5.43 (br s, 1H), 5.11 (g, J = 8.3 Hz, 2H), 4.11 (dd, J = 11.2, 1.5 Hz, 1H), 4.06
(dd, J = 11.5, 3.9 Hz, 1H), 3.83 (ddd, J = 11.6, 6.1, 3.9 Hz, 1H), 3.52 (ddd, J = 11.7, 9.8, 5.1
Hz, 1H), 3.37 (q, J = 5.4 Hz, 2H), 3.04 (dt, J = 13.9, 4.4 Hz, 1H), 2.51-2.60 (m, 2H), 2.39
(ddd, J = 13.9, 9.8, 6.1 Hz, 1H), 2.35 (s, 6H), 2.26-2.33 (m, 1H), 1.72 (dd, J = 9.3, 4.2 Hz,
1H), 1.42 ppm (dd, J = 6.7, 4.3 Hz, 1H). **C NMR (101 MHz, CDCl3) 6 = 170.0, 161.0, 155.9,
142.5, 134.5, 131.6, 129.8, 123.2 (q, Jcr = 278.0 Hz, 1C), 118.6, 109.5, 65.5, 64.2, 47.5 (q,
2)cr=36.0 Hz, 1C), 45.2, 26.5, 24.7, 24.1, 23.0. HRMS calculated for CsH2sF3N70,504.2335,
found 504.2342. FTIR (cm™) 3343, 2943, 1670, 1539, 1385, 1266, 1151, 1045, 807.

4-(4-((1R,6S)-3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(2,2 2-trifluoroethyl)-1H-
pyrazolo[3,4d]pyrimidin-6-yl)phenyl)-3-(2-(dimethylamino)ethylurea (201b)

|
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In a 2-5 mL microwave vial 4-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (20 mg, 0.05 mmol) and 4-
nitrophenyl chloroformate (12mg, 0.06 mmol) was dissolved in DCM (1 mL). Pyridine (21
pL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. N1,N1-dimethylethane-
1,2-diamine (28 pL, 0.26 mmol) and DIPEA (13 pL, 0.08 mmol) were added and the reaction
was stirred for a further 1 h. The reaction was partitioned between DCM (5 mL) and water (5
mL) and the resulting mixture was separated using a hydrophobic frit. The organic layer was
concentrated in vacuo and purified by prep HPLC (formic, 30-85%, 20 min) to give 1-(4-(4-
((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-

pyrazolo[3,4d]pyrimidin-6-yl)phenyl)-3-(2-(dimethylamino)ethyl)urea (22 mg, 0.044 mmol,
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85% yield) as an amorphous white solid. LCMS (formic) rt. 0.70 (100%) MH* for desired M=
503.226. *H NMR (CDCls, 400 MHz) & = 8.51 (d, J = 8.8 Hz, 2H), 8.18 (s, 1H), 7.52 (d, J =
8.8 Hz, 2H), 5.61 (br s, 1H), 5.11 (q, J = 8.3 Hz, 2H), 4.10 (dd, J = 11.7, 1.5 Hz, 1H), 4.06
(dd, J=11.7, 3.4 Hz, 1H), 3.82 (ddd, J = 11.6, 6.1, 3.9 Hz, 1H), 3.52 (ddd, J = 11.6, 9.8, 5.0
Hz, 1H), 3.37 (q, J = 5.1 Hz, 2H), 3.00-3.07 (m, 1H), 2.51-2.60 (m, 2H), 2.39 (ddd, J = 13.9,
10.0, 5.9 Hz, 1H), 2.35 (s, 6H), 2.26-2.32 (m, 1H), 1.71 (dd, J = 9.3, 4.2 Hz, 1H), 1.42 ppm
(dd, J=6.7, 4.3 Hz, 1H). 3C NMR (101 MHz, CDCl3) 6 = 169.9, 161.1, 155.9, 142.5, 134.5,
131.5, 129.8, 123.2 (q, YJcr = 281.0 Hz, 1C), 118.7, 112.0, 109.5, 65.5, 64.2, 47.5 (q, 2Jcr =
35.2Hz,1C),45.2,26.5,24.7,24.1, 23.0. HRMS calculated for Cz4H2sF3N-70,504.2335, found
504.2342. FTIR (cm™) 3332, 2943, 1670, 1539, 1385, 1266, 1151, 1044, 806.

1-(4-(4-((1S,6R)-3-)Oxabicyclo[4.1.0]heptan-6-yI)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-(4-methylpiperazin-1-yl)ethyl)urea (202a)
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In a 2-5 mL microwave vial 4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (20 mg, 0.05 mmol) and 4-
nitrophenyl chloroformate (12mg, 0.06 mmol) was dissolved in DCM (1 mL). Pyridine (21
uL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. 2-(4-methylpiperazin-
1-yDethan-1-amine (37mg, 0.26 mmol) and DIPEA (13 uL, 0.08 mmol) were added and the
reaction was stirred for a further 1 h. The reaction was partitioned between DCM (5 mL) and
water (5 mL) and the resulting mixture was separated using a hydrophobic frit. The organic
layer was concentrated in vacuo and purified by prep HPLC (formic, 30-85%, 20 min) to give
2-(4-methylpiperazin-1-yl)ethan-1-amine to give 1-(4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-
6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(4-

methylpiperazin-1-yl)ethyl)urea (37 mg, 0.33 mmol, 65% yield) as an amorphous off-white
solid. LCMS (high-pH) rt. 1.06 (100%) MH* for desired M= 558.268. 'H NMR (DMSO-ds,
400 MHz) 6 = 9.00 (s, 1H), 8.49 (s, 1H), 8.41 (d, J = 9.0 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H),
6.71-7.02 (m, 1H), 6.18 (t, J = 5.4 Hz, 1H), 5.41 (q, J = 9.1 Hz, 2H), 4.00 (dd, J = 11.7, 4.2
Hz, 1H), 3.95 (dd, J = 11.2, 1.5 Hz, 1H), 3.69 (ddd, J = 11.5, 5.9, 4.4 Hz, 1H), 3.46 (ddd, J =
11.5, 9.3, 5.1 Hz, 1H), 3.20-3.26 (m, 2H), 2.96 (dt, J = 14.1, 4.7 Hz, 1H), 2.24-2.44 (m, 11H),
2.17 (s, 3H), 1.67 (dd, J = 9.3, 3.9 Hz, 1H), 1.35 (dd, J = 6.6, 4.2 Hz, 1H. ®*C NMR (101 MHz,
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CDCl3) 6 = 170.0, 160.9, 155.9, 141.8, 134.5, 132.2, 129.9, 123.2 (q, Jcr = 264.1 Hz, 1C),
119.4, 112.0, 109.6, 65.5, 64.2, 57.6, 55.1, 53.0, 47.6 (g, 2Jce = 36.0 Hz, 1C), 46.1, 26.5, 24.8,
24.2, 23.1. HRMS calculated for C7H33FsNsO2559.2757, found 559.2756 FTIR (cm™) 3338,
2937, 1652, 1538, 1385, 1385, 1262, 1149, 1012 806.

1-(4-(4-((1R,65)-3-Oxabicyclo[4.1.0]heptan-6-y)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-(4-methylpiperazin-1-ylethyl)urea (202b)

oy

N
H

In a 2-5 mL microwave vial 4-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (20 mg, 0.05 mmol) and 4-
nitrophenyl chloroformate (12mg, 0.06 mmol) was dissolved in DCM (1 mL). Pyridine (21
uL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. 2-(4-methylpiperazin-
1-yDethan-1-amine (37mg, 0.26 mmol) and DIPEA (13 uL, 0.08 mmol) were added and the
reaction was stirred for a further 1 h. The reaction was partitioned between DCM (5 mL) and
water (5 mL) and the resulting mixture was separated using a hydrophobic frit. The organic
layer was concentrated in vacuo and purified by prep HPLC (formic, 30-85%, 20 min) to give
2-(4-methylpiperazin-1-yl)ethan-1-amine to give 1-(4-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-
6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(4-
methylpiperazin-1-yl)ethylurea (37 mg, 0.26 mmol, 77% yield) as an amorphous off-white
solid. LCMS (high-pH) rt. 1.06 (100%) MH* for desired M= 558.268. *H NMR (CDClIs, 400
MHz) 6 = 8.53 (d, J = 8.8 Hz, 2H), 8.20 (s, 1H), 7.52 (d, J = 8.8 Hz, 2H), 5.36-5.46 (m, 1H),
5.12 (q, J = 8.3 Hz, 2H), 4.12 (dd, J = 11.5, 1.5 Hz, 1H), 4.07 (dd, J = 11.2, 3.4 Hz, 1H), 3.83
(ddd, J=11.6, 6.0, 3.9 Hz, 1H), 3.46-3.59 (m, 1H), 3.41 (q, J = 5.3 Hz, 2H), 3.04 (dt, J = 13.9,
4.4 Hz, 1H), 2.45-2.63 (m, 9H), 2.40 (ddd, J = 13.9, 9.8, 6.1 Hz, 1H), 2.32 (s, 3H), 2.27-2.31
(m, 1H), 1.72 (dd, J = 9.3, 4.2 Hz, 1H), 1.43 ppm (dd, J = 6.7, 4.3 Hz, 1H). 3C NMR (101
MHz, CDCl3) § = 170.0, 160.9, 155.9, 141.8, 134.5, 132.2, 129.9, 123.2 (q, }Jcr = 264.1 Hz,
1C), 119.4, 112.0, 109.6, 65.5, 64.2, 57.6, 55.1, 53.0, 47.6 (q, 2Jcr = 36.0 Hz, 1C), 46.1, 26.5,
24.8, 24.2, 23.1. HRMS calculated for C7H3sFsNsO2559.2757, found 559.2754. FTIR (cm™)
3338, 2936, 1651, 1537, 1385, 1262, 1149, 1013, 806.
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1-(4-(4-((1S,6R)-3-Oxabicyclo[4.1.0]heptan-6-y)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethythiourea (203a)

0]

[ ]..an
N
<N N/)\©\ S
CFs HJJ\H/\/OH

In a 2-5 mL microwave vial 4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (25 mg, 0.064 mmol) was dissolved
in DCM (1 mL). 1,1’-Thiocarbonyldiimidazole (17 mg, 0.096 mmol) and pyridine (10 pL,
0.13 mmol) were added and the reaction was stirred at r.t. for 2 h. LCMS analysis showed
complete conversion to desired intermediate. Ethanolamine (19 pL, 0.32 mmol) was added
and the reaction was stirred at r.t. for 0.5 h. The reaction mixture was concentrated in vacuo
and the resulting residue was purified by preparative HPLC (formic, 30-85%, 15 min) to give
1-(4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (29 mg, 0.059 mmol, 92% yield) as an
amorphous white solid. LCMS (formic) rt. 1.04 (100%) MH* for desired M=492.156. *H NMR
(DMSO-ds, 400 MHz) 6 =9.95 (br s, 1H), 8.51 (s, 1H), 8.47 (d, J = 8.8 Hz, 2H), 8.00 (br., s,
1H), 7.72 (d, J = 8.6 Hz, 2H), 5.43 (g, J = 9.0 Hz, 2H), 4.84 (br s, 1H), 4.00 (dd, J = 11.5, 4.2
Hz, 1H), 3.94 (d, J = 11.0 Hz, 1H), 3.64-3.72 (m, 1H), 3.59 (br s, 4H), 3.46 (ddd, J = 11.4,
9.2,5.3 Hz, 1H), 2.97 (dt, J = 13.9, 4.9 Hz, 1H), 2.25-2.35 (m, 2H), 1.68 (dd, J = 9.2, 4.0 Hz,
1H), 1.37 ppm (dd, J = 6.5, 4.3 Hz, 1H). *C NMR (101 MHz, DMSO-ds) = 180.8, 170.6,
160.2, 155.7, 142.9, 135.4, 132.4, 129.3, 124.2 (q, YJcr = 280.2 Hz, 1C), 122.2, 109.5, 65.1,
63.7, 59.6, 47.3 (q, 2Jcr = 33.8 Hz, 1C), 47.0, 26.1, 24.9, 24.4, 23.6. HRMS calculated for
C22H23F3N60-S 493.1634, found 493.1635. FTIR (cm™) 3167, 2942, 1539, 1385, 1263, 1152,
1046, 927, 807.
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1-(4-(4-((1R,6S)-3-Oxabicyclo[4.1.0]heptan-6-y)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethylthiourea (203b)

4

ey
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In a 2-5 mL microwave vial 4-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (25 mg, 0.064 mmol) was dissolved
in DCM (1 mL). 1,1’-Thiocarbonyldiimidazole (17 mg, 0.096 mmol) and pyridine (10 pL,
0.13 mmol) were added and the reaction was stirred at r.t. for 2 h. LCMS analysis showed
complete conversion to desired intermediate. Ethanolamine (19 pL, 0.32 mmol) was added
and the reaction was stirred at r.t. for 0.5 h. The reaction mixture was concentrated in vacuo
and the resulting residue was purified by preparative HPLC (formic, 30-85%, 15 min) to give
1-(4-(4-((1R,6S)-3-0xabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (26 mg, 0.053 mmol, 82% yield) as an
amorphous white solid. LCMS (formic) rt.1.04 (100%) MH* for desired M=492.156. *H NMR
(DMSO-ds, 400 MHz) & =9.96 (br., s, 1H), 8.52 (s, 1H), 8.47 (d, J = 8.8 Hz, 2H), 8.01 (br s,
1H), 7.72 (d, J = 8.1 Hz, 2H), 5.43 (q, J = 9.0 Hz, 2H), 4.84 (br., s, 1H), 4.00 (dd, J = 11.5,
4.2 Hz, 1H), 3.95 (dd, J = 11.2, 1.2 Hz, 1H), 3.69 (ddd, J = 11.7, 5.9, 4.9 Hz, 1H), 3.59 (br s,
4H), 3.46 (ddd, J = 11.7, 8.8, 5.4 Hz, 1H), 3.08-3.27 (m, 1H), 2.98 (dt, J = 13.9, 4.8 Hz, 1H),
2.24-2.35 (m, 2H), 1.69 (dd, J = 9.3, 4.2 Hz, 1H), 1.37 ppm (dd, J = 6.6, 4.2 Hz, 1H). 3C NMR
(101 MHz, DMSO-ds) & = 180.7, 170.6, 160.2, 155.7, 142.9, 135.4, 132.4, 129.3, 124.2 (q,
1Jcr = 280.2 Hz, 1C), 109.5, 65.1, 63.7, 59.6, 47.3 (q, 2Jcr = 34.5 Hz, 1C), 47.0, 26.1, 24.9,
24.4, 23.5. HRMS calculated for CaH23FsNgO2S 493.1634, found 493.1633. FTIR (cm™)
3167, 2948, 1522, 1384, 1263, 1045, 926, 807.
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N-(4-(4-((1S,6R)-3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-

d]pyrimidin-6-yl)phenyl)-2-(methylamino)acetamide (204a)
o]
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In a 2-5 mL microwave vial 4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (27 mg, 0.07 mmol), Boc-N-

methylglycine (22 mg, 0.12 mmol), HATU (53 mg, 0.14 mmol) and DIPEA (30 L) were

dissolved in 2-MeTHF (1 mL) and the reaction mixture was stirred at r.t. for 16 h. The reaction

mixture was partitioned between DCM (5 mL) and water (5 mL) and the aqueous layer was
extracted with DCM (3x 5 mL). The combined organic layers were dried (hydrophobic frit)
and concentrated in vacuo. The resulting crude mixture was dissolved in
hexafluoroisopropanol (2.5 mL) and heated in microwave at 150 °C for 2 h. The resulting
reaction mixture was concentrated in vacuo and purified by preparative HPLC (High-pH, 55-
95%, 15 mins) to give N-(4-(4-((1S,6R)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-2-(methylamino)acetamide (18
mg, 0.039 mmol, 57% yield) as an amorphous white solid. LCMS (formic) rt. 0.73 (96%) MH~*
for desired M= 460.183. *H NMR (CDCls, 400 MHz) § = 9.44 (s, 1H), 8.53-8.61 (m, 2H), 8.20
(s, 1H), 7.73-7.79 (m, 2H), 5.13 (q, J = 8.3 Hz, 2H), 4.12 (dd, J = 11.0, 1.5 Hz, 1H), 4.07 (dd,
J=11.2, 3.7 Hz, 1H), 3.83 (ddd, J = 11.6, 6.0, 3.7 Hz, 1H), 3.53 (ddd, J = 11.7, 9.7, 5.0 Hz,
1H), 3.41 (s, 2H), 3.05 (dt, J = 13.9, 4.4 Hz, 1H), 2.56 (s, 3H), 2.40 (ddd, J = 13.9, 9.8, 5.9
Hz, 1H), 2.26-2.35 (m, 1H), 1.73 (dd, J = 9.3, 4.2 Hz, 1H), 1.44 (dd, J = 6.7, 4.3 Hz, 1H). 3C
NMR (101 MHz, CDCls) 8 = 170.1, 169.9, 160.8, 155.8, 140.2, 134.5, 133.1, 129.8, 123.2 (q,
ek = 279.5 Hz, 1C), 119.0, 110.0, 65.5, 64.2, 55.2, 47.6 (q, 2Jcr = 35.5 Hz, 1C), 36.9, 26.46,
24.8, 24.2, 23.1. HRMS calculated for C2,H23F3sNsO,461.1913, found 461.1913. FTIR (cm™)
3290, 2855, 1682, 1572, 1525, 1386, 1150, 1043, 806.
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N-(4-(4-((1R,6S)-3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-2-(methylamino)acetamide (204b)

N SN
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In a 2-5 mL microwave vial 4-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (27 mg, 0.07 mmol), Boc-N-
methylglycine (22 mg, 0.12 mmol), HATU (53 mg, 0.14 mmol) and DIPEA (30 pL) were
dissolved in 2Me-THF (1 mL) and the reaction mixture was stirred at r.t. for 16 h. The reaction
mixture was partitioned between DCM (5 mL) and water (5 mL) and the aqueous layer was
extracted with DCM (3x 5 mL). The combined organic layers were dried (hydrophobic frit)
and concentrated in vacuo. The resulting crude mixture was dissolved in
hexafluoroisopropanol (2.5 mL) and heated in microwave at 150 °C for 2 h. The resulting
reaction mixture was concentrated in vacuo and purified by preparative HPLC (High-pH, 55-
95%, 15 mins) to give N-(4-(4-((1R,6S)-3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-2-(methylamino)acetamide (16
mg, 0.04 mmol, 50% yield) as an amorphous white solid. LCMS (formic) rt. 0.73 (97%) MH~*
for desired M= 460.183. *H NMR (CDCls, 400 MHz) & = 9.44 (s, 1H), 8.57 (d, J = 8.8 Hz,
2H), 8.20 (s, 1H), 7.76 (d, J = 8.8 Hz, 2H), 5.13 (g, J = 8.5 Hz, 2H), 4.12 (dd, J = 11.5, 1.5
Hz, 1H), 4.08 (dd, J = 11.5, 3.7 Hz, 1H), 3.84 (ddd, J = 11.6, 6.0, 3.7 Hz, 1H), 3.53 (ddd, J =
11.6, 9.7, 5.1 Hz, 1H), 3.42 (s, 2H), 3.05 (dt, J = 13.8, 4.5 Hz, 1H), 2.64 (s, 1H), 2.57 (s, 3H),
2.41 (ddd, J = 13.9, 9.7, 6.0 Hz, 1H), 2.28-2.34 (m, 1H), 1.73 (dd, J = 9.3, 4.2 Hz, 1H), 1.44
ppm (dd, J = 6.6, 4.2 Hz, 1H). 3C NMR (101 MHz, CDCls) 8 = 170.1, 169.9, 160.8, 155.8,
140.2, 134.5, 133.1, 129.8, 123.2 (q, Jcr = 281.7 Hz, 1C), 119.0, 109.7, 65.5, 64.2, 55.2, 47.6
(9, 2Jcr = 36.0 Hz, 1C), 36.9, 26.5, 24.8, 24.2, 23.1. HRMS calculated for CzH23F3NsO;
461.1913, found 461.1914. FTIR (cm™) 3290, 2852, 1681, 1572, 1385, 1151, 1043, 805.
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tert-butyl-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (211)

| N7 0
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In a 2-5 mL microwave vial a mixture of 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidine (1.28 g, 1.87 mmol), tert-butyl (4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate (983 mg, 3.08 mmol), sodium
carbonate (396 mg, 3.73 mmol) and Pd(PPhs)s (216 mg, 0.19 mmol) was dissolved in DME
(16.6 mL) and water (2.1 mL). The resulting suspension was degassed with a stream of
nitrogen for 10 min, sealed and stirred at 100 °C for 1.5 h. The reaction was monitored by
LCMS and, upon complete consumption of starting material, the reaction was cooled to r.t.
and filtered through a celite cartridge (10 g). The reaction mixture was purified by flash
column chromatography (cyclohexane: ethyl acetate 0-60% (12 column volumes)) to give tert-
butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (672 mg, 1.23 mmol, 66% yield) as an
amorphous yellow solid. LCMS (formic) rt. 1.48 (97%) MH* for desired M= 547.279. 'H
NMR (DMSO-dg, 400 MHz) 6 =9.59 (s, 1H), 8.42 (d, J = 8.8 Hz, 2H), 8.32 (s, 1H), 7.62 (d,
J = 8.8 Hz, 2H), 4.93-5.04 (m, 1H), 3.88-4.00 (m, 6H), 3.68 (ddd, J = 11.6, 5.8, 4.4 Hz, 1H),
3.44 (ddd, J =12.0, 9.0, 5.1 Hz, 1H), 2.95 (dt, J = 13.9, 4.6 Hz, 1H), 2.16-2.35 (m, 4H), 1.74-
1.98 (m, 6H), 1.65 (dd, J = 9.3, 3.9 Hz, 1H), 1.51 (s, 9H), 1.30 ppm (dd, J = 6.6, 4.2 Hz, 1H).
3C NMR (DMSO-dg, 101 MHz) & = 169.2, 158.8, 153.1, 152.6, 142.0, 132.4, 131.0, 128.9,
117.6, 109.1, 107.1, 79.3, 64.6, 63.8, 63.7, 63.2, 53.7, 33.0, 28.9, 28.1, 25.8, 24.2, 23.2, 22.5
ppm. HRMS calculated for C3oH37NsOs 548.2873, found 548.2872. FTIR (cm™) 3267, 2937,
1728, 1561, 1384, 1309, 1150, 1034, 808.

257
Declan M Summers



CONFIDENTIAL — DO NOT COPY

4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yDaniline (199)
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In a 2-5 mL microwave vial tert-butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (610 mg,
1.08 mmol) was dissolved in hexafluoroisopropanol (3 mL) and the reaction was irradiated to
150 °C in a Biotage initiator+ microwave for 1 h. The reaction was concentrated in vacuo and
triturated with diethyl ether to give 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (487 mg, 1.08 mmol,
100% vyield) as an amorphous tan solid. LCMS (formic) rt. 1.15 (92%) MH* for desired
M=447.227. *H NMR (DMSO-ds, 600 MHz) & = 8.24 (s, 1H), 8.23 (d, J = 8.4 Hz, 2H), 6.66
(d, J=8.8 Hz, 2H), 5.66 (s, 2H), 4.94 (tt, J = 11.4, 4.0 Hz, 1H), 3.89-3.99 (m, 6H), 3.67 (ddd,
J=115,5.8, 4.4 Hz, 1H), 3.43 (ddd, J = 11.5, 9.4, 5.1 Hz, 1H), 2.94 (dt, J = 14.1, 4.5 Hz,
1H), 2.52-2.55 (m, 1H), 2.21-2.30 (m, 3H), 2.16-2.20 (m, 1H), 1.78-1.94 (m, 7H), 1.61 (dd, J
=9.2,4.0 Hz, 1H), 1.27 (dd, J = 6.8, 4.2 Hz, 1H). **C NMR (DMSO-ds, 151 MHz) § = 169.2,
160.3, 153.8, 152.0, 132.7, 130.3, 125.0, 113.7, 108.8, 107.6, 65.2, 64.3, 64.3, 63.8, 54.0, 33.5,
29.4,26.3,24.6,23.4,22.7. HRMS calculated for CasH2gNs03 448.2349 found 448.2350. FTIR
(cmt) 3357, 2952, 1548, 1383, 1303, 1111, 807.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)urea (212)

In a 25 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (60 mg, 0.13 mmol)
and 4-nitrophenyl chloroformate (33 mg, 0.16 mmol) were dissolved in DCM (2 mL). Pyridine
(21 pL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. Ethanolamine (40
pL, 0.67 mmol) and DIPEA (35 pL, 0.2 mmol) were added and the reaction was stirred for a
further 1 h. The reaction was partitioned between DCM (5 mL) and water (5 mL) and the
resulting mixture was separated using a hydrophobic frit. The organic layer was concentrated
in vacuo and purified by prep HPLC (formic, 30-85%, 20 min) to give 1-(4-(4-(3-
oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)urea (50 mg, 0.094 mmol, 70% vyield) as an
amorphous white solid. LCMS (formic) rt. 1.00 (99%) MH* for desired M= 534.259 'H NMR
(DMSO-ds, 400 MHz) & = 8.88 (s, 1H), 8.37-8.43 (m, 2H), 8.32 (s, 1H), 7.52-7.58 (m, 2H),
6.29 (t, J = 5.5 Hz, 1H), 4.98 (tt, J = 11.5, 3.9 Hz, 1H), 4.74 (br s, 1H), 3.89-4.00 (m, 6H),
3.68 (ddd, J = 11.5, 5.7, 4.3 Hz, 1H), 3.34-3.51 (m, 3H), 3.19 (q, J = 5.6 Hz, 2H), 2.95 (dt, J
= 14.0, 4.7 Hz, 1H), 2.52-2.69 (m, 1H), 2.19-2.34 (m, 4H), 1.77-1.96 (m, 6H), 1.65 (dd, J =
9.3, 3.9 Hz, 1H), 1.30 (dd, J = 6.7, 4.0 Hz, 1H). °C NMR (DMSO-ds, 151 MHz) & = 169.7,
159.4, 155.5, 153.7, 143.6, 132.9, 130.4, 129.6, 117.5, 109.5, 107.6, 65.2, 64.3, 64.3, 63.8,
60.8,54.2,42.3,33.5,29.4,26.3,24.7,23.7, 23.0. HRMS calculated for C,sH34NsOs 535.2669,
found 535.2665. FTIR (cm™) 3335, 2931, 2858, 1664, 1536, 1385, 1236, 1100, 803.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-aminoethyl)urea (213)
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In a 25 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (50 mg, 0.11 mmol)
and 4-nitrophenyl chloroformate (27 mg, 0.13 mmol) were dissolved in DCM (2 mL). Pyridine
(21 pL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. tert-butyl (2-
aminoethyl)carbamate (88 pL, 0.56 mmol) and DIPEA (29 pL, 0.17 mmol) were added and
the reaction was stirred for a further 1 h. The reaction was partitioned between DCM (5 mL)
and water (5 mL) and the resulting mixture was separated using a hydrophobic frit. The organic
layer was concentrated in vacuo. The resulting crude product was dissolved in
hexafluoroisopropanol and heated in a microwave at 120 °C for 2 h. by preparative HPLC
(High-pH, 30-85%, 30 min) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-aminoethyl)urea
(29 mg, 0.054 mmol, 49% yield). LCMS (high-pH) rt. 1.09 MH* for desired M= 533.275. 'H
NMR (DMSO-ds, 400 MHz) & = 8.89 (br., s, 1H), 8.40 (d, J = 8.8 Hz, 2H), 8.32 (s, 1H), 7.55
(d, J=8.8 Hz, 2H), 6.33 (t, J = 5.6 Hz, 1H), 4.99 (tt, J = 11.3, 4.2 Hz, 1H), 3.90-4.05 (m, 6H),
3.68(ddd, J=11.4,5.7, 4.4 Hz, 1H), 3.44 (ddd, J = 11.7, 9.3, 5.1 Hz, 1H), 3.11 (q, J = 6.1 Hz,
2H), 2.96 (dt, J = 13.9, 4.8 Hz, 1H), 2.64 (t, J = 6.2 Hz, 1H), 2.55 (s, 2H), 2.19-2.31 (m, 4H),
1.77-1.97 (m, 6H), 1.65 (dd, J = 9.3, 3.9 Hz, 1H), 1.30 ppm (dd, J = 6.6, 4.2 Hz, 1H). ®*C NMR
(DMSO-ds, 101 MHz) 6 =164.5, 154.8,151.7,149.0, 136.8, 127.8,127.2,124.9, 114.1, 105.0,
103.0, 60.7, 59.7, 59.6, 59.5, 49.7, 36.7, 36.2, 28.9, 24.4, 21.8, 19.9, 18.9, 17.9 ppm. HRMS
calculated for CpsHssN7O4 534.2829, found 534.2823. FTIR (cm) 3350, 2948, 1536, 1307,
1169, 1100, 806.

260
Declan M Summers



CONFIDENTIAL — DO NOT COPY

1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-y)phenyl)-3-(2-(dimethylamino)ethyl)urea (214)
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In a 25 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (60 mg, 0.13 mmol)
and 4-nitrophenyl chloroformate (33 mg, 0.16 mmol) were dissolved in DCM (2 mL). Pyridine
(21 pL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. N1,N1-
dimethylethane-1,2-diamine (72 pL, 0.67 mmol) and DIPEA (35 uL, 0.2 mmol) were added
and the reaction was stirred for a further 1 h. The reaction was partitioned between DCM (5
mL) and water (5 mL) and the resulting mixture was separated using a hydrophobic frit. The
organic layer was concentrated in vacuo and purified by prep HPLC (High-pH, 30-85%, 20
min) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yI)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(dimethylamino)ethyl)urea (50 mg, 0.089 mmol,
66% yield) as an amorphous white solid. LCMS (formic) rt. 0.73 (100%) MH* for desired
M=534.259. *H NMR (DMSO-dg, 400 MHz) & =8.96 (s, 1H), 8.37-8.42 (m, 2H), 8.32 (s, 1H),
7.52-7.57 (m, 2H), 6.19 (t, J = 5.3 Hz, 1H), 4.99 (tt, J = 11.4, 4.0 Hz, 1H), 3.89-4.01 (m, 6H),
3.68(ddd, J=11.4,5.7, 4.4 Hz, 1H), 3.34-3.51 (m, 1H), 3.17-3.26 (m, 2H), 2.96 (dt, J = 13.9,
4.6 Hz, 1H), 2.35 (t, J = 6.2 Hz, 2H), 2.21-2.31 (m, 4H), 2.19 (s, 6H), 1.77-1.97 (m, 6H), 1.65
(dd, J=9.2,4.0 Hz, 1H), 1.30 (dd, J = 6.7, 4.0 Hz, 1H). 3C NMR (DMSO-ds, 101 MHz) & =
169.7, 159.5, 155.3, 153.7, 143.7, 132.9, 130.3, 129.6, 117.4, 109.5, 107.6, 65.2, 64.3, 64.3,
63.8, 58.9, 54.2, 45.5, 37.4, 33.5, 29.4, 26.3, 24.7, 23.7, 23.0 ppm. HRMS calculated for
CaoH3oN704 562.3142, found 562.3140. FTIR (cm™) 3346, 2937, 2874, 1536, 1308, 1101,
1035, 852.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(4-methylpiperazin-1-ylethyl)urea (215)

Q N)\Ej\Nj)\N/\/N(J\j
H
e

In a 25 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (60 mg, 0.13 mmol)
and 4-nitrophenyl chloroformate (33 mg, 0.16 mmol) were dissolved in DCM (2 mL). Pyridine
(21 pL, 0.26 mmol) was added and the reaction was stirred at r.t. for 1.5 h. 2-(4-
methylpiperazin-1-yl)ethan-1-amine (96 mg, 0.67 mmol) and DIPEA (35 pL, 0.2 mmol) were
added and the reaction was stirred for a further 1 h. The reaction was partitioned between DCM
(5 mL) and water (5 mL) and the resulting mixture was separated using a hydrophobic frit.
The organic layer was concentrated in vacuo and purified by prep HPLC (High-pH, 30-85%,
20 min) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(4-methylpiperazin-1-yl)ethyl)urea. (63 mg,
0.10 mmol, 76% yield) LCMS (formic) rt. 0.68 (100%) MH* for desired M= 616.349. *H NMR
(DMSO-ds, 400 MHz) 6 = 8.97 (s, 1H), 8.37-8.43 (m, 2H), 8.31 (s, 1H), 7.52-7.59 (m, 2H),
6.17 (t, J = 5.3 Hz, 1H), 4.98 (tt, J = 11.4, 3.9 Hz, 1H), 3.90-4.00 (m, 5H), 3.58-3.77 (m, 1H),
3.34-3.51 (m, 1H), 3.23 (q, J = 6.1 Hz, 2H), 2.95 (dt, J = 13.9, 4.6 Hz, 1H), 2.54-2.82 (m, 1H),
2.31-2.48 (m, 9H), 2.19-2.31 (m, 5H), 2.17 (s, 3H), 1.76-1.97 (m, 6H), 1.65 (dd, J = 9.2, 3.8
Hz, 1H), 1.30 (dd, J = 6.5, 4.0 Hz, 1H). *C NMR (DMSO-ds, 101 MHz) & = 169.7, 159.5,
155.3,153.7, 143.7, 132.9, 130.3, 129.6, 117.4, 109.5, 107.6, 65.2, 64.3, 64.3, 63.8, 57.8, 55.2,
54.2,53.1,46.3, 36.8, 33.5, 29.4, 26.3, 24.7, 23.7, 23.0 ppm. HRMS calculated for C33HsNsO4
617.3520, found 617.3562. FTIR (cm™) 3325, 2942, 1675, 1534, 1386, 1169, 1102, 852.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (216)

In a 25 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (60 mg, 0.13 mmol)
was dissolved in DCM (2 mL). 1,1'-Thiocarbonyldiimidazole (36 mg, 0.20 mmol) and
pyridine (22 uL, 0.27 mmol) were added and the reaction was stirred at r.t. for 2 h. LCMS
analysis showed complete conversion to desired intermediate. Ethanolamine (40 pL, 0.67
mmol) was added and the reaction was stirred at r.t. for 0.5 h. The reaction mixture was
concentrated in vacuo and the resulting residue was purified by prep HPLC (formic, 30-85%,
15 min) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (40 mg, 0.073 mmol,
54% yield) as an amorphous white solid. LCMS (formic) rt. 1.09 (100%) MH™* for desired
M=550.236. 'H NMR (DMSO-ds, 400 MHz) & = 9.88 (br s, 1H), 8.42-8.52 (m, 2H), 8.35 (s,
1H), 7.91 (br s, 1H), 7.67-7.72 (m, 2H), 5.00 (tt, J = 11.4, 4.0 Hz, 1H), 4.83 (br s, 1H), 3.88-
4.02 (m, 6H), 3.68 (ddd, J = 11.6, 5.7, 4.4 Hz, 1H), 3.55-3.62 (m, 4H), 3.33-3.51 (m, 1H), 2.97
(dt, J = 14.0, 4.6 Hz, 1H), 2.21-2.34 (m, 4H), 1.90-1.98 (m, 2H), 1.77-1.90 (m, 4H), 1.67 (dd,
J=9.0,3.9 Hz, 1H), 1.32 (dd, J = 6.7, 4.0 Hz, 1H). 3C NMR (DMSO-ds, 151 MHz) 5 = 180.7,
169.9, 159.1, 153.6, 142.4, 133.0, 132.9, 129.2, 122.1, 109.7, 107.6, 65.2, 64.3, 64.3, 63.8,
59.6, 54.3, 47.0, 33.5, 29.4, 26.2, 24.7, 23.9, 23.2 ppm. HRMS calculated for CzsH3aNgO4S
551.2440, found 551.2436. FTIR (cm™) 3340, 3172, 2937, 1536, 1387, 1306, 1105, 1035.
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N-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-2-(methylamino)acetamide (217)
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In a 25 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (50 mg, 0.11 mmol),
Boc-N-methylglycine (36 mg, 0.19 mmol), HATU (85 mg, 0.22 mmol) and DIPEA (49 pL,
0.28 mmol) were dissolved in 2-MeTHF (1.1 mL) and the reaction mixture was stirred at r.t.
for 24 h. The reaction mixture was partitioned between ethyl acetate (5 mL) and water (5 mL)
and the aqueous layer was extracted with ethyl acetate (3x 5 mL). The combined organic layers
were dried (hydrophobic frit) and concentrated in vacuo. The resulting crude mixture was
dissolved in hexafluoroisopropanol (2.5 mL) and heated in microwave at 100 °C for 3.5 h. The
resulting reaction mixture was concentrated in vacuo and purified by prep HPLC (High-pH,
30-85%, 200 min) to give  N-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-2-
(methylamino)acetamide (7.2 mg, 0.014 mmol, 13% yield) LCMS (formic) rt. 0.76 (98%)
MH?* for desired M= 5.18.264. '"H NMR (CDCls, 400 MHz) & = 9.44 (s, 1H), 8.58 (d, J = 8.8
Hz, 2H), 8.09 (s, 1H), 7.76 (d, J = 8.8 Hz, 2H), 5.02 (tt, J = 11.5, 4.0 Hz, 1H), 4.12 (dd, J =
11.2, 1.0 Hz, 1H), 4.07 (dd, J = 8.6, 3.7 Hz, 1H), 4.02-4.06 (m, 4H), 3.83 (ddd, J = 11.5, 6.1,
3.4 Hz, 1H), 3.52 (ddd, J = 11.5, 10.0, 4.9 Hz, 1H), 3.44 (s, 2H), 3.06 (dt, J = 14.0, 4.4 Hz,
1H), 2.58 (s, 3H), 2.43-2.57 (m, 2H), 2.38 (ddd, J = 14.1, 10.0, 6.0 Hz, 1H), 2.28-2.30 (m,
1H), 2.24-2.31 (m, 1H), 1.95-2.13 (m, 5H), 1.89 (td, J = 13.4, 4.2 Hz, 2H), 1.72 (dd, J = 9.5,
4.2 Hz, 3H), 1.39 ppm (dd, J = 6.7, 4.3 Hz, 1H) 3C NMR (CDCls, 101 MHz) & = 169.5, 159.5,
153.8, 139.8, 133.9, 132.0, 129.6, 119.0, 109.8, 107.8, 65.5, 64.5, 64.4, 64.3, 55.1, 54.6, 49.0,
36.8,33.7,29.2,26.6,24.7,23.7, 22.6 ppm. HRMS calculated for C2sHz1NsO4 519.2720, found
519.2718. FTIR (cm™) 2945, 1675, 1540, 1311, 1171, 804.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(4-oxocyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)urea (205)
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In a 052 mL microwave vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-
hydroxyethyl)urea (33 mg, 0.062 mmol) was dissolved in THF (0.3 mL) and water (0.3 mL).
HCI (50 pL, 0.61 mmol) was added and the reaction was stirred at r.t. for 2 h. The reaction
mixture was concentrated in vacuo and partitioned between DCM (10 mL) and sodium
hydroxide (1 M) (10 mL). The combined organic layers were dried (hydrophobic frit) and
concentrated in vacuo to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)urea (21 mg, 0.043 mmol, 69%
yield) as an amorphous white solid. LCMS (formic) 0.99 (95%) MH* for desired M= 490.233
'H NMR (DMSO-ds, 400 MHz) & = 8.89 (s, 1H), 8.42 (d, J = 8.8 Hz, 2H), 8.36 (s, 1H), 7.56
(d, J=9.0 Hz, 2H), 6.23-6.40 (m, 1H), 5.43 (tt, J = 10.0, 3.9 Hz, 1H), 3.99 (dd, J = 11.5, 3.9
Hz, 1H), 3.94 (dd, J = 11.2, 1.2 Hz, 1H), 3.69 (ddd, J = 11.5, 5.7, 4.5 Hz, 1H), 3.41-3.50 (m,
4H), 3.18 (s, 3H), 2.96 (dt, J = 13.9, 4.6 Hz, 1H), 2.69-2.83 (m, 2H), 2.38-2.47 (m, 4H), 2.20-
2.36 (m, 4H), 1.66 (dd, J = 9.3, 3.9 Hz, 1H), 1.32 ppm (dd, J = 6.6, 4.2 Hz, 1H). $3C NMR
(DMSO-ds, 101 MHz) 6 =209.5, 169.8, 159.6, 155.5, 153.9, 143.7, 133.2, 130.3, 129.6, 117.5,
109.6, 65.2, 63.8, 60.8, 53.1, 42.3, 39.2, 31.0, 26.3, 24.7, 23.8, 23.0 ppm. FTIR (cm™) 3246,
2957, 1658, 1558, 1356, 1250, 1100, 1034, 805.
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(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)-3-(2-(dimethylamino)ethylurea (207)

In a 052 mL microwave vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-
(dimethylamino)ethyl)urea (23 mg, 0.041 mmol)was dissolved in THF (0.2 mL) and water
(0.2 mL). HCI (33 pL, 0.41 mmol) was added and the reaction was stirred at r.t. for 2 h. The
reaction mixture was concentrated in vacuo and partitioned between DCM (10 mL) and
sodium hydroxide (1 M) (10 mL). The combined organic layers were dried (hydrophobic frit)
and concentrated in vacuo to give (4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-oxocyclohexyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(dimethylamino)ethyl)urea (14 mg, 0.027
mmol, 66% yield). LCMS (formic) rt. 0.67 (96%) MH" for desired M=517.280. *H NMR (400
MHz, CDCls) 6 = 8.54 - 8.45 (m, 2H), 8.09 (s, 1H), 7.59 - 7.52 (m, 2H), 6.34 - 6.14 (m, 1H),
5.46 - 5.36 (m, 1H), 4.11 (dd, J = 1.2, 11.7 Hz, 1H), 4.06 (dd, J = 3.9, 11.5 Hz, 1H), 3.83 (ddd,
J=3.7,6.0,11.6 Hz, 1H), 3.56 - 3.47 (m, 2H), 3.43 - 3.22 (m, 2H), 3.05 (td, J = 4.3, 13.9 Hz,
1H), 2.88 - 2.77 (m, 2H), 2.75 - 2.61 (m, 6H), 2.56 (s, 6H), 2.47 - 2.33 (m, 3H), 2.32 - 2.25
(m, 1H), 1.71 (dd, J = 4.2, 9.3 Hz, 1H), 1.39 (dd, J = 4.2, 6.1 Hz, 1H). 3C NMR (DMSO-d,
151 MHz) & = 209.5, 169.9, 159.6, 155.5, 153.9, 143.6, 133.2, 130.5, 129.6, 117.6, 109.6,
65.2, 63.8, 53.2, 40.6, 39.2, 31.0, 26.3, 24.7, 23.8, 23.0 ppm (1C not observed). HRMS
calculated for CasH3sN7O3 518.2880, found 518.2881. FTIR (cm™) 3322, 2915, 1693, 1536,
1227, 1170, 1023, 805.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(4-oxocyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-(4-methylpiperazin-1-yl)ethyl)urea (208)

In a 052 mL microwave vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(4-
methylpiperazin-1-yl)ethyl)urea (37 mg, 0.06 mmol) was dissolved in THF (0.3 mL) and water
(0.3 mL). HCI (50 pL, 0.61 mmol) was added and the reaction was stirred at r.t. for 2 h. The
reaction mixture was concentrated in vacuo and partitioned between DCM (10 mL) and
sodium hydroxide (1 M) (10 mL). The combined organic layers were dried (hydrophobic frit)
and concentrated in vacuo to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-
oxocyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(4-methylpiperazin-1-
yl)ethyl)urea (32 mg, 0.056 mmol, 93% yield) as an amorphous white solid. LCMS (formic)
rt. 0.63 (100%) MH" for desired M= 572.714. *H NMR (DMSO-ds, 400 MHz) § = 8.97 (s,
1H), 8.38-8.44 (m, 2H), 8.36 (s, 1H), 7.57 (d, J = 8.8 Hz, 2H), 6.16 (t, J = 5.3 Hz, 1H), 5.42
(tt, J=10.3, 4.2 Hz, 1H), 3.99 (dd, J=11.2, 3.9 Hz, 1H), 3.94 (dd, J = 11.2, 1.2 Hz, 1H), 3.69
(ddd, J=11.5,5.6, 4.4 Hz, 1H), 3.44 (ddd, J =11.5, 9.3, 5.1 Hz, 1H), 3.17-3.26 (m, 2H), 2.96
(dt, J =13.9, 4.8 Hz, 1H), 2.71-2.82 (m, 2H), 2.21-2.48 (m, 18H), 2.18 (s, 3H), 1.66 (dd, J =
9.2, 4.0 Hz, 1H), 1.32 ppm (dd, J = 6.6, 4.2 Hz, 1H). 3C NMR (101 MHz, DMSO-d) & =
209.47, 169.83, 159.61, 155.30, 153.85, 143.73, 133.16, 130.30, 129.61, 117.46, 109.56,
65.16, 63.76, 57.76, 55.17, 53.14, 53.06, 46.22, 39.24, 36.81, 30.98, 26.26, 24.74, 23.81,
23.03. HRMS calculated for C31H4Ns03573.3302, Found 573.3300. FTIR (cm™) 3440, 3350,
2942, 1701, 1562, 1388, 1309, 1167, 805.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(4-oxocyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethylthiourea (209)
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In a 052 mL microwave vial 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-(4-
methylpiperazin-1-yl)ethyl)urea (37 mg, 0.06 mmol) was dissolved in THF (0.2 mL) and water
(0.2 mL). HCI (39 uL, 0.47 mmol) was added and the reaction was stirred at r.t. for 2 h. The
reaction mixture was concentrated in vacuo and partitioned between DCM (10 mL) and
sodium hydroxide (1 M) (10 mL). The combined organic layers were dried (hydrophobic frit)
and concentrated in vacuo to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-
oxocyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (18
mg, 0.036 mmol, 75% yield) as an amorphous white solid. LCMS (formic) rt. 0.99 (98%) MH~*
for desired M= 506.210. *H NMR (DMSO-ds, 400 MHz) & = 9.88 (br s, 1H), 8.48 (d, J = 8.8
Hz, 2H), 8.39 (s, 1H), 7.91 (br s, 1H), 7.71 (d, J = 8.8 Hz, 2H), 5.44 (tt, J = 10.3, 3.9 Hz, 1H),
4.83 (br s, 1H), 4.00 (dd, J = 11.5, 3.9 Hz, 1H), 3.95 (dd, J = 11.2, 1.5 Hz, 1H), 3.69 (ddd, J =
11.6, 5.7, 4.4 Hz, 1H), 3.55-3.62 (m, 4H), 3.45 (ddd, J = 11.7, 9.3, 5.1 Hz, 1H), 2.98 (dt, J =
14.0, 4.7 Hz, 1H), 2.70-2.82 (m, 2H), 2.39-2.48 (m, 4H), 2.19-2.36 (m, 4H), 1.68 (dd, J = 9.3,
3.9 Hz, 1H), 1.34 (dd, J = 6.6, 4.2 Hz, 1H). **C NMR (DMSO-ds, 101 MHz) & =209.4, 180.8,
170.0, 159.3, 153.8, 142.5, 133.2, 129.2, 122.2, 109.8, 65.2, 63.8, 59.6, 53.3, 47.0, 39.2, 30.9,
26.2, 24.8, 24.0, 23.2 ppm. (1C not observed). HRMS calculated for C2sH3oNsO3S 507.2178
found 507.2180. FTIR (cm) 3293, 3167, 2652, 1716, 1540, 1384, 1127, 1040, 807.
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N-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(4-hydroxycyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-2-(methylamino)acetamide (219)

AN

N
N\ ~
N N)\Ej\ ) H
H
HO

In a 2-5 mL microwave vial a mixture of 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (150 mg, 0.34 mmol),
N-(tert-butoxycarbonyl)-N-methylglycine (108 mg, 0.57 mmol), HATU (255 mg, 0.67 mmol)
and DIPEA (0.15 mL, 0.84 mmol) was dissolved in 2-MeTHF (2 mL) and the reaction was
sealed and stirred at r.t. for 24 h. The reaction was quenched with water (5 mL) and partitioned
between water (5 mL) and ethyl acetate (5 mL) and extracted with further ethyl acetate (3x 5
mL). The combined organic layer was dried (hydrophobic frit) and concentrated in vacuo. The
crude reaction mixture was dissolved in acetone (9 mL) and tosic acid (85 mg, 0.44 mmol)
was added. The reaction was stirred at 50 °C for 2.5 h. The reaction mixture was partitioned
between DCM (10 mL) and sat. ag. sodium bicarbonate (10 mL) and extracted with further
DCM (2 x 10 mL). The combined organic layer was dried (hydrophobic frit) and concentrated
in vacuo. The crude reaction mixture was dissolved in tetrahydrofuran (1.2 mL) and sodium
borohydride (11 mg, 0.29 mmol) was added. The reaction was stirred for at r.t. for 1 h. The
reaction was then partitioned between ethyl acetate (10 mL) and sat. ag. sodium bicarbonate
(10 mL). The aqueous layer was extracted with further ethyl acetate (2x 10 mL). The combined
organic layer was dried (hydrophobic frit) and concentrated in vacuo. The crude reaction
mixture was dissolved in hexafluoroisopropanol (2 mL) and irradiated in a Biotage initiator+
microwave at 120 °C for 2 h. The reaction mixture was concentrated in vacuo and purified by
Mass Directed Auto Purification (MDAP) (formic, method 2, extended run) to give N-(4-(4-
(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(4-hydroxycyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-

yl)phenyl)-2-(methylamino)acetamide (5 mg, 10.2 pmol, 17% yield). LCMS (formic) rt. 0.61
(97%) MH* for desired M= 476.254. *H NMR (400 MHz, DMSO-ds) 6 = 8.47 (d, J = 8.8 Hz,
2H), 8.33 (s, 1H), 7.82 (d, J = 8.8 Hz, 2H), 4.85 (tt, J = 3.8, 11.5 Hz, 1H), 3.99 (dd, J = 3.9,
11.5 Hz, 1H), 3.94 (dd, J = 1.2, 11.2 Hz, 1H), 3.71 - 3.65 (m, 1H), 3.59 (it, J = 4.2, 10.8 Hz,
1H), 3.44 (ddd, J = 5.1, 9.8, 11.7 Hz, 1H), 3.35 (s, 2H), 2.96 (td, J = 4.6, 13.9 Hz, 1H), 2.37
(s, 3H), 2.32 - 2.21 (m, 2H), 2.13 - 1.91 (m, 6H), 1.66 (dd, J = 3.8, 9.2 Hz, 1H), 1.54 - 1.42
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(m, 2H), 1.31 (dd, J = 4.2, 6.6 Hz, 1H). *C NMR (101 MHz, DMSO-ds) 6 = 170.4, 169.8,
159.1, 153.6, 141.5, 132.9, 132.7, 129.5, 119.3, 109.7, 68.5, 65.1, 63.8, 55.3, 54.8, 36.1, 34.62,
30.4, 26.3, 24.7, 23.8, 23.1. HRMS calculated for CH32NeO3 477.2614, found 477.2624.
FTIR (cm) 3323, 2945, 1675, 1592, 1540, 1309, 1170, 804.

1-(5-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl1)-1-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)-1H-indol-2-yl)-N-methylmethanamine (227)

4
; 7 N
H
(0]

L0
In a 2-5 mL microwave vial 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidine (150 mg, 0.32 mmol), tert-butyl 2-
(((tert-butoxycarbonyl)(methyl)amino)methyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-indole-1-carboxylate (253 mg, 0.52 mmol), sodium carbonate (67 mg, 0.63 mmol) and
Pd(PPhs)s (36 mg, 0.031 mmol) were dissolved in DME (2.8 mL) and water (0.35 mL). The
reaction was stirred at 100 °C for 2h. The resulting crude reaction mixture was filtered through
celite (10g column) and concentrated in vacuo. The resulting crude reaction mixture was
dissolved in hexafluoroisopropanol (3 mL) and irradiated in a Biotage initiator+ microwave at
120 °C for 3.5 h. The reaction mixture was concentrated in vacuo and purified by prep HPLC
(High-pH, 30-95%, 30 min) to give 1-(5-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)-1H-indol-2-yl)-N-
methylmethanamine (44 mg, 0.085 mmol, 25 % yield). LCMS (formic, DMSOQ) rt. 0.80 (99%)
MH* for desired M= 514.630. *H NMR (DMSO-ds, 400 MHz) § = 11.15 (br s, 1H), 8.70 (d, J
= 1.2 Hz, 1H), 8.27-8.32 (m, 2H), 7.42 (d, J = 8.6 Hz, 1H), 6.42 (s, 1H), 4.97-5.06 (m, 1H),
3.89-4.03 (m, 6H), 3.80 (s, 2H), 3.70 (ddd, J = 11.4, 5.8, 4.5 Hz, 1H), 3.34-3.53 (m, 1H), 2.99
(dt, J =13.9, 4.6 Hz, 1H), 2.33 (s, 3H), 2.21-2.31 (m, 4H), 1.90-2.04 (m, 2H), 1.79-1.90 (m,
4H), 1.68 (dd, J = 9.3, 3.9 Hz, 1H), 1.31 (dd, J = 6.6, 4.2 Hz, 1H). 3C NMR (DMSO-ds, 101
MHz) 6 = 169.4, 161.1, 153.9, 140.7, 138.4, 132.8, 128.8, 128.6, 121.8, 121.0, 111.2, 109.3,
107.6, 100.8, 65.2, 64.3, 64.3, 63.8, 54.1, 48.8, 36.1, 33.5, 29.4, 26.3, 24.7, 23.6, 22.9. HRMS
calculated for CagH34NsO3 515.2770, found 515.2770. FTIR (cm™) 3293, 2942, 1557, 1382,
1098, 1034, 802.
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3.3.4 N1-Substituent Optimisation Compounds

tert-Butyl 2-(tetrahydro-2H-thiopyran-4-yhydrazine-1-carboxylate (236)2°

0]
SEAS

In a 100 mL RBF tert-butyl hydrazinecarboxylate (1.42 g, 10.8 mmol) and tetrahydro-4H-
thiopyran-4-one (1.25 g, 10.8 mmol) were dissolved in DCM (35 mL) and acetic acid (2.25

mL). The reaction was cooled and STAB (3.42 g, 16.1 mmol) was added in a single portion.

The resulting reaction was stirred at r.t. for 16 h. The reaction was quenched with 10% aqueous
sodium bisulfate (25 mL) and water (10 mL). The aqueous layer was extracted with DCM (3x
20 mL). The combined organic layers were washed with sodium hydroxide (20 mL), dried
(hydrophobic frit) and concentrated in vacuo to give tert-butyl 2-(tetrahydro-2H-thiopyran-4-
yhhydrazine-1-carboxylate (2.39 g, 10.3 mmol, 96% yield) as an amorphous white solid. *H
NMR (DMSO-ds, 400 MHz) 6 = 7.99-8.33 (br s, 1H), 4.26 (br s, 1H), 2.60-2.80 (m, 4H), 2.44-
2.49 (m, 2H), 1.89-2.00 (m, 2H), 1.39 ppm (s, 9H).

4.6-Dichloro-1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidine (238)%"!

cl

N
N/|/N
NT>NT ¢l

2,4,6-trichloropyrimidine-5-carbaldehyde (300 mg, 1.42 mmol) was dissolved in EtOH (10
mL). The reaction was cooled to -78 °C . (tetrahydro-2H-pyran-4-yl)hydrazine hydrochloride
(217 mg, 1.42 mmol) and triethylamine (1.0 mL, 7.10 mmol) were added and the reaction was
stirred at -78 °C for 0.5 h before warming to 0 °C and stirring for a further 1.5 h. The reaction
mixture was diluted with DCM (20 mL) and washed with sat. ag. sodium bicarbonate (20 mL).
The combined organic layers were dried (hydrophobic frit) and concentrated in vacuo. The
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate O-
50% (12 column volumes)) to give 4,6-dichloro-1-(tetrahydro-2H-pyran-4-yl)-1H-
pyrazolo[3,4-d]pyrimidine (176 mg, 0.64 mmol, 45% vyield) as an amorphous white solid.
LCMS (formic) rt. 1.02 (100%) MH+ for desired M= 272.023. *H NMR (CDCls, 400 MHz) &
=8.18 (s, 1H), 5.03 (tt, J = 11.7, 4.2 Hz, 1H), 4.18 (dd, J = 11.4, 4.3 Hz, 2H), 3.65 (td, J =
12.1, 2.2 Hz, 2H), 2.36-2.50 (m, 2H), 1.93-2.02 ppm (m, 2H). 3C NMR (CDCls;, 101 MHz) §
= 156.3, 155.4, 153.5, 132.4, 112.9, 77.3, 77.2, 77.0, 76.7, 66.9, 54.4, 32.0 ppm. HRMS
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calculated for C1oH10CI2N4O 273.0310, found 273.0310. FTIR (cm™) 2874, 1590, 1374, 1128,
956, 831.

4.6-Dichloro-1-(tetrahydro-2H-thiopyran-4-y1)-1H-pyrazolo[3,4-d]pyrimidine (239)%52

cl
2 ~N
NS
N N/)\CI
®

Ina 500 mL RBF tert-butyl 2-(tetrahydro-2H-thiopyran-4-yl)hydrazine-1-carboxylate (2.39 g,
10.3 mmol) was suspended in water (58 mL). The reaction was stirred at reflux for 14 h. In
this time the white suspension formed a colourless solution. The reaction mixture was cooled
to 0 °C. EtOH (58 mL) and triethylamine (2.4 mL, 17.5 mmol) were added followed by portion
wise addition of 2,4,6-trichloropyrimidine-5-carbaldehyde (2.16g, 10.3 mmol) . The resulting
yellow suspension was stirred at 0 °C for 1 h. The reaction was concentrated in vacuo to
remove EtOH. The resulting aqueous suspension was extracted with DCM (3x 25 mL). The
combined organic layers were dried (hydrophobic frit) and concentrated in vacuo. The crude
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate O-
65% (15 column volumes)) to give 4,6-dichloro-1-(tetrahydro-2H-thiopyran-4-yl)-1H-
pyrazolo[3,4-d]pyrimidine (1.36 g, 4.70 mmol, 46% yield) as a fluffy white solid. LCMS
(formic, 10 min run) rt. 5.46 (97%) MH* for desired M= 289.178. 'H NMR (DMSO-ds, 400
MHz) 6 = 8.55 (s, 1H), 4.81 (tt, J = 10.8, 4.9 Hz, 1H), 2.87-3.04 (m, 2H), 2.72-2.80 (m, 2H),
2.14-2.28 ppm (m, 4H). °C NMR (DMSO-ds, 101 MHz) 5 =155.3, 154.9, 153.4,133.3, 113.1,
56.3, 33.7, 27.5 ppm. HRMS calculated for C1oH10CIN4S 289.0081, found 289.0082. FTIR
(cmt) 1585, 1375, 1129, 944, 837.
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4-(2-(4,6-Dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)morpholine (240)%53

Cl

B
N
N/)\CI

AN

O\/\\\/z\/\z

2,4,6-trichloropyrimidine-5-carbaldehyde (544 mg, 2.57 mmol) was dissolved in EtOH (10
mL). The reaction was cooled to -78 °C . 4-(2-hydrazinylethyl)morpholine (374 mg, 2.57
mmol) and triethylamine (0.35 mL, 2.57 mmol) were added and the reaction was stirred at -
78 °C for 2 h before warming to 0 °C and stirring for a further 2 h. The reaction mixture was
diluted with DCM (20 mL) and washed with sat. ag. sodium bicarbonate (20 mL). The
combined organic layers were dried (hydrophobic frit) and concentrated in vacuo. The crude
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate
25-100% (15 column volumes)) to give 4-(2-(4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)morpholine (358 mg, 1.19 mmol, 46 % yield) as an amorphous white solid. LCMS
(formic) rt. 0.38 (100%) MH* for desired M=301.050.*H NMR (DMSO-ds, 400 MHz) & = 8.56
(s, 1H), 4.56 (t, J = 6.2 Hz, 2H), 3.41-3.47 (m, 4H), 2.81 (br t, J = 5.7 Hz, 2H), 2.39-2.49 ppm
(m, 4H) *C NMR (DMSO-ds, 101 MHz) & = 155.4, 154.9, 154.7, 133.5, 112.9, 66.4, 56.9,
53.3, 45.1 ppm. HRMS calculated for C1:H13CI>NsO 302.0575, found 302.0579. FTIR (cm™)
2954, 1587, 1378, 1205, 1116, 853.

4-(3-Oxabicyclo[4.1.0]heptan-6-y)-6-chloro-1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazolo[3,4-
d]pyrimidine (241)

In a 10-20 mL microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate (486 ¢, 2.38 mmol), 4,6-dichloro-1-(tetrahydro-2H-pyran-4-yl)-1H-
pyrazolo[3,4-d]pyrimidine (500 mg, 1.83 mmol), caesium carbonate (1.78 g, 5.49 mmol),
palladium (1) acetate (66 mg, 0.29 mmol) and cataCXium® A (210 mg, 0.59 mmol) was

dissolved in toluene (8.3 mL) and water (0.83 mL). The resulting suspension was degassed
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with a stream of nitrogen for 10 min, sealed and stirred at 110 °C for 2 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (10 g). The resulting mixture was
concentrated in vacuo to give 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-(tetrahydro-2H-
pyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidine as a sticky white solid. LCMS (formic) rt. 1.06
(85%) MH* for desired M= 334.120. Due to a potential instability of this compound on silica,

the reaction mixture was telescoped to the next step as a crude reaction mixture.

4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-(tetrahydro-2H-thiopyran-4-yl)-1H-
pyrazolo[3,4-d]pyrimidine (241)

In a 100 mL RBF a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate (1.02
0, 4.98 mmol), 4,6-dichloro-1-(tetrahydro-2H-thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidine
(1.2 g, 4.15 mmol), caesium carbonate (4.06 g, 12.45 mmol), palladium(ll) acetate (149 mg,
0.66 mmol) and cataCXium® A (476 mg, 1.33 mmol) was dissolved in toluene (18.8 mL) and
water (1.9 mL). The resulting suspension was degassed with a stream of nitrogen for 10 min
and then a reflux condenser was fitted, and the reaction was stirred at 110 °C for 4 h. The
reaction was monitored by LCMS and, upon complete consumption of starting material, the
reaction was cooled to r.t. and filtered through a celite cartridge (10 g). The resulting mixture
was concentrated in vacuo to give 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-(tetrahydro-
2H-thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidine as an amorphous brown solid. LCMS
(formic) rt. 1.25 (87%) MH* for desired M= 350.097. Due to a potential instability of this
compound on silica, the reaction mixture was telescoped to the next step as a crude reaction

mixture.
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4-(2-(4-(3-Oxabicyclo[4.1.0]heptan-6-y1)-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-1-
yDethyl)morpholine (243)

In a 10-20 mL microwave vial a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-
yltrifluoroborate (344 ¢, 1.67 mmol), 4-(2-(4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)morpholine (340 mg, 1.13 mmol), caesium carbonate (1.10 g, 3.38 mmol), palladium
(1) acetate (40 mg, 0.18 mmol) and cataCXium® A (129 mg, 0.36 mmol) was dissolved in
toluene (5.1 mL) and water (0.51 mL). The resulting suspension was degassed with a stream
of nitrogen for 10 min, sealed and stirred at 110 °C for 2 h. The reaction was monitored by
LCMS and, upon complete consumption of starting material, the reaction was cooled to r.t.
and filtered through a celite cartridge (10 g). The resulting mixture was concentrated in vacuo
to give 4-(2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)morpholine as an orange oil. LCMS (formic) rt. 0.54 (47%) MH® for desired
M=363.146. Due to a potential instability of this compound on silica, the reaction mixture was

telescoped to the next step as a crude reaction mixture.

tert-Butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-2H-thiopyran-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (244)

In a 10-20 mL microwave vial a mixture of 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-
(tetrahydro-2H-thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidine (700 mg, 1.76 mmol), tert-
butyl (4-(4,4,55-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate (914 mg, 2.83
mmol), sodium carbonate (368 mg, 3.47 mmol) and Pd(PPhs). (201 mg, 0.17 mmol The
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resulting suspension was degassed with a stream of nitrogen for 10 min, sealed and stirred at
90 °C for 1.5 h. The reaction mixture was concentrated in vacuo and purified by preparative
HPLC (formic, 15-85%, 15 min) to give 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-
2H-pyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-ylaniline (113 mg, 0.28 mmol, 48 % vyield).
LCMS (formic) rt. 1.02 (96%) MH* for desired M= 391.201. *H NMR (CDCls, 400 MHz) & =
8.42 (d, J = 8.8 Hz, 2H), 8.07 (s, 1H), 6.79 (d, J = 8.6 Hz, 2H), 5.12 (tt, J = 11.6, 4.2 Hz, 1H),
4.20 (brdd, J =114, 3.5 Hz, 2H), 4.11 (dd, J = 11.5, 1.2 Hz, 1H), 4.06 (dd, J = 11.5, 3.9 Hz,
1H), 3.83 (ddd, J = 11.6, 6.1, 3.7 Hz, 1H), 3.70 (td, J = 12.0, 2.2 Hz, 2H), 3.51 (ddd, J = 11.5,
10.0, 4.9 Hz, 1H), 3.05 (dt, J = 13.9, 4.4 Hz, 1H), 2.43-2.55 (m, 2H), 2.37 (ddd, J = 13.9, 9.9,
6.0 Hz, 1H), 2.26 (dddd, J = 9.1, 6.7, 3.8, 1.2 Hz, 1H), 1.95-2.07 (m, 2H), 1.70 (dd, J = 9.3,
4.2 Hz, 1H), 1.36 ppm (dd, J = 6.6, 4.2 Hz, 1H)

4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(2-morpholinoethyl)-1H-pyrazolo[3,4-d]pyrimidin-
6-yDaniline (249)

NH,

In a 2-5 mL microwave vial a mixture using 4-(2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-
chloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)morpholine (90% wt.) (180 mg, 0.45 mmol),
tert-butyl (4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate (235 mg, 1.65
mmol), sodium carbonate (94 mg, 0.89 mmol) and Pd(PPhs), (52 mg, 0.045 mmol) was
dissolved in DME (4 mL) and water (0.4 mL). The resulting suspension was degassed with a
stream of nitrogen for 10 min, sealed and stirred at 90 °C for 1.5 h. The reaction was monitored
by LCMS and, upon complete consumption of starting material, the reaction was cooled to r.t.
and filtered through a celite cartridge (2.5 g). The resulting crude residue was dissolved in
hexafluoroisopropanol (5 mL) and irradiated to 120 °C in a Biotage initiator + microwave for
1 h. The reaction mixture was concentrated in vacuo to give 4-(4-(3-oxabicyclo[4.1.0]heptan-
6-yl)-1-(2-morpholinoethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (73 mg, 0.14 mmol,
28% vyield) as an amorphous white solid. LCMS (formic) rt. 0.54 (80%) MH* for desired M=
420.227. Crude product was telescoped to the next step of the synthesis.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-y)phenyl)-3-(2-hydroxyethylthiourea (228)

o

X
N
N/ )
N NJ\@ S
N)kN/\/OH
H H
o)

In a 2-5 mL microwave vial4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-2H-pyran-4-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (100 mg, 0.26 mmol) was dissolved in DCM (2
mL). 1,1'-Thiocarbonyldiimidazole (68 mg, 0.38 mmol) and pyridine (41 pL, 0.51 mmol) were
added and the reaction was stirred at r.t. for 2 h. LCMS analysis showed complete conversion
to desired intermediate. Ethanolamine (40 pL, 0.67 mmol) was added and the reaction was
stirred at r.t. for 0.5 h. The reaction mixture was concentrated in vacuo and the resulting residue
was triturated in DCM to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-2H-
pyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (10 mg,
0.020 mmol, 8% vyield) as an off-white solid. LCMS (formic) rt. 1.02 (100%) MH* for desired
M=494.210. *H NMR (DMSO-dg, 400 MHz) 8 =9.93 (brs, 1H), 8.46 (d, J = 8.8 Hz, 2H), 8.37
(s, 1H), 7.96 (br s, 1H), 7.71 (d, J = 8.8 Hz, 2H), 5.13 (tt, J = 11.5, 4.2 Hz, 1H), 4.84 (br s,
1H), 4.04 (br dd, J = 11.4, 3.5 Hz, 2H), 3.99 (dd, J = 11.5, 4.2 Hz, 1H), 3.94 (dd, J =11.2,1.2
Hz, 1H), 3.69 (ddd, J = 11.5, 5.6, 4.4 Hz, 1H), 3.63 (dd, J = 11.7, 1.2 Hz, 2H), 3.59 (br s, 4H),
3.45 (ddd, J =11.6, 9.2, 5.1 Hz, 1H), 2.97 (dt, J = 14.1, 4.7 Hz, 1H), 2.18-2.34 (m, 4H), 1.94
(brd,J =11.0 Hz, 2H), 1.67 (dd, J = 9.2, 4.0 Hz, 1H), 1.33 ppm (dd, J = 6.6, 4.2 Hz, 1H) 13C
NMR (DMSO-ds, 101 MHz) 5 = 180.8, 170.0, 159.2, 153.6, 142.5, 133.1, 129.1, 109.8, 66.6,
65.1, 63.8, 59.6, 59.6, 53.3, 47.0, 38.7, 32.4, 26.2, 24.8, 23.9, 23.2 (1C not observed). HRMS
calculated for C2sH3oNsOsS 495.2178, found 495.2180. FTIR (cm™) 3246, 2951, 1648, 1548,
1384, 1129, 971, 804.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(tetrahydro-2H-thiopyran-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (229)

o

~
N
N/ )
N N)\©\ S
6 N)J\N/\/OH
H H
S

In a 2-5 mL microwave vial tert-butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-
2H-thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (100 mg, 0.20
mmol) was dissolved in hexafluoroisopropanol (2.5 mL) and heated to 120 °C in a microwave
for 1.5 h. The reaction mixture was concentrated in vacuo. The resulting crude reaction mixture
was dissolved in DCM (4 mL). 1,1’-Thiocarbonyldiimidazole (78 mg, 0.44 mmol) and
pyridine (47 uL, 0.59 mmol) were added and the reaction was stirred at r.t. for 1 h. LCMS
analysis showed complete conversion to desired intermediate. Ethanolamine (40 pL, 0.67
mmol) was added and the reaction was stirred at r.t. for 0.5 h. The reaction mixture was
concentrated in vacuo and the resulting residue was purified by preparative HPLC (High-pH,
30-85%, 15 min) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-2H-
thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (16
mg, 0.031 mmol, 16% yield) as an amorphous fluffy white solid. LCMS (high-pH) rt. 1.13
(100%) MH* for desired M=510.187. *H NMR (DMSO-ds, 400 MHz) § = 9.90 (br s, 1H),
9.81-10.04 (m, 1H), 8.46 (d, J = 8.8 Hz, 2H), 8.37 (s, 1H), 7.89-8.00 (m, 1H), 7.70 (d, J = 8.8
Hz, 2H), 4.95 (tt, J = 10.5, 4.4 Hz, 1H), 4.83 (br s, 1H), 3.99 (dd, J = 11.2, 3.9 Hz, 1H), 3.94
(d, J = 10.0 Hz, 1H), 3.69 (ddd, J = 10.9, 5.4, 4.4 Hz, 1H), 3.59 (s, 4H), 3.45 (ddd, J = 11.7,
9.3,5.1 Hz, 1H), 2.93-3.03 (m, 3H), 2.80 (br d, J = 13.7 Hz, 2H), 2.21-2.36 (m, 6H), 1.67 (dd,
J=09.3,3.9Hz, 1H), 1.33 (dd, J = 6.5, 4.0 Hz, 1H) *C NMR (DMSO-ds, 101 MHz) 5 =180.7,
170.0,159.2, 153.4, 133.2,133.1, 129.1, 129.1, 122.1, 109.7, 65.1, 63.7, 55.2, 47.0, 33.8, 27.9,
26.2, 24.8, 24.0, 23.2, 21.0. HRMS calculated for C2sH3NsO2S, 511.1950, found 511.1948.
FTIR (cm™) 3301, 2929, 1537, 1386, 1300, 1061, 946, 802.
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1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(2-morpholinoethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethylthiourea (230)

In a 2-5 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-morpholinoethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (80% wt.) (73 mg, 0.14 mmol) was dissolved in
DCM (2.5 mL). 1,1'-Thiocarbonyldiimidazole (37 mg, 0.21 mmol) and pyridine (22 pL, 0.28
mmol) were added and the reaction was stirred at r.t. for 1 h. LCMS analysis showed complete
conversion to desired intermediate. Ethanolamine (42 pL, 0.69 mmol) was added and the
reaction was stirred at r.t. for 0.5 h. The reaction mixture was concentrated in vacuo and the
resulting residue was purified by preparative HPLC (High-pH, 30-85%, 25 min) to give 1-(4-
(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-morpholinoethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)-3-(2-hydroxyethyl)thiourea (15 mg, 0.028 mmol, 21 % yield) as an off-white solid.
LCMS (formic, DMSO) 0.56 (97%) MH* for desired M= 523.237. *H NMR (DMSO-ds, 400
MHz): 6 =9.87 (br s, 1H), 8.43 (d, J = 8.6 Hz, 2H), 8.36 (s, 1H), 7.93 (br s, 1H), 7.69 (d, J =
8.6 Hz, 2H), 4.83 (br s, 1H), 4.61 (t, J = 6.2 Hz, 2H), 4.00 (dd, J = 11.2, 3.9 Hz, 1H), 3.94 (d,
J =10.8 Hz, 1H), 3.65-3.72 (m, 1H), 3.53-3.63 (m, 4H), 3.46 (ddd, J = 11.2, 9.0, 5.1 Hz, 1H),
3.39-3.45 (m, 4H), 2.98 (dt, J = 13.9, 4.6 Hz, 1H), 2.78-2.87 (m, 2H), 2.46-2.49 (m, 4H), 2.21-
2.34 (m, 2H), 1.66 (dd, J = 9.3, 3.9 Hz, 1H), 1.34 (dd, J = 6.5, 4.0 Hz, 1H). **C NMR (DMSO-
ds, 101 MHz): 6 = 180.7, 169.9, 159.2, 154.6, 133.3, 129.0, 122.1, 109.4, 66.6, 65.2, 63.7,
59.6, 57.4, 53.5, 47.0, 44.0, 26.2, 24.7, 24.1, 23.3 ppm. HRMS calculated for C2sH33sN7O3S
524.2444, found 524.2445. FTIR (cm™) 3168, 2656, 1519, 1384, 1118, 1044, 802.
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tert-Butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,1-dioxidotetrahydro-2H-thiopyran-4-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (250)

In a 2-5 mL microwave vial tert-butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(tetrahydro-
2H-thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (100 mg, 0.20
mmol) was dissolved in DCM (2 mL) and cooled to 0 °C. meta-Chloroperbenzoic acid (119
mg, 0.69 mmol) was added and the reaction was stirred at 0 °C for 2.5 h. The reaction mixture
was diluted in DCM (10 mL). The organic layer was washed with sodium sulfite (10%
solution) (10 mL) and sat. aqg. sodium bicarbonate (10 mL). The combined organic layers were
dried (hydrophobic frit) and concentrated in vacuo. The resulting crude residue was purified
by flash column chromatography (cyclohexane: ethyl acetate 0-100% (20 column volumes))
to give tert-butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,1-dioxidotetrahydro-2H-
thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (80 mg, 0.15 mmol,
75% yield) as a pale yellow oil. LCMS (formic) rt. 1.30 (100%) MH* for desired M= 539.220.
'H NMR (DMSO-ds, 600 MHz) 6 = 9.61 (s, 1H), 8.44 (d, J = 8.8 Hz, 2H), 8.40 (s, 1H), 7.63
(d, J = 8.8 Hz, 2H), 5.35 (tt, J = 10.6, 3.7 Hz, 1H), 3.99 (dd, J = 11.4, 4.4 Hz, 1H), 3.95 (dd, J
=114, 1.1 Hz, 1H), 3.69 (ddd, J = 11.7, 5.9, 4.8 Hz, 1H), 3.58 (td, J = 13.2, 2.9 Hz, 2H), 3.45
(ddd, J = 11.6, 9.4, 5.1 Hz, 1H), 3.24-3.29 (m, 2H), 2.95 (dt, J = 14.0, 4.7 Hz, 1H), 2.63-2.73
(m, 2H), 2.52-2.53 (m, 1H), 2.22-2.35 (m, 4H), 1.66 (dd, J = 9.2, 4.0 Hz, 1H), 1.51 (s, 9H),
1.33 ppm (dd, J = 6.6, 4.0 Hz, 1H). *C NMR (DMSO-ds, 151 MHz) § = 170.1, 159.5, 153.8,
153.1, 142.7, 133.6, 131.3, 129.5, 118.1, 109.7, 79.9, 65.1, 63.7, 49.4, 40.6, 29.7, 28.6, 26.2,
24.8, 23.9, 23.2 ppm. HRMS calculated for C27H33sNsOsS 540.2281 found 540.2280. FTIR
(cm't) 3345, 2929, 1532, 1388, 1285, 1147, 1043, 805.
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4-(6-(4-Aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDtetrahydro-2H-thiopyran 1,1-dioxide (251)

In a 2-5 mL microwave vial tert-butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,1-
dioxidotetrahydro-2H-thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate
(74 mg, 0.12 mmol) was dissolved in hexafluoroisopropanol (3 mL) and the reaction was
irradiated to 120 °C in a Biotage initiator+ microwave for 1.5 h. The resulting mixture was
concentrated in vacuo to give 4-(6-(4-aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)tetrahydro-2H-thiopyran 1,1-dioxide (54 mg, 0.12 mmol,
guant. yield) as an amorphous pale yellow solid. LCMS (formic) rt. 0.92 (98%) MH+ for
desired M=439.16. 'H NMR (DMSO-ds, 400 MHz) § = 8.31 (s, 1H), 8.25 (d, J = 8.6 Hz, 2H),
6.66 (d, J = 8.6 Hz, 2H), 5.69 (s, 2H), 5.30 (tt, J = 10.5, 3.4 Hz, 1H), 3.98 (dd, J = 11.2, 3.7
Hz, 1H), 3.93 (d, J = 11.0 Hz, 1H), 3.64-3.72 (m, 1H), 3.52-3.62 (m, 2H), 3.43 (ddd, J = 11.4,
9.4,5.1 Hz, 1H), 3.27 (br s, 1H), 2.94 (dt, J = 13.9, 4.6 Hz, 1H), 2.59-2.76 (m, 2H), 2.16-2.36
(m, 4H), 1.62 (dd, J = 9.2, 3.8 Hz, 1H), 1.28 (dd, J = 6.4, 4.2 Hz, 1H).

1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (231)

In a 2-5 mL microwave vial 4-(6-(4-aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)tetrahydro-2H-thiopyran 1,1-dioxide (49 mg, 0.109 mmol) was
dissolved in DCM (2 mL). 1,1’-Thiocarbonyldiimidazole (29 mg, 0.16 mmol) and pyridine
(18 pL, 0.22 mmol) were added and the reaction was stirred at r.t. for 1 h. LCMS analysis
showed complete conversion to desired intermediate. Ethanolamine (33 pL, 0.55 mmol) was

added and the reaction was stirred at r.t. for 0.5 h. The reaction mixture was concentrated in
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vacuo and the resulting residue was purified by preparative HPLC (formic, 30-85% over 15
min) to give  1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(1,1-dioxidotetrahydro-2H-
thiopyran-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (26
mg, 0.049 mmol, 45% vyield) as an amorphous off-white solid. LCMS (formic) rt. 0.89 (98%)
MH" for desired M=542.177. *H NMR (DMSO-dg, 400 MHz) 5 = 9.88 (br., s, 1H), 8.47 (d, J
= 8.8 Hz, 2H), 8.42 (s, 1H), 7.92 (br., s, 1H), 7.70 (d, J = 8.8 Hz, 2H), 5.36 (tt, J = 11.0, 3.7
Hz, 1H), 4.83 (br s, 1H), 3.99 (dd, J = 11.2, 3.9 Hz, 1H), 3.94 (dd, J = 11.2, 1.5 Hz, 1H), 3.69
(ddd, J=10.9, 5.6, 4.6 Hz, 1H), 3.53-3.62 (m, 6H), 3.45 (ddd, J=11.2, 9.0, 5.4 Hz, 1H), 3.22-
3.29 (m, 2H), 3.18 (d, J = 4.4 Hz, 1H), 2.97 (dt, J = 14.1, 4.7 Hz, 1H), 2.63-2.76 (m, 2H), 2.22-
2.39 (m, 4H), 1.67 (dd, J = 9.2, 4.0 Hz, 1H), 1.34 (dd, J = 6.7, 4.3 Hz, 1H). **C NMR (DMSO-
de, 101 MHz) 6 =170.2, 159.3, 153.7, 142.9, 142.6, 129.2, 109.8, 65.1, 63.7, 59.6, 51.9, 49.4,
47.0, 29.6, 26.2, 24.8, 24.0, 23.3 (3C Not observed). HRMS calculated for CzsH3oNsO4S;
543.1848, found 543.1846. FTIR (cm™) 3345, 2941, 1533, 1385, 1298, 1130, 845.

Ethyl 2-(4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)acetate (252)%*

2,4,6-trichloropyrimidine-5-carbaldehyde (5.0 g, 23.7 mmol) was dissolved in EtOH (150
mL). The reaction was cooled to -78 °C. ethyl amino glycinate hydrochloride (3.66 g, 23.7
mmol) and triethylamine (3.3 mL, 23.7 mmol) were added and the reaction was stirred at -78
°C for 0.5 h before warming to 0 °C and stirring for a further 1.5 h. The reaction mixture was
diluted with DCM (200 mL) and washed with sat. ag. sodium bicarbonate (200 mL). The
combined organic layers were dried (hydrophobic frit) and concentrated in vacuo. The reaction
mixture was purified by flash column chromatography (cyclohexane: ethyl acetate 0-75% (18
column volumes)) to give ethyl 2-(4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)acetate
(3.33 g, 3.67 mmol, 51% vyield) as an amorphous white solid. LCMS (formic) rt. 1.01 (96%)
MH" for desired M=275.089. *H NMR (DMSO-ds, 400 MHz) 5 = 8.63 (s, 1H), 5.41 (s, 2H),
4.19 (g, J=7.1Hz, 2H), 1.22 (t, J = 7.1 Hz, 3H). **C NMR (DMSO-dg, 101 MHz) = 167.5,
156.0, 155.3, 155.0, 134.2, 113.2, 62.1, 49.3, 14.4. HRMS calculated for CgHsCl:N4O;
275.0103, found 275.0103. FTIR (cm™) 1739, 1586, 1216, 1131, 812.
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Ethyl 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-1-
ylacetate (253)

N/

N

Co

9
In a 150 mL RBF a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate (2.20
g, 10.8 mmol), ethyl 2-(4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)acetate (3.0 g, 10.8
mmol), caesium carbonate (10.55 g, 32.4 mmol), palladium (I1) acetate (388 mg, 1.72 mmol)
and cataCXium® A (1.24 g, 3.45 mmol) was dissolved in toluene (49 mL) and water (4.9 mL).
The resulting suspension was degassed with a stream of nitrogen for 10 min, fitted with a
reflux condenser and stirred at 110 °C for 1 h then at 60 °C for 16 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (10 g). The reaction mixture was purified
by reverse phase flash column chromatography (formic, 30-895% (15 column volumes) to
give ethyl 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)acetate (1.75 g, 5.20 mmol, 48% yield) as an amorphous pale yellow solid. LCMS (formic)
rt. 1.06 (100%) MH* for desired M= 336.099. 'H NMR (DMSO-ds, 400 MHz) & = 8.55 (s,
1H), 5.33 (s, 2H), 4.17 (9, J = 7.1 Hz, 2H), 3.96 (dd, J = 11.5, 4.2 Hz, 1H), 3.90 (dd, J = 11.5,
1.5 Hz, 1H), 3.65 (ddd, J = 11.6, 5.8, 4.4 Hz, 1H), 3.42 (ddd, J = 11.6, 9.2, 5.1 Hz, 1H), 2.80
(dt, J = 14.2, 4.8 Hz, 1H), 2.53-2.67 (m, 1H), 2.25 (ddd, J = 14.3, 8.9, 5.9 Hz, 1H), 2.12-2.19
(m, 1H), 1.63 (dd, J = 9.3, 4.2 Hz, 1H), 1.40 (dd, J = 6.8, 4.2 Hz, 1H), 1.21 (t, J = 7.2 Hz, 3H).
3C NMR (DMSO-ds, 101 MHz) 6 =173.5, 167.8, 156.9, 155.0, 134.8, 110.8, 64.9, 63.5, 61.9,

48.7, 26.0, 25.1, 24.9, 24.4, 14.4. HRMS calculated for CisH:17CIN4O3s 337.1067, found
337.1066. FTIR (cm™) 1733, 1556, 1262, 1144, 1028, 800.
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2-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
ylacetate (254)

In a 50 mL RBF ethyl 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)acetate (1.0 g, 2.64 mmol), 4,4,55-tetramethyl-2-(4-nitrophenyl)-1,3,2-
dioxaborolane (990 mg, 3.96 mmol), sodium carbonate (560 mg, 5.29 mmol) and
Pd(I1)(dppf)Cl2.CHCI> (216 mg, 0.26 mmol) were dissolved in DME (23 mL) and water (3
mL). The reaction was stirred at 70 °C for 16 h. The reaction mixture was cooled to r.t. and
filtered through celite (10 g) and concentrated in vacuo. The resulting residue was partitioned
between dichloromethane (20 mL) and sat. ag. sodium bicarbonate (20 mL). The aqueous layer
was extracted with further dichloromethane (3 x 20 mL). The combined organic layers were
dried (hydrophobic frit) and concentrated in vacuo. The resulting residue was purified by flash
column chromatography (cyclohexane: ethyl acetate 0-75% (15 column volumes)) to give
ethyl 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-
1-yDacetate (825 mg, 1.95 mmol, 74% yield) as an amorphous pale yellow solid. LCMS (high-
pH) rt. 1.34 (100%) MH* for desired M=423.154. *H NMR (CDCls, 400 MHz) & = 8.74 (d, J
= 9.0 Hz, 2H), 8.34 (d, J = 9.0 Hz, 2H), 8.26 (s, 1H), 5.35 (s, 2H), 4.30 (q, J = 7.3 Hz, 2H),
4.14 (dd, J = 11.5, 1.5 Hz, 1H), 4.09 (dd, J = 11.2, 3.4 Hz, 1H), 3.85 (ddd, J = 11.6, 6.0, 3.9
Hz, 1H), 3.55 (ddd, J = 11.6, 9.7, 5.1 Hz, 1H), 3.07 (dt, J = 13.9, 4.7 Hz, 1H), 2.43 (ddd, J =
13.9,9.7, 6.0 Hz, 1H), 2.29-2.37 (m, 1H), 1.76 (dd, J = 9.2, 4.3 Hz, 1H), 1.49 (dd, J = 6.6, 4.4
Hz, 2H), 1.33 (t, J = 7.2 Hz, 3H). 3C NMR (CDCls, 101 MHz) § = 170.5, 167.5, 158.5, 154.9,
149.3, 143.6, 133.7, 129.5, 123.6, 110.5, 77.3, 77.2, 77.0, 76.7, 65.5, 64.1, 62.1, 48.1, 26.4,
24.8,24.5,23.5, 14.1. HRMS calculated for C,1H21Ns05 424.1621, found 424.1624. FTIR (cm”
1) 1643, 1556, 1392, 1153, 1004, 792.
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Ethyl 2-(6-(4-aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)acetate (255)

N\/ ~N
S;o NH
)

In a 10-20 mL microwave vial ethyl 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-

2

1H-pyrazolo[3,4-d]pyrimidin-1-yl)acetate (347 mg, 0.82 mmol) and iron powder (230 mg,
4.10 mmol) were dissolved in EtOH (6 mL), acetic acid (6 mL) and water (3 mL) and the
resulting suspension was sonicated for 4 h. The reaction mixture was filtered through celite
(10 g) and partitioned between DCM (20 mL) and water (20 mL). The aqueous layer was
extracted with further DCM (3x 20 mL) and the combined organic layers were concentrated
in vacuo to give ethyl 2-(6-(4-aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)acetate (234 mg, 0.60 mmol, 73% yield) as a pale orange solid.
LMCS (formic) rt. 1.06 (92%) MH* for desired M= 393.447. *H NMR (DMSO-ds, 400 MHz)
5=28.32 (s, 1H), 8.18-8.23 (m, 2H), 6.61-6.70 (m, 2H), 5.69 (br., s, 2H), 5.32 (s, 2H), 4.18 (q,
J=7.1Hz, 2H), 4.00 (dd, J = 11.2, 4.2 Hz, 1H), 3.94 (dd, J = 11.2, 1.2 Hz, 1H), 3.68 (ddd, J
=11.7,5.6, 4.6 Hz, 1H), 3.45 (ddd, J = 11.6, 9.2, 5.1 Hz, 1H), 2.95 (dt, J = 13.9, 4.6 Hz, 1H),
2.27 (ddd, J = 14.7, 9.3, 5.9 Hz, 1H), 2.18-2.24 (m, 1H), 1.62 (dd, J = 9.0, 3.9 Hz, 1H), 1.31
(dd, J=6.6, 3.9 Hz, 1H), 1.22 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, DMSO-ds) 6= 169.5,
168.3, 160.9, 155.2, 152.2, 134.0, 130.4, 124.7, 113.7, 108.6, 65.2, 63.7, 61.7, 48.2, 26.2, 24.7,
23.8, 23.0, 14.5. HRMS calculated for C21H24NsO3 394.1879, found 394.1881. FTIR (cm™)
3343, 1739, 1571, 1387, 1199, 806.
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Ethyl 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-(3-(2-hydroxyethyl)thioureido)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)acetate (232)

N

NN s

%0 )\QNJ\N/\/OH

07 H H
In a 2-5 mL microwave vial ethyl 2-(6-(4-aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)acetate (180 mg, 0.42 mmol) was dissolved in DCM (10
mL). 1,1’-Thiocarbonyldiimidazole (113 mg, 0.63 mmol) and pyridine (68 pL, 0.84 mmol)
were added and the reaction was stirred at r.t. for 2 h. LCMS analysis showed complete
conversion to desired intermediate. Ethanolamine (127 uL, 2.10 mmol) was added and the
reaction was stirred at r.t. for 0.5 h. The reaction mixture was concentrated in vacuo and the
resulting residue was purified by preparative HPLC (formic, 30-85% 15 min) to give ethyl 2-
(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-(3-(2-hydroxyethyl)thioureido)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)acetate (58 mg, 0.12 mmol, 28% yield). LCMS (formic) rt.
0.97 (97%) MH* for desired M=496.189. *H NMR (DMSO-ds, 400 MHz) & = 9.94 (br s, 1H),
8.40-8.48 (m, 3H), 7.98 (br s, 1H), 7.70 (d, J = 8.6 Hz, 2H), 5.39 (s, 2H), 4.75-4.96 (m, 1H),
4.19 (9, J=7.1Hz, 2H), 4.01 (dd, J=11.2, 4.2 Hz, 1H), 3.95 (dd, J = 11.2, 1.0 Hz, 1H), 3.65-
3.72 (m, 1H), 3.55-3.61 (m, 4H), 3.47 (ddd, J = 11.5, 9.2, 5.3 Hz, 1H), 2.99 (dt, J = 14.1, 4.8
Hz, 1H), 2.21-2.38 (m, 2H), 1.68 (dd, J = 9.3, 3.9 Hz, 1H), 1.37 (dd, J = 6.6, 4.2 Hz, 1H), 1.22
(t, J = 7.1 Hz, 3H). 3C NMR (DMSO-ds, 101 MHz) & = 180.7, 170.2, 168.2, 159.8, 155.0,
142.7, 134.2, 132.6, 129.2, 122.1, 109.5, 65.2, 63.7, 61.8, 59.6, 48.4, 47.0, 26.2, 24.8, 24.3,
23.5, 14.5 HRMS calculated for C24H29NsO4S 497.1971, found 497.1964. FTIR (cm™) 3343,
1739, 1607, 1571, 1387, 1199, 1013, 806.
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2-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-
N-methylacetamide (256)

N
N
Séo NO,
HN
N

ethyl 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-
1-yDacetate (100 mg, 0.24 mmol) was dissolved in methylamine (2M in THF) (2 mL, 4.0
mmol) and the reaction was stirred at r.t. for 24 h. The reaction mixture was concentrated in
vacuo to give 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)-N-methylacetamide (106 mg, 0.24 mmol, quant. yield) LCMS (formic) rt.
1.04 (93%) MH* for desired M= 408.155. *H NMR (DMSO-ds, 400 MHz) 6 =8.72 (d, J =9.0
Hz, 2H), 8.51 (s, 1H), 8.39 (d, J = 9.0 Hz, 2H), 8.11 (br q, J = 4.7 Hz, 1H), 5.17 (s, 2H), 4.02
(dd, J =115, 4.2 Hz, 1H), 3.97 (dd, J = 11.5, 1.5 Hz, 1H), 3.71 (ddd, J = 11.5, 5.7, 4.6 Hz,
1H), 3.48 (ddd, J = 11.6, 9.1, 5.3 Hz, 1H), 2.98 (dt, J = 14.1, 4.8 Hz, 1H), 2.64 (d, J = 4.6 Hz,
3H), 2.25-2.40 (m, 2H), 1.72 (dd, J = 9.3, 4.2 Hz, 1H), 1.41 (dd, J = 6.8, 4.2 Hz, 1H). 1*C
NMR (DMSO-ds, 101 MHz) 6 =170.6, 166.9, 157.8, 154.8, 149.3, 143.7, 134.1, 129.8, 124.3,
110.5, 65.1, 63.7, 49.7, 26.2, 26.1, 24.9, 24.5, 23.7. HRMS calculated for CzH2oNgOs..
408.1546, found [M+2H]2+/2 205.0859. FTIR (cm™) 3290, 1663, 1553, 1347, 1128, 1027,
807.

2-(6-(4-Aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yI)-N-methylacetamide (257)

N
N
Sﬁo NH,
HN
N

In a 2-5 mL microwave vial 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)-N-methylacetamide (100 mg, 0.25 mmol) and iron powder (68
mg, 1.22 mmol) were dissolved in EtOH (2 mL), acetic acid (2 mL) and water (1 mL) and the
resulting suspension was sonicated for 1.5 h. The reaction mixture was filtered through a celite

cartridge (2.5 g) and concentrated in vacuo to give 2-(6-(4-aminophenyl)-4-(3-
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oxabicyclo[4.1.0]heptan-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-N-methylacetamide (69
mg, 0.16 mmol, 66% yield) as an amorphous pale yellow solid LCMS (formic) rt. 0.75 (86%)
MH?* for desired M= 378.180. Crude product was telescoped to the next step of the synthesis.

2-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-6-(4-(3-(2-hydroxyethylthioureido)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)-N-methylacetamide (233)

N
N B
N N)\©\ S
H
%O NJ\N/\/O
HN H H
AN

In a 2-5 mL microwave vial ethyl 2-(6-(4-aminophenyl)-4-(3-oxabicyclo[4.1.0]heptan-6-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)-N-methylacetamide (60 mg, 0.14 mmol) was dissolved in
DCM (2 mL). 1,1’-Thiocarbonyldiimidazole (36 mg, 0.20 mmol) and pyridine (22 pL, 0.27
mmol) were added and the reaction was stirred at r.t. for 2 h. LCMS analysis showed complete
conversion to desired intermediate. Ethanolamine (41 uL, 0.67 mmol) was added and the
reaction was stirred at r.t. for 0.5 h. The reaction mixture was concentrated in vacuo and the
resulting residue was purified by preparative HPLC (High-pH, 15-55%, 30 min) to give 2-(4-
(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-(3-(2-hydroxyethyl)thioureido)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)-N-methylacetamide (22 mg, 0.046 mmol, 34% vyield) as an
amorphous white solid. LCMS (formic) rt. 0.76 (100%) MH* for desired M= 481.190. H
NMR (DMSO-ds, 400 MHz) 6 = 9.96 (br., s, 1H), 8.43 (d, J = 8.8 Hz, 2H), 8.39 (s, 1H), 7.93-
8.16 (m, 2H), 7.70 (d, J = 8.8 Hz, 2H), 5.11 (s, 2H), 4.83 (br., s, 1H), 4.01 (dd, J = 11.5, 3.9
Hz, 1H), 3.95 (dd, J = 11.2, 1.2 Hz, 1H), 3.69 (ddd, J = 11.5, 5.9, 4.6 Hz, 1H), 3.58 (s, 4H),
3.47 (ddd, J = 11.7, 9.3, 5.4 Hz, 2H), 2.98 (dt, J = 14.1, 4.7 Hz, 1H), 2.64 (d, J = 4.4 Hz, 4H),
1.67 (dd, J =9.3, 3.9 Hz, 1H), 1.35 (dd, J = 6.6, 4.2 Hz, 1H) 3C NMR (DMSO-ds, 101 MHz)
6 =180.7, 169.9, 167.1, 159.6, 155.1, 142.6, 133.9, 132.7, 129.1, 122.0, 109.6, 65.2, 63.7,
59.7, 49.5, 47.0, 26.3, 26.1, 24.7, 24.1, 23.3. HRMS calculated for C;3H27N;03S 482.1974,
found 482.1975. FTIR (cm) 3275, 1667, 1537, 1387, 1172, 1023, 806.
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2-(4,6-Dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethan-1-ol (258)%6?

cl
N
N
N
NT >N ¢l
HO

2,4,6-trichloropyrimidine-5-carbaldehyde (1.5 g, 7.09 mmol) was dissolved in EtOH (50 mL).
The reaction was cooled to -78 °C. 2-hydrazinylethan-1-ol (0.491 ml, 7.80 mmol) and
triethylamine (1.1 mL, 7.80 mmol) were added and the reaction was stirred at -78 °C for 0.5 h
before warming to 0 °C and stirring for a further 1.5 h. The reaction mixture was diluted with
DCM (100 mL) and washed with sat. ag. sodium bicarbonate (100 mL). The combined organic
layers were dried (hydrophobic frit) and concentrated in vacuo. The reaction mixture was
purified by flash column chromatography (cyclohexane: ethyl acetate 0-100% (15 column
volumes)) to give 2-(4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethan-1-ol (1.12 g, 4.81
mmol, 68% yield). LCMS (formic) rt. 0.69 (98%) MH+ for desired M= 231.992. *H NMR
(DMSO-ds, 400 MHz) & = 8.56 (s, 1H), 4.85 (br s, 1H), 4.46 (t, J = 5.5 Hz, 2H), 3.85 ppm (t,
J=5.5Hz, 2H). °C NMR (DMSO-dg, 101 MHz) & = 155.4, 154.9, 154.8, 133.4, 113.1, 59.5,
50.8 ppm HRMS calculated for C7HsCIl.N4O 232.9997, found 233.0008. FTIR (cm™) 3401,
1538, 1540, 1310, 1135, 815.

1-(2-((tert-Butyldimethylsilyl)oxy)ethyl)-4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidine (259)
cl

LA

—
N Cl

N/

N

5

RN
In a 100 mL RBF 2-(4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethan-1-ol (950 mg, 4.08
mmol) was dissolved in N,N-Dimethylformamide (20 mL) and the reaction was cooled to 0
°C tert-butyldimethylsilyl chloride (922 mg, 6.11 mmol) and imidazole (305 mg, 4.48 mmol)
were added and the reaction was stirred at 0 °C for 1 h. Note: leaving this reaction overnight
or warming to room temperature resulting in nucleophilic displacement of the 4-chloride with
imidazole. After 1 h the reaction was quenched with 5% aqueous lithium chloride (20 mL) and
extracted with ethyl acetate (20 mL). The organic layer was washed with 5% aqueous lithium
chloride (3 x 20 mL). The combined organic layer was dried (hydrophobic frit) and
concentrated in vacuo to give 1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-4,6-dichloro-1H-
pyrazolo[3,4-d]pyrimidine (1.47 g, 4.02 mmol, 99% yield) as an amorphous white solid.
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LCMS (formic) rt. 1.54 (95%) MH" for desired M=346.078. *H NMR (CDCls, 400 MHz) § =
8.17 (s, 1H), 4.59 (t, J = 5.5 Hz, 2H), 4.07 (t, J = 5.5 Hz, 2H), 0.75 (s, 8H), -0.09 ppm (s, 6H).
13C NMR (101 MHz, CDCl3) 6 = 156.5, 155.3, 155.0, 132.6, 112.6, 61.1, 50.2, 25.5, 17.9, -
5.7. HRMS calculated for Ci3H21CI.N4OSi 347.0864, found 347.0857. FTIR (cm™) 2938,
1587, 1379, 1230, 1097, 773.

4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-6-chloro-1H-
pyrazolo[3,4-d]pyrimidine (261)

In a 100 mL RBF a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate (984
mg, 4.83 mmol), 1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-4,6-dichloro-1H-pyrazolo[3,4-
d]pyrimidine (1.47 g, 4.02 mmol), caesium carbonate (2.62 g, 8.04 mmol), palladium(lI)
acetate (388 mg, 1.72 mmol) and cataCXium® A (461 mg, 1.29 mmol) was dissolved in
toluene (18 mL) and water (1.8 mL). The resulting suspension was degassed with a stream of
nitrogen for 10 min, fitted with a reflux condenser and stirred at 110 °C for 1 h then at 60 °C
for 16 h. The reaction was monitored by LCMS and, upon complete consumption of starting
material, the reaction was cooled to r.t. and filtered through a celite cartridge (10 g) and
concentrated in  vacuo to give 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidine (462 mg, 1.13 mmol,
28% yield) as a pale yellow oil. LCMS (formic) rt. 1.53 (86%) MH* for desired M= 408.175.
Due to a potential instability of this compound on silica, the reaction mixture was telescoped

to the next step as a crude reaction mixture.
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tert-Butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-y1)-1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-

1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (262)

\g N/)\©\ N j\oj<
o\S. /% H

In a 10-20 mL microwave vial a mixture of 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-((tert-

butyldimethylsilyl)oxy)ethyl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidine (462 mg, 0.97 mmol),
tert-butyl (4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate (465 mg, 1.46
mmol), sodium carbonate (206 mg, 1.94 mmol) and Pd(dppf)Cl..CH:ClI, (87 mg, 0.10 mmol)
was dissolved in DME (15.4 mL) and water (1.9 mL). The resulting suspension was degassed
with a stream of nitrogen for 10 min, sealed and stirred at 90 °C for 1.5 h. The reaction was
monitored by LCMS and, upon complete consumption of starting material, the reaction was
cooled to r.t. and filtered through a celite cartridge (10 g) and concentrated in vacuo. The
reaction mixture was purified by flash column chromatography (cyclohexane: ethyl acetate O-
100% (15 column volumes)) to give tert-butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-
((tert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate
(394 mg, 0.67 mmol, 69% yield) as an amorphous white solid. LCMS (formic) rt. 1.71 (95%)
MH" for desired M=565.308. *H NMR (CDCls, 400 MHz) & = 8.53 (d, J = 8.8 Hz, 2H), 8.08
(s, 1H), 7.49 (d, J = 8.8 Hz, 2H), 6.60-6.69 (m, 1H), 6.65 (s, 1H), 4.65 (t, J = 6.1 Hz, 2H),
4.03-4.16 (m, 4H), 3.82 (ddd, J = 11.7, 6.1, 3.7 Hz, 1H), 3.52 (ddd, J = 11.5, 10.0, 5.4 Hz,
1H), 3.02 (dt, J = 13.9, 4.4 Hz, 1H), 2.38 (ddd, J = 14.2, 10.0, 6.1 Hz, 1H), 2.21-2.29 (m, 1H),
1.68 (dd, J = 9.3, 4.2 Hz, 1H), 1.56 (s, 9H), 1.37 (dd, J = 6.8, 4.2 Hz, 1H), 0.77 (s, 9H), -0.07
(s, 6H). 3C NMR (DMSO-ds, 101 MHz) & = 169.6, 159.5, 155.1, 153.1, 142.5, 133.2, 131.6,
129.3, 118.1, 109.5, 79.8, 65.2, 63.7, 61.5, 49.3, 28.6, 26.3, 25.9, 24.6, 23.7, 22.7, 18.1, -5.2.
HRMS calculated for C3oH43Ns04Si 566.3163, found 566.3165. FTIR (cm™) 1729, 1529, 1388,
1153, 804.
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4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yDaniline (263)

N

4
N">N7
e
o
s
In a 2-5 mL microwave vial tert-butyl (4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)carbamate (100 mg,
0.17 mmol) was dissolved in hexafluoroisopropanol (5 mL). The reaction mixture was
irradiated to 120 °C in a Biotage initiator+ microwave for 1 h. The reaction mixture was
concentrated in  vacuo to give 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (76 mg, 0.16 mmol,
92% yield) as a yellow oil. LCMS (formic) rt. 1.46 (96%) MH* for desired M= 465.256. 'H
NMR (CDCls, 400 MHz) & = 8.42 (d, J = 8.8 Hz, 2H), 8.05 (s, 1H), 6.76 (d, J = 8.8 Hz, 2H),
4.62 (t, J = 6.2 Hz, 2H), 4.08-4.10 (m, 1H), 0.00 (dd, J = 11.2, 3.7 Hz, 1H), 3.93 (s, 2H), 3.81
(ddd, J = 11.6, 6.1, 3.7 Hz, 1H), 3.49-3.54 (m, 1H), 2.96-3.08 (m, 1H), 2.37 (ddd, J = 14.1,
9.9,5.9 Hz, 1H), 2.24 (ddd, J = 3.7, 2.4, 1.5 Hz, 1H), 1.66 (dd, J = 9.2, 4.0 Hz, 1H), 1.34 (dd,
J=6.6,4.2 Hz, 1H), 1.22 (t, J = 7.0 Hz, 2H), 0.75-0.81 (m, 10H), -0.05-0.04 (m, 1H), -0.06
ppm (s, 6H)

1-(4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-1-(2-hydroxyethyl)-1H-pyrazolo[3,4-d]pyrimidin-
6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (234)

In a 25 mL microwave vial 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (85% wt.) (64 mg,
0.12 mmol) was dissolved in DCM (2 mL). 1,1'-Thiocarbonyldiimidazole (31 mg, 0.18 mmol)
and pyridine (19 pL, 0.23 mmol) were added and the reaction was stirred at r.t. for 2 h. LCMS
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analysis showed complete conversion to desired intermediate. Ethanolamine (35 pL, 0.58
mmol) was added and the reaction was stirred at r.t. for 0.5 h. The reaction mixture was
concentrated in vacuo and the resulting residue was dissolved in tetrahydrofuran (2 mL). the
reaction was cooled to 0 °C and tetrabutylammonium fluoride (1M in THF) (0.12 mL, 0.12
mmol) was added. The reaction was stirred at 0 °C for 1 h. The reaction was quenched with
water (5 mL) and extracted with DCM (3x 5 mL). The combined organic layers were dried
(hydrophobic frit) and concentrated in vacuo. The reaction mixture was purified by preparative
HPLC (formic, 15-55%, 30 min) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-
hydroxyethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethyl)thiourea (36
mg, 0.08 mmol, 68% yield). LCMS (formic) rt. 0.79 (100%) MH* for desired M= 454.179. 'H
NMR (DMSO-dg, 400 MHz) & = 9.87 (br., s, 1H), 8.40-8.49 (m, 2H), 8.37 (s, 1H), 7.91 (br.,
s, 1H), 7.65-7.74 (m, J = 8.8 Hz, 2H), 4.85 (t, J = 5.6 Hz, 2H), 4.53 (t, J = 5.9 Hz, 2H), 3.86-
4.03 (m, 5H), 3.69 (dt, J = 10.8, 5.5 Hz, 1H), 3.59-3.61 (m, 1H), 3.35-3.56 (m, 2H), 2.97 (dt,
J=14.0, 4.7 Hz, 1H), 2.20-2.35 (m, 2H), 1.66 (dd, J =9.3, 3.9 Hz, 1H), 1.34 (dd, J = 6.6, 4.2
Hz, 1H). **C NMR (DMSO-ds, 101 MHz) & = 180.7, 169.8, 159.6, 159.3, 154.7, 133.1, 129.1,
126.0, 122.1, 109.6, 65.2, 63.7, 59.7, 49.6, 47.0, 26.3, 24.7, 23.9, 23.1 (1C not observed).
HRMS calculated for C2,H26NsO3S 455.1865, found 455.1864. FTIR (cm™) 3280, 2931, 1536,
1386, 1298, 1039, 805.

4.6-Dichloro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-d]pyrimidine (268)%°
Cl

Nd I\N
N N/)\CI

0

In a 150 mL RBF 4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidine (2.0 g, 10.58 mmol) and tosic
acid (201 mg, 1.06 mmol) was dissolved in THF (32 mL) and DCM (32 mL). 3,4-dihydro-2H-
pyran (1.50 mL, 15.87 mmol) was added and the reaction was stirred for r.t. for 16 h. The

reaction mixture was concentrated between sat. ag. sodium bicarbonate (100 mL) and ethyl
acetate (100 mL). The organic layer was dried (hydrophobic frit) and concentrated in vacuo.
The resulting oil was triturated in cyclohexane and the resulting white solid was washed with
cyclohexane to give 4,6-dichloro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-
d]pyrimidine (1.17 g, 3.86 mmol, 36% vyield) as a pale yellow solid. LCMS (formic) rt. 1.11
(76%) MH* for desired M= 272.023. *H NMR (DMSO-dg, 400 MHz) & = 8.60 (s, 1H), 5.95
(dd, J=10.0, 2.7 Hz, 1H), 3.90-4.02 (m, 1H), 3.60-3.80 (m, 1H), 2.29-2.48 (m, 1H), 2.04 (dtd,
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J =132, 3.9, 1.8 Hz, 1H), 1.94 (dq, J = 13.0, 3.3 Hz, 2H), 1.79 (dt, J = 12.8, 3.6 Hz, 1H),
1.50-1.68 ppm (m, 3H).

4-(3-Oxabicyclo[4.1.0]heptan-6-y)-6-chloro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-
d]pyrimidine (269)

In a 100 mL RBF a mixture of potassium 3-oxabicyclo[4.1.0]heptan-6-yltrifluoroborate (1.00
mg, 4.93 mmol), 4,6-dichloro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-d]pyrimidine
(2.15 g, 3.78 mmol), caesium carbonate (3.70 g, 11.4 mmol), palladium (1) acetate (136 mg,
0.61 mmol) and cataCXium® A (435 mg, 1.21 mmol) was dissolved in toluene (18 mL) and
water (1.8 mL). The resulting suspension was degassed with a stream of nitrogen for 10 min,
fitted with a reflux condenser and stirred at 110 °C for 1 h then at 60 °C for 16 h. The reaction
was monitored by LCMS and, upon complete consumption of starting material, the reaction
was cooled to r.t. and filtered through a celite cartridge (10 g) and concentrated in vacuo. The
reaction mixture was purified by preparative HPLC (water: acetonitrile 30% to 85% over 30
mins,0.1% formic acid modifier) to give 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-d]pyrimidine (143 mg, 0.43 mmol, 11% yield)
as an amorphous white solid. LCMS (formic) rt. 1.15 (100%) MH* for desired M=335.120.
'H NMR (400 MHz, DMSO-dg) & = 8.52 (s, 1H), 5.91 (dd, J = 2.4, 10.3 Hz, 1H), 3.98 - 3.92
(m, 2H), 3.90 (dd, J = 1.5, 11.7 Hz, 1H), 3.76 - 3.68 (m, 1H), 3.50 (ddd, J = 4.2, 5.9, 11.5 Hz,
1H), 3.44 - 3.36 (m, 1H), 2.76 (td, J = 4.7, 14.1 Hz, 1H), 2.48 - 2.34 (m, 1H), 2.27 - 2.19 (m,
1H), 2.17 - 2.09 (m, 1H), 2.07 - 1.95 (m, 1H), 1.93 - 1.85 (m, 1H), 1.85 - 1.75 (m, 2H), 1.64 -
1.52 (m, 3H), 1.37 (dd, J = 4.3, 7.0 Hz, 1H). *C NMR (DMSO-ds, 101 MHz): 5 = 173.3,
156.9, 154.7, 154.7, 134.6, 111.2, 111.1, 82.3, 67.6, 64.9, 63.6, 36.3, 34.4, 34.4, 29.1, 26.9,
26.8,26.1, 25.1, 24.9, 24.8, 24.1, 24.0, 22.5 ppm Note: Product is a mixture of diastereomers,
this is the reason for the extra peaks in the *C NMR. HRMS calculated for C1H19CIN4O>
335.1275 found 335.1270. FTIR (cm™) 1557, 1223,1153,803.
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4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazolo[3,4-d]pyrimidine (270)

N/ N
N N//\ij

Co NO,

In a 2-5 mL microwave vial a mixture 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-chloro-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-d]pyrimidine (140 mg, 0.42 mmol,4,5,5-
tetramethyl-2-(4-nitrophenyl)-1,3,2-dioxaborolane (156 mg, 0.63 mmol), potassium carbonate
(116 mg, 0.84 mmol) and Pd(dppf)Cl..CH.CI; (34 mg, 0.042 mmol) was dissolved in DME
(3.7 mL) and water (0.46 mL). The resulting suspension was degassed with a stream of
nitrogen for 10 min, sealed and stirred at 90 °C for 1.5 h. The reaction was monitored by
LCMS and, upon complete consumption of starting material, the reaction was cooled to r.t.
and filtered through a celite cartridge (10 g) and concentrated in vacuo. The reaction mixture
was purified by flash column chromatography (cyclohexane: ethyl acetate 0-50% (15 column
volumes)) to give 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazolo[3,4-d]pyrimidine (118 mg, 0.28 mmol, 67% yield) as an amorphous
pale yellow solid. LCMS (formic) rt. 1.41 (92%) MH* for desired M= 491.253. *H NMR
(DMSO-ds, 400 MHz) 6 =8.75 (d, J = 9.0 Hz, 2H), 8.53 (s, 1H), 8.40 (d, J = 9.0 Hz, 2H), 6.16
(dd, J=10.0, 2.4 Hz, 1H), 3.94-4.03 (m, 3H), 3.74-3.82 (m, 1H), 3.66-3.73 (m, 1H), 3.43-3.60
(m, 1H), 2.96 (dt, J = 13.9, 4.8 Hz, 1H), 2.52-2.57 (m, 2H), 2.26-2.38 (m, 2H), 2.03-2.14 (m,
1H), 1.90-2.00 (m, 1H), 1.77-1.89 (m, 1H), 1.68-1.76 (m, 1H), 1.55-1.66 (m, 2H), 1.40 (dd, J
= 6.8, 4.2 Hz, 1H).23C NMR (DMSO-ds, 101 MHz) & = 170.8, 157.9, 154.3, 149.4, 143.6,
134.3,129.9,124.3,112.0,110.8,82.3,67.7,65.1, 63.7, 29.3, 26.2, 25.2, 24.9, 24.4 ppm Note:
Product is a mixture of diastereomers, this is the reason for the extra peaks in the *C NMR
HRMS calculated for C2H23Ns04 422.1828 found 422.1828 FTIR (cm™?) 1552, 1341, 1038,
807.
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4-(3-Oxabicyclo[4.1.0]heptan-6-yI)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidine (271)
e}

% >N

N\N |
NN
NO

In a 2-5 mL microwave vial 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1-

2

(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-d]pyrimidine (110 mg, 0.26 mmol) was
dissolved in HCI (2 M in 1,4 dioxane) (2 mL, 4.0 mmol) and the reaction was stirred at r.t. for
16 h. The reaction mixture was concentrated in vacuo to give 4-(3-oxabicyclo[4.1.0]heptan-6-
yl)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidine (98 mg, 0.24 mmol, 93% vyield) as an
amorphous pale yellow solid. LCMS rt. 1.11 (82%) MH* for desired M=337.117. *H NMR
(DMSO-ds, 400 MHz) 6 =8.69 (d, J =9.0 Hz, 2H), 8.45 (s, 1H), 8.38 (d, J = 9.0 Hz, 2H), 4.01
(dd, J = 11.2, 3.9 Hz, 1H), 3.96 (dd, J = 11.5, 1.5 Hz, 1H), 3.70 (ddd, J = 11.4, 5.7, 4.4 Hz,
1H), 3.57 (s, 1H), 3.43-3.50 (m, 1H), 2.98 (dt, J = 14.1, 4.7 Hz, 1H), 2.25-2.36 (m, 2H), 1.69
(dd, J=9.3, 4.2 Hz, 2H), 1.38 ppm (dd, J = 6.6, 4.2 Hz, 1H). *C NMR (DMSO-dg, 101 MHz)
6=170.3,157.7,149.2, 144.0, 129.7, 124.3, 109.8, 65.1, 63.7,26.2, 24.8, 24.2, 23.4 ppm (1C
not observed). HRMS calculated for C17H1sNs03338.1253, found 338.1245 FTIR (cm™) 1557,
1343, 1298, 1040, 808.

2-(4-(3-Oxabicyclo[4.1.0]heptan-6-y1)-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-
N,N-dimethylethan-1-amine (272)

2

N

N
N
AN

~
~
NO,

In a 2-5 mL microwave vial 4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1H-

pyrazolo[3,4-d]pyrimidine (65 mg, 0.19 mmol) was dissolved in N,N-dimethylformamide (2
mL). Sodium hydride (60%) (16 mg, 0.41 mmol) was added and the reaction was stirred at r.t.
for 1 h. 2-bromo-N,N-dimethylethan-1-amine hydrobromide (49 mg, 0.21 mmol) was
dissolved in N,N-dimethylformamide (2 mL) and this solution was added dropwise to the
reaction mixture. The reaction was stirred at r.t. for 4 h. The reaction mixture was partitioned

between diethyl ether (10 mL) and sat. ag. sodium bicarbonate (10 mL). The aqueous layer

was extracted with diethyl ether (2x 5 mL) and the combined organic layers were dried
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(hydrophobic frit) and concentrated in vacuo. The reaction mixture was purified by preparative
HPLC (formic, 15-55% 30 min) to give 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-
nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-N,N-dimethylethan-1-amine (38 mg, 0.09
mmol, 48% yield) as a waxy white solid. LCMS (formic) rt. 0.75 (100%) MH* for desired
M=408.462. *H NMR (DMSO-ds, 600 MHz) & = 8.70 (d, J = 8.8 Hz, 2H), 8.44 (s, 1H), 8.36
(d, J=8.8 Hz, 3H), 4.61 (t, J = 6.4 Hz, 2H), 4.00 (dd, J = 11.7, 4.0 Hz, 1H), 3.95 (d, J = 11.0
Hz, 1H), 3.67-3.71 (m, 1H), 3.47 (ddd, J = 11.7, 9.2, 5.1 Hz, 1H), 2.96 (dt, J = 13.9, 4.8 Hz,
1H), 2.82 (t, J = 6.4 Hz, 2H), 2.26-2.33 (m, 2H), 2.20 (s, 6H), 1.69 (dd, J = 9.5, 4.0 Hz, 1H),
1.38 ppm (dd, J = 6.6, 4.0 Hz, 1H). **C NMR (DMSO-dg, 151 MHz) § = 170.5, 157.4, 154.1,
149.2, 143.8, 133.4, 129.7, 124.3, 110.3, 65.1, 63.7, 58.1, 45.4, 44.9, 26.2, 24.8, 24.4, 23.7
ppm HRMS calculated forC,:H24NsO3 409.1988, found 409.1985, FTIR (cm™) 1559, 1513,
1345, 1129, 852. Confirmed as the desired regioisomer by N HMBC NMR.

2-(4-(3-Oxabicyclo[4.1.0]heptan-6-y1)-6-(4-nitrophenyl)-2H-pyrazolo[3,4-d]pyrimidin-2-yl)-
N,N-dimethylethan-1-amine (273)

(@]
\N
/NSO
N /
" “*Q

The minor isomer: 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-2H-pyrazolo[3,4-

NO,

d]pyrimidin-2-yl)-N,N-dimethylethan-1-amine formic acid salt (12 mg, 0.029 mmol, 15%
yield) LCMS (formic) rt. 0.71 (100%) MH* for desired M=408.462. *H NMR (DMSO-ds, 400
MHz) 6 =8.93 (s, 1H), 8.71 (d, J = 9.0 Hz, 2H), 8.37 (d, J = 8.8 Hz, 2H), 8.20 (s, 1H), 4.58 (t,
J = 6.4 Hz, 2H), 3.93-4.00 (m, 2H), 3.68-3.76 (m, 1H), 3.46 (ddd, J = 11.2, 9.6, 5.1 Hz, 1H),
2.96 (dt, J =13.9, 4.5 Hz, 1H), 2.87 (t, J = 6.4 Hz, 2H), 2.17-2.31 (m, 8H), 1.69 (dd, J = 9.2,
4.0 Hz, 1H), 1.36 (dd, J = 6.6, 4.2 Hz, 1H). HRMS calculated for C21H24NsO3 409.1988, found
409.1985 FTIR (cm™) 1571, 1527, 1400, 1165, 852.
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1H-

2-(4-(3-oxabicyclo[4.1.0]heptan-6-y1)-6-(4-nitrophenyl)

for

®N HMBC NMR

pyrazolo[3,4-d]pyrimidin-1-yl)-N,N-dimethylethan-1-amine (272)
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4-(4-(3-Oxabicyclo[4.1.0]heptan-6-yl)-1-(2-(dimethylamino)ethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yDaniline (273)

2

N

N
N
AN

—
NJ\©\
NH,

In a 2-5 mL microwave vial 2-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-6-(4-nitrophenyl)-1H-

pyrazolo[3,4-d]pyrimidin-1-yl)-N,N-dimethylethan-1-amine (38 mg, 0.093 mmol) was
dissolved in a mixture of acetic acid (0.75 mL), ethanol (0.75 mL) and water (0.35 mL). iron
powder (26 mg, 0.46 mmol) was added and the reaction was sonicated for 2 h. The reaction
mixture was filtered through celite (2.5 g) and concentrated in vacuo. The resulting residue
was partitioned between DCM (10 mL) and sodium hydroxide (1M) (10 mL). The aqueous
layer was extracted with DCM (2x 10 mL) and the combined organic layers were dried
(hydrophobic frit) and concentrated in vacuo to give 4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-
(2-(dimethylamino)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline as an amorphous orange
solid. LCMS (formic) rt. 0.53 (88%) MH* for desired M=378.217. The reaction was telescoped
to the next step as a crude mixture without further purification.

1-(4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-(dimethylamino)ethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(2-hydroxyethythiourea (235)

(e}
~N
N
S HJJ\N/\/OH
—N H
AN

In a 255 mL microwave vial  4-(4-(3-oxabicyclo[4.1.0]heptan-6-yl)-1-(2-
(dimethylamino)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)aniline (31 mg, 0.082 mmol) was
dissolved in DCM (0.5 mL). 1,1'-Thiocarbonyldiimidazole (22 mg, 0.12 mmol) and pyridine
(13 pL, 0.16 mmol) were added and the reaction was stirred at r.t. for 1 h. LCMS analysis
showed complete conversion to desired intermediate. Ethanolamine (25 pL, 0.41 mmol) was
added and the reaction was stirred at r.t. for 0.5 h. The reaction mixture was concentrated in
vacuo. The reaction mixture was purified by mass directed auto purification Mass Directed
Auto Purification (MDAP) (High pH, Method C) to give 1-(4-(4-(3-oxabicyclo[4.1.0]heptan-
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6-yl)-1-(2-(dimethylamino)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(2-
hydroxyethyl)thiourea (14 mg, 0.029 mmol, 35% yield) as a white solid. LCMS (formic) rt.
0.95 (100%) MH* for desired M= 481.22 *H NMR (DMSO-ds, 400 MHz) § = 9.89 (br s, 1H),
8.44 (d, J = 8.0 Hz, 2H), 8.36 (s, 1H), 7.94 (br s, 1H), 7.69 (d, J = 8.8 Hz, 2H), 4.83 (br s, 1H),
457 (t, J = 6.4 Hz, 2H), 4.00 (dd, J = 11.2, 3.9 Hz, 1H), 3.94 (dd, J = 11.0, 1.2 Hz, 1H),
3.68(ddd, J = 11.5, 5.4, 4.2 Hz, 1H), 3.46 (ddd, J = 11.6, 9.2, 5.1 Hz, 1H), 3.30 (s, 3H), 2.98
(dt, J=13.9,4.8 Hz, 1H), 2.79 (t, J = 6.2 Hz, 2H), 2.47 (br s, 1H), 2.22-2.36 (m, 2H), 2.18 (s,
7H), 1.67 (dd, J = 9.3, 3.9 Hz, 1H), 1.34 ppm (dd, J = 6.6, 4.2 Hz, 1H). **C NMR (DMSO-ds,
101 MHz) & = 180.7, 169.9, 159.3, 154.4, 142.5, 133.2, 129.1, 109.5, 65.2, 63.7, 59.6, 58.3,
47.0, 45.5, 44.8, 26.2, 24.7, 24.0, 23.2 ppm HRMS calculated for C2sH31N7O,S 482.2338,
found 482.2335 FTIR (cm™) 3154, 2937, 1557, 1302, 1184, 1017, 805.
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Single-crystal data were recorded at 123(2) K on Oxford Diffraction Gemini and Xcalibur
diffractometers with Mo-Ka (A =0.71073 A) or Cu-Ka (A= 1.5418 A) radiation. The structures
were refined to convergence on F2 and against all independent reflections by full-matrix least-

squares using SHELXL programs. The structures of compounds 31, 32, 35 and 41 were

modelled as disordered. In each case the disordered atoms were modelled over two sites and

suitable restraints were applied to bond distances and to displacement parameters. Selected

crystallographic and refinement parameters are given in Table 55 and full data in CIF format

are available from the Cambridge Crystallographic Data Centre, deposition numbers CCDC
1864311, CCDC 1864312, CCDC 1864313, CCDC 1864314, CCDC 1864315, CCDC
1864316, CCDC 1864317, CCDC 1864318, CCDC 1864319.

Structure 31 32 33
Mol. Formula Ci5H16N202 Ci6H15NO> Ci6H17NO>
Temperature (K) 123(2) 123(2) 123(2)
Wavelength (A) 0.71073 1.54184 0.71073
Crystal system Monoclinic Monoclinic Orthorhombic
Space group P2i/c P2i/c P21212;
a(A) 10.4866(8) 10.5011(10) 6.9822(4)
b (A) 7.3258(5) 7.2937(7) 9.2048(5)
c(A) 16.9403(13) 16.9261(17) 20.9748(10)
B 98.012(7) 97.472(9) 90
Volume (A3) 1288.70(17) 1288.1(2) 1348.05(12)
Z 4 4 4
2Theta max (°) 59.86 146.0 57.97
Reflections collected 9869 9684 13126
Independent reflections 3368 2541 3418
[R(int)=0.0322] [R(int)=0.0274] [R(int)=0.0484]
Observed reflections 2624 2146 2639
No. of parameters 192 186 176
Goodness-of-fit 1.030 1.067 1.037
Final R [I>26(I)] 0.0466 0.0453 0.0483
wR2 (all data) 0.1201 0.1320 0.0955
Largest difference peak (eA3) 0.274 0.249 0.164
Deepest hole (eA3) -0.256 -0.177 -0.191
Flack parameter 0.1(8)
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Structure 34 38 39
Mol. Formula C17H17NO> C16H16N202 C16H16N202
Temperature (K) 123(2) 123(2) 123(2)
Wavelength (A) 1.54184 1.54184 1.54184
Crystal system Monoclinic Orthorhombic Orthorhombic
Space group P2; P212124 P21212;
a(A) 10.1735(2) 15.6642(4) 9.3226(5)
b (A) 7.7700(2) 17.9458(5) 13.2407(7)
c(A) 17.2706(3) 19.1274(5) 20.8949(13)
p ) 92.8080(10) 90 90
Volume (A3) 1363.57(5) 5376.8(2) 2579.2(3)
z 4 16 8
2Theta max (°) 146.3 146.3 146.3
Reflections collected 11491 20680 9155
Independent reflections 5060 10509 5061
[R(int)=0.0215] [R(int)=0.0304] [R(int)=0.0399]
Observed reflections 4827 9703 4064
No. of parameters 378 761 370
Goodness-of-fit 1.043 1.026 1.030
Final R [I>26(I)] 0.0341 0.0420 0.0552
wR2 (all data) 0.0905 0.1131 0.1355
Largest difference peak (eA3) 0.191 0.176 0.260
Deepest hole (eA3) -0.225 -0.193 -0.196
Flack parameter 0.0(2) 0.01(8) 0.1(5)
Structure 40 41 42
Mol. Formula C17H17NO> C17H17NO2 C21H24N20,
Temperature (K) 123(2) 123(2) 123(2)
Wavelength (A) 1.54184 1.54184 1.54184
Crystal system Monoclinic Monoclinic Orthorhombic
Space group P21 P21 P212121
a(A) 9.5011(2) 10.1442(5) 8.3093(3)
b (A) 12.8508(3) 12.3116(9) 11.7953(4)
c(A) 11.0499(2) 10.9694(6) 18.3070(5)
p () 94.675(2) 91.540(5) 90
Volume (A3) 1344.67(5) 1369.49(14) 1794.28(10)
Z 4 4 4
2Theta max (°) 146.4 146.4 146.1
Reflections collected 10435 12171 6473
Independent reflections 5277 4972 3513
[R(int)=0.0299] [R(int)=0.0493] [R(int)=0.0257]
Observed reflections 4830 4073 3267
No. of parameters 369 378 236
Goodness-of-fit 1.050 1.044 1.030
Final R [I>26(I)] 0.0424 0.0692 0.0390
wR2 (all data) 0.1133 0.2022 0.1006
Largest difference peak (eA3) 0.251 0.441 0.134
Deepest hole (eA3) -0.221 -0.215 -0.211
Flack parameter -0.11(15) -0.1(6) -0.1(3)

Table 55: X-ray crystal structure data for compounds 31-34 and 39-42.
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PI3Ko Protein Co-Crystal Structure Data

The protein was expressed and purified as described previously.?®® Crystals were grown by co-
crystallisation of PI3K delta with an inhibitor previously seen to give reproducible high quality
crystals using a modified version of the protocol described previously.?¢ A 50 mM compound
stock solution in DMSO was prepared from which 3.5 uL was mixed with 28 uL of 5% w/v
n-dodecyl-B-D-maltoside (DDM) prior to addition to 280 pl of protein solution at 5 mg/ml (in
20 mM Tris/HCI pH 7.2, 50 mM ammonium sulphate, 5 mM dithiothreitol, 1% ethylene
glycol, 1% betaine, 0.02% CHAPS). The mixture was incubated at room temperature for 60
min and then spun at 4 °C for 15 min. A crystal seeding solution was made by transferring an
existing PI3K delta crystal into 5 pL of Morpheus screen (Molecular Dimensions Ltd)
condition G2 (0.1 M buffer system 1 pH 6.5, 0.1 M carboxylic acids, 30% ethylene glycol/PEG
8000). The crystal was crushed and added to 1mL of Morpheus screen condition G2 and
vortexed vigorously. The seed stock was typically thawed and then diluted by a factor of 20
to 40 with Morpheus screen condition G2 and then vortexed before use in the crystallisation
protocol. The crystallisation was carried out by sitting drop vapour diffusion using plates
prepared with a Mosquito liquid handling robot with crystallisation drops consisting of 200
nL protein, 200 nL well solution and 100 nL seeding solution, using Morpheus screen
condition G2 for the wells. Crystals were transferred for soaking to drops containing Morpheus
screen condition G2 with 10% glycerol and 5% compound solution (200mM compound stock
solution in DMSO) added. The crystals were soaked for 18 hours prior to flash freezing direct
from the soaking drop in liquid nitrogen ready for data collection.

X-ray diffraction data were collected at 100 K using Pilatus-6M detectors at the Diamond
Light Source and the European Synchrotron Radiation Facility. The data were processed and
scaled utilising XDS,%” AIMLESS?®® and the CCP4 suite of programs.?® Data collection
statistics are given in the table below. The structure was determined using the coordinates of
an isomorphous unliganded protein model (unpublished). Coot?” was used for model building
and refinement was carried out with autoBUSTER.?"* The ligand geometry was checked using

MOGUL.%"? The final model statistics are given below.

Coordinates have been deposited with the Protein Data Bank with accession codes
Compound 31: 6hil, Compound 34: 6hi9 , Compound 33: 6hi2.
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Compound 31 Compound 34 Compound 33
Resolution 2.07A 1.9A 2.08A
X-ray source DLS, 104 ESRF, 1D23ehl ESRF, ID23ehl
Space Group C2 C2 C2
Cell Dimensions
ab,c (A) 141.57, 64.36, 116.30 141.74, 64.49, 116.4 141.91, 64.32, 116.14
o B,y (°) 90, 103.24, 90 90, 103.17, 90 90, 102.69, 90
Processing XDS/Aimless XDS/Aimless XDS/Aimless
Resolution (A) 54.02-2.07(2.12-2.07) 49.7-1.9(1.97-1.9) 49.49-2.08(2.15-2.08)
Rmerge” 0.061(0.662) 0.034 (0.784) 0.056(0.758)
CC(1/2) 0.997(0.575) 0.999(0.583) 0.999(0.555)
Mean I/ol 12.1(2.0) 14.6(1.6) 13.1(1.7)
Completeness 99.4(100.0) 99.3(98.4) 98.5(96.3)
(%)
Redundancy 3.3(3.4) 3.4(3.4) 3.5(3.5)
No. Reflections 207396(15416) 273454(26030) 208930(20413)
No. Unique
Reflections 61934(4553) 80061(7699) 60535(5780)
Refinement

Programme used

BUSTER 2.11.5

BUSTER 2.11.7

BUSTER 2.11.7

Resolution (A) 30-2.07 38-1.90 50-2.08
Rwork/Riree 0.211/0.254 0.175/0.196 0.175/0.212
No. Reflections 61898 80056 60539
Completeness in 9731 99.1 98.2
range

No. atoms

Protein 6944 6917 6923
Ligand 19 (non-hydrogen) 20 19
Water 494 615 504
B-factors

Protein 42.84 50.19 55.96
Ligand 37.55 49.95 39.86
Water 50.97 56.70 57.42
R.M.S deviations

Bond lengths (A) 0.010 0.010 0.010
Bond angles (°) 1.04 0.94 0.99

Fo-Fc omit map
using final
refined co-
ordinates,
contoured at
3rms.

Table 56: Parameters for PI3K5 Co-crystal structures of Compounds 31, 34 and 35.
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ROESY NMR Experimental and Spectra

Molecular Mechanical Modelling Details

Molecular mechanical modelling was carried out in 2016.08 release of Chemical Computing

Group's Molecular Operating Environment (MOE) software. Forcefield (MMFF94x)

Parameterized for gas phase small organic molecules in organic chemistry. Modified from

MMFF94s to force conjugated nitrogens planar. All-atoms, no lone pairs. Compatible with

generalised Bonn solvation model. Uses internal bond-charge-increment charge model.

Searches were run to completion and all low energy conformers retained.

-« >

Enable: v Bonded [+ van der Waals v Electrostatics v Restraints

Cutoff: [/ Enable Solvation: Born v Scale Like: 1

on: g Dielectric: 4 Unlike: @

Off. 12 Exterior: 8@ Wild: |1
Threads: @ ¥ This computer has 4 CPUs.

Save as Default = Restore Defaulis  Standard Settings

Fix Charges | Partial charges require calculation
Hydrogens and/or partial charges require adjustment.

Close

[ Potential Setup - MMFF34x = R~
Forcefield Parameters Restraints Wall
Load... ¥ MMFF3dx Smoe2@16_gsk/1ib/mmfFadx.fF.gz
Parameterized for gas phase small organic molecules A
in medicinal chemistry. Modified from MMFF94s to force
conjugated nitrogens planar. All-atom, no Lone Pairs.
Compatible with Generalized Born solvation model. Uses
internal bond-charge-increment charge model. v

n Conformational Search
Output Database: compound 13
/ Open Database Viewer
Input Data: MOE v
Field:

V Calculate forcefield partial
Rigid Body
Fixed OH Bond Length

Method: Stochastic v

=% HoR ==

Browse...

charges

Rigid Water Molecules

Rejection Limit: 1¢¢ Iteration Limit: 102ee v

RMS Gradient: .2e5 ¥ MM iteration Limit: 5e¢

Allow amide bond rotation

/ Allow unconstrained double bond rotation
Invert unconstrained sp3 stereo centers

Enforce chair conformations

Refine with QM

RMSD Limit: ©.5¢| v | Hydrogens

-

8= I B

Waters | lons

Energy Window: 7 v/ Separate strain energy by stereo class

Conformation Limit: 1eeee v Exclude fixed atoms from shape descriptors

OK

Cancel

Figure 79: Setup parameters for molecular mechanical modelling performed in MOE.
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11/0\ 0
l
;7
|\
6
T
| |
4*3/ \12/13\\ 4/(2)0H
|
17\16//
mol mseq E dE 9'-5CH 9"5CH | 5CH-8CH
H g, 1| 52.9349 o.0000 3.3913 3.4344 4.3609
2 ‘D’ 1 52.9473 a.a124 3.4444 3.4881 4.3541
3 .'G\ 1 52.9511 8.8162 3.4471 3.4838 44,3511
4 i, 1| s2.9511 0.0162 3.4452 3.4020 4.3525
5 5 1|  s52.9918 @.0569 3.4515 3.4094 4.3480
6 3 1| s53.0306 .0957 4.4582 3.3275 2.9274
7 5, 1| s53.0787 0.1438 4.4615 3.3346 2.9206
g % 1| s53.11%:1 .1802 4.4645 3.3385 2.9159
9 E“ 1 53.9253 8.9984 4.,2535 3.8134 2.8482

Table 57: Low energy conformers generated in MOE for Compound 34. Model of Conformer

Magnitude NOE Distance

1 is displayed.
NOE
18-18" 100.0
9CH'-5CH 16.0
9CH"-5CH 4.6
8CH-5CH 4.9
9"-18" 9.6

1.75
2.37
2.92
2.89
2.59

Comment
ro(1/6) average NOE Distances

Geminal ROE internal yardstick
Closer approach than any of the molecular mechanics models
Closer approach than any of the molecular mechanics models

Indicates 9" is syn to the cyclopropyl

Table 58: Key ROE (NOE) restraints for Compound 34.
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3-(5-(3-oxabicyclo[4.1.0Theptan-6-yl)pyridin-3-yphenol (40)

O
117 o
| |
]
|\18
6
522 N
| |
2 13
N§3/ ~p7 \\14/(1)9H
I |
17\ //15
15
mol mseq E dE 9'5CH 9".5CH 9" 1CH 9" ACH 5CH-8CH 1CH-8CH
1 ‘\ 1 57.5443 2.0800 3.5196 3.5821 3.4825 4.4924 4.3186 2.8345
2 {\ 1 57.5541 8.8899 3.4984 3.4881 3.4166 4,5819 4,3291 2.8224
3 K 1 57.5542 8.8899 3.5886 3.4986 3.4148 4.5817 4.3286 2.8247
4 &r 1 57.5665 8.8222 3.5888 3.4992 3.4214 4.5846 4.3227 2.8172
5 ‘9 1 57.5918 8.8487 3.5175 3.5837 3.4152 4 .4988 4.3179 2.8221
6 %V 1 57.6256 8.8813 44,5323 3.4414 3.4644 3.4621 2.8518 4.3879
7 ;Cr 1 57.6386 B8.8863 44,5325 3.4397 3.4688 3.4658 2.8536 4.,3855
8 Z\ 1 57.6441 8.8998 4.53483 3.4515 3.4676 3.4638 2.8428 4.3843
g9 C{\ 1 57.6697 8.1254 4.5379 3.4489 3.4713 3.4663 2.8454 4.3838

Table 59: Low energy conformers generated in MOE for Compound 40. Model of Conformer 1 is

displayed.

NOE Magnitude

18'-18" 100.0
9CH'-5CH 3.1
9CH"-5CH 4.7

9"-1CH 3.4

9"-1CH 4.8
8CH-1CH 7.0
8CH-5CH 2.8

g9'-18" 6.7

Distance
1.
3.
2.
3.
2.
2.
3.
2.

75
12
91
07
90
72
18
74

Comment
r*(1/6) average NOE Distances
Geminal ROE internal yardstick

9'is syn to cyclopropyl

Table 60: Key ROE (NOE) restraints for Compound 40.
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3-(4-(3-oxabicyclo[4.1.0Theptan-6-yl)pyridin-2-yDphenol) (41)

_0
i \iO
9 8
\7/ \
| g
/6\
T ~ i
N |2 13 OH
N iz X i4 18
. __Is
'
N6
mol mseq E dE 9'.5CH 9" 5CH 9" 1CH 9" 1CH 5CH-8CH 1CH-8CH
& 1 52.4317 2.6000 3.4821 3.4881 3.4192 4.5819 4,3333 2.8143
2 & 1 52.4317 2.6000 3.4798 3.4887 4.5835 3.4288 4.3338 2.8122
3 t\ 1 52.4345 8.8828 3.5886 3.58R4 3.3981 4.4873 4.3185 2.8381
4 ‘0 1 52.4712 8.8395 3.49384 3.44973 3.4197 4.5813 4,3215 2.8125
5 .&? 1 52.4715 8.8398 3.5847 3.587e 3.4116 4.4952 4,3152 2.8172
6 %P 1 52.471k 8.8399 3.4419 4.5298 3.4581 3.4531 2.8393 4,3897
7 Ew 1 52.4929 8.8612 3.4512 4.,5348 3.4662 3.4581 2.8384 4.3841
8 %\ 1 52.5185 8.8788 3.4464 4,5311 3.4713 3.4627 2.8336 4.38l18
9 %& 1 52.5827 8.1518 4.,5382 3.4428 3.4516 3.4574 2.8379 44,3118

Table 61: Low energy conformers generated in MOE for Compound 41. Model of Conformer

1 is displayed.

NOE
18'-18"
9CH'-5CH
9CH"-5CH
9-1CH
9"-1CH
8CH-5CH
B8CH-1CH
g"-18"

Table 62: Key ROE (NOE) restraints for Compound 41.

Magnitude
100.0

5.9
3.1
10.0
5.4
6.7
10.4
6.7

Distance

1.75
2.80
3.12
2.57
2.85
2.74
2.55
2.74

Comment

r*1/6) average MOE Distances
Geminal ROE internal yardstick

9" is syn to the cyclopropyl
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1-(3'-(3-oxabicyclo[4.1.0Theptan-6-y)[1,1'biphenyl]-4-yl)-3-ethylurea
(42)

0
11/ \io
~.|
L
6
i
4 2 13
I
[l
17 15 20 23
\16// \NH \NH/ \24
19 21

mol mseq E dE 9'-5CH 9"-5CH 9'-1CH 9"1CH S5CH-8CH 1CH-8CH
H i\\. 1 42.8857 @.e888 3.4922 3.4988 3.3981 4.4759 4.3858 2.8189
2 ‘\_‘ 1 42.8858 8.0080 3.45988 3.4914 4.4758 3.3981 4.3862 2.8175
3 ‘\' 1 42.8891 @.8834 3.4831 3.4926 3.3876 4.4751 4.3838 2.8216
4 ‘\V 1 42.8891 @.8834 3.48921 3.4832 4.4752 3.3879 4.3835 2.8283
5 ‘\ 1 42.88596 @.8839 3.4858 3.4842 3.3983 4.4888 4.3823 2.81ed4
6 ‘\ 1 42.8897 8.8839 3.4848 3.4849 4.4798 3.3976 4.3822 2.8181
T sq“ 42.8927 @.8869 3.5823 3.5817 4.4745 3.3899 4.2968 2.8166
8 ‘QL 1 42.8928 8.0878 3.5817 3.5828 3.3897 4.4747 4.2971 2.8163
9 k@.‘_ 1 42.1174 8.8317 4.5168 3.4343 3.4382 3.4474 2.8195 4.3835
10 xq‘ 1 42.1175 8.8317 4.5157 3.4334 3.4388 3.4481 2.8214 4.3826
1 ;\ 1 42.1349 @.8492 3.4362 4.5178 3.4588 3.4452 2.8188 4.2969
12 3\ 1 42.1349 8.8492 3.4357 4.5169 3.4588 3.4456 2.8199 4.2954
13 ‘\' 1 42.1431 @.8574 3.4367 4.5182 3.4581 3.4454 2.8182 4.2958
14 ‘El% 1 42,1432 8.8575 3.4335 4.5155 3.4684 3.4479 2.8288 4.2941
15 ‘q‘ 1 43.8118 8.9253 4.3128 3.8967 3.ee7@ 3.8664 2.7551 4.3611
16 5\' 1 43.8118 8.9253 4.3136 3.8988 3.8657 3.8643 2.7548 4.3618
17 ‘\ 1 47.2168 5.1311 3.8987 3.2715 4.4543 3.7191 4.3858 2.7867

Table 63: Low energy conformers generated in MOE for Compound 42. Model of Conformer 1 is

displayed.
Comment
NOE Magnitude Distance r*{1/6) average NOE Distances
18-18" 100.0 1.75 Geminal ROE Internal yardstick
9CH'-5CH 2.3 3.28
9CH"-5CH 3.4 3.07
9CH'-1CH 41 2.98
9CH"-1CH 2.3 2.83
BCH-5CH 5.0 2.88
BCH-1CH 7.7 2.68
g"-18" 6.7 2.74 9" is syn to the cyclopropyl

Table 64: Key ROE (NOE) restraints for Compound 42.
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Cyclopropylpyran Stereochemical Assignment

The stereochemical assignment of cyclopropylpyran 186 in Chapter | was determined by

analogy to small molecule X-ray crystal structures of tool compounds synthesised in chapter

I. It was assumed that compounds with the same rotational sign were the same enantiomer.

Data which was considered to assign 186a and 186b is shown in Table 65.

Compound Structure Isomer Enantiomer  Sign oD X-ray Most
No. Structure  Active?
o)
1 1R,6S - 30.2 Yes No
= OH 2 1S,6R + 422 No Yes
o)
1 1R,6S - 1%0' Yes No
38 | N
N/)\©/OH 2 1S,6R +  69.9 No Yes
o)
[ J 1 1R,6S - 60.0 No Yes
39 NN
|
K/K@OH 2 1S,6R + 348 Yes No
o)
1 1S,6R + 15.4 Yes Equal
40 I N
N~ oH 1R,6S - 308 No Equal
o)
1 1S,6R + 36.4 No No
41 | N
N7 OH 2 1R,6S - 400  Yes Yes
(0]
- 1 1R,6S - 16.0 No Equal
42
O ok
NJ\N/\ 2 1S,6R + 16.0 Yes Equal
Table 65: Cyclopropylpyran Stereochemical Assignment.
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Assay Experimental Procedures

PI3K-Isoform HTRF Assay

Inhibition of PI3K enzymatic activity was determined using an HTRF assay kit based on the
method described by Gray et. al.}”® Reactions were performed in assay buffer containing 50
mM HEPES, pH 7.0, 150 mM NaCl, 10 mM MgClz, 2.3 mM sodium cholate, 10 uM CHAPS,
and 1 mM DTT. Enzymes were preincubated with compound, serially diluted 4-fold in 100%
DMSO, for 15 min prior to reaction initiation upon addition of substrate solution containing
ATP at Ky for the specific isoform tested (a at 250 puM, B at 400 uM, 6 at 80 uM, and y at 15
uM), PIP2 at either 5 uM (PI3Kd) or 8 uM (PI3Ka, B, and y) and 10 nM biotin-PIP3. Assays
were quenched after 60 min by addition of a quench/detection solution prepared in 50 mM
HEPES, pH 7.0, 150 mM NacCl, 2.3 mM sodium cholate, 10 uM CHAPS, 30 mM EDTA, 40
mM potassium fluoride, and 1 mM DTT containing 16.5 nM GRP-1 PH domain, 8.3 nM
streptavidin-APC, and 2 nM europium-anti-GST and were left for a further 60 min in the dark
to equilibrate prior to reading using a Perkin Elmer EnVision plate reader. Ratio data were
normalized to high (DMSO) and low (no enzyme or enzyme in the presence of 8.3 uM
wortmannin) controls prior to fitting using a logistical four-parameter equation (equation 1,
Figure 80) to determine ICso, where y is the response; Bottom is the lowest plateau of the
curve; Top is the highest plateau of the curve; x is the molar concentration of inhibitor; and S
is the Hill Slope.

Top — Bottom

y = Bottom +
1+ (ﬁ)s

Figure 80: Equation 1

Taking the negative natural log (-logio) of this figure affords the pICso. ICso can be converted
to K;, and therefore pKi, using the Cheng-Prusoff Equation (Equation 2, Figure 81).2

IC
K, = 50

@

Figure 81: Equation 2

Therefore, for assays carried out at Km(ATP), the K is approximately 2-fold more potent than

the measured value, which corresponds to roughly 0.3 log unit increase in plCso.
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Phospho-Akt Cellular Assay

Level of Akt (Ser373) phosphorlysation was measured with an electrochemiluminescent
compound, MSD SULFO-TAG label. Procedure is as previously discribed.?”® Briefly, Frozen
human lung fibroblasts (HLF) were cultured in Fibroblast Basal Medium with Fibroblast Basal
Medium supplement pack containing FBS, hFGF-B, Insulin, GA-1000 at 37 °C for 5 days.
Following this, cells were plated onto 384 well black U-clear Greiner flat bottom plates. Cells
were incubated with either vehicle or increasing concentrations of test compound for 1 h. After
this time 10 pL Platelet-Derived Growth Factor BB (PDGF-BB) and 10 pL cell signalling
lysis buffer was added and plates were shaken for 30 min to ensure lysis. 30 pL of lysate was
added to 384 well GAR plate containing 10ul Rabbit pAkt antibody, diluted 1:1500 with block
buffer. MSD GAR plates are MULTI-ARRAY plates coated with goat anti-rabbit antibody
and are used in applications that require the immobilization of polyclonal capture antibodies
(e.g. antibodies from crude sera). The detection system uses SULFO-TAG labels that emit
light upon electrochemical stimulation initiated at the electrode surfaces of the plates. The
GAR plates were sealed and shaken in a cold room overnight. GAR plates were washed with
tris buffered saline (TBS) wash buffer, 10 pL mouse total AKT detection antibody diluted
1:1500 with block buffer was added and plates were shaken for an 1 h. GAR plates were
washed with TBS wash buffer 10 pL of the anti-MOUSE MSD detection antibody diluted
1:500 with block buffer added and plates were shaken for an 1 h. GAR plates were washed
with TBS wash buffer. 30 uL 2x MSD read buffer was added to wells and plates were read
immediately on MSD Sector Imager 6000

MTOR Kinobead Proteomic Binding Assay

Levels of compound binding to mTOR is measured in a Kinobead chemoproteomic binding
assay, similar to those previously described within the literature.!™> As a general overview,
This chemoproteomic assay is a competition binding assay based on affinity enrichment of
endogenous mTOR (from HuT-78 total lysate) on a binding matrix in the presence of free test
compound. After the incubation of HuT-78 lysate with the binding matrix and test compounds,
unbound proteins are removed by washing the matrix and the remaining captured proteins are
eluted from the matrix completely. Eluted proteins are spotted on a nitrocellulose membrane
followed by a two-step incubation with a rabbit anti-mTOR antibody and an anti-rabbit
antibody coupled to an infrared dye (800 nm wavelength). The membrane is then scanned on
a Licor Odyssey scanner and signal intensities are quantified. Reduced binding of mTOR to

the matrix in the presence of an inhibitor will lead to a lower/absent signal.
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“Scar-in-a-Jar” Phenotypic Assay

Collagen biosynthesis in 96 well format was measured by a high-content imaging based
molecular crowding assay modified from a previously described method.”” Briefly, confluent
lung fibroblasts were cultured in Dulbecco’s modified Eagle’s medium (DMEM) containing
0.4% foetal bovine serum (FCS) and ascorbic acid (100uM), in the presence of mixed Ficoll
70 and Ficoll 400 as molecular crowding agents. These were stimulated with TGFB1 (1 ng/ml)
and incubated with either vehicle (0.1% DMSO) or increasing concentrations of test
compound for 48 hours. Lung fibroblasts were fixed and stained with antibody specific for
human collagen 1, fluorescent secondary antibody (Alex Fluo488) and nuclei counterstained
with 4',6-diamidino-2-phenylindole (DAPI) for per cell normalisation. Fluorescent signal
quantified on the INCELL 6000 high content system.

Charged Aerosol Detection (CAD) solubility

Kinetic solubility measurement using HPLC-CAD technique. The Kkinetic aqueous solubility
at pH7.4 is determined by measuring the concentration of solute in solution after precipitation
from DMSO stock solution. The DMSO stock solution is diluted 20-fold with PBS pH7.4 and
the solubility of the compound is measured after 1-hour equilibration at room temperature. In
this procedure quantification is done using a Charged Aerosol Detector (CAD). The actual
DMSO concentration of the stock solution is also determined using this technique. Calibration
parameters generated for CAD response of two calibrants (Primidone and Ketoconazole) are
used to calculate the solubility of solutes taking into account the density of the compound and

ion-pairing effects.”®

ChromLogD

Chromatographic hydrophobicity index (Chi-LogD7.4) was determined by fast-gradient
HPLC, according to literature procedures,?’*?”> using a Waters Aquity UPLC System,
Phenomenex Gemini NX 50 x 2 mm, 3 uM HPLC column, 0-100% pH 7.40 ammonium
acetate buffer/acetonitrile gradient. Retention time was compared to standards of known pH
to derive the Chromatographic Hydrophobicity Index (CHI). ChromLogD = 0.0857CHI — 2.

Artificial Membrane Permeability

Permeability across a lipid membrane was measured using the published protocol.?™
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