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Abstract 
 

This report focusses on the concept of lead-oriented synthesis in an attempt to synthesise 

diverse small molecule scaffolds that target lead-like chemical space. The ótop-downô approach 

was taken, which is a method used within the Marsden and Nelson group where polycyclic 

assemblies are prepared and then deconstructed to give a library of diverse lead-like molecules. 

Each lead-like scaffold was synthesised with good stereo/regio control, on a large scale from 

cheap starting materials, with appropriate molecular properties. Each compound was then 

investigated for its diversification at points of the scaffold, in the possibility of providing access 

to a variety of novel-like, sp3-riched compounds suitable for screening. The computational 

software LLAMA was used throughout the project to help analyse properties and guide the 

development of three-dimensional compounds.  

 

Chapter 1 discusses the overview of the drug discovery process, detailing the problems faced 

in the pharmaceutical industry, highlighting the high failure rates for drug candidates 

possessing certain molecular properties. The ideal molecular properties for drug, leads and 

fragment compounds is discussed, with the modern synthetic approaches to prepare such lead 

diverse screening compounds in an efficient manner. 

 

Chapter 2 ï 4 details the synthesis of diverse novel scaffolds prepared from robust synthetic 

methodologies to access a library of compounds with appropriate molecular properties for 

biological screening. In total 14 scaffolds were synthesised from 28 synthetic operations and 

52 novel compounds from a total of 73 synthetic operations. Here the method has produced a 

library of complex and highly three-dimensional compounds with attention paid to 

physicochemical and functional group properties, whilst maintaining synthetic efficiency. The 

library was sent for biological evaluation against five different targets, of which 15 hits were 

observed. A follow-up library was then produced where 13 compounds were sent for a second 

round of biological evaluation against the Plasmodium falciparum cells. 
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1.0 Introduction  
 

1.1 An overview of the drug discovery and development process 

 

The drug discovery process is a highly complex and multidisciplinary process which arises 

from the requirement for medicinal products for the treatment of a disease or clinical 

condition.1 In very early development stages, a biological target can be found which causes or 

leads to a disease.2 A hypothesis is proposed that states inhibition or activation of the protein 

or pathway will result in a therapeutic effect in a disease state.1,3 Chemical or biological 

compounds are screened and tested against the target to find lead candidates for further 

investigation.4 Active compounds are usually identified through the widely available 

technology known as high throughput screening, whereby a hit is found from screening the 

compounds against the given biological target. A hit is a primary active compound with 

biological relevance and is a small molecule with non-promiscuous binding behaviour, 

exceeding a certain threshold value in a given assay.5 Once a high quality hit has been identified 

it is then further validated and developed into a lead, this process is known as hit-to-lead and 

is an early stage in drug development (as seen in Figure 1).5 The next step is lead optimisation, 

which involves the lead compound being improved for downstream development ADMET 

(absorption, distribution, metabolism, excretion, and toxicity) testing can be carried out to 

understand and optimise a candidateôs biological properties.6 Here in vivo and in vitro cell 

based studies are used to characterise the biological mechanism of action.7 Toxicological data 

is produced, which allows the lead compound to be developed into a safe and effective drug, 

with good affinity and selectivity.1,8 The development drug candidate will then progress 

through into pre-clinical/clinical trials and ultimately become a marketed medicine.5,9 An 

alternative method for small molecule drug discovery is fragment based drug discovery 

(FBBD),10 which involves screening fragments; this technique is further elaborated in Section 

1.6. 

 
Figure 1.  A schematic to outline the process by which drug discovery is undertaken. Adapted from ref.5 
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1.2 Problems in the pharmaceutical industry  

High attrition rates have been identified in clinical drug development and this has been an 

ongoing problem in the pharmaceutical industry.11 Monitoring the physicochemical properties 

of candidates in early phases of discovery may reduce the number of efficacy and safety related 

failures that the industry suffers, and may be beneficial in identifying compounds of candidate 

drug quality.12 

Drug candidates fail in clinical trials because of a variety of complications;13 often difficulties 

arise due to toxicological problems and poor bioavailability and pharmacokinetic properties.1,14 

Phase II/III attrition rates are increasing and evidence has demonstrated that improving 

research and development (R&D) efficiently and productively will help this. Overall attrition 

rates of 93-96% have been identified in clinical drug development,11 with 66% of compounds 

that enter phase II failing prior to phase III and a further 30% of candidates that enter phase III 

failing prior to the submission to launch phase.15 Efforts have been made to reduce failure rate 

and advances in cheminformatics reveal a clear link between drug candidate success and 

physicochemical properties relevant in small-molecule drug discovery.12 With judicious 

selection of lead compounds and constant monitoring of physical properties during 

optimisation, a medicinal chemist can be in control of the compoundôs physicochemical 

properties and this hopefully will increase the success rate of drug candidates. An attrition 

percentage that decreases by 5% can in turn lead to an improvement of up to double the amount 

of new medicines brought to market.16 Recent studies have shown that lead-oriented synthesis 

(LOS) can increase the range and quality of molecules used to develop medicines, in the hope 

of reducing attrition in the drug discovery process.17,18,19 

 

The cost of drug discovery and developing new drugs has increased rapidly each year.20 The 

estimated cost of a new drug is ~ £1 billion (this also includes cost of failed campaigns) with a 

timescale of approximately 12-15 years for the drug to reach the marketplace.21,22 Due to these 

remarkably high numbers, it is becoming an important problem which needs addressing. A 

number of challenges face the pharmaceutical industry such as the loss of capital from expiring 

patents and the low number of new chemical entities11,23 

 

Reducing attrition rates of drug candidates during the early stages of drug discovery and 

development is critical in order to help solve these ongoing problems in the pharmaceutical 

industry.21 There are now numerous pieces of evidence to support the theory that the chance of 

a small molecule drug candidate being successful is highest when its physicochemical 
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properties lie within a certain range.24 Some of these properties, such as molecular weight and 

lipophilicity, have a significant effect on the drugôs ability to succeed. These desired properties 

can be targeted from an early stage by the use of a suitable synthetic strategy so that a lead 

compound can be developed without problematic characteristics and occupying the conceptual 

area known as lead-like space.25 

 

1.3 Drug likeness - properties of successful hits and drugs 

 

As described above, there is an apparent link between physicochemical properties and drug-

like properties for a drug candidate. An attempt to characterise these links was introduced by 

Lipinski and co-workers in 1997,26 who analysed the physicochemical properties 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).27 These observations are referred to as the Lipinski rule of 5.  

 

Physicochemical Properties Ideal value 

Molecular Weight (Daltons) ¢500 

Hydrogen bond acceptors ¢10 

Hydrogen bond donors ¢5 

clogP ¢5 

Table 1. Outline of the óLipinski rule of 5ô, which predicts that poor absorption or permeation is more likely when 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 if it possess such 

characteristics. 26,28 (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 property logP is the log of the ratio of concentrations 

of a solute between immiscible phases, water and octanol (Equation 1).27,31 The compound 

should also possess no more than 5 groups that can donate hydrogen bonds and no more than 

10 groups that can accept hydrogen bonds. These criteria have been widely applied by 

medicinal chemists to predict the overall drug-likeness of a molecule. However, recent studies 

have shown that compounds with significantly lower molecular weight and logP values are 

now being favoured, because compounds that are close to the Lipinski limits have a lower 

probability of success.24,29,30 
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Equation 1. Equation showing the calculation of logP.31  

 

Recent studies have highlighted the detrimental effect of excessive lipophilicity for numerous 

reasons.16,30 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 into the cell without binding to unwanted proteins upon 

entry. If a drug is too lipophilic it may have undesirable absorption, distribution, metabolism 

and excretion (ADME) properties,32 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 off-target effects.33 However, although lowering lipophilicity is important, if the 

logP value is below 1 this has been shown to increase problems with metabolic clearance, 

aqueous solubility and the drug may have difficulty in crossing cellular membranes.34,35,36 

 

During the lead optimisation process, the candidate molecule generally increases 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 selectivity for the target.24,37 Therefore the 

lead molecule will ideally have a preferred set of physicochemical properties, which allow for 

further optimisation. This smaller area of physicochemical space is known as lead-like space 

and controlling the molecular properties of a lead molecule is crucial if the final compound is 

to remain in optimal drug-like space (Figure 2). 17,24,38   
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Figure 2. A graph demonstrating areas of chemical space. Fragment-like space (black circle), lead-like space (red-circle) 

optimal drug-like space (blue oval) and early combinatorial library space (green circle). It also indicates the molecular weight 

and clogP for each chemical space. Adapted from source.24 

1.4 Lead-likeness 

 

A molecule that has properties outside the lead-like parameters before optimisation will have 

a much reduced chance of succeeding at later stages in drug development and discovery.24  As 

stated in the previous section, optimisation will generally increase lipophilicity and logP, 

therefore possibly leading to off-target activity. A range of parameters for lead-likeness have 

been developed and are summarised below (Table 2).  

 

Physicochemical Properties Ideal Value 

Molecular Weight (Daltons) 200 ï 350 

Heavy atoms (C, O, N, S etc.) 14 ï 26 

Lipophilicity -1 ¢ clogP ¢ 3 

Shape More 3D shape 

Number of aromatic rings (nAr) 1 - 3 

Undesired sub-substructure filters Remove moieties containing chemically 

reactive, electrophilic or redox active 

groups 

Table 2. Outline of the preferred molecular properties and features for lead-like small molecules. 19,24  
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Although there has been extensive research into the influence of lipophilicity and molecular 

weight on drug candidate success rates, there has now been increased interest in the degree of 

three-dimensional (3D) shape and aromatic character of the lead compound.39,40 Increasing the 

complexity of a drug candidate by varying its chirality and shape has a good correlation with 

the success of a compoundôs transition from discovery, through clinical testing, to market.39 

Compared with unsaturated molecules, saturated molecules have been shown to have higher 

aqueous solubility and lower lipophilicity, both of which are important physical properties for 

success in the drug discovery setting.39 One way of assessing the complexity and saturation of 

a 3D molecule is to look at the fraction of sp3 hybridized carbons (Fsp3), with highly complex 

3D molecules having a higher Fsp3 count; the Fsp3 count is calculated below (Equation 2). 

Furthermore, studies have suggested that complex 3D shapes have desirable aqueous solubility 

because of increased solvation and poorer solid state crystal lattice packing.39,41,42 In addition, 

more than three aromatic rings in a molecule correlates with poorer developability and 

decreased aqueous solubility, therefore increasing the risk of attrition in early drug 

development.40  

 

 

Equation 2. Equation showing how to calculate the degree of saturation of a compound.39 

 

Due to the industryôs focus on specific reaction types and the synthetic accessibility of 

molecules with high sp2 character (through e.g. biaryl couplings and amide bond formation), 

there is a large proportion of screening compounds that are relatively two-dimensional.43 The 

complexity of synthesising sp3 hybridised carbon centres has led to limited availability of 

complex chiral structures.44 As an illustration 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 three-dimensional shape of a molecule on a two-dimensional ternary 

plot. The vertices of the plot portray the three extremes of molecular geometry.45 The left-hand 

vertex represents the rod-like molecular shape which is symbolised by an sp-hybridised 2,4,6-

octatriyne. The right-hand vertex represents the sphere-like molecular shape which is 

symbolised by an sp3 hybridised adamantane. The bottom vertex represents the disk-like 

molecular shape which is symbolised by an sp2 hybridised benzene molecule. Compounds are 
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plotted between the three vertices and assessed on their three-dimensional shape. 

A PMI plot was produced for a random 1% (90911 compounds) of compounds from the ZINC 

database, showing the molecular shape of the compounds (Figure 3).46 The ZINC database 

consists of commercially available compounds for virtual screening, where over 35 million 

compounds can be purchased.47 It provides evidence of the lack of 3D shape of available 

compounds, and thus giving increased importance to produce molecular scaffolds with 3D 

shape and chirality. 

 

 

Figure 3. A PMI plot of 90911 virtual compounds from a random 1% the ZINC database of commercially available 

compounds. The compounds (green dots) are plotted based on their rod-like properties, disk-like properties and sphere-like 

properties.46 

A study by Shivanyuk and co- workers in 2010 performed an analysis of the lead-likeness of a 

library of 7.9×106 compounds, using a more relaxed early definition of lead like properties.*  

The study consisted of assembling and analysing 7.9×106 commercially available compounds 

from 29 suppliers, within which 5.2×106 structures were identified as unique. These 

compounds were then subjected to assessments of their physical and biological properties. A 

broader set of parameters* to Table 2 were applied to the compounds which revealed only 16% 

of them had potential to be leads.48   

 

 
* The corresponding values used to select lead-like compounds were taken from a paper by Hann and Oprea38: 

200 < molecular weight (Da) < 460, -4 < logP < 4.2, rotating bonds ¢ 10, polar surface area ¢ 170. 
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However, a more recent study reviewed 4.9×106 commercially available compounds from 104 

different sources, with the aim of finding the percentage of lead-like compounds. A much lower 

percentage of compounds were of lead-likeness. Using the GlaxoSmithKline (GSK) lead-

likeness guide, featured in Table 2, the compounds were then analysed for molecular weight, 

lipophilicity and undesired features. The results showed that 70% of compounds fell outside 

ólead-likeô space because of their molecular weight and the remaining half then failed because 

of lipophilicity issues. The remaining compounds had undesired functional groups, leaving 

only 2.6% compounds (1.2×104 compounds) that had desirable lead-like properties.24  

 

A good starting point for a drug discovery programme is to follow simple molecular property 

guidelines. These guidelines in Table 2 broadly describe lead-like space and provide simple 

parameters to follow in order to increase chances of the derived drug candidate being 

successful; also with the help of readily available computational tools, synthetic approaches 

can be evaluated and prioritised to ensure the compounds stay in lead-like space. Software tools 

such as LLAMA can be freely accessed and used to monitor lead-like synthesis of 

compounds.45 

 

1.5 Diversity-oriented synthesis (DOS) 

 

Diversity-oriented synthesis, first introduced by Schreiber,49 aimed to scope chemical space by 

preparing a large number of skeletally diverse compounds for use in high-throughput 

screening, in the hope of finding hits with biological targets. This method aims to efficiently 

produce a collection of diverse complex molecules with a wide range of desirable physical and 

biological properties.50 This strategy has major advantages with its exploration of wider 

chemical space and its use as a tool for the discovery of novel biologically active molecules.51,52 

However, this method has been criticised for its lack of consideration of molecular properties.51 

 

A successful DOS strategy termed build/couple/pair (B/C/P) was described by Nielsen and 

Schreiber.53 A generation of stereochemically diverse compounds were prepared, from chiral 

building blocks containing orthogonal sets of functionality suitable for subsequent coupling. 

The B/C/P strategy involves the asymmetric syntheses of these chiral building blocks, that 

when coupled provides the basis for large stereochemical diversity (Figure 4a). The Couple 

phase (Figure 4b) involves intermolecular coupling reactions that join the building blocks, 
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with the aim of complete control of all possible stereochemical outcomes (or without 

stereochemical consequences). Finally, the Pair phase involves functional group pairing 

reactions, which involves intramolecular coupling reactions that provide the basis for skeletal 

diversity (Figure 4c).  

 

 

Figure 4. A general example of the B/C/P strategy in action. Step (a) showing the óbuildô phase with the black dot representing 

coupling functional groups, the red dot and blue dot representing a pairing functional group. Step (b) represents the coupling 

phase and step (c) represents the pair stage. 

 

1.6 Fragment based drug discovery (FBDD) 

 

Fragment-based lead discovery is a discovery approach that involves the screening of smaller, 

lower molecular weight (140ï230 Da) compounds, called fragments.54 Compared with HTS 

hits, these fragments-based hits are typically weak inhibitors (100 mMïmM) of the biological 

target. Fragment-based compounds are much simpler, less functionalized compounds that have 

a lower affinity than typical commercially available compounds used in a HTS.55  

 

One of the earliest approaches to describe the building of fragment libraries, was the rule-of-

three guidelines which was first reported by Jhoti et al. in 2003.56 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 libraries.54 Rees and Murray of Astex Pharmaceuticals have reported 

a more detailed set of properties, which is shown below (Table 3).  
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Property Guideline 

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

pharmacophore) 

Synthetic vectors Multiple synthetically accessible vectors for fragment growth 

(allows access to a variety of new binding interactions in 3D 

space) 

Physicochemical 

properties 

Molecular weight: 140 ï 230 (Daltons) 

Heavy atoms: 10 ï 16 

Lipophilicity: 0 ¢ clogP ¢ 2 

Stability: >24 h in solution 

Number of rotatable bonds: 0 ï 3 

Undesired sub-structure filters: Remove moieties known to be 

associated with high reactivity, aggregation in solution or false 

positives.57 

Properties commensurate with biophysical screening at high 

concentrations, e.g., aqueous solubility (preferably ² 5 mm in 

5% DMSO, or other screening co-solvents); 

Synthetic tractability  ~ 50 ï 100 mg and ¢ 4 steps from commercially available 

reagents 

Shape Variety of 3-dimensional shapes for each scaffold and 

pharmacophore; 

Number of chiral centres: 0 ï 1, sometimes 2 
Table 3- Outline of the Astex guidelines for fragment-like molecules.54 

The principal disadvantage of FBDD is that because of the small nature of the fragment 

molecules, there are fewer protein-ligand interactions when compared with drug-like/lead-like 

compound that are more complex and hence binding affinities are much lower, meaning direct 

assay of bioactivity is not possible in many cases.58 The process requires sensitive biophysical 

detection techniques such as protein crystallography or NMR spectroscopy as the primary 

screening techniques, and preferably requires high quality structural data in-order to determine 

the binding of the fragment to a target.10 

 

Where structural information exists fragments can be grown to form new interactions using 

structure-based 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 binding fragments of a protein site.59  

 

A typical fragment library can consist of 1,000 ï 5,000 compounds, to provide a reasonable 

number of hits.60,61 An example of a fragment compound  is shown below, where a large 
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number of drugs derived from this widely practised strategy have entered clinical trials 

(Scheme 1).61  

 

Scheme 1 An example of a fragment which follows the guidelines in Table 3 and its corresponding drug candidate  

 

1.7 Lead-oriented synthesis (LOS) 

 

The objective of lead-oriented synthesis is to prepare diverse novel compounds that target lead-

like chemical space. Its 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 

physicochemical nature of the product molecules, rather than solely their skeletal diversity.25 

Another key aim is to be able to produce a wide range of lead-like chemical structures that are 

not susceptible to excessive LogP drift and also, can be synthesised in an efficient way with 

the use of cheap reagents and conditions.62 Syntheses must be tolerant to a wide range of polar 

functional groups, with the scaffolds also having no residual electrophilic or reactive centres. 

In order for a lead-like molecule to be successful it must be able to efficiently and effectively 

interact with biological systems.24 Scaffolds which are primarily synthesised are susceptible to 

further diversification and decoration to create a library of lead-like compounds for biological 

screening.  
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Scheme 2. A general schematic for óbottom-upô approach. Step 1- functional group-tolerant bimolecular coupling, step 2 

monocyclisation to pairwaise coupling and step 3 bicyclisation by pairwaise coupling 

 

1.7.1 Bottom-up approach to lead-oriented synthesis 

 

The bottom-up approach is used within the Marsden and Nelson group, which involves the 

preparation of small polyfunctionalised precursors to synthesise diverse lead scaffolds;46 the 

approach shows similarities to Schreiberôs BCP approach. An example of this method in action 

was performed by Marsden, Nelson and co-workers.17 It involved a strategy for the efficient 

lead-oriented synthesis, by the preparation of twenty-two novel lead-like scaffolds from four 

a-amino acid-derived building blocks and six connective reactions. The small building blocks 

contained multiple chemically-orthogonal functional groups, which were then coupled using a 

minimal toolkit of reactions. To then confirm the validity of the library analysis, exemplar 

decoration was performed. The compounds were then evaluated for lead-like assessment, 

finding the library targeted the broad regions of lead-like chemical space and followed the rules 

for lead-likeness (c.f. Table 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 few examples of successfully synthesised lead-like scaffolds (Scheme 3).  
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Scheme 3. A general example of a óbottom-upô approach, where four starting material compounds produce twenty-two  

scaffolds. 

 

Previous work has been carried out within the group by Marsden, Nelson and co-workers in 

2015, where 52 diverse lead-like molecular scaffolds were synthesized from a set of 13 

precursors, which targeted lead-like chemical space.18 They exploited a suite of robust, 

functional group-tolerant transformations, from commercially available compounds and  

synthesised cyclisation precursors from allylic carbonates and amines (Scheme 4). From there, 

a range of scaffolds were produced from cyclisation or functionalization (filled circles), with 

third building blocks labelled in red and new bonds marked bold, yielding a large number of 

novel compounds with lead-like molecular properties.18  



 16 

 
Scheme 4. A general outline of the formation of lead-like scaffolds from cyclisation precursors. Filled circles represent 

cyclisation functional groups and bold lines represent new bonds. 

 

With the use of ten amine substrates and an allylic carbonate (two alternatives), thirteen 

cyclisation precursors were successfully prepared via iridium catalysis in excellent yields (46-

82%) and with high enantio- or diastereoselectivity. A few examples are shown below. 

(Scheme 5). 

 

 

Scheme 5. Two examples of cyclisation precursors. 

 

Lead-like molecules were then synthesised from the thirteen cyclisation precursors, using a 

robust cyclisation toolkit.  The toolkit consisted of six cyclisation methods that were exploited 

to convert the precursors into novel scaffolds. An example of such is below (Scheme 6), 

showing a Pd-catalysed aminoarylation which enabled conversion of the cyclisation precursor 

19, into the pyrrolidines 20a and 20b. Each of the reactions proceeded efficiently and with high 

diastereoselectivity. 
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Scheme 6. A scheme showing the synthesis of two lead-like scaffolds 20a and 20b from a cyclisation precursor 19. 

 

The 52 scaffolds were assessed for their novelty, diversity and their Fsp3 character. 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 successively filtered by molecular size 

(14 Ò number of heavy atoms (nHA) Ò 26), lipophilicity (ī1 Ò AlogP Ò 3) and undesirable 

structural features, with the result it was found each one of the 52 scaffolds allow significant 

regions within lead-like chemical space to be targeted (Table 4).  

 

Filter  Random 1% of ZINC 

Database (90911) 

Virtual Library  

(19530) 

Fail 

14 ¢ nHA ¢ 26 

43971 

(48%) 

5104 

(26%) 

Fail 

-1 ¢ AlogP ¢ 3 

17828 

(20%) 

2905 

(14.8%) 

Fail Structural  8180 

(9%) 

53 

(0.2%) 

Pass All 20932 

(23%) 

11468 

(59%) 
Table 4. Lead-like 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 

assessed using a hierarchical analysis for diversity (Table 4).63,64 Then finally, the fraction of 

sp3 was analysed by comparing to a random sample of compounds from the ZINC database, 

which showed on average the 52 scaffolds had significantly greater sp3 character than most 
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commercially available compounds (Figure 5). This shows that the unified lead-oriented 

synthetic approach yielded novel, diverse and lead-like molecular scaffolds.18,19 

 

 

Figure 5. A graph comparing the fraction of sp3 hybridized carbons from the ZINC database (red) and the 52 scaffolds 

(average in black and individual in green). 

 

1.7.2 Top-down approach to lead-oriented synthesis  

 

The top-down approach 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 diverse lead-like molecules.46 A range of 

chemical methodologies are used to break apart the assemblies and generate lead compounds. 

The bottom-up approach differs from the top-down approach, in that complexity is added 

sequentially leading to a final complex molecule. However, each of the approaches have the 

same intention of synthesising lead-like molecules. 

 

This strategy requires a complex molecule that is capable of subsequent synthetic elaboration 

to further produce a library that possess the characteristics of lead-like molecules. 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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Figure 6. An example of ótop-downô approach, where compound 21 is susceptible to ring expansion and bond cleavage, to 

synthesise lead-like molecules. 

 

Previous work has been carried out within the group using the top-down approach. Here, 

intramolecular [5+2] cycloadditions yielded four complex parent scaffolds, where the scaffolds 

were diversified at various points to synthesise a fragment library with controlled molecular 

properties. Each cycloadduct followed the top-down strategy, following the criteria of a short 

synthetic sequence (Ò5 steps), scalable and synthetically tractable (Figure 7).46 Each 

cycloadduct was then investigated for its diversification at points of the scaffold, in the 

possibility of providing access to a variety of novel-like, natural product-like scaffolds for its 

use in the LOS/FOS programme.46 The scaffolds had a focus of natural product likeness, as it 

was important to synthesise a library of sp3-riched fragments.65  

21 

22 

23 

24 

25 
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Figure 7. An example of four compounds following the ótop-downô strategy. 

Once the cycloadducts had been synthesised, the scaffolds were then subjected to scaffold 

manipulation at various points of the scaffolds (Figure 8). A toolkit of chemical methodologies 

was applied to either generate a ring expanded product or used to break apart the assemblies to 

generate ring-cleaved compounds. Some examples are shown below (Figure 8), where the 

products were deprotected and in some cases, decorated with medicinally relevant capping 

groups. 

 

Figure 8. Some examples of manipulated compounds derived from the maltol 27, Kojic acid 26 and compound 28. 
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From the 4 complex bridged parent scaffolds, the unified-approach led to the synthesis of 26 

diverse sp3-rich scaffolds, from a total of 64 synthetic operationsÀ. Each scaffold was produced 

with high step efficiency and with high ónatural product likenessô (Figure 9, Panel A). A set 

of 52 racemic fragments were then prepared, and all designed to have high shape diversity and 

controlled molecular properties (HAC: 13-19, AlogP 1.5<clogP<3). The library was identified 

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

fragments.  

 

 

Figure 9. The natural product-likeness assessment of (A) 26 scaffolds (black), 4,460 natural products (green) and acommercial 

screening collection (278,365 largely synthetic compounds, grey). (B) Naturalproduct likeness scores for the 52 fragments 

prepared (black), 1,236 commercially-available fragments(grey) and 128 natural product-inspired fragments (green). 

 

To assess the compoundôs shape diversity and the relationship between the scaffolds, the 

frameworks were assessed using Waldmannôs hierarchical tree analysis.66 The comparison of 

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 monocycles (Figure 11), 

thus concluding this approach led to significant diversity.  

 

 
À Processes conducted in a single reaction vessel 
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Figure 10 Waldmannsô hierarchical tree analysis for the 26 fragment scaffolds 

Each fragment was then screened against the protein targets, with the use of high-throughput 

crystallographic screens. The proteins were soaked with fragments and then subjected to 

automated X-ray diffraction. In total, the screening resulted in seven hits for the ATAD2 

bromodomain, eight hits for the BRD1 bromodomain 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 of the top-down approach to LOS has been conducted 

outside the group. However, a study of the bottom-up approach to LOS was performed by 

Ryabukhin and co-workers in 2014.67 They developed a method which fitted well in the 

concept of lead-oriented synthesis using the bottom-up approach, where they synthesised 132 

lead-like compounds from a one-pot variation of a Castagnoli condensation reaction, in high 

yields and diastereoselectivities. The one-pot multicomponent reaction involved aldehydes 75, 

alicyclic primary amines 74, and anhydrides 76, obtaining a range of 1,2-disubstituted 5-
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oxopyrrolidines (example 79) and 6-oxopiperidine-3-carboxylic acids (example 80 and 81)  

(Scheme 7).  

 

 
 
Scheme 7. A one-pot variation of a Castagnoli condensation reaction, showing three lead-like compounds, as an example of 

lead-oriented synthesis. 

 

The predicted physicochemical property values of the library were summarised and they 

conformed to the GSK lead-like guide.24 The calculated logP range of the scaffolds fell slightly 

outside the range of the desirable parameters, but the average was within range (logP average 

= 1.29). The multicomponent library showed 3D characteristics, with the Fsp3 count ranging 

from 0.25 ī 0.82 (average Fsp3 = 0.51). According to the GSK guidelines this is seen as a 

positive because it defines a more 3D shape. 

 

Physicochemical property Lead-like library  

(132 compounds) 

GSK lead-like guide 

Molecular Weight (Daltons) 265 ï 349 200 ï 350 

Lipophilicity  1.25 ï 3.32 -1 ¢ clogP ¢ 3 

Number of aromatic rings (nAr) 1 ï 3 1 ï 3 
Table 5. A comparison of their lead-like library with the GSK lead-like guide. 

 

By applying the multicomponent Castagnoli condensation reaction, 132 lead-like 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 the validity of this approach 

cannot be confirmed. If a Waldmann hierarchical tree analysis was performed on the library,66 

only two parent monocycles (83, 84) would be obtained (Figure 11). Therefore, it can be 

concluded that this approach lacks skeletal diversity. 

 

Figure 11. Waldmannsô hierarchical tree analysis for the multicomponent Castagnoli series.  

 

When comparing this study to previous bottom-up approaches, this particular library requires 

the synthesis of a new set of starting material for each lead-like compound. This is a major 

disadvantage for its efficiency of producing a large library, as only a small number of 

compounds can be produced from each starting material. With the absence of cyclising and 

coupling functional groups, like those seen in previous bottom-up approaches, the diversity of 

the overall compounds is limited to two similar core structures, therefore limiting its 

exploration of chemical space.  

 

 

1.7.4 Summary of LOS 

 

For drug discovery to increase its productivity, new methodologies are needed to help prepare 

bioactive molecules to improve human health, with clear guidelines of what molecules that will 

have the biggest impact on the search for new medicines. New methods such as LOS, which is 

described above, will hopefully help solve these significant challenges in drug discovery.24 

 

 

 

 

 

 

 

 

 

 

 



 25 

 

1.8 Aims and objectives  

 

1.8.1 General aims and objectives 

 

 
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 structure-activity relationship.  

To address the ongoing issues in the drug discovery process, as described in Section 1.2, it was 

therefore proposed to synthesise a library of compounds with specific molecular properties 

(described in Section 1.3 & 1.4) that would be a good starting point in drug discovery. Thus, 

the overall aims of the project were to: (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 variety of novel and 

diverse molecular scaffolds; (3) decorate scaffolds to create a library that covers broad regions 

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

perform structure-activity relationship (SAR) on active compounds, if any hits are observed. 

 

The synthesis of this lead-like library will hopefully expand the relevant chemical space 

accessible to drug discovery programmes. This further exploration of space may help address 

the challenges of increased productivity in the drug discovery industry. 18,68 

 

1.8.2 Objective 1 ï parent cycloadduct synthesis 

 

The project will follow the top-down approach, 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 manipulation. The rigid bicyclic system 89 was initially identified as possessing 
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numerous functional handles that are capable of subsequent synthetic elaboration and therefore 

being suitable for the top-down approach. (Scheme 8).   

 

 

Scheme 8. A scheme for the synthesis of compound 100 and its diversification points. 

1.8.3 Objective 2 ï lead-like scaffold synthesis 

 

Once a parent cycloadduct has been successfully synthesised, the next objective is to prove the 

chosen scaffold can be diversified at a variety of positions of the scaffold. Using known 

chemistry within the Marsden and Nelson group, the chosen scaffold will undergo annulation 

(Figure 13, example 1), bond cleavage (Figure 13, example 2),  group addition (Figure 13, 

example 3) and ring expansion (Figure 13, example 4) to produce a variety of diverse 

molecular scaffolds. 

 

 
Figure 13. Manipulation reactions planned for the parent cycloadduct 89.. 
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1.8.4 Objective 3 ï final compound synthesis  

 

Once objective 2 is achieved and a range of lead-like scaffolds have been synthesised, the next 

step is to select 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, which involves well known reactions such as amide coupling, reductive 

amination and alcohol alkylation. The ability of a scaffold to access lead-like space will be 

assessed by creation of a virtual library using computational software such as LLAMA or 

PipelinePilot.45 Once a set of scaffolds (around 10) has been selected, these will be decorated 

with medicinally-relevant capping groups to yield the compound library.  

 

1.8.5 Objective 4 ï biological evaluation 

 

Once the compound library is complete, it will be screened against a range of biological assays. 

Suitable biological targets 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. 

 

1.8.6 Objective 5 ï structure-activity relationship 

 

If any of the compounds result in positive biological data, the next objective will be to perform 

structure-activity relationship. The analysis of SAR enables the identification and 

determination of important chemical motifs that are responsible for activity. 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 gain a better understanding of which chemical groups are responsible for 

evoking a target biological effect in the organism.69 
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2.0 Results and discussion 1: Lead-like scaffold synthesis 
 

The top-down strategy for lead-oriented 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 2 it was therefore proposed to prepare a library of 

diverse tropane-related 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 functional groups able to be decorated with 

medicinal relevant capping groups for screening. 

 

2.1 Development of potential parent scaffolds  

Tropane containing skeleton 94 was chosen as the parent scaffold due to the multitude of 

different functionalities present, as well as the potential for manipulation at multiple 

diversification points (Figure 14a). The scaffoldôs diverse functionality could be exploited to 

form lead-like scaffolds and would be ideal for a ótop-downô approach. Embedded in this 

scaffold is the well-known, often medicinally active, [3.2.1]-bridged bicyclic tropane core. The 

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

FDA approved drugs and natural products (Figure 14b).70  

 

 
Figure 14a). The parent scaffold chosen for the ótop-downô approach strategy and the diversification points. b) An example 

of three [3.2.1]-bridged bicyclic compounds 95-97. 
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The proposed route to the desired framework was centred around a one-pot two-step 

intermolecular [5+2] cycloaddition between an oxopyridinium salt 98 and a dipolarophile 99 

(Scheme 9). 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 Nelson group,65 where the scaffold formed contains 

a bridged heteroatom and an enone functional group. However, the below intramolecular 

approach required more steps for the synthesis and it lacked diversity. Each parent scaffold 

contains a fused pyrrolidine and no other functional group can be introduced easily. 

 

Scheme 9. An example of both the intramolecular and intermolecular approach for the ótop-downô approach strategy. 

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

 

In order to synthesise the chosen scaffold for the top-down approach, the N-substituted 

hydroxypyridinium salts (87 and 105) were obtained by N-alkylation of 3-hydroxypyridine 86 

with an appropriate alkyl halide (BnBr and MeI) (Scheme 10). This gave the pyridinium 

precursors required for the [5+2] cycloadditions in near quantitative yields, where no 

purification was required.71  
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Scheme 10. Formation of the benzyl and methyl substituted hydroxypyridinium salt 2.13 and 2.14. 

With the N-substituted pyridinium salts in hand, attention was focused on synthesising the 

potential parent scaffold 108. Initial efforts involved the [5+2] cycloaddition with benzyne as 

the dipolarophile. The scaffold was synthesised following a modified procedure by Shi et al.71 

which required pre-formation of the oxidopyridinium ylide 106. This was achieved by the 

deprotonation of pyridinium salt 87 using Amberlite IRA- 420 resin giving ylide 106 in a 92% 

yield (Scheme 11). Subsequent [5+2] cycloaddition between ylide 106 and benzyne, which 

was generated in situ from precursor 107 and a fluoride anion, gave the desired cycloadduct 

108 in a low 25% yield. However, despite success in the synthesis of cycloadduct 108, it was 

discontinued due to the expensive benzyne precursor starting material 107 and its overall poor 

yield of the product. Also, more functionalised reagents were more expensive and may have 

produced a mixture of regioisomers.  

 

Scheme 11. Scheme for formation of cycloadduct 108, from salt 87 and benzyne precursor 107. 

 

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

alkenes via the in-situ generation of the ylide, a summary of which is shown below (Table 6).  

 

Entry  R Rô Solvent No. of 

isomers 

Ratio of 

isomers Ä 

Combined 

yield 

1 Bn CN Neat 4 4:4:2:1 109, 45% 

2 Bn SO2Ph THF 1 100:0:0:0 89, 70% 

 
Ä The ratio isomers were determined using integration of distinct peaks of the crude 1H NMR 
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3 Bn CO2Me Neat 4 6:4:1:2 110, 92% 

4 Bn SOPh THF 4 8:5:3:1 111, 24%  

5 Bn CO2
tBu 1,4-dioxane 4 8:3:3:2  112, 65% 

Table 6. Outcome of cycloaddition reactions involving pyridinium salt 98 and dipolarophile 99. 

 

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 1H NMR of the crude mixture and isolated compounds. Interestingly, when phenyl vinyl 

sulfone was used as the dipolarophile a single isomer was formed in a good 70% yield (Table 

6, entry 2). The conditions were adapted from those detailed by Ducrot and Lallemand.72,73 The 

stereochemistry and regioselectivity of cycloadduct 89 were assigned according to the 1H NMR 

spectra data, where the key proton Hb coupling was predicted to show only coupling to proton 

Hg.+ÿ The predicted coupling constants matched those of the 1H NMR data as shown in (Figure 

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

 

 

Figure 15. The stereochemistry assignment for the parent cycloadduct 89, including 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, derivatisations were planned 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 synthesis, whilst 

remaining in lead-like 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 scaffold derivatives are shown below 

(Scheme 12). 

 
+ÿ Hb of compound 89 had coupling at ~ 5 Hz and no coupling constant with Ha. The coupling constants were 

predicted using the software chem3D. 
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Scheme 12. A proposed set of sulfonyl derivatives to be synthesised using the [5+2] cycloaddition chemistry. 

 

It was envisioned that five vinyl sulfonyl derivatives would be used for the synthesis of the 

parent scaffold series (Figure 16). Methyl vinyl sulfone 118 was commercially available and 

the vinyl sulfonyl pyridine 122 was synthesised using chemistry reported by Carretero et al.74 

A vinyl sulfonamide/sulfonate series (118 ï 122) was also synthesised using a modified 

synthesis by Caddick et al.75  

 

 

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

 

Three vinyl sulfonyl derivatives 119 ï 121 were obtained, using the conditions detailed by 

Caddick et al in 2009.75 Moderate to good yields were observed when a range of nucleophiles 

were added to compound 123 at -78 oC, as shown below (Table 2).  
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Entry  Nucleophile (Nu) Product Yield 

1 HNMe2 

 

121 

50% 

2 

 
124 

 
119 

33% 

3 

 
125 

 

 
120 

80% 

Table 7. Outcome of vinyl sulfonyl derivative reactions. 

 

A procedure by Carretero et al.74 was used for the synthesis of compound 122. Disulfide 126 

was subjected to a Grignard substitution with vinylmagnesium bromide followed by an 

oxidation with NaW7O4.2H2O/H2O2. However, no formation of compound 122 was observed, 

and only starting material 126 was recovered (Scheme 5).  The route was discontinued as the 

four sulfonyl derivatives (118 ï 121) were considered enough to bring diversity at this stage.   

 

 
Scheme 13. The proposed synthetic route to compound 122 via i) Grignard addition and ii) oxidation. 

  



 34 

In order to synthesise the cycloadducts, a range of N-substituted hydroxypyridinium salts were 

obtained by N-alkylation of 3-hydroxypyridine 85. Different alkyl halides were chosen and in 

each case the salts were obtained in near quantitative yields on a 12 ï 24 mmol scale.76,77,78 

 

 
 

Conditions X R Outcome 

PhMe (0.5M) Cl 

 

128, 99% 

THF (0.5 M) Br 

 

129, 99% 

MeCN (0.5 M) Br 

 

130, 99% 

THF (0.5 M) Br 

 

131, 99% 

THF (0.5 M) Br 

 

132, 99% 

Table 8 Outcome of alyklation reactions involving 3-hydroxypyridine 86 and a range of electrophiles. 

With a new panel of compounds in hand, the newly synthesised pyridinium salts and vinyl 

sulfonyl derivatives were subjected to the [5+2] cycloaddition procedure.73 The results are 

shown below, where a range of cycloadducts were synthesised in poor to excellent yield (20-

89%) (Table 9). 
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Entry  R Rô HAC  No. of 

isomers 

Ratio of 

isomers Ð 

Major 

product 

yield 

(%) § 

 

1 Bn SO2Me 20 2 10:1 117, 57% 

2  

Bn 

 

 

25 

 

3 

 

20:2:1 

 

133, 36 % 

3 PMB SO2Me 22 2 10:1 134, 52 % 

4 

 

 

SO2Ph 

 

26 

 

2 

 

10:1 

 

 

135, 41% 

5 Me SO2Me 14 3 10:2:1 116, 20% 

6 Me SO2NMe2 16 3 20:4:1 114, 54% 

7 

 

 

SO2Me 

 

26 

 

2 

 

10:1 

 

136, 50 % 

8 Me SO2Ph 19 2 7:1 115, 20 % 

9 

 

SO2Me 27 1 100:0 137, 89% 

Table 9. Outcome of cycloaddition reactions involving N-substituted hydroxypyridinium salts and vinyl sulfonyl derivatives.  

It was noticed that the yields were particularly low when the cycloaddition involved the methyl 

pyridinium salt 105 (Table 9, entry 5), with large quantities 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 pyridinium salt. The base was 

therefore changed to silver 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 cycloadduct 116 (Scheme 14). 

 

 
Ð The ratio isomers were determined using integration of distinct peaks of the crude 1H NMR field. 
§ Major isomer isolated as a single isomer. The yield recorded for the major isomer only. 

O

S

O

NO

Br
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Scheme 14. The formation of cycloadduct 116 using the alternative base silver oxide. 

 

In total 10 parent scaffolds were synthesised with different sulfonyl and nitrogen-bridged 

substituents. Each parent scaffold was synthesised with good stereo/regio control, on a large 

scale from cheap starting materials, therefore following the ótop-downô approach strategy rules. 

Objective one, a synthesis of a highly functionalised parent cycloadduct, was successfully 

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

synthesise a range of lead-like scaffolds. 

 

 

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

scaffold  

 

With a range of parent scaffolds in hand, the next step was to investigate the reactivity of 

functionality at the different positions of the scaffold (Scheme 15). Exploring each growth 

vector is necessary to prove the parent scaffold is worthy of the ótop-downô approach strategy. 

Therefore, a variety of molecular scaffolds were proposed, applying a toolkit of chemical 

methodologies to produce a library of novel and diverse lead-like scaffolds. 
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Scheme 15. A proposed set of manipulation reactions of the parent cycloadduct 2.46 at 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 electron-deficient alkene of the enone. Similar enone 

containing scaffolds had been made previously in the Marsden and Nelson group,46 and success 

had occurred when producing lead-like compounds from ring and functional group addition 

strategies. Therefore, a range of annulation reactions were investigated at this position, as 

shown below (Scheme 16).  
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Scheme 16. A variety of annulation reactions at the 3- and 4-position of the parent cycloadduct 138. 

 

With the primary aim of synthesising medicinally relevant heterocycles at the 3- and 4-

positions, the first reaction attempted was the formation of pyrrole 151. The pyrrole was 

obtained using chemistry first introduced by van Leusen,79 using toluenesulfonylmethyl 

isocyanide (TosMIC) 150 and potassium tert-butoxide. This afforded the product in an 85% 

yield, introducing another point of diversification at the pyrrole nitrogen (Scheme 17). 

 

 
Scheme 17. Formation of pyrrole containing scaffold 151 using van Leusen chemistry. 

Interestingly when using the methyl sulfonyl derivative 117, the cyclocondensation reaction 

was unsuccessful. Several conditions were used in the attempt to synthesise the pyrrole 152 

(Table 10). It was proposed that the deprotonation 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 was obtained after purification and other routes involving stronger bases were also 

unsuccessful (Table 10). 

 



 39 

 

 

Entry  Conditions Outcome 

1 TosMIC (1.0 eq.), 
tBuOK (5.0 eq.), 

0oC - rt, THF 

Starting material 

117 

2 TosMIC (3.0 eq.), 
tBuOK (10.0 eq.),   

slow addition of compound 117 

LCMS analysis showed 

traces of product (152) but 

no material obtained from 

purification 

3 TosMIC (1.0 eq.), LiHMDS  (5.0 eq.),  

 slow addition of compound 117 

Complex mixture of 

products, no observation of 

152 

Table 10. Outline of conditions used in an attempt to synthesise pyrrole scaffold 152. 

 

The next scaffold of interest was the dihydroisoxazole 153 ï 154. The reaction conditions 

selected for this synthesis were adapted from the chemistry performed by Mukaiyama and 

Hoshino.80 The procedure involved the reaction of phenyl isocyanate and nitroethane to 

generate a nitrile oxide 155 in situ, with the subsequent 1,3-dipolar cycloaddition affording the 

dihydroisoxazole scaffold 153 ï 154 in 18% yield (Scheme 18), as a 2:1 mixture of cis-

isoxazolines with endo and exo stereochemistry. Due to the next synthetic step being an 

oxidation reaction, both stereoisomers would afford the same product, therefore no separation 

of compounds 153 ï 154 was necessary.  

 

 

Scheme 18. A general scheme for the synthesis of the fused dihydroisoxazole compound 153 and 154. 

 

With the substrate 153 ï 154 now in hand, oxidation was attempted to form isoxazole 156. 

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

toluene for 2 hours in a low yield of 12%; the conditions are shown below (Table 11). 
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Entry  Conditions Outcome 

1 DBU (4 eq.), I2 (1.2 eq), THF, reflux, 16 h. Starting material 

2 DDQ (1.2 eq.), PhMe, reflux, 16 h. Complex mixture 

3 p-chloranil (1.04 eq.), o-xylene reflux, 16 h. Complex mixture 

4 DDQ (2.0 eq.), PhMe, reflux, 2 h. 156, 12% 

Table 11. Outcome of oxidation reactions of dihydroisoxazole 153ï 154 to form isoxazole compound 156. 

 

The same reaction conditions (Scheme 18) that were used to synthesise compounds 153 ï 154 

(Scheme 19) were then repeated on substrates 116 and 134, with varying N-substituents. 

Dihydroisoxazole 157 was then oxidised to form the isoxazole fused scaffold 159 albeit in poor 

yield (Scheme 19). It was also envisaged that when compound 158 was exposed to cerium 

ammonium nitrate (CAN), the para-methoxybenzyl (PMB) group might be removed alongside 

the scaffold undergoing oxidation giving rise to the unprotected isoxazole 160. However, a 

complex mixture of products was observed and this route was deprioritised (Scheme 19). 

 

 
Scheme 19. A scheme to show the synthesis of scaffolds 157, 158 and 159 . 

Synthetic efforts were next focused on the pyrrolidine-fused compound 162 and 163, formed 

via an azomethine ylide [3+2] cycloaddition, where the best conditions found were those 

described by Fray et al (Table 12, entry 2 and 3).81  When acidic conditions for the ylide 
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generation were applied, the desired product was not obtained (Table 12, entry 1), presumably 

because of problems with the presence of a basic nitrogen. Consequently, basic conditions were 

used to successfully synthesise compound 162 and 163 in good yields.  

 
 

Entry  R Conditions Outcome  

1 Bn Ylide precursor 161 (1.7 eq.),  

TFA (2.6 eq.), DCM, 0oC - rt 

Starting material 

2 Bn Ylide precursor 161  (1.1 eq.),  

LiF (1.2 eq.), MeCN, rt 

162, 63% 

3 Me Ylide precursor 161  (1.1 eq.),  

LiF (1.2 eq.), MeCN, rt 

163, 67% 

Table 12. Outcome of cycloaddition reactions involving enone 89, 115 and ylide 161 to form compound 162 and 163. 

 

The stereochemistry was assigned according to the 1H NMR spectra and NOESY data (Figure 

17). The predicted coupling constants of Hb matched those of the 1H NMR data, and the key 

NOESY interactions helped confirm the structures configuration. The key proton Hb was 

predicted to show no coupling with protons Ha and Hg, and this was confirmed with a singlet 

present in the NMR data. The structure hypothesis was later confirmed by the acquisition of a 

crystal structure of a decorated analogue from this substrate (Section 2.5.2). 

 

 

Figure 17. Stereochemistry assignment of compound 162 ï 163. with measured J values.. 

 

The next substrate explored was compound 166, which involved the use of a 

trimethylenemethane ylide using conditions highlighted by Trost and Chan,82 however, the 

desired [3+2] cycloaddition was unsuccessful in both attempts, using the conditions 
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summarised below (Table 13). Only the Arbuzov product 167 was observed (with unknown 

stereochemistry), when P(OEt)3 was used as the ligand (Table 13, entry 1). When the active 

palladium source was changed, no reaction was observed and only starting material was 

recovered. Consequently, efforts towards this target were discontinued. 

 
 

Entry  Conditions Outcome 

1  

Enone 89 (1.0 eq.), Pd(OAc)2 

(20 mol%), P(OEt)3 (1.1 eq.), 

ylide (1.86 eq.), 

THF reflux 
 

 

2 Enone 89 (1.0 eq.), Pd(PPh3)4 

(4 mol%), dppe (1.5 mol%), 

ylide (1.0 eq.), THF reflux 

Starting material, 89 

Table 13. Conditions used in attempt to synthesise compound 166. 

 

The final compounds targeted at this vector were the fused dihydropyrazole scaffolds 168 - 

169. The conditions were adapted from those detailed by Shi et al. 71  The [3+2] cycloaddition 

of ethyl diazoacetate followed by a tautomerisation gave the desired compounds in moderate 

to high yields (58 - 77%) (Scheme 20). 

 

 
Scheme 20. The synthesis of pyrazole 168 and 169  from a [3+2] cycloaddition reaction. 

 

The stereochemistry of the compound was determined by the comparison with a similar 

compound reported by Shi et al.71 The NOESY data was used to confirm the stereochemistry 

of the dihydropyrazole scaffold 168, with the key interactions shown on the cycloadduct 
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compound (Figure 18). To further verify the stereochemistry, a comparison of key interactions 

was undertaken with a similar literature compound.71  

 

Figure 18. Stereochemistry assignment for pyrazole 2.76. 

 

The dihydropyrazole compound 169 was then aromatised by an oxidation with CAN at 0 oC 

for 4 hours (Scheme 21). However, due to difficulties in the purification, the crude material 

was subsequently hydrolysed to form the pyrazole carboxylate 170 in 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.  

 

Scheme 21. The new synthetic route towards the synthesis of pyrazole carboxylate 2.78. 

An alternate route was attempted using a one-pot procedure method, where both the 

aromatisation and hydrolysis occurred in one step (Scheme 22). This route involved 

aromatisation (presumably by an aerobic oxidation) to synthesise the desired scaffold 170. 

Unfortunately, the reaction also proceeded in a low yield 14%.  

 

Scheme 22. The new synthetic route for pyrazole carboxylate 170. 

 

In total for the exploration of growth vectors at the 3- and 4- positions, 10 scaffolds were 

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

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 biological testing. 

 

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

and 3-positions 

 
Scheme 23. A general scheme depicting an annulation reaction at the 2- and 3-position 

Having achieved success with the functionalisation at the 3- and 4- positions, which in turn 

gave rise to a diverse set of scaffolds, the next vectors to be explored were at the 2- and 3- 

positions. A simple two-step route to an a-halogenated substrate 172 was suggested, using 

readily available starting materials. It was envisioned that the a-halogenated ketone 172 could 

be converted to a range of heterocycles 173 by applying Hantzsch-type syntheses (Scheme 

24).83 

 

 
Scheme 24. Step (i) palladium on carbon reduction, step (ii) alpha halogenation and step (iii) hantzsch synthesis. 

 

To enable a-halogenation, reduction of the olefin was required which was achieved by 

following hydrogenation conditions detailed in the literature,73 shown below (Table 14). The 

reactions proceeded overnight at room temperature, giving the reduced tropanones in excellent 

yields of 89 - 99%. 



 45 

 
 

Starting 

material 

R Rô Conditions Outcome 

89 Ph Bn H2, Pd/C 10mol%, rt, 16 

h 

MeOH/(Me)2CO 

174, 97% 

117 Me Bn H2, Pd/C 10mol%, rt, 16 

h 

MeOH 

175, 96% 

116 Me Me H2, Pd/C 10mol%, rt, 16 

h 

MeOH/(Me)2CO 

176, 96% 

114 NMe2 Me H2, Pd/C 10mol%, rt, 16 

h 

MeOH/(Me)2CO 

177, 89% 

Table 14 Outcome of reductions reactions involving palladium on carbon and hydrogen with the sulfonyl derivatives. 

However, when synthesising compound 175 on a larger scale, the reaction was left for 4 days 

and as a result underwent secondary reactions to produce alcohol 178 in quantitative yield. The 

expected compound was not present in the 1H NMR with evidence suggesting no benzyl group 

was present. The HRMS matched the proposed structure, where the benzyl-protected 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 synthesis. It should be noted that the benzyl group remained intact in some cases, which 

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

 

 

Scheme 25. A scheme for the formation of the unexpected compound 178. 

 

With step (i) achieved in high yields, a-halogenation was attempted using a wide range of 

procedures. The conditions attempted are highlighted below, where the conditions used by a 

modified procedure from Jørgensen et al in 2004,84 gave the only route to the compound of 

interest (Table 15, entry 4 and 5). No attempt to assign stereochemistry was made and only a 
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single isomer was observed from inspection of 1H NMR spectra.  When 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 and it was suggested that the nitrogen may be 

reacting with the a-chloro substituent, resulting in a tricyclo-quaternary nitrogen, although no 

evidence for this was observed. 

 
 

Entry  SO2R NRô Conditions Outcome 

1 SO2Ph NBn p-TsOH (0.1 eq), NBS (1.2 eq.), 

DCM, 

0 oC ï 40 oC 

Complex 

mixture 

2 SO2Ph NBn Amberlyst - 15, NBS (1.1 eq.), 

EtOAc, 

0 oC ï  rt stir 

Starting 

material 174 

3 SO2Ph NBn Trichloroiscyanuric acid (1.0 

eq.), 

MeOH (2.0 eq.), DCM 

 

Starting 

material 174 

4 SO2Ph NBn Proline (30 mol%), NCS (2.0 

eq.), DCM 

179, 40% 

5 SO2Me NBn Proline (1.0 eq.), NCS (1.3 eq.), 

DCM 

180, 57% 

6 SO2Me NMe Proline (1.0 eq.), NCS (1.3 eq.), 

DCM 

Complex 

mixture 

Table 15 Outcome of a-halogenation reactions involving tropanone 174 - 175. 

Upon synthesising a-chloro compounds 179 and 180, a range of heterocyclic fused scaffolds 

were then planned, which would exploit the a-haloketone functionality. Firstly, a Hantzsch 

thiazole synthesis was carried out using the conditions reported by Donohoe et al. in 2012 and 

the results are shown below (Table 16).83 



 47 

 
 

Entry  Starting 

material 

R Conditions Rô Outcome  

1 179 Ph 

 
(3.0 eq.) 

DMF (0.15 M) 

Ph 181, 20% 

 

2 180 Me 

  
(4.0 eq.),   

DMF (0.15 M) 

Me 182, 3%  

Table 16. Outcome of Hantzsch thiazole synthesis reactions involving a-chloro compounds 181 sand 182  

 

a-Haloketone 179 was treated with 2-aminopyridine 183 using the procedure of Chen et al.85 

in an attempt to prepare the annulation product aza-indole 184. Unfortunately, the desired 

product was not obtained and only starting material was observed (Scheme 26). Due to 

difficulties synthesising azaindole 184, this scaffold was deprioritised.  

 

 
Scheme 26. Scheme for the attempted annulation reaction to form azaindole 184. 

 

Tropanone compounds 174-177 were subjected to indole synthesis using conditions detailed 

by Chen et al.86 The conditions involved the reaction of the ketone with an o-iodoaniline under 

palladium catalysis. A series of indole annulated analogues were synthesised with different 

sulfonyl groups and nitrogen substituents, all in moderate to poor yields (Table 17).  

 



 48 

 
 

Entry  Starting 

material 

R Rô Conditions Outcome 

1 174 Ph Bn Ketone (1.0 eq.), o-

iodoaniline (1.2 eq.), 

DABCO (1.0 eq.), Pd(OAc)2 

(10 mol%), DMF, 105 oC 

186, 40 % 

 

2 177 NMe2 Me Ketone (1.0 eq.), o-

iodoaniline (3.0 eq.), 

DABCO (3.0 eq.), Pd(OAc)2 

(10 mol%), DMF, 105 oC 

187, 29% 

3 175 Me Bn Ketone (1.0 eq.), o-

iodoaniline(3.0 eq.), DABCO 

(3.0 eq.), Pd(OAc)2 (10 

mol%), DMF, 120 oC 

188, 20% 

4 176 Me Me  Ketone (1.0 eq.), o-

iodoaniline(3.0 eq.), DABCO 

(3.0 eq.), Pd(OAc)2 (10 

mol%), DMF, 120 oC 

189, 17% 

Table 17. Outcome of indole synthesis reactions involving tropanone 174 ï 177.  

The classical Fischer indole synthesis was also used to synthesise the indole scaffold 186 in a 

40% yield and can be used as an alternative approach to synthesise the fused heterocycle 

(Scheme 27).87, 88,89 

 
Scheme 27. Fischer indole conditions used to synthesise compound 186. 

 

Another annulation reaction was investigated based on conditions detailed by Wu et al. in 

2001,69 with the hope of producing a fused pyrazole scaffold 192 (Scheme 28). However, when 

the tropanone 175 was treated with diethyl oxalate 191 and sodium ethoxide, only starting 

material was recovered. Consequently, the scaffold was deprioritised. 
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Scheme 28. The attempted annulation reaction to synthesise scaffold 192 . 

 

To further explore the vectors about the ketone, a procedure by Bai et al in 2017 was executed 

for the synthesis of the fused pyrimidine compounds 194 and 195 (Scheme 29a). 23 Under these 

reaction conditions, the core scaffold underwent an enolisation, followed by an acid mediated 

Diels-Alder and retro-Diels-Alder sequence. The reaction resulted in a loss of water and 

trifluoroacetonitrile, affording the desired pyrimidines in low to moderate yields. The key 

intermediates are shown below (Scheme 29b). 

 

 

 

Scheme 29a) The scheme for the formation of pyrimidine 194 and 195. b) key intermediates in the formation. 

 
Synthetic efforts were then focused on the pyridine-fused scaffolds 202 - 206. By using the 

conditions detailed by Rossi et al in 2003, the pyridine core was synthesised by a one-pot gold 

catalysed process. This proceeded through the sequential amination of the carbonyl compounds 

175 ï 177 followed by a regioselective cyclisation of the N-propargylenamine intermediate and 

aromatisation. The mechanism is shown below (Table 18) where the desired compounds were 

formed in low to good yields (20-63%).  
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Entry  Starting 

material 

R  Rô R3 Outcome 

1 175 Me Bn H 202, 63% 

2 176 Me Me H 203, 43% 

3 177 NMe2 Me H 204, 40% 

4 176 Me Me Ph 205, 20% 

Table 18. Outcome of synthesis of pyridine scaffold derivatives. Above shows the key mechanistic steps and scheme. 

 

It was envisaged that by applying metal-catalysed reduction conditions to the pyridine scaffold 

203, another point of diversification would be introduced at the free NH of the piperidine 206. 

However, when attempting to isolate the piperidine 206, no product was obtained and only a 

complex mixture was observed. An alternative set of conditions were applied using a different 

catalyst, high pressure and temperature, and even these harsh conditions only resulted in 

starting material (Table 19).  

 

 

 

Entry  Conditions Outcome 

1 PtO2 (20 mol%), H2, AcOH, 16 h Complex mixture 
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2 Pd/C, 10 bar, 50 oC, H2, 16 h Starting material 203 

recovered 

Table 19. Outcome of the conditions used in attempt to synthesise piperidine 206. 

 

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

position  

Positon 4 was the next position of investigation, where known chemistry within the Marsden 

and Nelson group was used to introduce diversity to another point of the sulfone cycloadduct. 

A Rh(I)-catalysed conjugate addition of phenylboronic acid was used to add a phenyl group to 

the 4-position, by using conditions adapted from those detailed by Miyaura et al.90 The 

conditions were optimised upon scale up, however, modest yields were still observed as shown 

below (Table 20). Nevertheless, this would allow the 4-position to be diversified with a range 

of arylboronic acids.  

  
 

Entry  mmol [Rh] 

eq. 

NEt3 

eq. 

PhB(OH)2 eq. Temp. 

(oC) 

Time Yield 

1 0.57 1 mol% 1.0 1.5 50 16 h 38% 

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

3 4.10 1 mol% 1.0 3.0 90 16 h 28% 

Table 20. Outcome of 1,4-addition reactions involving parent scaffold 89 

 

The last scaffold to be synthesised in this vector series was the tetracyclic scaffold 208 and 

209. Exposing the aryl bromide 135 and 137 to a range of Heck conditions, the novel 

compounds 208 and 209 were ultimately synthesised in poor yields (12- 24%) by following a 

literature procedure by Grigg et al (Table 21).91  
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Entry  R Rô Conditions Outcome 

 

1 Ph H Pd(OAc)2  (20 mol%), PPh3 

(20 mol%), NEt3 (2.0 eq.), 

THF,  reflux 

 

Starting 

material 

135 

2 Ph H Pd(PPh3)4 (20 mol%), NEt3 

(2.0 eq.), THF, reflux 

 

Starting 

material 

135 

3 Ph H Pd(OAc)2 (10 mol%), PPh3 

(20 mol%), HCOONa 

(1.5 eq.), ZnCl2 (1.0 eq.), 

PhMe, reflux 

 

208, 24% 

4 Me F Pd(OAc)2 (10 mol%), PPh3 

(20 mol%), HCOONa 

(1.5 eq.), ZnCl2 (1.0 eq.), 

PhMe, reflux 

 

209, 12% 

Table 21. Outcome of intramolecular 1,4-addition reactions involving parent scaffold derivatives 135 and 137. 

To further elaborate the library, the carbonyl was reduced to the alcohol using DIBAL at 

 -78 oC, yielding only one diastereoisomer as observed via 1H NMR (Scheme 30). The desired 

scaffold 210 now had a free hydroxyl group for decoration, where a range of medicinally-

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 

synthesised (Comparison to a crystal structure (Section 2.5.2)). 

  
Scheme 30. The formation of alcohol 210 derived from tetracyclic scaffold 208. 
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2.3.4 Development of methods to enable exploration of growth vectors at the 3-

position 

 

Diversification at the 3-position was investigated by using the conditions detailed by Shi et al. 

in 2012, proceeding through a Baylis-Hillman reaction (Scheme 31).71 The reaction gave rise 

to primary alcohol 212 in moderate yield, with the alkene left available for further scaffold 

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

 
Scheme 31. The conditions used for the Baylis-Hillman reaction to synthesise compound 212. 

 

2.3.5 Development of methods to enable exploration of growth vectors at the 2-

position 

In an attempt to introduce diversity at the 2-position of cycloadduct 89, nucleophilic addition 

of a methyl group to the ketone was attempted (Scheme 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 at C-2 did not occur. Instead, the methyllithium 

apparently acted as a 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 LC-MS showed the correct mass, with the 1H-NMR spectrum showing the 

absence of the starting material alkene protons. The proposed mechanism is shown below 

(Scheme 32). 
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Scheme 32. The general scheme of the synthesis of cyclopropane 213 and its mechanism of formation. 

 

This unexpected reaction was intriguing and it also gave rise to a novel scaffold with potential 

points for further diversity. It was found that switching the base to the non-nucleophilic 

LiHMDS gave a higher selectivity for the cyclopropane 213, affording the desired compound 

in a 60% yield. However, when changing the R group of the sulfone, no analogous compounds 

were synthesised. The summary is shown below (Table 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 product 219 occurred from dimerization of the starting material, which was 

confirmed by 1H-NMR and LCMS analysis.  In an attempt to solve this problem, a lower 

concentration of solvent was used to decrease the reaction rate (Table 22, entry 3), however, 

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

changed to a methyl, no reaction occurred and only starting material was recovered.  
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Entry  Starting 

material 

NRô R Conditions Outcome 

1 117 NBn SO2Me THF (0.02M),  

3 h 

 

Complex mixture 

2 133 NBn 

 

THF (0.2M), 3 

h 

 

 

219 

3 133 NBn 

 

THF (0.02M),  

3 h 

dropwise 

addition of 133 

 

Starting material 

133 

4 115 NMe SO2Ph THF (0.02M),  

3 h 

dropwise 

addition of 115 

Starting material 

115 

 

Table 22. Outcome of the attempted conditions to synthesise cyclopropane derivatives. 

 

It was proposed that cyclopropane 213 was potentially unstable due to its ability to undergo a 

retro-Michael reaction. Three compounds were therefore proposed that eradicated the ketone 

functionality to remove this possibility (Scheme 33). The three reactions followed previous 

procedures but unfortunately were all unsuccessful, rendering this compound problematic and 

therefore it was to be deprioritised as a screening library set.  
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Scheme 33. A scheme showing the routes to three compounds using previously described procedures. 

 

To accomplish the desired methyl addition at the 2-position, an alternative approach was 

undertaken using methylmagnesium 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 cyclopropane-containing 

compound. A mixture of diastereoisomers were obtained in a 3:2 ratio, however no attempt 

was made to isolate the isomers. The relative stereochemistry of the major diastereomer was 

not determined due to the complexity of the crude 1H-NMR (Scheme 34).  

 
Scheme 34. A general scheme for the formation of compound 2.126 from a Grignard addition. 

 

Subsequent efforts to introduce different groups at the 2-position included a reductive 

amination, using the conditions detailed by Bhattacharyya et al.92 Compound 174 was 

susceptible to 1,4 addition, so the partially reduced substrate was used instead. The tropanone 

174 was treated with N-methylbenzylamine and titanium isopropoxide in ethanol at room 

temperature for 6 hours, then cooled to 0 oC and reduced via sodium borohydride. The reaction 

produced a separable 2:1 mixture of diastereomers, which was assigned according to the crude 

1H NMR in 52% yield. The stereochemistry of the two isomers was assigned according to key 

NOESY interactions (Scheme 35). 
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Scheme 35. A scheme for the synthesis of compound 223 and 224, with their stereochemistry assignment. 

 

 

2.3.6 Development of methods to enable exploration 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 cycloadduct 89. The 

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

substituents on the dipolarophile in the cycloaddition (see Table 8, Section 2.2.2). However, a 

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

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

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

further demonstrate the scaffoldôs potential to be diversified at numerous positions, and would 

dramatically decrease the heavy atom count from 25 to 10 (Figure 19a, compounds 89 and 

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

compound 89 would possess a similar core to the known natural products alstoniaphylline A 

and B (Figure 19b, compounds 226 - 227). 
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Figure 19a). The parent scaffold 89 and the planned smaller derivative compound 225. b) Two natural products 226 ï 227 

which share similar framework to compound 89.. 

 

To further functionalise at the 6-position it was proposed that the functional group 

interconversion would occur through an oxidative desulfonylation.93-94 The suggested route 

was a four-step, three-pot synthesis involving a Luche reduction and an alcohol protecting step, 

therefore avoiding the complications from the reactive enone functionality. The final step 

involved the key oxidative desulfonylation step (Scheme 36).95 

 
Scheme 36 Step (i) Luche reduction, step (ii) alcohol protection and step (iii & iv) oxidative desulfonylation. 

 

A Luche reduction96 using cerium (III) chloride, sodium borohydride and methanol at -78 oC, 

with the parent cycloadduct 89 proceeded in an 80% yield and afforded the desired alcohol 228 

as an inseparable 3.5:1 mixture of stereoisomers. The major isomer was assigned according to 

key NOESY interactions (Scheme 37) 

 

  
Scheme 37. The Luche reduction conditions  and the stereochemistry assignment of compound 228. 
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Attempts were then made to protect the alcohol. First, tert-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 between the bulky OTBDPS 

group and the N-benzyl group, or the reactivity of the silyl electrophile. A third attempt 

involved tert-butyldimethylsilyl (TBS) protection via the silyl triflate, and silyl ether 232 ï 233 

was obtained in a high 82% yield (Table 23). 

 

 

Entry  Conditions Outcome (product) 

1 TBDPS-Cl (1.1 eq.), 

imdiazole (2.2 eq.), DMF 

(0.4 M), rt, 6h 

 

Starting material, 228 

2 TBDPS-Cl (1.1 eq.), 

imdiazole (2.2 eq.), DMF (4 

M), rt, 6h 

 

Starting material, 228 

3 TBS-OTf (1.1 eq.), 

imidazole (2.0 eq.), DMF 

(0.7 M), 0 oC ï rt, 6h 

 

82% (232, 233) 

(3.5:1 mixture of isomers) 

Table 23. Outcome of the conditions used to synthesise a protected alcohol 232 and 233. 

 

The next aim was to successfully remove the phenylsulfonyl functional group using a method 

described by Tsuchihashi et al.94,95 The method involves a formal oxidation of the sulfone-

bearing carbon by lithiation and electrophilic sulfenylation then hydrolysis of the 

sulfenylsulfone. The intermediate a-sulfenylsulfone 234 was observed by LC-MS analysis, but 

not isolated and the intermediate was subjected to two sets of conditions (Scheme 38). On first 

attempt, the crude product was refluxed in acid with Methanol and the only product observed 

by LC-MS analysis was the deprotected intermediate 235. Step (iv) was reattempted with 

dioxane as solvent, giving the desulfonylated compound 236 in a 98% yield (over two steps). 

The reaction mixture was able to be heated at reflux at high temperatures which not only 

enabled the desulfonylation, but also removal of the TBS group to afford the keto alcohol 236 

(Scheme 38). 
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Scheme 38. A scheme showing the two attempts of the oxidative desulfonylation step. Attempt 1 was unsuccessful and attempt 

2 was successful.  

The stereochemistry of compound 236 was assigned according to the 1H NMR spectra data, 

using the software Avogadro (Figure 20). The key proton Hb was predicted to show only 

coupling to proton Hg, where a doublet was observed. No coupling interaction was seen between 

Ha and Hb. 

 
Figure 20. The predicted coupling constants for both possible isomers of the desulfonylation product 2.141. 

 

An alternative route was suggested to a different desulfonylation product. It was proposed this 

route would avoid the product loss through the mixtures of diastereomers, which occurred 

using the route above (Table 23). It was envisaged that when reducing the ketone in the absence 

of the double bond, a single diastereomer would be produced, as this is a known product in the 

literature.97 When tropanone 174 was subjected to the reduction using DIBAL, the intermediate 

product was formed as a single diastereomer. The crude alcohol was protected with a silyl ether 

TBS protecting group and the desulfonylation conditions were applied. The desired product 

was achieved in an 82% yield. When comparing to the previous route, product 238 was 

obtained in a 76% yield over three steps, therefore the new route was more efficient and higher 

yielding. The alcohol stereochemistry was already determined in the first step by comparison 
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to known compounds and similar compounds in the literature.98,99 The major isomer is 

predominantly syn stereochemistry to the bridgehead nitrogen. 

 

Scheme 39. A scheme showing the new efficient route to a desulfonylated compound 238.  

2.3.7 Ring expansion 

 
To introduce more diversity to the lead-like scaffold set, ring expansion reactions were to be 

undertaken to synthesise 8-membered rings. The Beckman rearrangement was first 

investigated, where conditions to synthesise the desired scaffolds are shown below (

 

Scheme 40). Tropanone compounds 174 ï 175 was first subjected to hydroxylamine to 

synthesise the oxime, which was then treated with tosyl chloride. In both cases the intermediate 

O-sulfonyl oxime 241 was observed by the LCMS. When acid was added 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.  

 
Scheme 40. The attempted Beckman rearrangement on scaffolds 174 and 175. 

Having achieved no success with the above ring expansion, an alternative 8-membered scaffold 

was suggested. A two-step route via a fused cyclopropane 242 was proposed, using readily 

available starting materials. It was envisioned that the strained cyclopropane system would be 
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a pivotal intermediate that guides the ensuing reaction towards ring expansion.100 With the aid 

of palladium on carbon under a hydrogen atmosphere, a larger ring structure could be obtained.  

 
Scheme 41. The new proposed route to a novel ring expanded scaffold. Step (i) cyclopropanation and step(ii) reduction. 

A Corey-Chaykovsky reaction was carried out in an attempt to synthesise the desired scaffold 

242, with the reaction conditions shown below (Scheme 42).101,102 First a sulfur ylide is 

synthesised in-situ, following a 1,4-addition reaction and subsequent ring closure to produce 

the scaffold 242 as a single diastereomer.  

 

Scheme 42. The conditions used to synthesise the fused cyclopropane scaffold 242. 

 

The stereochemical assignment is shown below (Figure 21): proton Hb has no coupling 

between adjacent protons, therefore a singlet is only observed in the 1H NMR spectra. 

 

 

 

Figure 21. Shows the predicted coupling constants 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 detected via LCMS analysis and this scaffold was deprioritised. Alternative routes 

would consist of SmI2-induced ring expansion reactions and radical expansion using AIBN and 

tributyltin hydride.103,104 
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Scheme 43. The reaction conditions attempted to break open the fused cyclopropane 242. 

2.4 Summary of lead-like scaffold synthesis 

 

In summary, 14 lead-like scaffolds were synthesised in a total of 24 steps from a single parent 

core scaffold 89.  This efficient process has demonstrated the feasibility of the top-down 

approach to LOS, where the chosen parent scaffold 89 was ideal for this approach. It should be 

noted that the sulfonyl group was initially chosen as a substituent that may be removed from 

the scaffolds. Even though this has proven possible with the oxidative desulfonylation reaction 

(Scheme 39), it suffered from a long synthetic sequence and this would be a synthetic challenge 

to undertake for every scaffold. Therefore, it was decided in the interests of efficiency that this 

substituent will remain in most lead-like and final compounds. Other sulfonyl groups were 

chosen to introduce diversity to the scaffold set, however again because of the lengthy process 

it was only attempted in a small number of compounds. Due to time constraints, the ring 

expansion chemistry was not explored thoroughly and there remain several reactivity pathways 

which could still be investigated to prepare new scaffolds. Nevertheless, the 14 lead-like 

scaffolds that were prepared were enough to complete the first objective. 

 

A summary of each scaffold is shown below (Figure 22). As explained previously (Section 

1.4), it was important that these scaffolds possessed certain properties in order to be good 

starting points in drug discovery. Prior to any laboratory work each scaffold was analysed for 

their molecular properties and a selection of particular scaffolds was done following a set of 

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

successfully synthesised scaffold using computationally analysis.  
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Figure 22. The collection of novel lead-like scaffolds produced from parent scaffold core 138. (colour coded according to 

step count) 

2.5 Computational assessment of the of lead-like scaffolds prepared  

2.5.1 Lead-likeness assessment of lead-like scaffolds 

 

To assess the scaffoldsô molecular weight and lipophilicity, the in-house open-access tool 

LLAMA was used.45 The properties of the 14 lead-like scaffolds were calculated and plotted 

on a scatter graph (Figure 23). In some cases,**  the benzyl group was removed to minimalize 

molecular weight. Each compound was plotted against lipophilicity (AlogP) and molecular 

weight (mw), leading to 93% of the compounds occupying lead-like chemical space. 

Compound 248 fell just outside lead-like space, due to its larger molecular weight. To avoid 

this and reduce molecular weight, different dipolarophiles could be used in the cycloaddition, 

which could access the pyrimidine scaffold with a lower molecular weight or alternatively the 

sulfone could be removed.  Compound 178 had a lead-like penalty of 2 because of the absence 

of aromatic groups, where the other compounds all had a penalty of 0. The penalty is a measure 

of how far outside lead-like space a compound lies and the properties of which they are 

assessed against are shown in Table 2 in Section 1.4. The properties 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 incurred. 

 
**  Compounds marked with a ó*ô in Figure 22. 
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Figure 23. The lipophilic and molecular weight assessment of the 14 lead-like scaffolds. Coloured according to lead-like 

penalty 

 

2.5.2 Fraction of sp3 hybridised carbon assessment of lead-like scaffolds 

 

As discussed in Section 1.4, studies have found that compounds with a higher Fsp3 value (and 

presence of chiral centres) have a better chance of succeeding through subsequent stages of 

drug discovery.24 To assess each scaffoldsô fraction of sp3 hybridised carbons, the software 

LLAMA was used to calculate each value and the results are plotted below (Figure 24).45 Each 

scaffolds value was analysed and compared with a random 1% of the ZINC database. The 

analysis of lead-like scaffolds showed that 93% of the library have a larger Fsp3 value, therefore 

achieving one of the objectives proposed. Compound 178 has a high Fsp3 score due to the 

compound consisting of only sp3 carbons. However, compound 249 has a low score, as it 

contains very few sp3 carbons and contains óflatô sp2ïrich groups, such as a fused pyrrole and 

a phenyl substituent. The four acyclic precursors used to synthesise the parent scaffolds have 

an average Fsp3 value of 0.14, showing a 4-fold increase when compared to the average 

scaffold value. It should also be noted that each compound has the presence of at least three 

chiral centres.   

Mw (Da) 
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Figure 24. A Fsp3 value comparison of lead-like scaffolds (average in green), average ZINC database(in red) and average 

acyclic precursor (in yellow). 

 

2.5.3 Three-dimensionality assessment of lead-like scaffolds 

To assess the lead-like scaffoldsô three-dimensional shape, each compound was plotted on a 

PMI plot using LLAMA (Figure 25).45 The lowest energy conformer for each compound was 

generated computationally and the system calculates the moments of inertia in the x, y and z 

axes. The system then calculates two plot coordinates (I1 and I2) by dividing inertia (x) and 

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

assess three-dimensionality, where each of the three vertices of the triangular plot represent the 

extremes of molecular geometry, as discussed in Section 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 located area of chemical space (the órod-likeô / ódisc-

likeô area), and starting to populate the more unexplored area ósphere-likeô chemical space.  

Compound 239 (Figure 25, A) was located in the heavily explored region of chemical 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 lead-like chemical space, therefore this 

group was not removed. Nevertheless, if the methylated analogue was synthesised this would 

locate the compound in a more ósphere-likeô area of space (Figure 25, G) 
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Figure 25. PMI plot of lead-like scaffolds plotted in blue and random 1% of ZINC database compounds plotted in green.  

 

2.5.4 Diversity assessment of lead-like scaffolds 

To assess the diversity of the library, each compoundôs framework was analysed. The method 

used was inspired by Waldmannôs óscaffold treeô hierarchical analysis technique.66 The process 

involved óstrippingô away substituents, leaving the core-framework. Each core-framework was 

then analysed against a random 2% of the ZINC database using LLAMA. Frameworks 257 and 

254 had structures which were embedded as a substructure; this was expected for compound 

257 as the tropane-like 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 lead-like scaffolds possessed novel frameworks and 

experienced a diverse nature (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 lead-like scaffolds. The outer circle signifies synthesised scaffolds, where the inside 

circle displays the core-frameworks analysed against the ZINC database. 

 

 

With a total of 14 novel diverse lead-like 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 capping groups. A final library could be assembled for screening against a wide range 

of biological targets. 
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3.0 Results and discussion 2: decorating lead-like scaffolds 

for final library  synthesis  
 

With a variety of scaffolds synthesised our third objective was to synthesise a compound library 

from each scaffold. This involved 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 a change of functionality may occur: 

¶ If a carbonyl is present - reduce to a single diastereoisomer of the corresponding alcohol 

¶ If a protecting group is present - deprotect 

¶ If undesirable functionality is present - change functional group (e.g. ester to amide) 

 

Scheme 44 An example synthesis of a final decorated compound from parent scaffold 89. 

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

The first scaffold selected for the library synthesis was the scaffold 207 that was produced 

from a 1,4-addition of an aryl boronic acid. A simple route was proposed involving the 

scaffold synthesis (step i), a deprotection if required (step ii) and finally a diastereoselective 

ketone reduction (step iii) (Scheme 45).  

 

 

Scheme 45.  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 rhodium catalysed 1,4-conjugate addition with a 

range of arylboronic acids. In order to synthesise a diverse range of compounds for screening, 

the arylboronic acids selected ranged from electron-poor to electron-rich. The results are shown 

below (Scheme 46). Unfortunately, the more polar heterocyclic boronic acids (compounds 277 

and 278) were not successful, as no product was observed. While reactions with aryl and 

alkenylboronic acids are well-documented, there are few examples of heteroaryl residues.105 

The addition of the 4-fluorophenyl group however looked promising and the products 274 and 

275 were synthesised on a large scale (11.7 ï 13.4 mmol). 

 

________________________________________________________________ 

 

Scheme 46. A scheme showing the general route to scaffolds 246, 262-277 and the derivatives synthesised. 

The next step in the synthesis was the diastereoselective reduction of the ketone. When 

compound 273 was reduced with sodium borohydride at 0 oC, an inseparable 1:1 mixture of 

diastereomers was obtained. Even upon decoration, in most cases the compounds remained a 

mixture of inseparable diastereoisomers after purification. To alleviate 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 below (Table 24). The conditions that generated the best 

selectivity were DIBAL at -78 oC in DCM. The diastereomeric ratio obtained was 3:1, which 

was determined by distinct proton integration ratios in the 1H NMR spectrum. 
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Entry  Conditions Temp d/r  

1 NaBH4 (2.0 eq.), MeOH 0 oC 1:1 

2 DIBAL (1M in cyclohexane) (3.0 eq.), DCM 

(278a, 71%)Å 

-78 oC 3:1 

3 DIBAL (1M in cyclohexane)  (3.0 eq.), THF -78 oC 3:2 

4 L-selectride (3.0 eq.), THF -78 oC 3:1 

5 LiAlH(O tBu)3 (3.0 eq.), THF -78 oC 5:2 

Table 24. Outcome of reduction reactions involving the 1,4-addition product 273..  

The major isomer 278a was isolated via crystallisation from ethanol. A crystal structure was 

obtained to confirm the relative stereochemistry, where the alcohol and the para-fluorophenyl 

group display a syn-relationship to the sulfone and bridged nitrogen (Figure 27). 

 

Figure 27. Left - A crystal structure of compound 278a and right ï compound 278a structure. 

 

 

In cases where the benzyl group was present, a deprotection was performed before the 

reduction step. The conditions used were those detailed below using palladium hydroxide on 

carbon as catalyst and pleasingly the desired product 279 was obtained in 67% yield. However, 

 
Å Yield for the isolated major isomer. 
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a side product, dimethyl acetal 280, was also formed by a competing acid catalysed 

acetalisation reaction (Scheme 47). 

 

Scheme 47. A scheme showing the synthesis of deprotected 279 and side product 280. 

To alleviate this problem an alternative route was suggested. Instead, the compound was 

reduced prior to deprotection using the optimised reduction conditions. The major isomer 281 

of the alcohol was synthesised in an excellent yield of 85%. The deprotection of the benzyl 

group afforded the desired compound 282 in an 87% yield (Scheme 48). The acquired X-ray 

crystal structure revealed the same relative stereochemistry as for the N-methyl derivative. 

 

 

Scheme 48. A general scheme to compound 281 and the crystal structure of 281 with its structure. 

 

The para-fluorophenyl compounds 279a and 282 were then decorated with a range of 

medicinally-relevant capping groups and purified using a mass directed automated purification 

(MDAP) system. All the successful products were obtained in poor 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 were synthesised ready for 

biological screening (Figure 28). All successful and failed reaction conditions can be seen in 

Appendix 6.1.1. 

 

Figure 28. A figure showing the 1,4-addition series of final 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 three-step synthesis involving preparation of the pyrrolidine scaffold (step i), a 

diastereoselective ketone reduction (step ii) and deprotection of the benzyl group (step iii). It 

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

groups (Scheme 49). 
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Scheme 49.  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 pyrrolidine. It was 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 core scaffold could then contain either 

a fixed N-methyl group or a óremovableô group which could unmask a decoration position. 

Both conditions form an azomethine ylide in situ and the pyrrolidine is formed via a subsequent 

[3+2] cycloaddition. Method 1 forms an azomethine ylide by decarboxylative condensation of 

paraformaldehyde and sarcosine 298 and method 2 forms the ylide via compound 161 and LiF 

(Scheme 50).81,106 However, due to the polar nature of the compounds there was issues with 

the purification. Therefore, the N-methyl pyrrolidine scaffold was deprioritised and a range of 

N-benzyl substituted derivatives were synthesised on a large scale in good to excellent yields. 

 

 

 

____________________________________________________________________ 



 75 

 

Scheme 50. a) The two routes to synthesise the fused pyrroldiine scaffolds 295 ï 297, 288 ï 301.  b) The results. 

 

With the pyrrolidine derivatives in hand, diastereoselective reduction using a range of reducing 

agents and conditions was attempted (Table 25). The d/r was determined by ratios of distinct 

protons in the 1H NMR spectrum and the best d/r was obtained when using the reducing agent 

DIBAL in THF at -78 oC. The best d/rôs were obtained from bulkier reducing agents and when 

the R group of the nitrogen bridgehead was a benzyl group (Table 25, entry 1, 3-4). The 

stereochemistry was later confirmed by the acquisition of a crystal structure of the decorated 

analogue 310 (Figure 29).  

 

Entry  Conditions R Outcome 

1 DIBAL (1M cyclohexane), 

DCM (0.08M),  

-78 oC - rt, 16h 

 

Bn 

d/r -3:1, Single 

isomer isolated after purification,  

302, 57%Ä 

2 DIBAL (1M cyclohexane), 

THF (0.08M), -78 oC - rt, 16h 

Me d/r - 3:2, Inseparable isomers  

303 (not isolated) 

3 DIBAL (1M cyclohexane), 

(3.0 eq.), 

para- 

fluorobenzyl 

d/r ï 3:1 

 
Ä Yield for the isolated major isomer. 
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DCM (0.08M), -78 oC- rt, 16 h 304, 50%Ä 

4 DIBAL (1M cyclohexane), 

THF (0.08M),  

-78 oC- rt, 16 h 

para- 

fluorobenzyl 

d/r ï 4:1, 

Single isomer obtained  

304 

5 NaBH4,  

-78 oC - rt,  

MeOH, 16 h 

para- 

fluorobenzyl 

d/r ï 1:1 

Inseparable isomers 

304 

6 CeCl3.7H2O,  

NaBH4, MeOH 

-78 oC ïrt, 16 h 

para- 

fluorobenzyl 

d/r ï 1:1 

Inseparable isomers 

304 

Table 25. Outcome of reduction reactions involving of the pyrollidine scaffolds 299 ï 301. 

With step 2 of the synthesis complete, the debenzylation of both the bridged nitrogen and the 

pyrrolidine nitrogen was attempted. 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 

capping groups at this position. However, the benzyl group on the pyrrolidine was removed 

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

(Table 26). Again, due to issues with polarity, (entry 3, Table 26), compound 307 was not 

isolated and instead telescoped through to the next step. 

 

 

Entry  Conditions NR Outcome 

1 Pd(OH)2/C, H2, MeOH, 

conc.HCl (0.02 eq.) 

Bn  305 (92%) 

2 Pd(OH)2/C, H2, MeOH, 

 

para-fluorobenzyl 306 (92%) 

3 Pd(OH)2/C, H2, MeOH, Me 307, Not isolated 

Table 26. Outcome of deprotection conditions involving scaffolds 302 ï 304. 
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With the third step of the scaffold synthesis achieved, the next aim was to decorate at the 

nitrogen of the pyrrolidine with a range of capping groups. The results are shown below where 

five diverse, novel compounds were synthesised (Scheme 51). A range of chemical reactions 

were performed at the free nitrogen, including amide synthesis, sulfonamide synthesis, 

reductive amination and urea formation All successful and failed reaction conditions can be 

seen in Appendix 6.1.2. 

 

________________________________________________________ 

 

 

Scheme 51. A general scheme 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 compound 310 (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 pyrrolidine ring. It was therefore postulated that 

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

consequently delivering the hydride to the more hindered face (Figure 29B). 
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A)  

 

    

 

 

Figure 29.A) A figure showing the crystal structure and its related compound 2.187. B) The proposed coordination of DIBAL 

and compound 2.187. 

 

3.1.3 Manipulation of the alcohol scaffold 178 

 

As described in Section 2.3.2, when attempting to reduce the double bond of the enone, alcohol 

179 was synthesised in quantitative yield on a large scale. With the free hydroxyl group being 

available for decoration, the key scaffold was subjected to a range of medicinally relevent 

capping groups. Seven final compounds were obtained from the decoration process, with each 

compound shown below (Scheme 52). The conditions for each reaction are shown in the 

Appendix 6.1.3.  
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Scheme 52. A scheme showing the seven final screening compounds synthesised from decoration of alcohol 178. 

 

3.1.4 Manipulation of secondary amine 324 

The next scaffold selected for library synthesis was the tertiary amine series. The proposed 

route was a three-step synthesis: (step i) reduction, (step ii) diastereoselective reductive 

amination and (step iii) decoration (Scheme 53). 

 

 

Scheme 53. A general scheme to synthesise some decorated screening compounds. Step(i) enone reduction, step(ii) reductive 

amination, step (iii) decoration. 

 

 

The initial step was performed in quantitative yield as explained previously in Section 2.3.2 

(Table 14). The scaffold-synthesising step was performed using conditions detailed earlier 

(Section 2.3.5), where the nucleophile methylamine was used. The reductive amination with 

methylamine was successful where compound 324 was synthesised with high levels of 

selectivity, with only one isomer being produced in a 41% yield. 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 similar compounds in the literature, where the amine shows a syn-relationship 


