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Abstract

This report focusses on the concept of leadnted synthesiin an attempt to synthesise

diverse mall molecule scaffoldhat target leadike chemical space T h & owtn@p appr oac
was taken, which is a method used withie Marsden and Nelson group where polycyclic
assemblies are prepared and then deconstttctgive a library of diverse ledite molecules.

Each leadike scaffold was synthesisedth good stereo/regio control, on a large scale from

cheap starting mateaits, with appropriate molecular propertiésach compound was then
investigated for itgliversification at points of the scaffold, in the possibility of providing access

to a variety of novelike, sp-riched compounds suitable for screenifige ®mputaional

software LLAMA wasused throughout the project to help analyse propertiegaide the

developmenbf threedimensionatompounds.

Chapter 1 discusses the overview of the drug discovery process, detailing the problems faced
in the pharmaceuticalndustry, highlighting the high failure rates for drug candidates
possessing certain moldar properties. The ideal molecular properties forgdteads and
fragment compounds discussed, witthe modernsynthetic approaches prepare such lead

diverse screening compounds in an efficient manner.

Chapter 2 4 details the synthesis of disa&r novel scaffolds prepared from robust synthetic
methodologies to access a library of compounds with appropriate molecular properties for
biological screeningin total 14 scaffolds were synthesised from 28 synthetic operations and
52 novel compounds from total of 73 synthetic operations. Here the method has produced a
library of complex and highly thredimensional compounds with attention paid to
physicochenical and functional group properties, whilst maintaining synthetic efficiency. The
library was ent for biological evaluation against five different targets, of whishits were
observed. A followup library was then produced where 13 compounds wetdwemnsecond

round of biological evaluation against tRsmodiunfalciparumcells.
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1.0 Introduction

1.1 An overview of the drug discovery and devefament process

The drug discovery process is a higldgmplex and multidisciplinary process which arises
from the requirement for medicinal products for the treatment of a disease or clinical
condition! In very early development stages, a biological tacgatbefoundwhich causes or
leads to a diseageh hypothesis is proposed that states inhibition or activation of the protein
or pathway will result in a therapeutic effect in a disease staBhemical or biological
compounds are screened and tested agduestarget to findead candidates for further
investigatiorf Active compounds are usually identified through the widely available
technology known akigh throughput screening, wherebyiais found from screening the
compounds against the given biological targethiAis a primary active compound with
biological relevance and is a small molecule with -poomiscuous binding behaviour,
exceeding a ¢tain threshold value in a given ass&nce a high quality hit has been identified

it is then further validated and developed infead this processs known adit-to-leadand

is an early stage in drug development (as seEigime 1).° The next stejs lead optimisation

which involves the lead compound being improv¥ed downstream development ADMET
(absorption, distribution, metabolism, excretion, and toxicity) testing can be carried out to
understand and optimise a candidatiiological propertie& Herein vivo andin vitro cell
based studies are used to characterise the biological mechanism of @ctsological data

is produced, which allows the lead compound to be developed into a safe and eaffextjve
with good affinity and selectivity® The development drug candidate will then progress
through into preclinical/clinicd trials and ultimately become a marketed medi€hén
alternative method for small molecule drug discovery is fragment based drug discovery
(FBBD),'° which involves screening fragments; this technique is furthepedsdad inSection

1.6.

Launch

Figure 1. A schematic to outline the process by which drug discovery is undertaken. Adapted from ref.



1.2 Problems in thepharmaceutical industry

High attrition rates have been identified in clinical drug development and this has been an
ongoing problem in the pharmaceutical industrylonitoring the physicochemical properties

of candidates earlyphases ofliscovery may reduce the number of efficacy and safety related
failures that the industry suffermnd may be beneficial in identifying compounds of candidate
drug quality*?

Drug candidates fail in clinical trials because of a variety of complicatiooféen difficulties

arise due to toxicological probleraad poor bioavailability and pharmacokinetic propertiés.
Phase II/1ll attrition rates are increasing and evidence has demonstrated {hratviimy
research and development (R&EXficiently and productively will help this. Overall attrition
rates of 9396% have been identified in clinical drug developniémtith 66% of compounds

that enter phase Il failing prior to phase IIl anfdidher 30% of candidatdbat entephase Il
failing prior to thesubmission to launcphase™ Efforts have been made to reduce failure rate
and advances in cheminformes reveal a clear link between drug candidate success and
physicochemical properties relevant smaltmolecule drug discoveryt. With judicious
selection of lead compounds and constant monitoringplofsical properties during
optimisation, a medicinal chemi st can be
properties and this hopefully will increaseethuccess ratef drug candidates. An attrition
percentage that decreasgs% can in turn leaih an improvement of up to double the amount

of new medicines brought to markéRecent studis have shown that leadiented synthesis
(LOS) can increase the range and quality of molecules used to develop medicines, in the hope

of reducing attrition in the drug discovery proc&s$®

The cost of drug discovery and developing new drugsrtasasedapidly eachyear?® The
estimated cost of a new drug is ~ £1 billion (this also includesotésted campaigns) with a
timescale of approximately 115 years for the drug to reach the marketpfaéeDue to these
remarkably high numbers, it is becoming an important problem which needs addréssing
number of challenges face the pharmaceutical industry such assio dapital from expiring

patents and th@Ww number of new chemical entitié$®

Reducing attrition rates of drugandidates during the early stages of drug discovery and
development is critical in order to help solve these ongoing problems in the pharmaceutical
industry?! There are now numerous pieces of evidence to support the thabtlge chance of

a small molecule drug candidate being successful is highest when its physicochemical



properties lie within a certain ranég&Some of these properties, such as molecular weight and
lipophilicity, have a significant effect dhe drug@s ability to succeed. These desired properties
can be targeted from an early stage by the use of a suitable synthetic strategy $eathat a
compound can be developed without problematic characteristics and occupying the conceptual

area known akeadlike space?®

1.3 Drug likeness- properties of successful hits and drugs

As described above, there is apparent link beteen physiochemical properties and drug

like properties for a drug candidaten attempt to characterise these links was introduced by
Lipinski and ceworkers in 19978 who analysed the physicochemi@roperties of a large
number of orally bioavailable drugs and concluded that a compound is more likely to be
membrane permeable and easily absorbed by the body if it matches the following criteria

(Table 1).2” These observations are referred to ad thmski rule of 5

Physicochemical Properties Ideal value
MolecularWeight (Daltons) ¢500
Hydrogen bond acceptors ¢10
Hydrogen bond donors ¢5
clogP ¢5

Tablel. Outlineoft he o6 Li pi nski r uthaepoar dbsoBption or pelmieatidn ispnore ldkdlyavhes these rules

are breached.26'27

The majority of compounds which are orally bioavailable conform to these rules and Lipinski
advises that an ideal drug will have a higher chance of being successful ssésposuch
characteristics?®?® (N.B. there are numerous successful drugs with characteristics that lie
outside this range). Ideally these should be a small molecule that is no larger than 500 Daltons,
with a logP being no greater than 5. The propertyRag the logof the ratio of oncentrations

of a solute between immiscible phases, water and octEnolation 1).23! The compound
should also possess no more than 5 groups that caredorabgen bonds and no more than
10 groups that can accept hydrogen bonds. These criterea been widely applied by
medicinal chemists to predict the overall diikgness of a molecule. However, recent studies
have shown that compounds with signifidgribwer molecular weight and I&yvalues are

now being favoured, because compounds thatlase to the Lipinski limits have a lower

probability of succes¥:293°



[SOhlte] octanol

logp oct/wat — Iog
[solute] un-ionized water

Equationl. Equation showing the calculation of logP.

Recent studies have highlighted the detrimental effect of excessive lipophilicity for numerous
reasons®% In order to deliver a drug molecule to its given target, the drug must be polar
enough to be soluble in aqueous media (such as the blood) and yet lipophilic enough to pass
through the lipid membrane to get inteethell without binding to unwanted proteins upon
entry. If a drug is too lipophilic it may have undesirable absorption, distribution, metabolism
and excretion (ADME) propertié$as well as having issues with binding to serum proteins in

the blood, thus leaving a low level of the unbound drug free to bind to the desired target. Lastly,
it may have offtarget effects® However, althagh lowering lipophilicity is important, if the

logP value is below 1 this has been showniricrease problems with metabolic clearance,

aqueous solubility and the drug may have difficulty in crossing cellular memifan&s.

During the lead optimisation process, the candidate molecule genecafigses in molecular
weight and lipophilicity downstream from the initial lead compound, as substituents are added
to the molecule in order to enhance binding to and selgctvitthe target*®” Therefore the

lead molecule will ideally have a preferred set of physicochemical pregesthich allow for
further optimisation. This smaller area of physicochehspace is known deadlike space
andcontrolling the molecular properties of a lead molecule is crucial if the final compound is
to remain in optimal drutike spaceFigure 2). 172438



Limits of ‘Lipinski Rule
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like space

O \
Fragment space
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Molecular weight / Do se——

Figure 2. A graph demonstrating areas of chemical space. Fragifitenspace (black circle), lealike space (reetircle)
optimal druglike space (blue oval) and early combinatorial library space (green circle). It also indicates the molecular weight

and clogP for ach chemical space. Adapted from sotffce.

1.4 Leadlikeness

A molecule that has preypties outside the ledke parameters before optimisation will have
a much reduced chance of succeedinigter stages in drug development and discotfe\s
stated in the previous seatiooptimisation will generally increase lipophilicity and Ryg
therefore possibly leading to effirget activity. A range of parameters feadlikeness have

been developed and are summarised belablé 2).

Physicochemical Properties Ideal Value
Molecular Weight (Daltons) 20071 350
Heavy atoms (C, O, N, S etc.) 147 26
Lipophilicity -1¢clogP ¢ 3
Shape More 3D shape
Number of aromatic ringAr) 1-3
Undesired susubstructure filters Remove moietiesontaining chemically
reactive, electrophilic or redox active
groups

Table2. Outline ofthe preferred molecular properties and features for kel small molecules??



Although there has been extensive research into the influence of lipophilicitp@eadular

weight on drug candidate success rates, there has now been increased interest in the degree of
threedimensional (3D) shape and aromatic character of the lead compéfimtreasing the
complexity of a drug candidate by varying its chirality and shape has a good correlation with
the success of a compousdransition from discovery, tbugh clinical testing, to marké?.
Compared with unsaturated molecules, saturated molecules have been shown to have higher
agueous solubility and lower lipophilicity, both of which argatant physical properties for
success in the drug discovery settif@ne way of assessing the complexity and saturation of

a 3D molecule is to look at the fraction of siybridized carbns (Fsp), with highly complex

3D molecules having a higher Fsmunt; the Fspcount is calculated below (Equation 2).
Furthermore, stiies have suggested that complex 3D shapes have desirable aqueous solubility
because of increased solvation and posoéid state crystal lattice packif®f:*? In addition,

more than three aromatic rings in a molecule correlates with poorer developability and
deceased aqueous solubility, therefore increasing the risk of attrition in early drug

development?

Number of sp? hybridized carbons
Total carbon count

Fraction sp? (Fsp?) = [

Equation2. Equation showing hoto calculatethe degree of saturation of a compouifid.

Due to the industryés focus on specific re
molecules with high gpcharacter (througke.g. biaryl couplings and amide bond formation),

there is a large praption of screening compounds that are relatively-tinensionaf® The

complexity of synthesising 8gybridised carbon centres has led to limited availability of
complex chiral structuré$.As anillustration of the traditional focus on these molecules, one

can examine their 3D structure by using a normalized principal moment of inertia (PMI) plot.

PMI plots represent the treelimensional shape of a molecule on a-thimensional ternary
plot. The vertices of the plot portray the three extremes of molecular gect&trg.lefthand
vertex represents thied-like molecular shape which is symbolised by athgpridised 2,4,6
octatriyne. The righhand vertex represents thspherelike molecular shape which is
symbolised by an sSphybridised adamantane. The bottom vertex representslishdike
molecular shape which is symbolised by ahtsridised benzeneolecule. Compounds are



plotted betweethe three vertices and assessed on their-thireensional shape.

A PMI plot was produced for a random 1% (90911 compounds) of compounds from the ZINC
database, showing the molecular shape of the compoEigigd 3).*° The ZINC database
consists of commercially available compounds fatual screening, where over 35 million
compounds can be purchadédt provides evidence of the lack of 3D shape of available
compounds, and thus giving increased imporatac produce molecular scaffolds with 3D

shape and chirality.

)

Sphere

Random 1% of ZINC
database (90911
compounds).

&

Disk

Figure 3. A PMI plot of 90911 virtual compounds fromrandom 1% the ZINC database of commercially available
compounds. The compounds (green dots) are plotted basketio rodtlike properties, diskike properties and sphefike
properties?®

A study by Shivanyuk and ewvorkers in 2010 performed an analysis of the {aehess of a
library of 7.%10° compounds, using a more retaikearly definition of lead like propertiés.
The study consisted of assembling and analysingl?commercally available compounds
from 29 suppliers, within which 5AC° structures were identified as unique. These
compounds were then subjected toeasments of their physical and biological properties. A
broader set of parametets Table 2 were applied to the compounds which revealed only 16%

of them had potential to be leas.

" The corresponding values used to sdleattike compounds were taken from a paper by Hann and &prea
200 < molecular weight (Da) < 468} < logP < 4.2, rotating bondé¢ 10, polar surface argal70.



However, a more recent study reviewed4® commercially available compounds from 104
different sources, with the aim of finding the percentage oflikaccompoundsA much lower
percentage of compounds neeof leadlikeness. Using the GlaxoSmithKline (GSK) lead
likeness guide, featured irable 2, the compounds were then analysed for molecular weight,
lipophilicity and undesired features. The results showed/at of compounds fell outside

0l ddaked space be crawigheandttie remaireng nalf theo faiked hedawse
of lipophilicity issues. The remaining compounds had undesired functional groups, leaving
only 2.6% compounds (1x20* compounds) thzhad desirable lealike properties?

A good starting point for a drug discovemogramme is to follow simple molecular property
guidelines. These guidelines Trable 2 broadly describe kdlike space and provide simple
parameters to follow in order to increase chances of the derived drugiatentieing
successful; also with the help of readily available computational tools, synthetic approaches
can be evaluated and prioritised to ensliescompounds stay in ledile space. Software tools

such as LLAMA can be freely accessed and used to torofeadlike synthesis of
compounds?

1.5 Diversity-oriented synthesis (DOS)

Diversity-oriented synthesis, first introduced by SchrefS@imed to scope chemical space by
preparing a large number of skeletally diverse compounds for use irthingglghput
screening, in the hope of finding hits with biological targétss method aims to efficiently
produce a collection of diverse complexlewules with a wide range of desirable physical and
biological properties® This strategy has major advantages with its exploration of wider
chemical space antsiuse as a tool for the discovery of novel biologically active molegtiés.
However, this method has been criticised for its lack of cenaidn of molecular properti&s.

A successful DOS strategy termbdild/couple/pair(B/C/P) was described hylielsen and
SchreibeP? A gereration of stereochemically diverse compounds were preparedchioah
building blocks containing orthogonal sets of functionality suitable for subsequent coupling.
The B/C/P strategy involves the asymmetric syntheses of these chiral building blotks, tha
when coupled provides the basis for large stereochemical divefgiiyré 4a). The Couple

phase [Eigure 4b) involves intermolecular coupling reactions that join the diag blocks,
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with the aim of complete control of all possible stereochemical outcomes (or without
stereochemical consequences). Finally, Bar phase involves functional group pairing
reactions, whichinvolves intramolecular coupling reactions that pdevihe basis for skeletal
diversity Figure 4c).

-~ ~

S e [ Ayele Aes
—] _
JSull matrix -

w .I/o domere O\, r,j;n AN

T a Sfunctional
( ) group pairing (C)

@ Coupling functional group

@ PFairing functional group
@ Pairing functional group

E ~
4 g A
Figure4. A general example ofttile/ C/ P strategy in action. Step (a) showing tF

couplingfunctional groups, the red dot and blue dot representing a pairing functional group. Step (b) meptieseoupling
phase and step (c) represents the pair stage.

1.6 Fragment based drug discovery (FBDD)

Fragmerdbased lead discovery is a discovapproach that involves the screening of smaller,
lower molecular weight14G 230 Da) compounds, called fragmerft€ompared with HTS

hits, these fragmentsased hits are pycdly weak inhibitors (100vMi mM) of the biological

target. Fragmerbased compounds are much simpler, less functionalized compounds that have

a lower affinity than typical commercially available compounds used in a®MTS.

One of the earliest approaches to describe the building of fragment libraries, wals-tife
threeguidelines which was first reported by Jhattial in 2003%® However, since the strategy

has been more developed over the years, a more strict set of guidelines can be used for the
construction of fragment librari@é Rees and Murray of Asx Pharmaceuticals have reported

a more detailed set of properties, which is shown bel@ablé 3).
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Property Guideline

Molecular recognition | Diverse, usually polar groups for bimgi to a protein (a single

pharmacophore)
Synthetic vectors Multiple synthetically accessible vectors for fragment grow
(allows access to a variety of new binding interactions in 3
space)
Physicochemial Molecular weight: 140 230 (Daltons)

Heavyatoms: 10" 16

properties Lipophilicity: 0 ¢ clogP ¢ 2
Stability: >24 h in solution
Number of rotatable bonds:i(3
Undesired sulstructure filters: Remove moieties known to k
associated with higreactivity, aggregation in solution or fals
positives®’
Properties commensuratétlwbiophysical screening at high
concentrations, e.g., aqueous solubility (preferalymm in
5% DMSO, or other screening-solvents);
Synthetic tractability ~ 5071 100 mg andt 4 steps frontommercially available
reagents
Shape Variety of 3dimensimal shapes for each scaffold and
pharmacophore;

Number of chiral centres:i01, sometimes 2
Table3- Outline ofthe Astexguidelines for fragmentke molecules?

The principal disadvantage of FBDD is that because of the small nature of the fragment
molecules, there are fewer protdigand interadons when compared with drdide/leadlike
compound that are more complex and hence binding affinitieswrie lower, meaning direct
assay of bioactivity is not possible in many ca8&@he process requires sensitive biophysical
detection techniques such as protein crystallography or NMR spectroscopy as the primary
screening techniques, and preferably requires high qualitststal data irorder to determine

the binding of the fragment to a targ®t.

Where structural information exists fragmen#s be grown to form new interactions using
structurebased drug design, to form high affinity leads. These low potency fragments have
high-quality interactions that can be readily optimized into potent lead molecules through

linking similar proximal bindiag fragments of a protein site.

A typical fragment library can consist of 1,006,000 compounds, to provide a reasonable

number of hit$%¢! An example of a fragment compounis shown below, where karge

12



number of drugs derived from this widely practised strategy have entered clinical trials

(Schemel).5?
Q o)
Fragment
AZD5363- Phase Il

Hﬂﬁ@ - HW @ﬂm

LogP: 2
Heavy atoms: 14
MW: 185
sp3 carbon fraction: 0.1
Rotatable bonds: 0

Schemd An example of a fragment which follows the guidelines in Table 3 and its corresponding drug candidate

1.7 Leadoriented synthesis (LOS)

The objective of leatbriented syrtesis is to prepare diverse novel compounds that target lead
like chemical spacédts major challenge is to identify and demonstrate the use of new synthetic
methodologies to achieve these goals. Although very similar to DOS, LOS focuses on the
physicocherital nature of the product molecules, rather than solely their skeletal divérsity
Another key aim is to be able to produce aemvidnge of leatike chemical structures that are

not susceptible to excessivedbdrift and also, can be synthesised in an efficient way with
the use of cheap reagents and conditfé@sntheses must be tolerant to a wide range of polar
functional groups, with the scaffolds also having no residual electrophilic orveaentres.

In order for a leadike molecule to be successful it must be able to efficiently and effectively
interact with biological systenté Scaffolds which are primarily synthesised are susceptible to
further diversification and decoration to create ealipp of leadlike compounds for biological

screening.
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Scheme. A gener al sc-hphafippr b-dundiiahdd @Gdupoperartt bimolecular coupling, step 2
monocyclisation to pairwaise coupling and step 3 Hisgtion by pairwaise coupling

1.7.1Bottomup approachto lead-oriented synthesis

The bottomup approach is used within the Marsden and Nelson group, which involves the
preparation of small polyfunctionalised precursors to synthesise diverse leadts¢atioe
approach shows simil ar i tAnexampdobthisSnethod macbhoar 0 s
was performed by Marsden, Nelson andaawkers’ It involved a strategy for the efficient
leadoriented synthesis, by the pegation of twentytwo novel leadike scaffolds from four
a-amino acidderived building blocks and six connective reactions. The small building blocks
contained multiple chemicalgrthogonal functional groups, which were then coupled using a
minimal toolkt of reactions. To then confirm the validity of the libraanalysis, exemplar
decoration was performed. The compounds were then evaluated fdikeeadsessment,
finding the library targeted the broad regions of kel chemical space and followedethules

for leadlikeness (c.fTable 2). Their novelty and diversity assessment found that the twenty
two scaffolds synthesised were both novel and skeletally diverse. An example is shown below
showing a fewexampes of successfully synthesised |dika scaffolds Scheme3).
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Scheme3. A general example of @b o tutpodbm appr oach, where four starttwong mater
scaffods.

Previous work has been carried out within the group by Marsden, Nelson-avatkeas in
2015, where 52 diverse le#ile molecular scaffolds were synthesized framset of 13
precursors, which targeted lebike chemical spac® They exploited a suite of robust,
functional gouptolerant transformations, from commercially available compounds and
synthesised @fisation precursors from allylic carbonates and am({Bdseme4). From there,

a range of scaffolds were produced from cyclisation or functionalization (filled circles), with
third building blocks labelled in reand new bonds marked bold, yielding a large number of

novel compounds with ledike molecularproperties-®
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Sdemed. A general outline of the formation of lelikle scaffolds froncyclisation precursors. Filled circles represent
cyclisation functional groups and bold lines represent new bonds.

With the use of ten amine substrates andablylic carbonate (two alternatives), thirteen
cyclisation precursors were successfully prepaia iridium catalysis in excellent yields (46
82%) and with high enanticor diastereoselectivity. A few examples are shown below.
(Schemeb).

X AN

BOCHN/\/\N/\/NHCbZ BOCHN/\/\H/\/OH

17 46% ee 84% 18 61% dr93:7

Schemé. Two examples of cyclisation precursors.

Leadlike molecules were then synthesised from the thirteen cyclisation precursors, using a
robust cyclisatiotioolkit. The toolkit consisted of six/clisation methods that were exploited

to convert the precursors into novel scaffolds. An example of such is b8ldverGe6),
showing aPd-catalysed aminoarylation which enabled conversion of the cyclisationrpoecu

19, into the pyrrolidine20aand20b. Each of the reactions proceeded efficiently and with high

diastereoselectivity.
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Ar NCbz
X \ o '
J Aryl bromide (1.2 0., BogN_* 20a, 83%, dr >95: <5
BocHN Nﬂ 5 mol% Pd(OAC),, @
- N
K/ NCbz 44 molo DPE-Phos, b NCh NN
Cs,CO;5 (2.5 eq.), z \
19 1,4-dioxane, 105 °C 20

DNCbz

20b, 80%, dr >95: <5

Schem. A scheme showing the synthesis of two-li&dscaffolds20aand20bfrom a cyclisation precwor 19.

The 52 scaffolds were assessed tfweir novelty, diversity and their Fsgharacter. They

elaborated a virtual library based on these scaffolds and compared the properties of these to a
selection of the ZINC database. The compounds were sucalgsditered by molecular size

(14 O number of heavy &ayoms IRAHW) ohn 2 6y nd dsii
structural features, with the result it was found each one of the 52 scaffolds allow significant
regions within leadike chemical spac® be targetedT{able 4).

Filter Random 1% of ZINC Virtual Library
Database (90911) (19530)
Fail 43971 5104
14¢ nHA ¢ 26 (48%) (26%)
Fail 17828 2905
-1¢ AlogP ¢ 3 (20%) (14.8%)
Fail Structural 8180 53
(9%) (0.2%)
Pass All 20932 11468
(23%) (59%)

Table4. Leadlike assessment data of the a random 1% of the ZINC database and the virtual library.

The compounds were compared with the ZINC database and CAS registry for novelty and were
assessedsing a hierarchical analysis for diversifaple 4).53¢* Then finally, the fraction of

sp® was analysed by comparing & random sample of compounds from the ZINC database,
which showed on averageetts2 scaffolds had significantly greate? sharacter than most
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commercially available compoundbigure 5). This shows that the ured leadoriented

synthetic approach yielded novel, diverse and-la@molecular scaffold$3*°

0.9 — ZINC database

0.8 = — Average virtual

library
0.7 -

0.6 =

0.5 =

Mean Fsp® . |
03 =
0.2 =
0.1 =
0

Library/Scaffold

Figure 5. A graph comparing the fractioof sg hybridized carbons from the ZINC database (red) and the 52 scaffolds
(average in black and individual in green).

1.7.2Top-downapproachto leadoriented synthesis

Thetop-downapproach is a new method used within the Marsden and Nelson groups whereby
complex polycycles are prepared and are then deconstructed by selectively cleaving and
modifying chemical bonds to give a library of divelsadlike molecules’® A range of
chemical methodologies are used to brapért the assemblies and generate leatbounds.

The bottomup approach differs from th&p-down approach, in that complexity is added
sequentially leading to a final complex molecule. However, each of the approaches have the

same intention of synthesigj leadlike molecules.

This strategyequires a complemolecule that is capable of subsequent synthetic elaboration
to further produce a library that possess the characteristics efkeadolecules. Compound
21 below Figure 6) shows an example of such, were the molecule is susceptible to ring

addition, expansion and cleavage.
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25 21
cleave
bond

Figure6. An e x a ndpol ven 6o fa poptroopa ¢ h ,21 isvduseapiible o oing @xpansioth andnd cleavage, to
synthesise leatike molecules.

Previous work has been carried out within the group usingajreéown approach. Here,
intramolecular [5+2] cycloadditions yielded four complex parent scaffolds, where the scaffolds
werediversified at vaous points to synthesise a fragment library withtoolled molecular
properties. Each cycloadduct followed tg-downstrategy, following the criteria of a short
synthetic sequence ( O5 st eps)FiguresD.® [Each | e
cycloadduct was then investigated fts diversification at points of the scaffold, in the
possibility of providing access to a variety of nelike, natural produelike scaffolds for its

use in the LOS/FOS programrtfeThe scaffolds had a focus of natural product likeness, as it

was importantd synthesise a library of $piched fragment§&>

18



HO (j/\/
L on NMe,

0]
Kojic acid, 26 Maltol, 27

4 steps \ i
0] 0]
TBSO TBSO OTBS OH
| ] rgl:bz | bz | Cbz | Eoc
29 ') ~ X 30 o N ~ X

xylenes

PhMe PhMe reflux, BnBr, DABCO
W, 140 oC W, 140 oC 0 y
u6h ey M6h 549, 48% MeCN, reflux
, 89% , 64% (5 steps) 16 h, 57%
H
g @
0TBS OTBS 35 o OTBS

Figure7. An example of four compounds followindr e -déotwonpd st r at egy.

Once the cycloadducts had been synthesised, the scaffolds were then subjected to scaffold
manipulation at various points of the scaffolBg(re 8). A toolkit of chemical methodologies

was applied to either generate a ring expanded product or used to break apart the assemblies to
generag ring-cleaved compounds. Some examples are shown bélguré 8), where the

products were deprotected and ilmm&ocases, decorated with medicinalyerant capping

kojic acid derived :
examples CbzN N
72N
OH _
41 N
maltol derived
Me=N_! o Cszi:@ examples
Compound 28 derived 40 O \ Me™  “"NH, H

examples H \ / 0 :
BocN 0 \—OH
/ HO/-
43

groups.

BocN

Figure 8. Some examples of manipulated compounds derived from the 2Takajic acid26 and compoun@8.

20



From the 4complex bridgegarent scaffolds, the unifiegpproach led to the synthesis 28

diverse sprrich scaffolds, from a total of 64 synthetic operatfoﬁsach scaffold was produced

with high step efficiency ahigure®iPandlA).Aisegh O n at
of 52 racemic fragments were then prepared, and all designed to have high shape diversity and
controlled molecular properties (HAC:-13, AlogP 1.5<clogP<3). The library watentified

as more 3D and natural proddiée (Figure 9, Panel B), than commercially available

fragments.

0.35

0.35
3 A ) B
- 03 -g 03
E] 5
2 2 025
g 0.25 g 0. A
E £ /\ /'\
S 02 S o2 / \
s S [ \
g 015 § o015 / \
b5 g /
g 01 g 01 /
= ‘ R /

0.05 0.05 //

J
5 -4 3 -2 -1 0 1 2 3 4 5 5 -4 -3 -2 1 0 1 2 3 4 5
Natural product-likeness score Natural product-likeness score

Figure9. The natural produelikeness assessment of (A) 26 scaffolds (bldgk$0 natural products (green) and acommercial
screening collection (27865 largely synthetic compounds, grey). (B) Naturalproduct likeness scores for fitagB2nts
prepared (black), 1,236 commerciabyailable fragments(grey) and 128 natural prodingpired fragments (green).

To assess the compouldshape diversity anthe relationship between the scaffolds, the
framewor ks wer e as shiesaghicdl trae sirialgst Theveomphrsanmoh 6 s
the compounds framework was done by removal of rings until a parent monocyclic ring system
was achieved. The 26 scaffolds were simplified to obtain nine parent monoéygle® (11),

thus concluding this approach led to significant diversity.

AProcesses conducted in a single reaction vessel
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Figurel0OWal d manns® hierarchical tree analysis for

Each fragment was then screened against the protein takgbtshe use ohigh-throughput
crystallographic screens. The proteins were soaked with fragments and then subjected to
automated Xay diffraction. In total, the screening resulted in seven foitgshe ATAD2
bromodomain, eight hits for the BRD1 bromatiin and two hits for the JMJD2D. The
approach hoped to serve as distinctive starting points for drug discovery, with the possibility

of fragment growth to improve potency.

1.7 3 Other studies

When searching the literature, no study ofttiedownapproach to LOS has been conducted
outside the group. However, a study of twtomup approach to LOS was performed by
Ryabukhin and cevorkers in 2014/ They developed a method which fitted well in the
concept of leagriented synthesis using thettomup approach, where they synthesised 132
leadlike compounds from anepot variation of a Castagnoli condensation reaction, in high
yields and diastereoselectivities. The -@ut multicomponent reaction involved aldehy@és

alicyclic primary amines74, and anhydride36, obtaining a range of ldsubstituted 5
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oxopyrrdidines (exampleZ9) and 6oxopiperidine3-carboxylic acids (exampl80 and 81)
(Schemev).

i) 0 O~ 0
R
s R1 W N1 rac

i) MeOH N gl R, o)
R-NHp + R;~CHO ——» | UL W
6 n=1or R
74 75 Ry 76 xylene8,180 °C, Hooc -8 n

Yields: 67 - 88%

/[C/) j/
HO™ ™ HO™
0
N~ N o) N" 0
OH
<\/N\ i
F
rac N\\
80 N
rac \ /
79

rac
81

Schemé. Aonepot variation of a Castagnoli condensation reaction, showing threelikaccompounds, as an example of
lead-oriented synthesis.

The predictd physicochemical property values of the library were summarised and they
conformed to the GSK ledike guide?* The calculated ldgrange of the scaffolds fell slightly
outside the range of the desirable parameters, but the average was within rdhgediage

= 1.29).The multicomponent library showed 3D characteristics, with thé &smt ranging
from 0.25 1 C=86.21). Acaowdimg ta thesGSK guyidelines this is seen as a

positive because it defines a more 3D shape.

Physicochemical progrty Lead-like library GSK lead-like guide
(132 compounds)
Molecular Weight (Daltons) 26571 349 20071 350
Lipophilicity 1.257 3.32 -1¢ clogP ¢ 3
Number of aromatic rings (nAr) 171 3 11 3

Table5. A comparison datheir leadlike library with the GSK leadike guide.

By applying the multicomponent Castagnaindensation reaction, 132 lelikkk compounds

were synthesised in two synthetic steps. Despite the high number of scaffolds produced using
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this method no novelty or diversity assessment was applied, so theyvafithis approach
cannot be confirmed. EWaldmann hierarchical tree analysis was performed on the litfary,
only two parent monocycle@83, 89 would be obtainedRigure 11). Therefore, it can be
concluded that this approach lacks skeletal diversity.

87 similar examples

Figurell. Waldmanné hi er ar c hi d¢oathemulticoenponemtrCastagnsliisaries.

When comparing this study to previodosttomup approaches, this particular libramgquires

the synthesis of a new set of starting material for eachlile@ad@ompound. This is a major
disadvantage for its effiency of producing a large library, as only a sntalimber of
compounds can be produced from each starting material. Withhfem@e of cyclising and
coupling functional groups, like those seen in previmtsomup approaches, the diversity of
the overdl compounds is limited to two similar core structures, therefore limiting its

exploration of chemical space.

1.74 Summary of LOS

For drug discovery to increase its productivity, new methodologies are needed to help prepare
bioactive molecules to impve human health, with clear guidelines of what molecules that will
have the biggest impact on the search for new medicinesméghiods such as LOS, which is

described above, will hopefully help solve these significant challenges in drug distovery.
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1.8 Aims and objectives

1.8.1General aims and objectives

1)l =—"Manipulation 2) Lead-like mm . 3) Final

Cycloadduct Scaffolds Compound
Library

5) Structure
Activity

4) Screen For
Biological
Activity

Relationship

Figure 12. The general aims of the project, starting from the synthesis of a starting material scaffold, then decorating,
screening for biological activity and performing structaetivity relationship.

To address the ongoing issues in the dlisgovery processs describeah Section 1.2 it was
therefore proposed to synthesise a library of compounds with specific molecular properties
(described irSection 1.3 & 1.4 that would be a good starting point in drug discovéhus,

the overall aims of the projectwereto: (1) prepare a parent cycloadduct in an efficient and
concise manner, from readily available starting materials, which can be diversified at each
point of the scaffold; (2) manipulate the parent cycloadduct to prepare a \arretyel and
diverse molecular scaffolds; (3) decorate scaffolds to ceelitbeary that covers broad regions

of leadlike chemical space; (4) test these libraries against a range of biological targets; (5)

perform structuractivity relationship (SAR) oacive compounds, if any hits are observed.

The synthesis of this ledike library will hopefully expand the relevant chemical space
accessible to drug discovery programmes. This further exploration of space may help address

the challenges of increasptbductivity in the drug discovery industr{?®®

1.8.20Dbjective 171 parent cycloadduct synthesis

The project will follow thdop-downapproach, where first the synthesis of a small, 3D, highly
functionalised parent cycloadduct is required, which has different regions of the molecule that

are open to mapulation. The rigid bicyclic syster@9 was initially identified as possessing
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numerous functional handles that are capable of subsequent synthetic elaboration and therefore

being suitable for theop-downapproach. $chemes).

OH OH SOzPh o
T &

n Br

D|versn‘|cat|on
—
Points

PhOQS

Scheme. A scheme for the synthesis of compal®@and its diversification points

1.8.30bjective 271 leadlike scaffold synthesis

Once a parent cycloadduct has been successfully synthesised, the next objexfveve the
chosen scaffold can be diversified at a variety of positions of the scaffold. Using known
chemistry within the Marsden and Netsgroup, the chosen scaffold will undergo annulation
(Figure 13, exampé 1), bond cleavagé-igure 13, example 2), group additiofrigure 13,
example 3) and ring expansiofigure 13, example 4) to mduce a variety of diverse

molecular scaffolds.

PhO,S
annulation TExampIe 1 R
§ ‘NB
N_Oo . 0 o) n
Bn ring bond
N expansion @ cleavage
Example 4 Example 2
93 P 89 P SO,Ph
RO,S PhO,S

Example 3i addition
Ph (0]

e

PhO,S 92
Figure 13. Manipulation reactions planned for the parent cycloadd@ect
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1.8.40bjective 3i final compound synthesis

Once objective 2 is achieved and a range of-lé@dsaffolds have been synthesised, the next
step is toselect appropriate scaffolds for decoration to produce a final compound library for
biological screening. The selected scaffolds will undergo various decoration reactions from a
known organic toolkit, whic involves well known reactions such as amide dagpteductive
amination and alcohol alkylation. The ability of a scaffold to accesslikkadpace will be
assessed by creation of a virtual library using computational software such as LLAMA or
PipelinePilot.*> Once a seof scaffolds (around 10) has been selected, tivdsbe decorated

with medicinallyrelevant capping groups to yield the compound library.

1.8.50bjective 47 biological evaluation

Once the compound library is complete, it will be screened agaiastia of biological assays.
Suitable biological tayets will be selected upon completion of the compound library, and will
be screened in Leeds or with collaborators at other universities which have specified screening

facilities.

1.8.60bjective 51 structure-activity relationship

If any of the compounds result in positive biological data, the next objective will be to perform
structureactivity relationship. The analysis of SAR enables the identification and
determination of important chemical motifathare responsible for actiyi Each position of

the scaffold will be examined by changing functional groups independently and identifying the
important active chemical groups of the compounds. Observing and analysing the difference
in potencies will gaira better understanding of wh chemical groups are responsible for

evoking a target biological effect in the organi&m.
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2.0 Results and discussiof: Lead-like scaffold synthesis

Thetop-downstrategy for leagriented synthesis depended upon a complex molecule that was
capable of subsequent synthetic elaboration to further produce a library that was both diverse
and novel.To explore objectives 1 and Rwas therefore proposed toepare aibrary of

diverse tropaneelated scaffolds that were to be formed by addition of substituents to,
cyclisation reactions of, and fusion of additional ring(s) to the key bicyclic intermediates.
These key indeterminates would obtain various funeligrous able to be decorated with

medicinalrelevantcapping groups for screening.

2.1 Development of potential parent scaffolds

Tropane containing skeletd was chosen as the parent scaffold due to the multitude of
different functionalities presentas well as the potential for manipulation at multiple
diversification pointsKigure 14a) . The scaf f ol dés dexpleitedstee f unc
foomleadl i ke scaffol ds and-dwavudprdachb Embeddee @ lthis f or ¢
scaffold is the wetknown, often medicinally active, [3.2-bfidged bicyclic tropane core. The

tropane moiety is a frequently observed bicyclic nitrogemtaining heterocycle among U.S.

FDA approved drugs and natural produétggre 14b).”°

a) i
R

N\
=T ———— —
N Diversification
94 Points

b) o 0 0
OMe N
0 0 oJK@ 0
OMe O - OH
OMe HBr
J c

atuabine A

Cocaine 0
O 95 96
hyoscine hydrobromide
N— 97

NS

Figurel4a). Thepar ent scaf f ol dél oovimds emp pfroracthhes tdtadcpgy Anrexamglehe di ver
of three[3.2.1]-bridged bicyclic compound5-97.
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The proposed route to the desired framework was cergrednd a ongot twostep
intermolecular [5+2] cycloaddition between an oxopyridinium 88land a dipolarophil®9
(Scheme9). The advantage to this approach is that a variety of dipolarophiles could be utilised
for the cycloaddition. This approach followed a similar synthetic route to a parent scaffold
which was synthesised in the Marsden and dietgoup®® where the scaffold formed contains

a bridgel heteroatom and an enone ftiocal group. However, the below intramolecular
approach required more steps for the synthesis and it lacked divEesty.parent scaffold
contains a fused pyrrolidine and no other functional group can be introduced easily.

Intermolecular approach

OH 99 v 0]
N RX ~OH T =
) = ., _Z ., [R
86 N NX N
98 R S
3-hydroxy pyridine Rog
~59/£1
Intramolecular approach
= OH Mel = OH RX = OH
~ . | - [
X X
N N BocHN > N
100 _N - 2N 102 A
7N (2N /\/NBOC
~5g/£30 101 103
(0]
“ OTBS
N
104 Boc
Schem®. An example of both the intramoledowh@ar appdoachesimohe e:

2.2 [5+2] Cycloaddition chemistry to synthesise parent scaffolds

In order to synthesise the chosen scaffold for top-down approach, theN-substituted
hydroxypyridinium salts§7 and105 were obtained bil-alkylation of 3hydroxypyridine86
with an appropriate alkyl halidéBnBr and Mel)(Schemel10). This gave the pyridinim
precursors required for the [5+2] cycloadditions in near quantitative yields, where no

purification was requiredt
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m R-X, 'PrOH, AN 87 R =Bn, X =Br, 99%

z | 2~ 105R=Me, X =1, 99%
N reflux, 16 h HX T e T

86

Schemd.0. Formation of the benzyl and methyl stituted hydroxypyridinium sak.13and2.14

With the N-substituted pyridinium salts in hand, attention was focused on synthesising the
potential parent scaffoltlO8 Initial efforts invdved the [5+2] cycloaddition with benzyne as
the dipolarophile. Thecaffold was synthesised following a modified procedure by Ghi’
which required prdéormation of the oxidopyridinium ylidd06 This was achieved by the
deprotonation of pyridinium sa®7 using Amberlite IRA 420 resin giving ylidd06in a 92%
yield (Schemell). Subsequent [5+2] cycloaddition between ylid¥ and benzyne, which
was generateth situ from precursorl07 and a fluoride anion, gavedtdesired cycloadduct
108in a low 25% yield. Howesr, despite success in the synthesis of cycloaddigtit was
discontinued due to the expensive benzyne precursor starting mid&raald its overall poor
yield of the product. Also, more functionaliseeagents were more expensive and may have
producel a mixture of regioisomers.

oTf
TMS

OH . 107

)

) N Crr]
| +_ amberlite || + CsF (10 eq.)
Br ——— >
5 ' MeCN, RT, 24 h O

N
Bn IRA-420 resin  Bn

% 25%

Schemdl Scheme for formation of cycloaddaéB, from salt87 and benzyne precursdo?.

The pyridinium salt was then subjected to cycloadditéattions with a range of dipolarophile

alkenesvia thein-situ generation of the ylide, a summary of which is shown belcable 6).

OH Et,N, hydroqui O
| AN AR 3N, hy roqumone; /R
NG 99 reflux, 16 h N
R Br- .
98 R 94
Entry R RO Solvent No. of Ratio of Combined
isomers | isomers? yield
1 Bn CN Neat 4 4:4:2:1 109 45%
2 Bn SOPh THF 1 100:0:0:0 89, 70%

A The ratioisomers were determined using integration of distinct peaks of the‘tiudIR
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Bn CO:Me Neat 4 6:4:1:2 110 92%
4 Bn SOPh THF 4 8:5:3:1 111 24%
Bn COBu 1,4-dioxane 4 8:3:3:2 112, 65%

Table6. Outcome of cycloaddition reactions involvimgridinium salt98 and dipolarophile99.

Moderate to good yields were observed in the cycloaddition reactions, however, in most cases
an inseparable mixture of diastereomers and regioisomers was obtained. These were seen by
the 'H NMR of the crude mixturand isolated compounds. Interestingly,entphenyl vinyl

sulfone was used as the dipolarophile a single isomer was formed in a good 70%ab&dd (

6, entry 2). The conditions were adaptezhirthose detailed dyucrot and Lalleman& " The
stereochemistry and regioselectivity of cycload@%swereassigned according to thd NMR

spectra data, where the key protasicBupling was predicted to soonly coupling to proton

Hg.* The predicted coupling constants matched those dHINMR data as shown ifF{gure

15) and the interpretation of data supports the literature precedent.

Observed

~5Hz( ~5Hz(

113
o PN%S H C,Hsso2

~oHz ~7—8Hz

H. =
(d, J = 5.0 Hz)

Figure 15. The stereochemistry assignment for the parent cycloa®uuicluding its predicted coupling constants for the
endo/exo isomer

Due to the high molecular weight of the phenyl sulfonyl substituent on the parent cycloadduct
89, derivatisatios were planed that would incorporate smaller or more chemically diverse
sulfonyl substituents. These derivatives would allow for the synthesis of new scaffolds via ring
addition reactions and for the addition of larger capping groups in the library signtukilst
remaining in leadike space. The smaller scaffolds would also allow access to a larger fragment
library. In the cases where removing the benzyl group was not feasible, smaller nitrogen
substituents were introduced. The planned parent scaffetivativesare shown below
(Schemel?).

Y Hy of compound9 had coupling at ~ 5 Hz and no coupling constant withThe coupling constants were
predicted using the software chem3D.
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G ]

Ocd M7 < O |— 0/ 114
Me/ \\O @ _N/ \\o
20 HAC \ 16 HAC
o PhO,S 89 o
25 HAC
~— | Parent cycloadduct |——>
@) 116 Osd 115

SSe
me O 0
14 HAC 19 HAC

Schemd?2. A proposed set of sulfonyl derivatives to be synthesised using thedget@addition chemistry.

It was envisioned that five vinulfonyl derivatives would be used for the synthesis of the
parent scaffold seriegigure 16). Methyl vinyl sulfonel18 was commercially available and
the vinyl sulfonyl pyridinel22was synthesised using chemysteported by Carreteret al.”*

A vinyl sulfonamide/sulfonate seried18 1 122 was also synthesised using a modified

synthesis by Caddiait al”

/\ //O /\ //() /\ //O CI /\ //O /\ //()
//S\ /,S\N/\ //S\O //S\NMe //S N\
o) 9 o) 0 2 o
O =
118 19 120 c 121 122

Figure 16. The five vinyl sulfonyl derivatives planned for parent scaffold derivative synthesis.

Three vinyl sulfonyl derivative4191 121 were obtained, using the conditions detailed by
Caddicket alin 20097° Moderate to good yields were obsetwehen a range of nucleophiles

were added to compourd@3at-78°C, as shown belowlable 2).
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Nucleophile (Nu) (1.0 eq.)

ol Cl ol Nu
DCM -78 °C
123 119-121
Entry Nucleophile (Nu) Product Yield
1 HNMe; 0 50%
A4
CS/ NM62
121
H (0] 0
2 H & 33%
[ ] ¢ N
(0] K/O
124 119
3 Cl ~ 0 cl 80%
HO ~ B
@)
Cl Cl Cl cl

Table7. Outcome o¥inyl sulfony derivativereactions

A procedure by Carreteret al.’* was used for the synthesiscompoundl22 Disulfide 126

was subjected to a Grignard substitution with vinylmagnesium bromidewtadidoy an

oxidation with NaWOa.2H,O/H-0,. However, no formation of compoud@2was observed,

and only starting materidl26 was recoveredScheme 5).The route was discontinued as the

four sulfonyl derivatives1(181 121) were considered enough to bridigersity at this stage.

) ZMgBr
fj 127, (1.5 eq.) o
N_ _S. s | THF, 1 h,-78°C  Z>S_ N
SRR _ g |
= ||) Na2W704'2H20, =
126 H20 122

Schemd 3. Theproposedsynthetic route taompoundL22 via i) Grignard addition and ii) oxidation
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In order to synthesise the cycloadducts, a ran@esafbstituted hydroxypyridinium salts were
obtained byN-alkylation of 3hydroxypyridine85. Different alkyl halidesvere chosen and in
each case the salts were obtained in near quantitative yields dn2# 1@mol scalg®’"’8

N OH R-X, N OH
L
reflux, 16 h -

N N X
R
86 98

Outcome

128 99%

Conditions X

PhMe (0.5M) Cl

MeCN (0.5 M) Br 130, 99%

R
MeO :
THF (0.5 M) Br ~ 129 99%
F

Et0,C

THF (0.5 M) Br 131 99%

E:ﬁBr
THF (0.5 M) Br ~ 132 99%
F Br

Table8 Outcome of alyklation reactions involviBghydroxypyridine86 and a range of electrophiles.
With a new panel of compounds in hand, tesvly synthesised pyridinium salts and vinyl
sulfonyl derivatives were subjected to the [5+2] cycloaddition proce€durke results are
shown below, where a range of cycloadducts were systwgi poor to excellent yield (20
89%) (Table 9).
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O e
+ —_—
ltl/ 99 reflux, 16 h N
R X~ s
Rl
98 94
Entry R RO HAC No. of Ratio of Major
isomers | isomersP | product
yield
(%)®
1 Bn SO:Me 20 2 10:1 117,57%
2 9 . . [v)
Bn Q N—g—é 25 3 20:2:1 | 133 36%
3 PMB SO:Me 22 2 10:1 134,52%
4 A% ¥avs
SOG:Ph 26 2 10:1 13541%
Br
5 Me SOMe 14 3 10:2:1 116 20%
6 Me SO:NMe; 16 3 20:4:1 114 54%
7 vV
k@\ SOMe 26 2 10:1 136 50%
F
8 Me SOPh 19 2 7:1 115 20%
9 ~ SOMe 27 1 100:0 137, 89%
F Br

Table9. Outcome of cycloaddition reactions involvingSubstituted hydroxypyridinium salts and vinyl sulfonyl derivatives.

It was noticed that the yields were particularly low when the cycloaddition involved the methyl
pyridinium saltLl05(Table 9, entry 5), with large quuities of the unreacted dipolarophile seen

but no residual pyridinium salt observed. It was proposed that the iodide counterion could be
interfering with the reaction by dealkylating the methylhydroxy pwiidhn salt. The base was
therefore changed to gédr oxide, where the silver can act as an iodide scavenger and this
increased the yield dramatically. Consequently, new conditions were identified and applied to
the synthesis of cycloadduti6 (Schemel4).

B The ratio isomers werdetermied using integration of distinct peaks of the cridd&MR field.
8 Major isomer isolated as a single isomer. The yield recorded for the major isomer only.
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OH Ag,O (1.8 eq. O
m . /\SOZMe 920 ( q.)
+

N 118 reflux, 16 h, 10:2:1
Me THF, 67%
M
105 (1.3 eq.) e025 116

Schemd4. The formation of cycloaddudtl6using the alternative base silver oxide

In total 10 parent scaffolds were synthesised with different sulfonylngnolyenbridged

substitents. Each parent scaffold was synthesised with good stereo/regio control, on a large
scale from cheap starting -dawred iap psr,o & chhe rsetfroc
Objective one, a synthesis of a highly functised parent cycloadductyas successfully

achieved, therefore attention was turned to the exploitation of the present functionality to

synthesise a range of letike scaffolds.

2.3 Development of methods to enable exploration of each vector of the patre

scaffold

With a rang of parent scaffolds in hand, the next step was to investigate the reactivity of
functionality at the different positions of the scaffolscfiemel5). Exploring each growth

vector is necessary to prove thepaeeta f f ol d i s -wowhbéyapprohehods:
Therefore, a variety of molecular scaffolds were proposed, applyiogliittof chemical

methodologies to produce a library of novel and diverselikadcaffolds.
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R 144 RO,s 139
-y
o i

5 1
6 7
RO,S 143 RO.S 138 RO,S 140

/o

R'O RR

RO,S 142 RO,S 141
Schemd.5. A proposed set of manipulation reactions of the parent cycloa@digat different points of the scaffold.

2.3.1 Development of methods to enable exploration of growth vectors at the 3

and 4 positions

The first vector of interest was the electdeficient alkene of the enone. Similar enone
containing scaffolds had been made previously in the Marsden and Naspti®gmd success

had occurred when producing leliice compounds from ringnd functional group addition
strategies. Therefore, a range of annulation reactions were investigated at this position, as
shown bedbw (Schemelo).
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Schemé 6. A variety of annulation reactions at theaghd 4position of the parent cycloaddut38.

With the primary aim of synthesising medicinally relevant hetelesyat the 3and 4
positions, the first reaction attempted was the formation of pydSle The pyrrole was
obtained using chemistry first introduced by van Leu8emsing toluenesulfonylmethyl
isocyanide TosMIC) 150 and potassiuntert-butoxide. This afforded the product in an 85%

yield, introducing another point of diversification at the pyrrole nitro@ainémel?).

2
—< >—s
(“3_\N:: HN

o 150 (1.0 eq.), WL o
@ BuOK (5.0 eq.), @
89 0°C - rt, THF
PhO,S 85% PhO2S 151

Schemd7. Formation of pyrrolecontaining scaffold 51 using van Leusen chemistry.

Interestingy when using the methyulfonyl derivative117, the cyclocondensation reaction

was unsuccessful. Several conditions were used in the attempt to synthesise thel pgrrole
(Table 10). It was proposed thahe deprtonation of the methyl sulfone was competing with

the TosMIC deprotonation; consequently TosMIC was first deprotonated and a solution of the
scaffold was subsequently cannulated into the deprotonated TosMIC solution. However, still
no product wa obtainedafter purification and other routes involving stronger bases were also

unsuccessfulTable 10).
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G G

MeO,S 117 MeO,S 152
Entry Conditions Outcome
1 TosMIC (1.0 eq.), Starting material
'BUOK (5.0 eq.), 117
0°C - rt, THF
2 TosMIC (3.0eq.), LCMS analysis showed
'BuOK (10.0 eq.), traces of productl2) but
slow addition of compounti17 no material obtained from
purification
3 TosMIC (1.0 eq.)LIHMDS (5.0 eq.), Complex mixture of
slow addition of compounti17 products no observaon of
152

Table10. Outline ofconditions used iman attempt to synthesise pyrradeaffold152

The next scaffold of interest was the dihydroisoxaZd@8i 154 The reaction conditions
selected for this synthesis were adapteanfthe chemistry performed by Mukaiyama and
Hoshino®® The procedure involved the reaction of phenyl isocyanate and nitroethane to
generate a nitrile oxidEs5in situ,with the subsequent3dipolar cycloaddition affording the
dihydroisoxazole scaffold53 7 154 in 18% vyield Schemel8), as a 2:1 mixture of cis
isoxazolineswith endo and exo stereochemistry. Due to the next synthetic step being an
oxidation reaction, both stereoisomers would afford the same proleicifore no separation

of compoundd453i7 154was necessary.

EtNO, (2.04 eq.), '

@ O phNCO (4.08 eq —N-0
+ p—
EtsN (1 drop), @ 155
Et,O/THF, rt
PhO,S 89 18%, 2:1 PhOQS 153 PhO,S 154

Schemd8. A generascheme for the synthesis of the fused dihydroisoxazole comps8add 154.
With the substraté5371 154 now in hand, oxidation was attemptexdform isoxazolel56.

Several attempts were maded success occurred when using the oxidation reagent DDQ in

toluene for 2 hours in a low yield of 12%; the conditions are shown b@lakig 11).
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N= N= N=
O, 0 o - _0 o __ 0o
CENC HLR
PhO,S 153 PhO,S 154 PhO,S 156
Entry Conditions Outcome
1 DBU (4 eq.), } (1.2 eq), THF, reflux, 16. Starting material
2 DDQ (1.2 eq.), PhMe, reflux, 16 h. Complex mixture
3 p-chloranil (1.04 eq.)p-xylene reflux, 16 h. Complex mixture
4 DDQ (2.0 eq.), PhMe, reflux, 2 h. 156, 12%

Table11l Outcome of oxidation reactions dihydroisoxazold 53 154to form isoxazole compourid6.

The same reaction conditio(Schemel8) that were used to synthessEmpoundd53i 154
(Schemel19) were then repeated on substratd$ and 134, with varying N-substituents.
Dihydroisoxazolel57was then oxidised to form the isoxazole fused scaffbghlbeit in poor
yield (Schemel9). It was also envisaged that when compotB8 was exposed to cerium
ammonium nitrate (CAN), theara-methoxybenzyl (PMB) group might be removed alongside
the scaffold undergoing oxidation giving rise to the unprotected isoxagGleHowever, a

complex mixture of products was observed and this route was deprioriiceeniel9).

o ENO, (2.04 eq) o'N o DDA E@eq) o'N\ 5
eq.),
@ PhNCO (4.08 eq.), Phivle =
. N
EtsN (0.02 eq.), reflux 3 h,
Et,O/THF, rt R =Me, 30%
MeO,S R= Me, 28% (157) MeO,S ° MeO,S 159
116,134 R = PMB, 28% (158
6 (158) CAN (2.0 eq.),
40 °C,
THF:H,0
/N\
o __ 0]
MeO,S 160

Schemd . A scheme to show the synthesis of scaffd@s158and159.

Syntheticefforts were next focused on the pyrrolidifissed compound62and163 formed
via an azomethine ylide [3+2] cycloaddition, where the best conditions found were those

described by Fragt al (Table 12, entry 2 and 3} When acidic condions for the ylide
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generation were applied, the desired product was not obtdiabte(12, entry 1), presumably
because of problems with the preseoica basic nitrogen. Consequently, basic conditions were
used to successfully synthesise compol®2and163in good yields.

Bn BnN

0 TMS__N__OMe 0

16 h
PhO,S PhO,S

89, 115 162,163

Entry R Conditions Outcome

1 Bn Ylide precursorl61(1.7 eq.), Starting material
TFA (2.6eq.),DCM, °C - rt
2 Bn Ylide precursorl6l (1.1 eq.), 162, 63%
LiF (1.2eq.),MeCN, rt
3 Me Ylide precursorl61 (1.1 eq.), 163 67%
LiF (1.2eq.),MeCN, rt

Table12. Outcome of cycloaddition reactions involving enB8gl15and ylidel61to form compound62and163

The stereochemistry was assigned according ttHMR spectra and NOESY dat@igure

17). The predicted coupling constants of iatched those of th#! NMR data, and the key
NOESY interactions helped confirm the structures gumfition. The key proton fHvas
predicted to show no coupling with protons &d H, and this was confirmed with anglet
present in the NMR data. The structure hypothesis was later confirmed by the acquisition of a

crystal structure of a decorated analogue from this subg8attion 2.5.2.

BnN— BnN
4’ : 0 OH ©
, ~ V4 0
<H30.‘
Singlet ({Eﬂ R ‘“‘\
H—\\ H \\\
~0Hz SOoPh ' SOoPh
Key NOESY
H,=3.73 (162, R =Bn, s) interactions

H, =3.67 (163, R = Me, s)

Figure 17. Stereahemistry assignment of compdur62i 163.with measured Values.

The next substrate explored was compouh@6 which involved the use of a
trimethylenemethane ylidasing conditions highlighted by Trost and CRamowever, the

desired [3+2] cycloaddition was unsuccessful in both attempts, using the conditions
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summarised belowT@ble 13). Only the Arbuzov product67 was observed (with unknown
steeochemistry), when P(OEtjvas used as the ligan@igble 13, entry 1). When the active
palladium source was changed, no reaction was observed and only starting material was

recovered. Consequently, efforts towattus target were discontinued

PhO,S 89 PhOZS
Entry Conditions Outcome

1 O, ,OEt
Enone89 (1.0 eq.), Pd(OAe) EtO/P O
(20 mol%), P(OE§(1.1 eq.), @

ylide (1.86 eq.),
THF reflux PhO,S 167
2 Enone89 (1.0 eq.), Pd(PRu Starting mateal, 89

(4 mol%), dppe (1.5 mol%)
ylide (1.0 eq.), THReflux

Table13. Conditionsused in attempt to synthesise compol&@

The final compounds targeted at this vector were the fused dihydropyrazole sce®®lds
169 The conditions were adapted from those detailed bgtSHi’* The [3+2] cycloaddition
of ethyl diazoacetate followed by a tautomerisation gave the desired compounoderate
to high yieldg58 - 77%) Scheme20).

Eto HN-N
THF, e
%OEt 0°C-, O py 168, R = Ph, 58%
— 169, R = Me, 77%
RO?S 2 0eq.) RO,S

87,117
Scheme0. The synthesis of pyrazol&8and 169 froma [3+2] cycloaddition reaction.

The stereochemistry of the compound was determined by the comparison with a similar
compound reported by Skt al’* The NOESY data was used to confirm the stereochemistry

of the dihydropyrazole scaffold68 with the key interactions shown on the cycloadduct
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compoundFEigure 18). To further verify the stereochemistry, a comparison of key interactions
was undertaken with a similar literature compothd.

Ph
et HN-N (?A\‘KN
\ 0) o &
0 H\ o ,\é%j@sozph
f— \
HN, H H H
H
PhO,S o
168 Key NOESY
interactions

Figure 18. Stereochemistry assignment for pyrazbis.

The dihydropyrazole compourid9was then aromatised by an oxidation with CAN 4€O0

for 4 hours $cheme21). However, due to difficulties in the purification, the crude material

was subsequently hydrolysem form the pyrazole carboxylai&Oin an overall yield of 4%.

It was concluded that a new route should be devised to the desired compound because of the
extremely low yield.

Eto HN-N i) CAN, HO HN-N
\ O (THF:H,0), 0°C, 0
R
i) NaOH, H,0,
MeOS 169 MeOH, 4 h, r, MeOS 170

4%
Scheme@1. The new synthetic route towards the sgaih of pyrazole carboxyla®78
An alternate route was attempted using a-jpote procedure method, where both the
aromatisation and hydrolysis occurred one step(Scheme 22). This route involved
aromatisationpresumably by an aerobic oxidation) to synthesise the desired schffold
Unfortunately, the reaction also proceeded in a low yield 14%.

) THE, Ho HN-N
‘ Hk 0°C - rt, 3 d o
OEt 5 0
i) NaOH, H,0, @
MeO.S _ 20eq MeOH, 16 h, rt
167 MeO,S 479

Scheme@2. The new synthetic route for pyrazole carboxylaté
In total for the explmtion of growth vectors at the and 4 positions, 10 scaffolds were

synthesised from 4 core scaffolds. The results provided evidence that the palffefdssca

showed promising reactivity at the enone position, where the scaffolds were synthesised with
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good stereo/regio control. Further exploitation of the present functionality was to be explored

to synthesise a library of diverse scaffolds for biologiesting.

2.3.2 Development of methods to enable exploration of growth vectors at the 2

o L)
—_—
— @
RO,S 171 RO,S 143

Scheme&3. A general scheme depicting an annulation reaction at tlaa@ 3position

and 3-positions

Having achieved success with the functionalisation at tten@ 4 positions, which in turn
gave rise to a diverse set of scaffolds, tb&trvectors to be explored were at thea@d 3
positions. A simple twestep route to ama-halogenated substraf&’2 was suggested, using
readily available starting materials. It was envisioned thaa thalogenated ketorfe/2 could

be converted to a rge of heterocycled73 by applying Hantzsclype synthesesScheme

L

ROQS Rozs
RO,S 172

(|||)

N5<

&

RO,S 173
Scheme4. Step (i) palladium on carbon reduction, step (ii) alpha halogenation and siepafiifzsch synthesis

To enablea-halogenation, reduction of the olefin was required which was achieved by
following hydrogenation conditions detailed in the literatdteshown below Table 14). The
reactions proceeded overnight at room temperature, giving the reducetwtrepa excellent
yields of 89- 99%.
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0 O

89, 114 @ Table 14 @ n R = AT
, R=Me, R = Bn, 175
116-117 — R = Me. R = Me, 176

R = NMe,, R' = Me, 177

RO,S RO,S
Starting R RO Conditions Outcome
material
89 Ph Bn H2, Pd/C10mol%, rt, 16 174 97%
h
MeOH/(Me»CO
117 Me Bn H., Pd/C 10mol%, rt, 16 175 96%
h
MeOH
116 Me Me H2, Pd/C 10mol%, rt, 16 176, 96%
h
MeOH/(Me»CO
114 NMe> Me H», Pd/C 10mol%, rt, 16 177, 89%
h
MeOH/(Me»CO

Table14 Outcomeof reductions reactiongvolving palladium on carbon and hydrogen with the sulfonyl derivatives.

However, when synthesising compoulitbon a larger scalehe reaction was left for 4 days

and as a result underwent secondary reactions to produce d@8hohuantitative yield. The
expected compound was not present intkthBIMR with evidence suggesting no benzyl group

was present. TheRMS matched the praged structure, where the benpybtected nitrogen

had been deprotected and a reductive amination occurred with acetone. The observed
compound was produced on a large scale with a free OH available for decoration and final
library syntesis. It should beoted that the benzyl group remained intact in some cases, which

can be deemed an issue when the free nitrogen is required for decoration.

O Hy, P/C (10 mol%) , OH
el e
MeOH/(Me),CO,
MeO,s 117 99%  MeO,S 178

Scheme&5. A scheme for the formation of the unexpected compbifd

With step (i) ackeved in high yieldsa-halogenation was attempted using a wide range of
procedures. The conditions attempted are highlighted below, where the conditions used by a
modified procedure from Jargensenalin 200484 gave the only route to the compound of
interest Table 15, entry 4 and 5). No attempt to assigrretehemistry was made and only a
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single isomer was observed from inspectioHbRNMR spectraWhen the nitrogen substituent

was a methyl group, the same conditions were repeated but only a complex mixture was
observed. No product was seen in the LCMS iamehs suggested that the nitrogen may be
reacting with thea-chloro substituent, resulting antricyclo-quaternary nitrogen, although no

evidencdor thiswas observed.

cl
0 0
Table 14 @
— >

RO,S 174,175 RO,S 179, 180
Entry SOR NRO Conditions Outcome
1 SOPh NBn p-TsOH (0.1 eq), NBS (1.2 eq.] Complex
DCM, mixture
0°Ci 40°C
2 SG:Ph NBn Amberlyst- 15, NBS (1.1 eq.), Starting
EtOAc, materiall74
0°Ci rtstir
3 SG:Ph NBn Trichloroiscyanuric acid (1.0 Starting
eq.), materiall74

MeOH (2.0 eq.), DCM

4 SG:Ph NBn Proline (30 mol%), NCS (2.0 179, 40%
eqg), DCM
5 SO:Me NBn Proline (1.0 eq.)NCS (1.3 eq.),| 180,57%
DCM
6 SO:Me NMe Proline (1.0 eq.), NCS (1.3 eq.| Complex
DCM mixture

Table15 Outcome ofa-halogenatiorreactions involving tropanon&74- 175
Upon synthsisinga-chloro compound479and180, a range of heterocyclic fused scaffolds
were then planned, which would exploit thehaloketone functionality. Firstly, a Hantzsch
thiazole synthesis was carried out using the conditions reported by Dagtadlaa 2012 and

the results are shown beldvable 16).2°
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Cl N¢<

0] S
@ Table 11
RO,S 179, 180 RO,S 181,182
Entry Starting R Conditions RO Outcome
material
1 179 Ph S Ph 181,20%
Ph)J\NHQ
(3.0eq.)
DMF (0.15 M)
2 180 Me S Me 182 3%
ANHZ
(4.0 eq.),
DMF (0.15 M)

Table16. Outcome oHantzsch thiazole synthesieactions involvinga-chloro compound4.81 sand182

a-Haloketonel79was treated with -aminopyridinel83 using the procedure of Chenal®
in an attempt to prepare the aratidn product azindole 184 Unfortunately, the desired
product was not obtained and only starting material was wi$eBcheme26). Due to
difficulties synthesising azaindole34 this scaffold was deprioritised

NH,
— N
Cry ¢
o] 7183 N
O (1.0eq) <N
— X
EtOH, reflux,
16 h
PhO,S 179 PhO,S 184

Scheme6. Scheme for the attempted annulation reaction to form azaii8dle

Tropanonecompoundsl 74177 were subjected to indole synthesis using conditions detailed
by Chenret al®® The conditions involved the reaction of the ketone witb-godoaniline under
palladium catalysis. A series of indole annulated analogues symthesised with different

sulfonyl groups and nitrogen substituents, all in moderate to poor yield&(17).
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©1NH2 O

O | ~ NH

B O
Pd(OAc),, DABCO,

RO,S 174-177 DMF RO,S 186-189
Entry Starting R RO6 Conditions Outcome
material
1 174 Ph Bn Ketone (1.0 eq.p- 186,40 %

iodoaniline (1.2 eq.),
DABCO (1.0 eq.), Pd(OAg)
(10 mol%), DMF, 105C
2 177 NMe> Me Ketone (1.0 eq.)- 187, 29%
iodoariline (3.0 eq.),
DABCO (3.0 eq.), Pd(OAg)
(20 mol%), DMF, 105C
3 175 Me Bn Ketone (1.0 eq.)p- 188 20%
lodoaniline(3.0 eq.), DABCC
(3.0 eq.), Pd(OAg)(10
mol%), DMF, 12(°C
4 176 Me Me Ketone (1.0 eq.p- 189 17%
iodoaniline(3.0 eq.), DABCC
(3.0eq.), Pd(OAQ) (10
mol%), DMF, 12(°C

Tablel7. Outcome of indole synthesis reactions involving troparigtd 177.

The classical Fischer indole synthesis was also used to synthesise the indole Eg&ffokl
40% yeeld and can be used as an alternative approach to synthesise the fused heterocycle
(Scheme27).87.8889

N
0 “NH; O
190 NH
S
@ (1.1 eq.) _
AcOH (0.2M),
PhO,S 16 h, reflux
com 40%  PhO.S 186

Scheme7. Fischer indole conditions used tanglyesise compouriB6.

Another annulation reactionas investigated based on conditions detailed byéetval. in
20018 with the hope of producing a fused pyrazole scaff@2(Scheme28). However, wien
the tropanonel75 was treated with diethyl oxalae91 and sodium ethoxide, only starting
material was recovered. Consequently, the scaffold was deprioritised.
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) o

/\OJKH/OV

@)
O 191 (1.0 eq.)

@ EtOH, NaOEt (1.3 eq.)

MeO,S 175 i) HoN=NH,

MeO,S 192

Scheme8. The attempted annulatiaeactionto synthesisecaffotl 192.

To further explore the vectors about the ketone, a procedure ley 8lam 2017 was executed

for the synthesis of the fused pyrimidine compout@%$and195(Scheme29a). 22 Under these
reaction conditias, the core scaffold underwent an enolisation, followed by an acid mediated
Diels-Alder and retreDiels-Alder sequence. The reaction resulted in a lossvater and
trifluoroacetonitrile, affording the desired pyrimidines in low to moderate yields. The ke

intermediates are shown belocheme29h).

FsC. _N_ _CF,

\f h F N_ CF
N _ N193 3C ~ \”/ 3
O h «__N
@ (1.0 eq.) CFs @
TFA (10 mol%) 194, R = Me, 54%
MeO,S 175-176 EtOH, 80°C, 16 h  MeO,S 195 R = Bn 32%
CF4
NJ\,QH N_ CFs

e I N (-H;0) CF,

FsC | M
oH FsC" N° "CRy T&\ -(N=C-CF3) N—

_{ 197 - RONUNNE - F3CA€_\<N
R R Diels-Alder 7~ OH 3 retro-Diels-Alder —

196 R R
198 199

Scheme&9a) The scheme for the formation of pyrimidif#&and 195. b) key intermediates in the formation.

Synthetic efforts were thendased on the pyridinused scaffold 202 - 206. By using the
conditions detailed by Rossi alin 2003, the pyridine core was synthesised by apmteold
catalysed process. This proceeded through the sequential amination of the carbonyl cempound
1751 177followed by a regioselective cyclisation of tRgropargylenamine intermediate and
aromatisation. The mechanism is shown beldahle 18) where the desired compounds were
formed in low to good yields (263%).
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NaAuCl,.2H,0 R3
(2.5 Mol%) ~

O EtoH, 80°C, 16h ~
sl e

RO,S 175-177 \NH RO,S 202-206
2

N

200, R3= Ph
201,R3=H
MX, MXq MX,,
= = 7 -
N wNH { N-H ol LN
_— — . _—
R R R R R R R
207 208 209 210
Entry Starting R RO R3 Outcome
material
1 175 Me Bn H 202 63%
2 176 Me Me H 203,43%
3 177 NMe> Me H 204, 40%
4 176 Me Me Ph 205, 20%

Table18. Outcome ofynthesis opyridine scaffold derivatives. Above shows therkechanistic steps and scheme.

It was envisaged that by applying metatalysed reduction conditions to the pyridine scaffold

203 another point of diversification would be introduced at the free NH of the pipegdée
However, when attempting to iste the piperidin06, no product was obtained and only a
complex mixture was observed. An alternative set of conditions wenedjpising a different
catalyst, high pressure and temperature, and even these harsh conditions only resulted in

starting magrial (Table 19).

7]
N NH
Table 19 @
MeO,S 203 MeO,S 206
Entry Conditions Outcome
1 PtGz (20 mol%), H, AcOH, 16 h Complex mixture
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2 Pd/C, 10 bar, 56C, H, 16 h Starting materia03

recovered

Table19. Outcome ofhe mnditions used in attempt to synthesise piperi@ioe

2.3.3 Development of methods to enable exploration of growth vectors at the 4
position

Positon4 was the next position of investigation, where known chemistry within the Marsden
and Nelson group wassed to introduce diversity to another point of the sulfone cycloadduct.
A Rh(l)-catalysed conjugate addition of phenylboronic acid was used to ddohgl group to

the 4position, by using conditions adapted from those detailed by Miyau@® The
conditions were optimigeupon scale up, however, modest yields were still observed as shown
below (Table 20). Nevertheless, this would allow thepdsition to be diversified with a range

of arylboronic acids.

0 Ph 0

O [Rh(cod)Cl];, Ph
> H
Dioxane/H,0 (6:1) H

Key NOESY
interactions

Entry | mmol [Rh] NEts | PhB(OH)2eq.| Temp. Time Yield
eq. eq. (°C)

1 0.57 |1mol%| 1.0 15 50 16 h 38%

2 1.41 [1mol%| 1.0 3.0 90 3d 40%

3 410 |1mol%| 1.0 3.0 90 16 h 28%

Table20. Outcome of 14ddition reactions involvingarent scaffoldB9

The last sciold to be synthesised in this vector series was the tetracyclic scafiéldnd
209, Exposing the aryl bromid&35 and 137 to a range of Heck conditions, the novel
compound=08 and209 were ultimately synthesised in poor yields{22%) by following a
literature procedure by Grigef al (Table 21).%*
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= N
N . |
Br RO,S R
RO,S
R=Ph,R'=H, 135 ©
VAR el R' R =Ph, R'=H, 208,
R=Me, R'=F, 137 R=Me. R = F 209
Entry R RO Conditions Outcome
1 Ph H Pd(OAc} (20 mol%), PPk | Starting
(20 mol%9, NEt3(2.0 eq.), | material
THF, reflux 135
2 Ph H Pd(PPh)4 (20 mol%),NEtz Starting
(2.0 eq.), THF, reflux material
135
3 Ph H Pd(OAc} (10 mol%),PPh | 208 24%
(20 mol%), HCOONa
(1.5eq.), ZnC4 (1.0 eq.),
PhMe, reflux
4 Me F Pd(OAc) (10 mol%),PPh | 209,12%
(20 mol%), HCOONa
(1.5eq.), ZnCt (1.0 eq.),
PhMe, reflux

Table21 Outcome of intramolecular 1,dddition reactions involvingarent scaffold derivatives35and137.

To further elaborate the library, therlbanyl was reduced to the alcohol using DIBAL at
-78°C, yielding only one diasteoisomer as observed id NMR (Scheme30). The desired
scaffold 210 now had a free hydroxyl group for decoration, where a rafgeedicinally
relevant capping groups could potentially be reacted to produce an array of screening
compounds. The relative stereochemistry was predicted by analogy with to similar compounds

syrthesised (Comparison to a crystal struc(@ection 2.5.2).

N DIBAL (3.0 eq.), N
DCM,
PhO,S > PhO,S
-78 °C - rt
2h,74%
208 (0] 210 OH
Schem&0. The formation of alcoh@10derived from tetracyclic scaffo2D8.
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2.3.4 Development of methods to enable exploration of growth vectors at tBe

position

Diversification at the gosition was investigated by usitige conditions detailed by Séi al
in 2012, proceeding through a Bayhliman reaction $cheme31).”* The reaction gave rise
to primary alcohoR12in moderate yield, with the alkene left available for further scaffold

synthesis (e.g. annulation) and a primary alcohol to diversify.

4 o HO
O \f 0
@ 211, (2equ)
DMAP (10 mol%),
THF, rt, 20 h,
PhO,S gg 54% PhO,S 212

Schem@&1. The conditions used for the Baytifllman reaction to synthesise compouzi.

2.35 Development of methods to enable exploration of growth vectors atd 2
position

In an attempt to introduce diversity at thgp@sition of cycloaddud®9, nucleophilic addition

of a methyl group to the ketone was attempt&théme 32). The conditions using
methyllithium were taken from within the group due to success with similar tropane scaffolds,
however, the desired addition into the carbonyl-2tdid not occur. Instad, the methyllithium
apparently acted aa base, effecting deprotonation alpha to the sulfone followed by an
intramolecular Michael addition into the enone afforded the cyclopropane exclusively in 20%
yield. Analysis by LEMS showed the correct mass, vtheH-NMR spectrum showing the
absence fothe starting material alkene protons. The proposed mechanism is shown below
(Scheme32).
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(1)
MelLi (1.2 eq.), THF, En OH
0] -78°C, 8 h,

(2)

@]

PhO,S 89 LiIHMDS (1.3 eq.), PhO,S 213 PhO,S 214
THF, -78°C -, Not observed
3 h, 60%
Bn
o N
AP o;
Li* >~ — HX
215
PhO,S PhO,S 216 g 217

!

Bn
N
E O

PhO,S 213
Schem&2. The general scheme of the synthesis of cyclopraE®end its mechanism of forrien.

This unexpected reaction was intriguing and it also gave rise to a novel scaffold with potential
points for further diversity. It ws found that switching the base to the -nanleophilic
LIHMDS gave a higher selectivity for the cycloprop&is, affording the desired compound

in a 60% yield. However, when changing the R group of the sulfone, no analogous compounds
were synthesised.nE summary is shown beloWdble 22). It was proposed that for entry 1,

the deprotonation of the methyl sulfone was competing with the deprotonation of the proton
adjacent to the sulfone, and a complex mixture was observed. When the reaction in entry 2 was
attempted, a side produ2i9 occured from dimerization of the starting teaal, which was
confirmed by'H-NMR and LCMS analysis In an attempt to solve this problem, a lower
concentration of solvent was used to decrease the reactioffasale 2, entry 3), however,

only starting madrial was observed. To our surprise, when the nitrogen substituent was

changed to a methyl, no reaction occurred and only starting material was rdcovere
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RI
O N O
@ LIHMDS (1.3 eq.)
‘ -78 °C - rt
RO,S 115,117, RO,S 218
133
Entry Starting | NR 6 R Conditions Outcome
material
1 117 NBn SOMe THF (0.02M), | Complex mxture
3h
2 133 NBn T THF (0.2M), 3 o
S o £
[ j o//\N'§
0 / O
\\ O
[ NS @
O\J O
219
3 133 NBn “w THF (0.02M),
[Nj 3h Starting material
o dropwise 133
addition of133
4 115 NMe SOPh THF (0.02M), | Starting material
3h 115
dropwise
addition of115

Table22. Outcome ofhe @tempted conditions to synthesise cyclopropane derivatives.

It was proposed that cyclopropa®E3 was potentially unstable due to its ability to undergo a
retro-Michael reaction. Three compounds were therefore proposed that eradicated the ketone
functiondity to remove this possibility§Scheme33). The three reactions followed previous
procedures but unfortunately were all unsuccessful, rendering this compound problematic and

therefore it was to be deprioritisedascreening librarget.
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NH,
NaAuCl,.2H,0

Bn Bn (2.5 mol%) Bn
N HN 185 ' N O EioH, 800C, 16h N N=
—_— X
Pd(OAc), (10 mol%),
DMF, 105 °C, 2 d NH,
NaBH, 0°C 201
MeOH, 16 h
Bn
N OH
PhO.S o,

Schem@&3. A scheme showing the routes to three compounds using previously described procedures.

To accomplish the desired methyl addition at thgogition, an alternative approach was
undertaken usgpmethylmagnesium iodide. Due to the less basic nature of the Grignard reagent
the decorated product was obtained in a 52% yield with no trace of the cyclopoopdaiaing
compound. A mixture of diastereocisomers were obtained in a 3:2 ratio, howevitempta

was made to isolate the isomers. The relative stereochemistry of the major diastereomer was
not determined due to the complexity of the crtideNMR (Scheme34).

0 OH
i e g
-78 °C - rt
PhO,S 89 8h,52% Pho,S 214

Schem&4. A geneal scheme for the formation of compouhd26from a Grignard addition.

Subsequent efforts to introduce different groups at tposition included a reductive
amination, using the conditions detailed by Bhattachamtyal®? Compound174 was
susceptible to 1,4 addition, so the partially reduced substrate was used instead. The tropanone
174 was treated witiN-methylbenziamine and titanium isopropoxide in ethanol at room
temperature for 6 hosythen cooled to @ and reduced via sodium borohydride. The reaction
produced a separable 2:1 mixture of diastereomers, which was assigned according to the crude
H NMR in 52% yidd. The stereochemistry of the two isomers was assigned according to key
NOESY interactions§cheme35).
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NBnMe

i) Ti(O'Pr), (2.0 eq),

O NHMeBn (10 eq.),

EtOH, rt, 6 h PhO,S 223
> +
i) NaBH, (1.5 eq),
PhO,S 174 0°C-rt, 3 h,
52%
PhO,S 224
2:1 mixture

NBnMe

=

PhO,S

@

key NOESY
interactions

Schema5. A scheme for the synthesis of compa22®iand 224, with their stereocdmistry assignment.

2.3.6 Development of methods to enabkxploration of growth vectors at the 6

position

2.3.6.1 Oxidative desulfonylation

Two methods were proposed to lower the heavy atom count of the parent cycl@ddinet

first was to changée sulfonyl substituent, which could be achieved by using smaller sulfonyl

substituents on the dipolarophile in the cycloaddition {&d#e 8, Section2.2.2. However, a

more challenging approach would be to cheatige functional group entirely, thereby also

increasing the diversity. The proposed functional group interconversion was from a sulfone to

a ketone, which in turn wid also offer an extra vector to explore. This change would help

further demonstratthes c af f ol dés potenti al

dramatically decrease the heavy atom count from 25 td-ibire 19a, compounds39 and

t o

be

di

ver si

225). This would allow the pursuit of a potential fragn library for testing. Also, the desired

compoundd9 would possess a similar core to the known natural products alstoniaphylline A

and B Figure 1%, compound26- 227).
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z
(0]
\ =
D

o ;/—/t
PhO,S 89 O 225 3 226

0 227
HAC:25 HAC:10 Alstoniaphylline A  Alstoniaphylline B

Figure 19a). The parent scaffol89 and the planned smaller derivative compo@28. b) Two natural product@26i 227
which share similaframework to compoun@®..

To further functionalise at the-gosition it was proposed that the functional group
interconversion wuld occur through an oxidative desulfonylatid#! The suggested route
was a fourstep, thregoot synthesis involving a Luche reduction and an alcohol protecting step,
therefore avoiding the compéitions from the reactive enone functionality. The final step

involved the key oxidative desulfonylation s{&cheme36).%°

e @ G

PhO-S g PhO,S 228 PhO,S 229

i (il

iy
231 Phoes SMe 230

Schem@&6 Step (i) Lucheeduction, step (||) alcohol ptection and step (iii & iv) oxidative desulfonylation.

A Luche reductioff using cetum (Il1) chloride, sodium borofdride and methanol a8 °C,

with the parent cycloaddu8® proceeded in an 80% yield and afforded the desired al@a®ol

as an inseparable 3.5:1 mixture of stereoisomers. The major isomer was assigned according to
key NCESY interactions$cheme37)

0 OH
@ NaBH,, CeClj 7H,0, @
PhO,S MeOH, -78°C. - bro.d

Schem@&7. The Luche reductioconditions and the stereochemistry assignment of comp@a8d
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Attempts were then made to protect the alcohol. Ftest:butyldiphenylsilyl (TBDPS)
protection was trialled, however no desired product was obtained after two conditions were
applied. It was proposed that this was due to steric interactions betwdanikh&©TBDPS

group and theN-benzyl group, or the reactivity of the silyl electrophile. Ardhattempt
involvedtert-butyldimethylsilyl (TBS) protection via the silyl triflate, and silyl et2821 233

was obtained in a high 82% yieldable 23).

OH OPG
— PG = TBDPS, 229
PG = TBS, 232, 233
PhO,S PhO,S
228
Entry Conditions Outcome (product)
1 TBDPSCI (1.1 eq),
imdiazole (2.2 eq.), DMF Starting material228
(0.4 M), rt, 6h
2 TBDPSCI (1.1 eq.),
imdiazole (2.2 eq.), DMF (4 Starting material228
M), rt, 6h
3 TBS-OTf (1.1 eq.),
imidazole (2.0 eq.), DMF 82% @32, 233
(0.7 M), 0°Ci rt, 6h (3.5:1 mixtureof isomers)

Table23. Outcomeof the conditions used to synthesise a protected al&@8#and 233.

The next aim was to successfully remove the phenylsulfonyl functional group using a method
described by Tsuchihaskt al®*% The methd involves a formal oxidation of the sulfone
bearing carbon by lithiation and electrophilic sulfenylation then hydrolysis of the
sulfenylsulfone. The intermediagesulfenylsulfone234was observed by L®IS analysis, but

not isolated and the intermediatasgubjected to two sets of conditior&cheme38). On first
attempt, the crude product was refluxed in acid with Methanol and the only product observed
by LC-MS analysis was the deprotected intermedg® Step (V) was reattempted with
dioxane as solvent, giving the desulfonylated comp®8&in a 98% yield (over two steps).

The reaction mixture was able to heated at reflwat high temperatusewhich not only
enabled the desulfonylation, but also removal efIBS group to afford thieeto alcohoR36
(Scheme38).
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LiIHMDS (10 eq.),

@ OTBS dimethyldisulfide (20 eq.) @ OTBS cﬁgn:gftle @ OH
> —_—
, THF, -78°C - rt, 16 h ’ 3 h, MeOH ’
Ph Ph
PhO,S 533 025 Sme 025" Sme
234 235
Attempt 2
c.HCl, reflux,
16 h, dioxane,
98%
OH

O 236

Schem@8. A scheme showing the two attempts of the oxidative desulfonylation step. Attempt 1 was unsuccessful and attempt
2 was siccessful.

The stereochemistry of compou86 was assigned according to thé NMR spectra data,
using the software Avogadrd-igure 20). The key protorHp was predicted to show only
coupling to proton kiwhere adoublet was observed. No coupling interaction was seen between

Ha andHo.
~4.2 Hz

~7.7 Hz
’ ‘OH

O 237

Observed (d,J=5Hz)
Figure 20. The predicted coupling constants for both possible isomers of the desulfonylation product 2.141.

An alternative route was suggested to a diffiéidesulfonylation product. It was proposed this
route would avoid the product loss through the mixtures of diastereomers, which occurred
using the route abov@#ble 23). It was envisaged that when reducing tetoke in the absence

of the double bond, a single diastereomer would be produced, as this is a known product in the
literature®” When tropanon&74was subjected to the reduction using DIBAL, the intermediate
product was formed as a single diastereomer. The crude alcohol was protectesilyigtheer

TBS protecting group and the desulfonylation conditions were applied. The desired product
was acheved in an 82% vyield. When comparing to the previous route, pr@3&ctvas
obtained in a 76% yield over three steps, therefore the new routeava®fficient and higher

yielding. The alcohol stereochemistry was already determined in the first stempgreson
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to known compounds and similar compounds in the liter&&ifeThe major isomer is
predominantly syn stereochemistry to the bridgehead nitrogen.

i) DIBAL (3.0 eq.)
i) TBS-OTf (1.1 eq.)
DMF (0.7 M) OH

0
@ ii) LIHMDS (10 eq.), 0 °C — rt, 6h @

dimethyldisulfide (20 eq.)

, THF, -78 °C, 3 h
, imidazole (2.0 eq.)

PhO,S 174 THF, -78 °C - rt, 16 h, O 238
iv) HCI, reflux, 16 h, dioxane
82%

Schem@&9. A scheme showing the new efficient route to a desulfonylated cong&&ind

2.3.7 Ring expansion

To introduce more diversitytthe leadike scaffold set, ring expansion reactions were to be
undertaken to synthesise-n®&mberedrings. The Beckman rearrangement was first
investigated, where conditions to synthesise the desired scaffolds are shown below (

i) NH,OH.HCI (2.0 eq.) , H
o K»COj3 (3.0 eq.), N_O NOTs
@ EtOH/H,0 (2:1), reflux 2h ﬁn @
ii) TsCl (2.5 eq.) , Et3N (1.7 eq.) ,
DMAP (10mol% 241
RO,S RO,S RO,S
2 174-175 iii) H,SO,4, MeOH, reflux 5 —2Ph Vo observed
239-240

Scheme40). Tropanonecompoundsl74 i 175 was first subjected to hydroxylamine to
synthesise the oxime, which was then treated with tosyl chloride. In both cases the intermediate
O-sulfonyl oxime241was observed by the LCMS. When acid \wdded the reaction was not
successful. There were no traces detected by LCMS analysis, nor any product isolated upon
purification. Due to time constraints, this scaffold was discontinued.

i) NH,OH.HCI (2.0 eq.) , H
o KoCOj3 (3.0 eq.), N_O NOTs
@ EtOH/H,0 (2:1), reflux 2h En @
iy TsCl (2.5 eq.) , Et3N (1.7 eq.) ,
DMAP (10mol% 241
RO,S RO,S RO,S
> 474-175 iii) H,SO,4, MeOH, reflux h —2Ph Vo observed
239-240

SchemdO. The attempted Beckman reamgement on scaffolds’4and175

Having achieved no success with the above ring expansion, an alterratgret&red scaffold
was suggested. A twstep route via a fused cyclopropa2¥? was proposed, using readily

availablestarting materials. It was eisioned that the strained cyclopropane system would be
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a pivotal intermediate that guides the ensuing reaction towards ring expEAsibtn the aid
of palladium on carbon under a hydrogen atmosphere, a larger ring structure could be obtained.
0 O @)

@ () @ 0

PhO,S 89 PhO,S 242 PhO,S 243
Schemél The new proposed route to a novel ring expandaffad. Step (i) cyclopropartion and step(ii) reduction.
A CoreyChaykovsky reaction was carried out in an attempt to synthesise the desired scaffold
242, with the reaction conditions shown belo&cheme42).10%192 First a sulfur ylide is
synthesised Hsitu, following a 1,4addition reaction and subsequent ring closure to produce
the scaffold?42as a single diastereomer.

Qcr
@] —G+— > o
@ | (1.1eq.) @
NaH (1.1 eq) , THF,
PhO,S 89 3 h, 40% PhO,S 242

Schemé2. The conditions used to synthesise the fused cyclopropane s4ffold

The stereochemical agsiment is shown belowF{gure 21): proton H, has no coupling

between adjacent protons, therefore a singlet is only observed'd MR spectra.

o o M
H, z A H, (_H2"' H H’u
~11.9 Hz (H H no coupling ... /| H,“\ “M}UU‘J‘\".
1 JUA J \
PhO,S 244 (He ) £l e B
2 . SO,Ph - S S —
Observed, singlet 42 41 40 3.9 3.8 3.7 3.6 35 3.4

Figure 21. Shows the predicted cougdiconstants for each isomer and the proton NMR spectra

With step (i)achieved in a moderate yield, the next step was to expand the ring system. When
using palladium on carbon under hydrogen, no product was observed and, only the starting
material was detded via LCMS analysis and this scaffold was deprioritised. Altefmadutes

would consist of Smtinduced ring expansion reactions and radical expansion using AIBN and
tributyltin hydridel03194
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Pd/C (10 mol%
H, MeOH, 16 h
PhOZS 242 PhO,S 243

Schemd3. The reaction conditions attempted to break openubed cyclopropan242

2.4 Summary of leadlike scaffold synthesis

In summary, 14 leatike scaffolds were synthesised in a total of 24 steps from a single parent
core scaffold89. This efficient process has demonstrated the feasibility of theldom
approach to LOS, where the chosen parent sca8®ldas ideal for this approach. It should be
noted that the sulfonyl group was initially chosen as a substituent that may be dénoove

the scaffolds. Even though this has proven possible with the ox@dbgwifonylation reaction
(Schemed9), it suffered from a long syntheticaggence and this would be a synthetic challenge

to undertake for every scaffold. Therefore, it was decided in the interests of efficiahtlyth
substituent will remain in most ledite and final compounds. Other sulfonyl groups were
chosen to introducaiversity to the scaffold set, however again because of the lengthy process
it was only attempted in a small humber of compounds. Duant® ¢onstraints, the ring
expansion chemistry was not explored thoroughly and there remain several reactivity pathway
which could still be investigated to prepare new scaffolds. Nevertheless, the ilikdead

scaffolds that were prepared were enough togiete the first objective.

A summary of each scaffold is shown beldwg(re 22). As explained previouslySection

1.4), it was important that these scaffolds possessed certain properties in order to be good
startng points in drug discovery. Prior to any laboratory work each scaffold was analysed for
their molecular properties and a selection of particular scaffoldslarees following a set of

key criteria (c.f.Table 2). However, it was still necessary to analyse and compare each

successfully synthesised scaffoldngstomputationally analysis.
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209 O MeO,S 195 MeO,S 189  MeO,S 245 MeO,S 205

0] HN
O o) @ Lo on 1step
@ @ * @ 2 steps
* RO,S 138
MeO,S 246 PhO,S 151 g 238 3 steps
HO  HN-N I

BnN
N Bn
* *
MeO,S 170 MeO,S 182 MeO,S 178 PhO,S 163 PhO,S 213

Figure 22. The collection of novel ledike scaffolds produced from parent scaffolite 138 (colourcoded according to
step count)

2.5 Computational assessment of the of ledike scaffolds prepared

2.5.1 Leadlikeness assessment of ledike scaffolds

To assess the scaffol dsb mo theuseudpesaccessvtedl g ht
LLAMA was used® The propeties of the 14 leatlke scaffolds were calculated and plotted

on a scatter graplFigure 23). In some cases,the benzyl group was removed to minimalize
molecular weight. Each compound was plotted against lipojhilialogP) and molecular
weight (mw), leading to 93% of the compoundscupying leadike chemical space.
Compound248fell just outside leadike space, due to its larger molecular weight. To avoid
this and reduce molecular weight, different dipolaraggghdould be used in the cycloaddition,
which could access the pyrimidi scaffold with a lower molecular weight or alternatively the
sulfone could be removed. CompoutBhad a leadike penalty of 2 because of the absence

of aromatic groups, where théher compounds all had a penalty of 0. The penalty is a measure
of how far outside leadike space a compound lies and the properties of which they are
assessed against are showmable 2 in Section1.4. The progrties include heavy atom count,
AlogP, number of aromatic rings and undesirable functional group filter, where the score is

obtained from a sum of each penalty inedtr

™ Compounds marked with@& 6 Figure 22.
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Lead-likeness penalty
h
(T ]l

—
S
@

MeOZS

ﬁg
;.\ o

Lead-like

CF;

Mw (Da)

3 FsC N
space !
2 H o Me‘(}S
Q, HN
ob MeO,S 247 1 o
2 1 -
L
IMe0,S 249
BnN
o)
1\\-
— £
PhO,S 163
200 230 260 290 320 350 380 410

Figure 23. The lipophilic and molecular weigjlassessment or ine 14 1esxe scaffolds. Coloured according to letikle

penalty

2.5.2 Fraction of sp hybridised carbon assessment of lealike scaffolds

As discussed iSection 1.4, studies have found that compounds with a highet Fape (and
presence of chiral centres) have a better chance of succeeding through subsequent stages of
s ¢hybridised carbods, ther saftevaré o n
LLAMA was used to calculate each value and the results are plotted Betpwe(24).4° Each

drug discovey.?* T o

scaffolds value was analysed and comparéti & random 1% of the ZINC database. The
analysis of leadike scaffolds showed that 93% of the library have a largeh\Fape, therefore
achieving one of the objectives proposed. Compdlifihas a high FSpscore due to the
compound consisting of onlgp® carbons. However, compour®9 has a low score, as it

contai ns

a phenyl substituent. The four acyclic precursors used to synthesise the parent scaffolds have
an averge Fsp value of 0.14, showing a-#ld increase when compared to the average
scaffold value. It should also be noted thath compound has the presence of at least three

chiral centres.

assess

very

f ew s p 3% richagrobm sush asafused pyoroleaad n s

each
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0.9 HN

0.8 \‘

0.7 ) 49 MeO,S 178
0.6 PhOzs

0.5

0.4

0.3

0.2

0.1

> O & &

Figure 24. A Fsp3 value comparigoof leadlike scaffolds (average in green), average ZINC database(in red) and average
acyclicprecursor (n yellow)

2.5.3 Threedimensionality assessment of leatike scaffolds

To assess the leddi k e s theddimenkiahal 6hape, each compound \wkotted on a

PMI plot using LLAMA (Figure 25).*° The lowest energy conformer foratacompound was
generated computationally and the system calculates the moments of inertia in the x, y and z
axes. The system then calculates twd ptmordinates (11 and 12) by dividing inertia (x) and

inertia (y) by inertia (z). Each two coordinates pletted on a triangular scatter diagram to

assess thredimensionality, where each of th&ee vertices of the triangular plot represent the
extremea of molecular geometry, as discusseda@ation 1.4 (Figure 3). For comparison, a

random 1% of the ZINC database was also plotted. As seen below, the scaffolds are now
starting to move away from the heavily lochtrea of chemical space (the-b d k e 6- / 06 di
l' i ked area), and starting t o -lpiokpeudl acthee mihcea | m
Compound239 (Figure 25, A) was locatedn the heavily explored region ohemical space

due to the presence of the benzyl protecting group. However, due to the small nature of this
compound the unprotected scaffold would lie outside-lé@dchemical space, therefore this

group was not removedtilevertheless, if the methylatatdalogue was synthesised this would

| ocate the compoluinkled namEigmwedseG) dspaber €
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Figure 25. PMI plot of leadlike scaffolds plotted in bluend random 1% of ZINC database compounds plotted in green.

2.5.4 Diversity assessment of ledike scaffolds

To assess the diversity of the I|ibrary, each
usedwas i nspired by Wal dnrizalandysistécknm®Eite prbcesst r e e 6
i nvol ved 06str igntp leaviggthe aoieanyewskuHash carétammework was

then analysed against a random 2% of the ZINC database using LLAMA. Fram@&beksl

254 had structures which were embedded as a substructigeydh expected for compound

257 as the tropanéike moiety is frequently observed in many natural products. Framework

254 only compared to 4 compounds in a possible ~180,000 compounds in the database.
Therefore, in conclusion, these lddee scaffolds pssessed novel frameworks and
experienced a diversmature (which this strategy hoped to achieve). It should also be noted

that a structure search in the literature was also performed for each scaffold to confirm their

novelty.
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Figure 26. Skeletal diversity assessment of l&ld scaffolds. The outer circle signifies synthesised scaffolds, where the inside
circle displays the corrameworks analysed against the ZINC database.

With a total of 14 novel diverdeadlike scaffolds synthesised from one parent core scaffold,

the second objective was now complete. These results set up the third objective well, where
compounds which had been synthesised on a large scale can be decorated with medically
relevant capmig groups. A final library could be assembled for screening agawmiste range

of biological targets.
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3.0 Results and discussiof: decorating leadlike scaffolds
for final library synthesis

With a variety of scaffolds synthesised our tlalgective was to synthesise a compound library
from each scaffold. This inveéd firstly synthesising each scaffold on a large scale in good
yield, then changing functionality and finally decorating with medicinally relevant capping
groups
In each case ehange of functionality may occur:
1 Ifacarbonylis presenteduce to a sgle diastereocisomer of the corresponding alcohol
1 If a protecting group is presentleprotect

1 If undesirable functionality is presenthange functional group (e.g. ester to ahid

0]
Bn H
O N O N OH N OH
—
e N
PhO,S 89 PhO,S 213 PhO,S 222 PhO,S 266
Parent scaffold Scaffold Deprotected scaffold  Final scaffold

Schemél4 An example synthesis of a final deated compound from parent scaff@é

3.1.1. Manipulation of different scaffolds by a 1,4addition

The first scaffold selected for the library synthesis was the sca&ffadlthat was produced
from a 1,4addition of an aryl boronic acid. A simple routesygoposed involving the
scaffold synthesis (step i), a deprotection if required (step ii) andyfimaliastereoselective
ketone reduction (step iiischeme45).

OH

@ Step @ Step i) Decorate
—_—
at OH
MeO,S MeO,S R =Bn, 267 MeO,S 269
R = Me, 268
R =Bn, 117 ° R =Me
R = Me, 116 R =Bn | Step (i)
Ar O Ar OH
Step (iii) Decorate
— > B —
at NH
MeO,S 270 MeO,S 271

Schemé5. Step (i)scaffold synthesis, step (ii) reduction, step (iii) deprotection, step (iv) reduction.
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The initial step of the proposed route was a rhodtatalysed 1,4onjugate addition with a
range of arylboronic acids. In order to synthesise a diverse range of wadsgor screening,

the arylboronic acids selected ranged from elegb@or to electrosrich. The results are shown
below Scheme46). Unfortunately, the more polar heterocyclic boronic agdsnpound77

and 278) were not successful, as no product was observed. While reactions with aryl and
alkenylboronic acids are wellocumented, there are few examples of heteroaryl resitfues.
The addition of thedluorophenyl group however looked promising and the prodiittsind

275 were synthesised on a large scale (1113.4 mmol).

o [Rh(cod)Cl], (2.5 mol%) Ar o

@ EtsN (1 eq.), @
Dioxane:H,0 (6:1)

MeO,S 116, 117 80°C, 16 h MeO,S 246, 272-277
Ar-B(OH),
.' \.' \.'R Me, 56%, 273
MeO,S 246 (29%) MeO,S 272 (44%)  MeOS g~ 'an a0 574
MeOQS 275, 13% MeO,S 276 MeOZS 277
Starting material Complex mixture

Schemd6. A scheme showing the general route to scadfd, 262277 and the derivatives synthesised.

The next step in the synthesis was the diastereoselective reducttbe kétone. When
compound273 was reduced with sodium borohydride &) an inseparable 1:1 mixture of
diastereomers was obtained. Even upon decoration, in most cases the compuoaimnzira
mixture of inseparable diastereoisomers after purificatiorallBviate this problem compound

273 was screened with a range of reducing agents in attempt to improve the diastereomeric
ratio (d/r). The summary is shown beloWwaple 24). The conditions that generated the best
selectivity were DIBAL at78°C in DCM. The diastereomeric ratio obtained was 3:1, which

was determined by distinct proton integration ratios intth&MR spectrum.
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F F F F

S o Qo | 8w S
el el L

278b
MeO,S 273 MeO,S 278 MeO,S major MeO,S minor
Entry Conditions Temp d/r
1 NaBH; (2.0 eq.), MeOH 0°C 1:1
2 DIBAL (1M in cyclohexae) (3.0 eq.), DCM -78°C 3:1
(2783, 71%)
3 DIBAL (1M in cyclohexane) (3.0 eq.), THF -78°C 3:2
4 L-selectride (3.0 eq.), THF -78°C 3:1
5 LIAIH(O 'Bu)3 (3.0 eq.) THF -78°C 5:2

Table24. Outcome of reduction reactions invalgithe 1,4addition produc273.

The major isomeR78a was isolated via crystallisation from ethanol. A crystal structure was
obtained to confirm the relative stereochemistry, where the alcohol apdrtauorophenyl
group display aynrelationship ¢ the sulfone and bridged nitrogdfiqure 27).

L _on

MeO,S 278a

Figure 27. Left- A crystal structure of compour¥8a and righti compound278a structure.

In cases where the benzyl group was presanteprotection was performed before the
reduction step. The conditions used were those detailed below using palladium hydroxide on

carbon as catalyst and pleasingly the desired pr@¥i@tas obtained in 67% &id. However,

A Yield for theisolated major isomer.
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a side product, dimethyl acét80, was also formed by a competing acid catalysed
acetalisation reactiorsthemea?).

d(OH),/C (10 mol%)
H,, MeOH,
c.HCI (0.2 eq.),
67%

MeOZS 274 MeOZS 279 MeO,S 280
side product

Schemé7. A scheme showing the synthesis of deprotéit@dnd side produc280.

To alleviate tlis problem an alternative route was suggested. Instead, theoonthpvas
reduced prior to deprotection using the optimised reduction conditions. The major 28imer

of the alcohol was synthesised in an excellent yield of 85%. The deprotection of the benzy
group afforded the desired compowz8® in an 87% yield cheme48). The acquired Xay
crystal structure revealed the same relative stereochemistry as fenththyl derivative.

F

F F
O Pd(OH),/C (10 mol%) O
0 O OH 2 OH
@ DIiBAL (3.0 eq.), @ Ho, MeOH, @
P ———. >
DCM, -78 °C - i, c.HCI (0.2 eq.),

87%

MeO,S 274 85% MeO,S 281 MeO,S 282
10:1 dir

L _on

MeO,S 281

&

Schemé8. A general scheme to compowt&1 and the crystal structure @81 with its structure.

The para-fluorophenyl compound®79a and 282 were then decorated with a range of
medicinallyrelevant capping groups and purified using a mass directed agtbmatfication
(MDAP) system. All the successful products were obtainegdar yields due to either

problems with the MDAP system or due to issues with separating the diastereoisomers. The
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results are shown below where 9 diverse novel compounds wereesiged ready for
biological screeningHigure 28). All successful and failed reaction conditions can be seen in
Appendix 6.1.1.

Qg 0

MeO,S 283 (18%) MeO,S 284 (12%) MeO,S 285 (16%)
F
O 0 S
\ S
A ‘\’ &
MeO,S 286 (11%) MeO,S 287 (6%) MeO,S 288 (2%)
OMe
ey
N s
MeO,S 289 (19%) Meogs 290 (9%) MeO,S 291 (11%)

Figure 28. A figure showing the 1;dddition series of fial compounds for screening.

3.1.2 Manipulation of the pyrrolidine scaffold

The next scaffold selected for library synthesis was the pyrrolidine series. The proposed route
was a threestep synthesis involving preparation of the pyrrolidine scaffold (stej
diastereoselective ketone reduction (step ii) and deprotection oétizgllgroup (step iii). It

was envisioned that once deprotected, the free NH could be decorated with a range of capping

groups Scheme49).
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Meozs‘ - E-:Sﬂ: Ve

MeO,S 292 MeO,S 293
R =Bn, 117
R = Me, 116 R =Bn, Me (i)
R'= Bn, Me ,
I:{\
N
Decorat OH
ecoration R =H, Me
‘ R'= H, Me
MeO,S 294

Schemd9. Step (i) Pyrollidine synthesis, (ii) Steroselective reduction of the ketone, (iii) Debenzlyation, then decoration with
capping groups

The first step of the proposed route was the synthesis of the pyrrolidings hypothesised

that this core scaffold could be synthesised by two sets of conditions, resulting in the nitrogen
substituent being either a methyl or a benzyl group. The caffokl could then contain either

a fixedN-me t hyl gr oup orpwhich&Goull oronask b teeodatiog position.
Both conditions form an azomethine ylidesituand the pyrrolidine is formed via a subsequent
[3+2] cycloaddition. Method 1 forms @zomethine ylide by decarboxylative condensation of
paraformaldehyde and sasne298and method 2 forms the ylide via compouréd and LiF
(Scheme50).811% However, due to the polar nature of the compounds there was issues with
the purification. Therefore, tH¢-methyl pyrrolidine scaffold was deprioritised and a range of

N-benzyl substituted derivatives were synthebise a large scale in good to excetlgields.

Method 1 Method 2
Me, 0] |I'| IBn Bn
N N N
HOJ\/ - o TMS.__N__OMe o
O
paraformaldehyde . >
Ph(?/l'5 eqﬂ) RO,S 89, 116 L'FI\SI%SI\?Q-), RO,S
RO,S 295 - 297 €, retiux y ’ 1 -
2 16 h " 117,136  reflux, 16h 2> 299 - 301
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%%%

PhO,S 295 (77%) MeO,S 296 MeO,S 297
Purification ~ Purification ~
problems problems
MeOQS MeOQS MeOZS
299 (50%) 300 (57%) 301 (88%)

Schemé&0. a) Thetwo routesto synthesise thieised pyrroldiine scaffold2951 297, 2881 301 b) The resilts.

With thepyrrolidine derivatives in hand, diastereoselective reduction using a range of reducing
agents and conditions was attempt€dhle 25). The d/r wasletermined by ratios of distinct

protons in théH NMR spectrum and the best d/r was obtained when using the reducing agent
DIBALin THF at-78°C. The best d/ rés were obtained froc
the R group of the nitrogen bridgeheadswaa benzyl groupT@able 25, entry 1, 34). The
stereochemistry was later confirmed by the acquisition of a crystal structure of the decorated
analogue310(Figure 29).

BnN BnN
O OH
NR = Bn, 300 @ ‘ NR = Bn, 302
NR = Me, 299 — NR = Me, 303
NR = ArF, 301 NR = ArF, 304
MeOQS MeOQS
major isomer
Entry Conditions R Outcome
1 DIBAL (1M cyclohexang, d/r-3:1, Single
DCM (0.08M), Bn isomer isolated after purification
-78°C - rt, 16h 302 57%"
2 DIBAL (1M cyclohexane), Me d/r - 3:2, Inseparable isomers
THF (0.08M),-78°C - rt, 16h 303(not isolated)
3 DIBAL (1M cyclohexane), para- diri 3:1
(3.0 eq.), fluorobenzyl

A Yield for the isolated major isomer.
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DCM (0.08M),-78°C-rt, 16 h 304, 509"
4 DIBAL (1M cyclohexane), para diri 4:1,
THF (0.08M), fluorobenzyl Single isomer obtained
-78°C-rt, 16 h 304
5 NaBH,, para- diri 1:1
-78°C - rt, fluorobenzyl Inseparablésomers
MeOH, 16 h 304
6 CeCk.7H0, para- diri 1:1
NaBH;, MeOH fluorobenzyl Inseparable isomers
-78°Cirt, 16 h 304

Table25. Outcome ofeductionreactions involvingf the pyrollidine scaffolsl29971 301.

With step 2 of the synthesit®mplete, the debenzylation of both the bridged nitrogertraand

pyrrolidine nitrogen wasttempted. It was found that the bridged nitrogen could not to be

deprotected with the conditions used and therefore the scaffold could not be decorated with

cappinggroups at this position. However, the benzyl group on theoligine was removed

using palladium(ll) hydroxide in MeOH under hydrogen, affording a position for decoration

(Table 26). Again, due to issuesith polaity, (entry 3 Table 26), compound307 was not

isolated and instead telescoped through to the next step.

BnN
OH

\\ \
_—

MeO,S 305 - 307

MeO,S 302 - 304

HN

OH

Entry Conditions NR Outcome
1 Pd(OH)/C, Hz, MeOH, Bn 305(92%)
conc.HCI (0.02 eq.)
2 Pd(OH)/C, H, MeOH, para-fluorobenzyl 306(92%)
3 Pd(OH)/C, Hz, MeOH, Me 307, Not isolated

Table26. Outcome of deprotection conditions involving scaff@a2i 304
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With the third step of the scaffold synthesis achieved, the next aim widecdooate at the
nitrogen of the pyrrolidine with a range of capping groups. The results are shown below where
five diverse, novel compounds were synthesiSetigne 51). A range of chemical reactions
were performd at the free nitrogen, including amide synthesisifonamide synthesis,
reductive amination and urea formation All successful and failed reaction conditions can be

seen inAppendix 6.12.

R]
\
HN N
OH OH
@ Decorate @ : .
> R' = capping group
MeQ,s 305 - 307 MeO,S 308 - 313

O

\( O

N
.OH
= é?ﬁ ﬁ
N
MeO,S 308 (31%) MeO,S 309 (9%) MeO,S 310 (7%)

= N / N

S
N= /

N

_OH
=" E SO
N

MeO,S 311 (4%) MeO,S 312 (41%) MeOZS 313 (15%)

Schene51. A generakcheme for decoration and the resulting screening compounds.

To confirm the stereochemistry of this series of compounds, a crystal structure was obtained
of the decorated final compourdd 0 (Figure 29A). To our surprise, the alcohol substituent

had the opposite configuration to the predicted structure, as the bulky reducing agent was
expected to attack on the opposite face to the pyrmaliding. It was therefore postuldtthat

there was a coordination between the pyrrolidine nitrogen atom and the aluminium,

consequently delivering the hydride to the more hindered fagarg 29B).
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Figure 29.A) A figure showing the crystal structure and its related comp@uiti7.B) The proposed coordination of DIBAL

and compoun@.187.

3.1.3 Manipulation of the alcohol scaffold178

As described ifsection 2.3.2when attempting to reduce the double bonth@enone, alcohol
179was synthesised in quantitative yield on a large scale. With the free hydroxyl group being
available for decoratiorthe key scaffold was subjected to a range of medicinally relevent
capping groups. Seven final compounds were obthirom the decoratioprocess, with each
compound shown belowS¢heme52). The conditions for each reaction are shown in the
Appendix 6.1.3.

0
0O Ha, Pd/C (10 mol%) , OH
el (]
MeOH/(Me),CO, MeO,S 175
117 99% 178
MeO,S o MeO,S Not observed
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Schemé&2. A scheme showing the severafiscreening compounds synthesised from decoration of alt@Bol

3.1.4 Manipulation of secondary amine324
The next scaffold selected for library synthesis was the tertiary amine series. pbsegro
route was a threstep synthesis: (step i) reductjofstep ii) diastereoselective reductive

amination and (step iii) decoratioBg¢hemes3).

Schemé3. A general scheme to synthesise some decorated screening compounds. Step(i) estmre stéefo(ii) reductive
amination, step (iii) decoration.

Theinitial step was performed in quantitative yield as explained previousbeation 2.3.2
(Table 14). The scaffolesynthesising step waserformed 8ing conditions detailed earlier
(Section 2.3.%, where the nucleophile methylamine was used. The reductive amination with
methylamine was successful where compo®@2d was synthesised with high levels of
selectivity, with only one isomer beingoduced ina 41% vyield. This afforded a point of
diversification at the NH for library synthesis. Due to the difficulties with ammonia causing a
complex mixture, this nucleophile was deprioritised. The stereochemistry was determined by

comparison with snilar compainds in the literature, where the amine shosgaelationship
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