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Abstract 

 

Gene regulation is governed by the assembly of protein complexes capable of reading 

post-translational modifications (PTMs) on chromatin. Bromodomains read acetyl-lysine 

PTMs on histone tails and are important determinants of epigenetic memory. Dysregulation 

of epigenetic processes has been shown to contribute to human disease and inhibitors of 

bromodomains, in particular, represent an emerging class of potential treatments and 

investigational tools. This thesis describes the research completed towards the design and 

synthesis of inhibitors of Bromodomain Extraterminal (BET) proteins, a family of 

bromodomain-containing proteins characterised by their tandem bromodomain modules. 

In the first section, compounds from a series of dimethylisoxazole quinoline BET 

inhibitors were investigated for their potential as intravenous-administered drug pre-

candidates. A detailed account of improving compound solubility and efforts to overcome a 

human ether-a-go-go related gene (hERG) developability issue is provided. Building on 

results gathered in the early stage of this research, a pyridine ring was used to lower 

lipophilicity compared to a phenyl ring and, in the case of an N-methylpiperazine substituted 

aryl ring, this transformation successfully abolished hERG activity. These encouraging data, 

combined with those obtained from biochemical, phenotypic and aqueous solubility assays, 

established the N-methylpiperazine substituted pyridine as the lead compound within this 

programme of research at that point in time. 

The second section details the development of a small molecule probe selective for the 

first bromodomains (BD1s) of the BET proteins. Here, a programme of research to enhance 

the selectivity and potency of the dimethylisoxazole quinoline series of inhibitors towards 

the BD1 domains is described. Using both data-driven and structure-based design, a 

dimethylisoxazole imidazolquinoline was developed and, upon screening, was found to 

exceed the programme requirements regarding potency and domain-selectivity.  

This molecule was used as a probe in biological studies alongside pan-BET inhibitors and 

demonstrated that the anti-inflammatory and antiproliferative phenotype typical of pan-BET 

inhibition was retained upon selective BD1-inhibition. With increasing interest in scientific 

community for the development of domain-selective BET inhibitors and their use in 

biological experiments, these studies provide an important foundation for further research in 

this specific arena.  
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Notes on Nomenclature 

In keeping with standard convention,
1
 gene names and symbols are italicised 

throughout this thesis, while the proteins encoded by these genes are written in plain text. In 

addition, human gene symbols and human protein abbreviations are displayed in upper case, 

whereas gene symbols and protein abbreviations for other species, such as mice, are written 

with only the first letter capitalised. Only abbreviations pertaining to human proteins have 

been provided above, but these may equally refer to non-human proteins or the 

corresponding gene encoding them.  
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1. Introduction 

The research presented in this thesis details the design and development of 

Bromodomain Extraterminal (BET) inhibitors. The four proteins which comprise the BET 

family each contain two conserved modules, known as a bromodomains, which recognise 

acetyl-lysine (KAc) post-translational modifications (PTMs) on chromatin. Through this 

mechanism, the BET proteins serve as epigenetic regulators of gene transcription and 

aberrant control of their function make BET bromodomains highly valued therapeutic 

targets. 

To provide greater understanding of the research presented, brief overviews of 

epigenetic and chromatin remodelling biological concepts are first presented, and these are 

followed by descriptions of bromodomains and the BET family of bromodomain-containing 

proteins, and their involvement in these areas of biology and in disease. To place the 

research described in this thesis into broader context, a review of BET inhibitors published in 

the literature is then presented in the final section of this introduction. 

 

1.1.  Epigenetics 

Epigenetics refers to heritable changes in gene function which are not caused by 

changes in the underlying deoxyribonucleic acid (DNA) sequence. While all cells within any 

one human carry the same DNA sequence, each cell type expresses different genes. The 

selective activation and/or silencing of gene expression gives rise to cellular differentiation 

and can be governed by epigenetic control. Diseases which have a genetic component may 

be modified by epigenetic mechanisms through their role in gene activation and silencing.
2
 

 

1.2.  Chromatin Structure, Modifications and Remodelling 

A number of mechanisms of epigenetic control have been discovered, one of which is 

chromatin remodelling.
3 
Within the cell, DNA is wrapped around histone protein octamers to 

form nucleosomes, the basic unit of chromatin (Figure 1). The role of chromatin is to 

package and strengthen DNA and control gene expression and DNA replication. Chromatin 

is a highly dynamic material mainly existing in two forms: heterochromatin - the closed and 

silent configuration consisting of densely packed chromatin; and euchromatin - the open and 

active configuration consisting of less densely packed chromatin.
4
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Figure 1. Structure of chromatin. 

Heterochromatin may be remodelled into euchromatin to allow access to DNA and 

facilitate gene transcription. A number of mechanisms control the dynamics of this 

remodelling, including cytosine methylation of DNA and post-translational modifications 

(PTMs) of histones.
5
 Numerous modifications are made in the flexible N-terminal tails of 

histone proteins and, to a lesser extent, with the C-terminal tails and globular domains.
3
 Only 

a subset of amino acids contained in the histone tails are known to be covalently modified, 

including lysine (Lys/K), arginine (Arg/R), serine (Ser/S), threonine (Thr/T), glutamic acid 

(Glu/E), proline (Pro/P), tyrosine (Tyr/Y) and histidine (His/H). A range of modifications to 

these amino acids may occur; a selection is shown in Table 1.
6,7

  

Modification 
Residue 

Modified 
Functions Regulated 

Acetylation (Ac) K 
Transcription, Repair, Replication, 

Condensation 

Methylation (Me) K Transcription, Repair 

 R Transcription 

Phosphorylation (Php) S, T Transcription, Repair, Condensation 

Ubiquitylation K Transcription, Repair 

Sumoylation K Transcription 

Adenosine diphosphate 

ribosylation 
E Transcription 

Deimination R Transcription 

Proline isomerisation P Transcription 

Table 1. A selection of histone PTMs.  
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The majority of modifications include the addition or removal of small, yet chemically 

and structurally distinct, moieties. These modifications provide a histone code which can be 

written, read and erased. 

A range of protein domains read the histone code by binding to PTMs in a specific 

manner, facilitating chromatin remodelling and gene transcription. Reader modules are 

structurally engineered to recognise: 

 the type of PTM; 

 a specific histone tail; 

 the position on the histone tail; and 

 the valency of the PTM. 

Also, combinations of PTMs may be read in parallel and the timing of the ‘reading’ 

can contribute to transcriptional activation. Reader modules grouped by domain family and 

the PTM marks they recognise are shown in Table 2.
7
 

 

Reader Module PTM mark 

Bromodomain KAc 

Royal Superfamily  

Chromodomain KMe 

Double chromodomain KMe 

Chromo barrel KMe 

Tudor KMe, RMe 

Double/tandem tudor KMe 

Malignant Brain Tumour (MBT) KMe 

Plant Homeodomain (PHD) finger KMe 

WD40 repeat KMe 

14-3-3 SPhp 

Breast Cancer Gene 1 Carboxy Terminus Domain (BRCT) SPhp 

Table 2. Histone reader modules and their associated PTM marks.  
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1.3.  Bromodomains and Reading of the Histone Code 

Bromodomains are an important class of reader module consisting of approximately 

110 amino acids which recognise acetyl-lysine (KAc) PTM marks on histone tails. They 

were first discovered in 1992 as evolutionary and structurally conserved modules in six 

human genes, Drosophilia Brahma and yeast.
8
 Bromodomain-containing proteins (BCPs) 

have crucial roles in transcriptional regulation through KAc recognition. They function as a 

scaffold for assembly of macromolecular complexes through protein-protein interactions and 

can remodel chromatin allowing recruitment or activation of ribonucleic acid  

(RNA) polymerases.
9
 Bromodomains are often found in combination with other epigenetic 

modifying domains, such as methyl and acetyl transferases, and other reader modules, such 

as PHD and tudor domains. Furthermore, multiple bromodomains can be found within the 

same protein such as in polybromodomain-1 (PB1) and the Bromodomain Extraterminal 

(BET) family, highlighting the complex and specific recognition of multiple PTMs. As such, 

the human genome encodes 42 BCPs encompassing 61 unique bromodomains (Figure 2).
10

 

 

Figure 2. Phylogenic tree displaying structural homology between BCPs.11 



Confidential – Property of GSK – Do Not Copy 

 

5 

The first three-dimensional structure of a bromodomain, transcriptional co-activator 

p300/CBP associated factor (PCAF), was solved by nuclear magnetic resonance (NMR) 

spectroscopy revealing an anti-parallel bundle of four left-handed α-helices (αZ, αA, αB and 

αC) with a left-handed twist (Figure 3a).
12

 From structure-based sequence alignment, the 

authors predicted that the entire bromodomain family shared a similar helix bundle. These 

original findings were confirmed when a high resolution crystal structure of the PCAF-

related bromodomain general control of amino acid synthesis 5 (Gcn5) was obtained in 

complex with histone H4 peptide, residues 15–29, acetylated at K16 (H415–29K16Ac)
13,14

 

(Figure 3b). Since then, the structures of over half the bromodomain family have been solved 

with all members found to contain a conserved fold.
15,16 

Loops linking each of the helices 

(ZA and BC loops) pack against each other creating a surface accessible hydrophobic 

depression into which the histone peptide binds. Shallow surface grooves and high residue 

variation within the loops on the rim of the KAc binding site are thought to contribute to the 

specificity of KAc peptide recognition.  

The acetyl-lysine segment of a histone tail inserts into a deep and narrow cavity lined 

with hydrophobic and uncharged residues (Figure 3c). The carbonyl of the acetyl group is 

anchored into this cavity through a direct hydrogen bond to the NH bond of a highly 

conserved asparagine (Asn/N) residue and through a water-bridged interaction with a highly 

conserved tyrosine residue. The bridging water molecule is part of a larger water network at 

the base of the recognition site which generally remains unchanged upon ligand binding. The 

methyl substituent of the acetyl group resides in a small hydrophobic pocket which can also 

tolerate larger propionylated and butyrylated lysine groups.
17

 

  

Figure 3. (a) Topology of the bromodomain fold. (b) Structure of H415–29K16Ac14 (carbon = yellow) in complex 

with Gcn5 (pdb 1E6I). (c) Recognition of KAc by conserved asparagine and tyrosine residues. 
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αA 

αC 
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ZA 
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Y364 
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More recently, the druggability of bromodomains was assessed using the extensive 

structural knowledge of this area.
18

 Accordingly, the bromodomain extraterminal (BET) 

family of BCPs have ranked highly in the subsequent analysis and these indications have 

been supported by the disclosure of various small molecule BET inhibitors (vide infra). 

Intense research into this family has led the way for bromodomain drug discovery and 

provided insight into the therapeutic potential of this target class. 

 

1.4. The BET Family of Bromodomain-containing Proteins 

The BET family is a subgroup of the bromodomain superfamily consisting of 

bromodomain-containing protein 2, 3 and 4 (BRD2, BRD3 and BRD4) and bromodomain 

testis-specific protein (BRDT). This protein family share similar gene arrangements, domain 

architecture (Figure 4) and functional properties, and are widely expressed in humans 

(except the testis and ovary localised BRDT). 

 
 

Figure 4. Domain architecture of BET proteins. 

The BET proteins are characterised by their two tandem bromodomains, which bind 

acetylated chromatin, and an extraterminal (ET) domain. The first bromodomain (BD1) is 

found closer to the N-terminus while the second bromodomain (BD2) is situated nearer the 

C-terminus. The serine-glutamic acid-aspartic acid-rich region (SEED) is a conserved 

domain across the BET proteins, while the carboxyl terminal domain (CTD) is only found in 

BRD4 and BRDT. Both BRD2 and BRD4 mediate transcriptional elongation through 

recruitment of positive transcription elongation factor b (P-TEFb).
19

 This protein complex is 

composed of a cyclin-dependent kinase 9 (CDK9) which, in its active form, phosphorylates 

RNA polymerase II (RNAPII), stimulating productive elongation and synthesis of messenger 

ribonucleic acid (mRNA).  

With a central role in normal cell cycle progression
20,21

 and cell growth,
22

 dysreg-

ulation of BET protein function is especially important in oncology. For example, 

translocation of the BRD4 gene (and, more rarely, BRD3) to the nuclear protein in testis 

(NUT) protein, results in an aggressive form of human squamous carcinoma termed NUT 

midline carcinoma (NMC).
23

 Inhibition of BRD4 as a treatment strategy for NMC was 
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validated after reduced proliferation and differentiation of tumour cells was found upon 

RNA silencing of BRD4 in NMC cell lines.
24

 A separate RNA interference screen identified 

Brd4 as a critical requirement for acute myeloid leukaemia (AML) disease maintenance. 

Suppression of BRD4 led to cell-cycle arrest and apoptosis of leukaemia cells  

through downregulation of the myelocytomatosis oncogene (MYC).
25

 Additionally, a BRD4 

transcriptional signature has been shown to be a robust predictor of breast cancer progression 

and/or survival.
26

 In addition to cancer, BET family members have been implicated  

in inflammatory disease
27,28,29 

with one notable study establishing the role of Brd4 in the 

activation of nuclear factor κB (NFκB)-dependant inflammatory genes in response to 

bacteria-derived endotoxin lipopolysaccharide (LPS) or tumour necrosis factor α (TNFα) 

stimulation.
30

 A number of studies have also suggested a role of the BET proteins in 

infectious diseases such as human immunodeficiency virus (HIV), herpes, and human 

papillomavirus.
31–33

 

Taken together, these studies clearly demonstrate the involvement of BET proteins in 

a variety of pathological conditions and make these BCPs desirable targets for 

pharmacological intervention. In particular, inhibition of bromodomain-KAc binding is an 

attractive strategy for probing BET biology further and as the basis of therapy, due to the 

importance of the reader module in transcriptional control. The weak interaction of the BET 

bromodomains with their substrates
10

 suggests that competitive displacement with small 

molecules would be favourable with rational design of such inhibitors facilitated by the 

availability of appropriate X-ray crystal structures. 

Human BET bromodomains are well characterised with 7 apo structures publicly 

available. The overall structures are shown in Table 3, with the conserved four helical 

bromodomain fold being evident. Similar loop lengths are apparent within the family, 

although BRDT has an extended helix within the ZA loop. 
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 BRD2 BRD3 BRD4 BRDT 

BD1 

 
pdb 1X0J

34
 

 
pdb 2NXB

10
 

 
pdb 2OSS

10
 

 
pdb 2RFJ

10
 

BD2 

 
pdb 2DVV

35 
 

pdb 2OO1
10

  pdb 2OUO
10

 

Not solved 

Table 3. Apo structures of human BET bromodomains. 

In contrast to the structural features noted above, noticeable differences are apparent 

in the electrostatic potential around the KAc binding site (Table 4) and these may give rise to 

selective histone tail recognition.
10

 However,
 

the
 

key asparagine and tyrosine KAc 

recognition residues at the base of the binding site are conserved across the BET 

bromodomains (Figure 5); the X-ray crystal structure of histone peptide H47–17K8AcK12Ac
14

 

bound to BRD4 BD1
10

 highlights the importance of these residues in KAc binding (Figure 

6). Either valine (Val/V) or isoleucine (Ile/I) ‘gatekeeper’ residues are present in all the BET 

bromodomains and allow access to a hydrophobic region of the ZA loop termed the 

tryptophan-proline-phenylalanine (TrpProPhe/WPF) shelf. A nearby methionine (Met/M) on 

the C-helix influences the position of the tryptophan shelf residue creating a relatively 

enclosed hydrophobic pocket not present in other bromodomains. Additionally, extended ZA 

loops are found in the BET family compared to other bromodomains. 

  

αB 

αZ 

αA 

αC 

BC 

ZA 
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 BRD2 BRD3 BRD4 BRDT 

BD1 

 
pdb 1X0J

34
 

 
pdb 2NXB

10
 

 
pdb 2OSS

10
 

 
pdb 2RFJ

10
 

BD2 

 
pdb 2DVV

35
 

 
pdb 2OO1

10
  pdb 2OUO

10
 

Not solved 

Table 4. Electrostatic surface potentials of human BET bromodomains. 

                   
 BRD2 BD1   77 NQLQYLHKVVMKALWK...HQFAWPFRQPVDAVKLGLPDYHKIIKQPMD 122 

 BRD3 BD1   37 NQLQYMQNVVVKTLWK...HQFAWPFYQPVDAIKLNLPDYHKIIKNPMD  82 

 BRD4 BD1   61 NQLQYLLRVVLKTLWK...HQFAWPFQQPVDAVKLNLPDYYKIIKTPMD 106 

 BRDT BD1   30     NQLQYLQKVVLKDLWK...HSFSWPFQRPVDAVKLKLPDYYTIIKNPMD  75 

 BRD2 BD2 347 SEQLKHCNGILKELLSKKHAAYAWPFYKPVDASALGLHDYHDIIKHPMD 395 

 BRD3 BD2 309 SEHLRYCDSILREMLSKKHAAYAWPFYKPVDAEALELHDYHDIIKHPMD 357 

 BRD4 BD2 351 SEQLKCCSGILKEMFAKKHAAYAWPFYKPVDVEALGLHDYCDIIKHPMD 399 

 BRDT BD2 268 TEQLRHCSEILKEMLAKKHFSYAWPFYNPVDVNALGLHNYYDVVKNPMD 317 
 

                              
 BRD2 BD1 MGTIKRRLENNYYWAASECMQDFNTMFTNCYIYNKPTDDIVLMAQTLEKIFLQKVA 178 

 BRD3 BD1 MGTIKKRLENNYYWSASECMQDFNTMFTNCYIYNKPTDDIVLMAQALEKIFLQKVA 138 

 BRD4 BD1 MGTIKKRLENNYYWNAQECIQDFNTMFTNCYIYNKPGDDIVLMAEALEKLFLQKIN 162 

 BRDT BD1 LNTIKKRLENKYYAKASECIEDFNTMFSNCYLYNKPGDDIVLMAQALEKLFMQKLS 131 

 BRD2 BD2 LSTVKRKMENRDYRDAQEFAADVRLMFSNCYKYNPPDHDVVAMARKLQDVFEFRYA 451 

 BRD3 BD2 LSTVKRKMDGREYPDAQGFAADVRLMFSNCYKYNPPDHEVVAMARKLQDVFEMRFA 413 

 BRD4 BD2 MSTIKSKLEAREYRDAQEFGADVRLMFSNCYKYNPPDHEVVAMARKLQDVFEMRFA 455 

 BRDT BD2 LGTIKEKMDNQEYKDAYKFAADVRLMFMNCYKYNPPDHEVVTMARMLQDVFETHFS 372 
 

Figure 5. Amino acid sequence alignment of human BET proteins. The conserved tyrosine (violet) and asparagine 

(green) KAc recognition residues are highlighted. Gatekeeper residues (blue) allow access to the WPF shelf 
(magenta). 

Z ZA Loop 

B AB Loop A 
BC 

 Loop C 
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Figure 6. Crystal structure of H47–17K8AcK12Ac14 (carbon = yellow) in BRD4 BD1 (pdb 3UW9). (a) Molecular 
surface representation of the binding site. (b) Ribbon representation with KAc interactions highlighted. 

These structural features make the BET bromodomains attractive targets for 

interaction with small molecules. A sufficiently large and enclosed surface area presents 

opportunity for high affinity binding, while architectural differences over other 

bromodomains make selectivity for the BET bromodomains achievable. Furthermore, as the 

BET proteins contain multiple domains, the identification of small molecules which are 

specific for the bromodomains are important to establish an understanding of the effects of 

inhibiting KAc binding without affecting the other roles of the BCP. This is an area of 

research which was, until recently, relatively under-explored, and over the course of the 

studies presented in this thesis, a number of BET bromodomain inhibitors have been 

discovered. Several of these molecules have been reviewed in the context of epigenetic 

modifiers,
2
 bromodomain ligands,

36–42
and, more specifically, BET bromodomain inhibitors.

43 

An up-to-date BET bromodomain-focused review of small molecule inhibitors will now be 

presented with emphasis on the development and application of these molecules. 
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1.5. Triazolodiazepine and Related BET Inhibitors 

Over recent years, BET inhibitors from a variety of structural classes have been 

discovered. The first potent and selective structures disclosed were the benzodiazepines 

(BzDs) GW841819X and I-BET762, and the thienodiazepine (+)-JQ1 (Figure 7). 

 

Figure 7. First generation BET inhibitors and their associated numbering systems. 

Importantly, studies with these first generation molecules have provided greater 

understanding of the relevance of BET bromodomains in disease. In fact, the mode of action 

(MOA) of the triazolobenzodiazepines GW841819X and I-BET762 was unknown at the 

point of identification.
44

 These compounds were discovered as part of a drug discovery 

programme targeting the Apolipoprotein A1 protein (ApoA1) as a treatment for 

atherosclerosis. A cell reporter phenotypic screen identified compounds belonging to the 

BzD structural class as specific activators of ApoA1 and, upon minimal optimisation, 

GW841819X was discovered.
44

 This compound exhibited an EC50 of 440 nM in the ApoA1 

reporter gene assay and its specificity as an ApoA1 upregulator was confirmed in a 

subsequent experiment. A medicinal chemistry programme to optimise physicochemical and 

pharmacokinetic (PK) properties led to the synthesis of I-BET762 (Scheme 1) which 

displayed similar activity to GW841819X with an EC50 = 700 nM.
44

 The S-enantiomer  

(I-BET762) was confirmed as the active stereoisomer, with the R-enantiomer (7) producing 

no effect on ApoA1 induction. Further details regarding the lead optimisation effort towards 

I-BET762 have only recently been disclosed.
45
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Scheme 1. Synthetic route to I-BET762 and its enantiomer 7. 

Synthesis of I-BET762 commenced with amidation of (2-amino-5-methoxyphenyl)(4-

chlorophenyl)methanone 1 with the acid chloride derived from fluorenylmethyloxycarbonyl 

(Fmoc)-aspartic acid methylester.
44

 The benzodiazepine scaffold was then constructed by 

Fmoc-deprotection, followed by acid-promoted cyclisation furnishing lactam 2 in 30% 

overall yield. Conversion into the thiolactam 3 with Lawesson’s reagent was achieved in 

high yield (81%) but with loss of stereochemical integrity. Reaction with hydrazine 

monohydrate followed by acetylation and cyclisation gave the annulated triazole 4 in 91% 

yield over the three steps. Straightforward saponification and O-(benzotriazol-1-yl)-

N,N,N′,N′-tetramethyluronium hexafluorophosphate (HBTU)-mediated amide formation 

gave the racemate 6, which upon separation by chiral high-performance liquid 

chromatography (HPLC) gave I-BET762 and its inactive stereoisomer 7. 
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With this compound in hand, efforts to identify the molecular target ensued but 

screening against a panel of diverse targets failed to provide any insight.
44

 Accordingly, a 

chemoproteomics approach was taken using the I-BET762 derivative 8 (Figure 8) attached to 

an agarose matrix. 

 

Figure 8. I-BET762 derivative 8 used for chemoproteomic studies. 

After incubation of the BzD 8-matrix in cell lysates, the BET family members were 

identified as the interacting proteins.
44

 Subsequent immunoprecipitation experiments 

revealed that the BzD 8-matrix interacted with an N-terminal truncate of BRD2 (containing 

BD1 and BD2), so isothermal titration calorimetry (ITC) was used to define the binding 

constants within this region of BRD2, 3 and 4  (Table 5).  

 Kd (nM) 

 GW841819X 

CGW841819X 
I-BET762 

BRD2 80 61.3 

BRD3 19 50.5 

BRD4 24 55.2 

Table 5. Summary of ITC results for BzDs GW841819X and I-BET762. 

High affinities were determined for both GW841819X and I-BET762 and, 

interestingly, BzD:protein binding stoichiometries of 2:1 were measured in each experiment 

indicating that the BzDs bound to both bromodomains in each protein.
44

 Further ITC 

experiments were then carried out using BRD2 protein constructs containing individual 

bromodomains and revealed similar dissociation constants for BD1 and BD2 (46.0 and 52.5 

nM, respectively). 
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Next, the ability of GW841819X and I-BET762 to interfere with KAc recognition by 

BET bromodomains was demonstrated using fluorescence resonance energy transfer (FRET) 

assay technology.
44

 Inhibition of acetylated-lysine histone peptide binding to tandem 

bromodomain constructs of BRD2, 3 and 4, resulted in IC50 values ranging from 16 to 42 nM 

(Table 6). 

 IC50 (nM) 

 GW841819X I-BET762 

BRD2 29.9 32.5 

BRD3 28.4 42.4 

BRD4 15.5 36.1 

Table 6. BzD inhibition constants of an acetylated-lysine histone peptide using FRET technology. 

While chemoproteomics from cell lysates retrieved only BET proteins, differential 

scanning fluorimetry (DSF) experiments were conducted to precisely determine the 

bromodomain selectivity now that binding to the BET family of BCPs was confirmed.
44

 

Negligible binding was observed for I-BET762 against Adenosine Triphosphatases 

Associated with Diverse Cellular Activities Domain-containing Protein 2 (ATAD2), cyclic 

adenosine monophosphate response binding element binding protein (CREBBP), 

bromodomain adjacent to zinc finger domain 2B (BAZ2B), PCAF, and SP140 nuclear body 

protein (SP140). 

Insight into how the BzDs bound to the BET bromodomain fold and achieved 

selectivity over other BCPs was realised through X-ray crystallography.
44

 High resolution 

cocrystal structures were solved in BRD2 BD1 and showed both molecules binding in a 

similar manner to the KAc binding site (Figure 9a). 
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Figure 9. (a) X-ray crystal structure overlay of GW841819X (carbon = magenta, pdb 2YDW) and I-BET762 

(carbon = yellow, pdb 2YEK) in BRD2 BD1. (b) Superimposed complexes of GW841819X (carbon = magenta, 

pdb 2YDW) and histone peptide H41–15K12Ac14 (carbon = cyan, pdb 2DVQ) in BRD2 BD1. (c and d) Distances 

(Å) of key hydrogen bonds of GW841819X (carbon = magenta, pdb 2YDW) and histone peptide H41–15K12Ac14 

(carbon = cyan, pdb 2DVQ) in BRD2 BD1. (e and f) Alternative surface representations of GW841819X (carbon 

= magenta) in BRD2 BD1 (pdb 2YDW). 
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The triazole rings of GW841819X and I-BET762 directly hydrogen-bonded to the 

NH2 group of Asn156 through the N2 atom while a water-bridged hydrogen bond to the 

hydroxyl group of Tyr113 was made through N3. The triazole ring therefore mimicked KAc-

binding and this was confirmed by superimposition of a published structure of the histone 

peptide H41–15K12Ac
14

 bound to BRD2 BD1
46

 with the GW841819X-BRD2 BD1 structure 

(Figure 9b). It was evident that the N2 of the triazole ring was in a similar position to the 

KAc carbonyl of the histone peptide but the smaller KAc group sat slightly deeper in the 

binding site and with two lone pairs available to accept hydrogen bonds, bound to both 

Asn156 and through-water to Tyr113. The triazole, however, had to make the key hydrogen 

bonds through separate nitrogen atoms, the distances of which were marginally greater than 

for those measured for the acetylated peptide (Figure 9c and d) (it should be noted that the 

KAc amide of histone peptide appeared non-planar through erroneous fitting in the published 

structure
46

). Both the acetyl methyl group of H41–15K12Ac peptide
14

 and the C1-methyl of 

GW841819X pointed towards the small hydrophobic pocket formed by Phe99 which was 

adjacent to the conserved water network. 

In addition to the features described above, a direct hydrogen bond donor (HBD) 

interaction was made by the carbamate NH of GW841819X to the side chain carbonyl 

oxygen of Asn156. A methylene group occupied the corresponding position in I-BET762, 

which instead hydrogen bonded through the amide NH via a water molecule (not shown). It 

was clear from the crystal structure of GW841819X that the stereogenic centre substituted 

with the benzyl carbamate possessed the same configuration of groups (albeit with different 

priority assignment) as I-BET762. The authors suggest the opposite stereoisomers would 

sterically clash with leucine (Leu/L)108 and Leu110 resulting in weakened activity.
44

 

The high activity of the BzDs was partly attributed to their curved nature which neatly 

complemented the binding site architecture (Figure 9e). The benzodiazepine fused phenyl 

ring occupied a cleft between Pro98 (of the WPF motif) and Leu108 located on the ZA loop, 

which was termed the ZA channel. Interactions in this region were expected to contribute to 

the notable selectivity over other BCPs. The other important determinant of selectivity was 

the WPF shelf on the ZA loop. This hydrophobic region of the bromodomain, created by the 

WPF motif and the adjacent Ile162 and Met165 residues, was occupied by the pendant  

6-position phenyl of GW841819X (Figure 9e and f). Access to the WPF shelf was afforded 

by the small Ile162 gatekeeper which is replaced by larger residues in some other BCPs (e.g. 

a tyrosine in the closely related Gcn5), and, consequently, afforded selectivity for BET 

BCPs. The high conservation of the ZA channel and WPF shelf within the BET family 

explained the lack of selectivity measured for each BET protein subtype. For example, the 
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researchers demonstrated similar binding interactions for GW841819X in BRD4 BD1 when 

compared to the same compound complexed in BRD2 BD1. Moreover, despite a lower 

sequence identity between BRD2 BD1 and BRD2 BD2, conservation of key binding residues 

afforded comparable binding modes accounting for the similar measured affinities against 

the isolated domains.
44

 

With the mode of action of these BzDs clearly established, small interfering 

ribonucleic acid (siRNA) knockdown experiments were performed in order to clarify that 

inhibition of the BET transcriptional regulators increased ApoA1 expression.
44

 Accordingly, 

it was shown that knockdown of BRD2 and BRD3 had no effect, while progressive 

knockdown of BRD4 resulted in ApoA1 upregulation.  

Further biological studies demonstrated the ability of I-BET762 to disrupt  

chromatin complexes required for expression of inflammatory genes.
47

 In a gene array study, 

stimulation of bone-marrow derived mouse macrophages with LPS resulted in upregulation 

of numerous inflammatory genes. However, pre-treatment with I-BET762 suppressed 38 and 

151 of the LPS-inducible genes at 1 and 4 h, respectively. Expression of key inflammatory 

chemokines and cytokines, including Il-6, were inhibited by I-BET762 with similar effects 

observed in response to siRNA-mediated knockdown of BET. Reduced recruitment of BET 

to the promoter of the Il-6 gene was revealed as the mechanism for observed anti-

inflammatory effects of I-BET762. 

These results suggested inflammatory conditions could be treated with I-BET762. 

Accordingly, in an in vivo model of sepsis and endotoxic shock, mice pre-treated with I-

BET762 were afforded protection against lethal doses of LPS or heat killed Salmonella 

typhimurium.
47

 The molecule also showed efficacy even when dosed after LPS injection, 

curing the developing symptoms of inflammatory disease and preventing death. 

Through these studies, the first generation pan-BET inhibitors GW841819X and  

I-BET762 were discovered, and the potential of I-BET762 as an immunomodulatory drug 

was established. It was shown how phenotypic screening identified a cell permeable 

molecule with the desired phenotype at an early stage.
44

 Subsequently, chemoproteomic 

experiments were conducted and identified the BET proteins as the biological targets and 

subsequent profiling demonstrated high binding affinities to BET bromodomains but limited 

structure activity relationship (SAR) was presented (more detailed SAR data has only 

recently been released
45

). Although specific data were not reported, the physicochemical and 

PK profiles of I-BET762 were suitable for in vivo studies in mice. Demonstration that this 

molecule possessed anti-inflammatory properties highlighted the exciting potential of 

bromodomain inhibitors in the treatment of disease.
47

 Indeed, our laboratories have now 
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progressed I-BET762 into a phase I/II clinical trial in NMC patients.
48

 In the future, 

expansion into different indications and development of alternative administration methods 

would be of value to the scientific community. Since both I-BET762 and GW841819X 

induced pan-BET inhibition, further research to deconvolute the role of specific 

bromodomains within the family with selective inhibitors would also be desirable. 

At the same time as the immunomodulatory properties of I-BET762 were disclosed, a 

report was published highlighting the anti-tumour properties of a related BET inhibitor  

(+)-JQ1.
49

 Using information contained within a patent from Mitsubishi Pharmaceuticals 

disclosing a series of triazolothienodiazepines with binding activity for BRD4,
50

 molecular 

modelling experiments in BRD4 BD1 were conduced and the t-butyl ester (+)-JQ1 was 

designed as a putative ligand.
49

 This molecule was subsequently synthesised according to 

Scheme 2. 

 
Scheme 2. Synthesis of triazolothienodiazepine (±)-JQ1. 

The first step in the synthesis involved formation of the 2-aminothiophene 10 by 

reaction of 4-chlorobenzoyl acetonitrile 9 with sulfur and 2-butanone (70% yield). 

Amidation with Fmoc-Asp(O
t
Bu)-OH using 2-(6-chloro-1H-benzotriazole-1-yl)-1,1,3,3-
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tetramethylaminium hexafluoro-phosphate (HCTU) gave the coupling product 11 (90% 

yield) and subsequent deprotection gave the free amine 12 in 90% yield. Over the course of 

these steps, the stereochemical integrity was compromised with the enantiomeric purity of 

amine 12 determined as 75%. Further racemisation occurred when forming the 

thienodiazepine scaffold. Heating amine 12 with acetic acid induced cyclisation to the lactam 

13 in an efficient manner (95% yield) but with decreased enantiomeric purity (67%). 

Reaction with phosphorus pentasulfide formed the thioamide 14 in moderate yield (65%) 

with the remaining mass balance being comprised of starting material. With the thioamide in 

hand, triazole ring formation was effected by reaction with hydrazine followed by trimethyl 

orthoacetate in 85% yield. The enantiomeric purity was further diminished over the course of 

these final steps providing (±)-JQ1. Based on all of this, the researchers executed a modified 

route which attenuated racemisation (Scheme 3).
49  

 

Scheme 3. Optically-enriched synthesis of triazolothienodiazepine (+)-JQ1. 

Starting from the 2-aminothiophene 10, (benzotriazol-1-

yloxyl)tripyrrolidinophosphonium (PyBOP) was used to form amide 11 in 72% yield, which 

was followed by Fmoc-removal to afford the amine 12 (90% yield). With identical 

deprotection conditions used as in the synthesis of (±)-JQ1, it was the switch from HCTU to 

PyBOP which reduced racemisation in the enantio-enriched synthesis (enantiomeric purity = 

91%). Another step important in determining the stereochemical outcome was cyclisation to 

the thienodiazepine 13. Use of silica gel as a reagent to effect this reaction resulted in 

negligible loss of enantiomeric purity (90%). Finally, conditions were modified for the 

triazole annulation. The sequential addition of potassium tert-butoxide, diethyl 
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chlorophosphate, acetic hydrazide, and 1-butanol, and careful control of temperature, 

resulted in a 92% yield without further degradation of the enantiomeric purity (90%). After 

preparative chiral HPLC, the S-enantiomer was obtained in >99% enantiomeric excess (e.e.) 

and labelled (+)-JQ1. Synthesis and chiral HPLC purification of the R-enantiomer was 

completed in a similar fashion to give (−)-JQ1 (>99% e.e.).  

Like BzDs GW841819X and I-BET762, the configuration of the stereogenic centre of 

JQ1 was critical for activity. In DSF assays, (+)-JQ1 showed thermal stabilisation of the 

BET proteins, while (−)-JQ1 did not demonstrate any measurable stabilisation.
49

 

Furthermore, (+)-JQ1 was highly selective for the BET family in a panel of thirty other 

BCPs. Precise determination of binding constants was carried out using ITC with Kd values 

correlating well with thermal shift data. Nanomolar affinities for individual BET 

bromodomains resulted after protein titration into (+)-JQ1 with comparable Kd values found 

for BRD3 BD1, BRD3 BD2, BRD4 BD1, and BRD4 BD2 (Table 7). 

 Kd (nM) 

 BD1 BD2 

BRD2 128.4 NT 

BRD3 59.5 82.0 

BRD4 49.0 90.1 

BRDT 190.1 NT 

Table 7. ITC-determined Kd values for (+)-JQ1 in single BET bromodomain protein constructs. 

Amplified luminescence proximity homogeneous assay (ALPHA) technology was 

used to verify that (+)-JQ1 competitively displaced KAc from BET bromodomains.
49

 Indeed, 

acetylated histone peptide binding to BRD4 BD1 and BRD4 BD2 was inhibited by (+)-JQ1 

with nanomolar potencies (IC50 = 77 nM and 33 nM, respectively). The specificity of  

(+)-JQ1 for the BET bromodomains was further confirmed after screening against a panel of 

55 human recombinant ligand receptors, ion channels and transport proteins, which revealed 

no significant off-target activity. A PK study of (+)-JQ1 in mice revealed a moderate 

clearance (33 mL/min/kg), a short half life (1.4 h), and high oral bioavailability (F = 49%). 

The inhibitory properties of (+)-JQ1 were assessed in a cellular environment using 

fluorescence recovery after photobleaching (FRAP) experiments.
49

 Cells transfected with 

green fluorescent protein (GFP)–labelled BRD4 were treated with (+)-JQ1 and, upon 

photobleaching, immediate recovery of fluorescence was observed when compared to 

vehicle control, indicating (+)-JQ1 had displaced BRD4 from nuclear chromatin liberating 
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freely diffusing fluorescent protein. A FRAP experiment in cells transfected with GFP–

BRD4–NUT also showed accelerated fluorescence recovery upon (+)-JQ1 treatment, 

demonstrating direct displacement of the oncoprotein from nuclear chromatin.  

Next, Filippakopoulos et al. examined the impact of BRD4–NUT inhibition in a 

patient-derived NMC cell line.
49

 Immunohistochemistry analysis showed that (+)-JQ1 

induced squamous differentiation and growth arrest, a phenotype equivalent to that observed 

by RNA knockdown of BRD4 in a previous study.
24

 Finally, three mice xenograft models of 

NMC were developed to assess the efficacy of (+)-JQ1 in vivo. Mice treated with (+)-JQ1 

showed induction of squamous differentiation, reduction in tumour growth, and enhanced 

survival versus vehicle-treated mice.
49

 

This study has inspired application of (+)-JQ1 as a probe molecule in other 

oncological settings including AML,
25

 various multiple myelomas,
51

 Burkitt’s lymphoma,
52

 

B-cell acute lymphoblastic leukaemia
53

 and lung cancer.
54

 In addition, (+)-JQ1 has  

shown promise as a therapy for viral disease,
55–57

 inflammatory disorders,
58

 and idiopathic 

pulmonary fibrosis,
59

 while its utility as a male contraceptive
60

 has also been explored. 

The seminal Nature publication detailing studies with (+)-JQ1
49

 has generated huge 

interest in the bromodomain arena. Using knowledge of the patent literature, members of the 

Bradner laboratory and the Structural Genomics Consortium (SGC) devised this first 

generation pan-BET inhibitor possessing high affinity and selectivity for the BET 

bromodomains. Moreover, (+)-JQ1 was suitably permeable and metabolically stable 

allowing studies in cellular systems and in vivo. These properties, combined with its 

commercial availability, have seen the application of (+)-JQ1 in a range of studies by 

academic and industrial laboratories. Up until recently, the attention of the scientific 

community has predominantly focused on its use in cancer, but results from explorations into 

other disease areas are starting to emerge. While the utility of (+)-JQ1 as a probe molecule is 

undisputed, it is unknown whether it possesses a suitable safety profile as a therapy for 

humans. In relation to this, future generations of BET inhibitor with prolonged exposures 

would be beneficial, as well as molecules exhibiting bromodomain selectivity within the 

BET family. 

Structurally related analogues of I-BET762 and (+)-JQ1 have also been investigated. 

In work by Filippakopoulos et al., the triazolo-BzD and triazolo-benzotriazepine (BzT) 

scaffolds were validated as privileged structures for BET inhibition.
61

 BzDs in particular are 

important in small molecule therapy with many approved for clinical use in the treatment of 

sleeping disorders, seizures, muscle spasms, and anxiety via action through the  

γ-aminobutyric acid (GABA) receptor (Figure 10). The disclosure of triazolo-BzD I-BET762 
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prompted these researchers to investigate whether marketed BzDs interacted with the BET 

proteins. 

 

Figure 10. BzDs approved for clinical use and novel BET inhibitor BzT 15. 

DSF screening of clinical BzDs revealed interesting SAR. Alprazolam demonstrated 

large increases in thermal stability of BET proteins over selected BCPs from other families 

of the bromodomain phylogenic tree, indicating specificity for the BET family.
61

 The methyl 

group of the triazole ring in alprazolam was determined important for BET binding with 

estazolam displaying significantly lower Tm shifts. Only slight protein stabilisation was 

observed with triazolam indicating ortho-substitution of the 6-phenyl was unfavourable. 

Finally, reduced thermal shifts were found with midazolam revealing a poor tolerance for an 

imidazole over a triazole ring.  

  

 

Figure 11. SAR investigations of BzDs (a) and BzTs (b). 

A number of BzD analogues (17–20) containing larger substituents on the triazole ring 

were prepared to explore SAR and attempt to displace postulated conserved waters in the 

KAc binding site (Figure 11a).
61 

However, this SAR investigation was performed with a 

suboptimal 6-ethyl group and, consequently, none of the triazole ring substituents, including 

the baseline methyl BzD 16, displayed appreciable binding. More valuable insight into 

triazole ring SAR was achieved in the more active BzT series with a 6-phenyl group. Here, 

(b) 

(a) 
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the primary amine 21 showed reduced thermal shifts relative to its methyl congener 15, 

while the triazolone 22 displayed negligible shifts (Figure 11b).
61

 

Confirmation that alprazolam bound to the bromodomain fold of BET was obtained by 

X-ray crystallography in BRD4 BD1 (Figure 12a).
61

 A similar binding mode compared to  

I-BET762 and (+)-JQ1 was observed with the triazolo ring mimicking KAc recognition by 

forming a hydrogen bond with Asn140 (Figure 12b). The good shape complementarity with 

the binding site and occupation of the WPF shelf by the 6-phenyl substituent were cited as 

being contributors to the high activity. A complex of midazolam in BRD4 BD1 was also 

solved and both crystal structures used to rationalise SAR for the clinical BzDs. It was 

apparent that midazolam, lacking a heterocyclic nitrogen atom compared to alprazolam, was 

unable to make the key interaction to Asn140 resulting in outward displacement of this 

ligand from the KAc binding site (Figure 12c), contributing to lowered ΔTm measurements.  

 

  

Figure 12. (a) Crystal structure of alprazolam (carbon = magenta) bound to BRD4 BD1 (pdb 3U5J). A protein 

molecular surface was applied. (b) Overlay of alprazolam (carbon = magenta, pdb 3U5J), I-BET762 (carbon = 

yellow, pdb 3P50) and (+)-JQ1 (carbon = green, pdb 3MXF) in BRD4 BD1; solvent was omitted for clarity.  

(c) Overlay of alprazolam (carbon = magenta, pdb 3U5J) and midazolam (carbon = cyan, pdb 3U5K) in BRD4 
BD1; solvent was omitted for clarity. 
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The authors also found that the dihedral angle of the 2-fluorophenyl group in 

midazolam (45º) was larger than that measured for the phenyl group in alprazolam (29º).
61

 

This latter observation was used to rationalise the poor activity of triazolam which contains a  

2-chlorophenyl and was therefore expected to be rotated to a greater extent. A structure of 

BzT-7 in BRD4 BD1 (not shown here) was also solved verifying binding at the KAc 

recognition site in a similar manner to the clinical BzDs. 

ITC measurements were conducted for alprazolam and triazolo-BzT 15 in BRD4 BD1 

and the resulting binding constants compared to those published for (+)-JQ1, along with 

thermal shift data (Table 8).
61

 Only moderate ΔTm values were measured for alprazolam and 

triazolo-BzT 15 in comparison to (+)-JQ1 and these translated into lower Kd values. The 

modest result for alprazolam highlighted the importance of the t-butyl ester functionality in 

(+)-JQ1 for high affinity binding. The triazolo-BzT 15 still bound to BRD4 BD1 with good 

affinity (0.64 μM) but was almost an order of magnitude less potent than (+)-JQ1. 

 ΔTm (º C) Kd (μM) 

Alprazolam 4.7 2.46 

15 4.2 0.64 

(+)-JQ1 9.3 0.049 

Table 8. Biophysical measurements for alprazolam and triazolo-BzT 15 in BRD4 BD1. 

The structural requirements for binding to the BET proteins with BzDs and BzTs were 

established in this work through SAR exploration and structural studies. Although clinically-

approved BzDs were found to bind to the BET bromodomains, only weak activity was 

observed suggesting that BET-mediated transcriptional control side-effects were unlikely to 

occur during therapy. Novel BzDs and BzTs were also designed and prepared but did not 

show potency improvements over I-BET762 or (+)-JQ1. Interestingly, results from DSF 

experiments indicated that certain analogues preferentially bound to BD2 but accurate 

quantification was not carried out.
61

 Overall, the SAR generated for triazolo-BzDs and their 

further validation as privileged BET bromodomain ligands represent the foremost 

contributions to this research field to date. 

More recently, a letter describing the discovery of an isoxazole azepine BET inhibitor 

was published by Constellation Pharmaceuticals.
62

 Inspired by crystallographic data obtained 

for the fragment hit 23 (Figure 13), an isoxazole motif was incorporated into an azepine 

scaffold to mimic the shape of (+)-JQ1 and synthetic explorations conducted at the 4- and  

6-positions to determine SAR with regard to BRD4 BD1 binding affinity and activity in a 

MYC-dependant cancer cell line (Raji).  
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Figure 13. Structure-based design of an isoxazole azepine BET inhibitor from Gehling and co-workers. 

Upon in vitro ADME profiling of a number of cell active analogues, isoxazole azepine 

24 was progressed for PK studies where suitable oral exposure in mouse was achieved to 

warrant investigation in vivo.
62

 Here, dose-dependent decrease of MYC expression was 

observed upon oral administration to mice xenografted with Raji tumour cells. A time course 

experiment showed inhibition out to 8 h after which MYC expression recovered. 

This work
62

 demonstrated the fusion of two privileged KAc mimetics, the 

triazolothienodiazepine and the isoxazole, a class of BET inhibitor discussed in more detail 

in the following section. The resulting isoxazole azepines provided entry into novel chemical 

space, but did not provide any other clear benefits. In fact, the direct isoxazole azepine 

analogue of (+)-JQ1 showed reduced BRD4 BD1 and cellular activity, and marginally 

reduced exposure following oral dosing in mouse. Aqueous solubility and suitability for 

alternative dosing methods were not reported. While negligible binding at other selected 

BCPs was confirmed, the selectivity over other BET family members or BRD4 BD2 was not 

determined.  

 

1.6. 3,5-Dimethylisoxazole BET Inhibitors 

The 3,5-dimethylisoxazole unit has also proven to be a privileged motif for 

bromodomain inhibition. Several groups have published BET inhibitors containing this 

structure, with the most advanced compound being a dimethylisoxazole imidazoquinolinone  

I-BET151 (vide infra), which, similarly to I-BET762, originated as an upregulator of 

ApoA1.
63

 In this regard, a high-throughput screening (HTS) campaign, using a reporter gene 

assay, identified the 3,5-dimethylisoxazole quinoline GW694481 (Figure 14) as a hit 

molecule with an EC170 = 0.5 μM. 
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Figure 14. 3,5-Dimethylisoxazole quinoline hit GW694481 identified from a HTS. 

Testing of analogues identified from substructure searching demonstrated the 

dimethylisoxazole as critical for activity, while the 3- and 4-positions were suitable areas for 

optimisation.
63

 In particular, overcoming a cytochrome P450 (CYP) inhibition issue was 

necessary to minimise potential drug–drug interactions, as ApoA1 upregulator therapy was 

expected to be in combination with statins. 

The synthesis outlined in Scheme 4 allowed the authors to explore a number of 

positions in this compound series.
63

 

 

Scheme 4. Synthetic routes used by Mirguet and co-workers for SAR exploration of dimethylisoxazole 

quinolines.63 
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The first stage of the preparative sequence employed complementary Suzuki-Miyaura 

coupling strategies using either the iodide 25 or the boronic acid 26 to give the nitro-

containing compounds 27, with subsequent reduction affording anilines 28. Condensation 

with diethyl 2-(ethoxymethylene)malonate, followed by cyclisation in refluxing 

diphenylether gave quinolinone esters 29. Altering the order of transformations from these 

intermediates allowed for diversification. Saponification, chlorination then amidation gave 

the late stage intermediates 30. This sequence allowed modification at the 4-position while 

retaining a 3-primary carboxamide to give dimethylisoxazole quinolines 31. Alternatively, a 

chlorination followed by an SNAr-saponification sequence gave the 3-carboxylic acids 33, 

which allowed final stage variation of the amide moiety resulting in dimethylisoxazole 

quinolines 34.  

A comprehensive SAR investigation at the 4-position was reported with various 

substituted aliphatic, aromatic, and benzyl groups being tolerated; ortho-substitution with 

large groups afforded high activity when R
2
 was a homoaryl unit.

63
 A limited number of 

changes were made at the 6-position revealing a preference for OMe over Me or H (Table 9). 

Substitution of the 2- and 8-positions with a methyl group was shown to reduce activity by 

5-fold and 4-fold, respectively (not shown). With regard to the 3-position, carboxylic acids 

showed a beneficial reduction of P450 inhibition but also lowered ApoA1 expression versus 

their carboxamide congeners. 

 35 
 

36 
 

37 

ApoA1 EC170 (μM) 0.32 1.99 0.28 

Table 9. Dimethylisoxazole quinoline 6-position SAR. 

A cyclisation strategy was employed to remove the 3-carboxamide, which was the 

suspected cause of the CYP inhibition.
63

 This also had the effect of freezing a postulated 

intramolecular hydrogen bond between the 3-carboxamide and the 4-NH, thus rigidifying the 

molecular conformation (Figure 15). 
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Figure 15. Rigidification of quinolines to imidazoquinolinones. 

The key synthetic transformation to allow access to imidazoquinolinones 38 was 

accomplished using a modification of the Hofmann rearrangement from primary amides 31 

or via a Curtius rearrangement from carboxylic acids 33 (Scheme 5).
63

 

 

Scheme 5. Rearrangement reactions used for imidazoquinolinone synthesis. 

When R
2
 was a substituted phenyl unit, the cyclisation strategy did not improve 

ApoA1 activity or reduce CYP inhibition. When R
2
 = benzyl (39), high ApoA1 potency was 

achieved but CYP inhibition was still apparent (Table 10). Introduction of a nitrogen atom in 

the ring (40) attenuated this with only a slight decrease in ApoA1 activity. Substitution of the 

benzylic centre with a methyl group (41) improved activity further and upon chiral HPLC 

separation, the R-enantiomer (R)-41 was found to be the more active stereoisomer. 

Combining the favourable pyridine-2-ylmethyl and (R)-1-phenylethyl substituents resulted in 

the (R)-1-(pyridin-2-yl)ethyl I-BET151, which exhibited high ApoA1 activity and an 

acceptable level of P450 activity.
63

 The PK profile of this compound was evaluated in rat 

revealing a short half life (1.7 h), moderate clearance (18 mL/min/kg), and high oral 

bioavailability (66%). 
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R
2
 = 

39 40 41 (R)-41 (S)-41 I-BET151 

ApoA1 EC170 (μM) 0.06 0.38 0.03 0.01 0.47 0.09 

CYP Inhibition IC50 (μM) 2C9 1.2 9.8 1.3 1.0 - 9.9 

 3A4 3.7 12.9 2.0 1.5 - 9.7 

Table 10. SAR of a selection of imidazoquinolinones. 

Upon in vitro profiling of compounds active in the ApoA1 assay, Mirguet et al. 

observed cellular anti-inflammatory effects with TNFα production correlating with ApoA1 

expression, suggesting a common pharmacology.
63

 With dose-dependant inhibition of TNFα 

and IL-6 production in LPS-stimulated human peripheral blood mononuclear cells (PBMCs) 

determined, I-BET151 was assessed in an acute inflammation model in mice. After LPS 

stimulation, oral administration of I-BET151 reduced plasma cytokine levels in a 

comparable manner to known anti-inflammatory agents such as prednisolone. With previous 

demonstration that the ApoA1 upregulator I-BET762 functioned by inhibition of the BET 

proteins, Seal and co-workers postulated that dimethylisoxazole quinolines also exerted 

phenotypic effects through this mechanism.
64

 Therefore, a number of dimethylisoxazole 

quinolines were tested in BRD2, 3 and 4 wild type (WT) fluorescence polarisation (FP) 

assays revealing submicromolar IC50s which broadly correlated with ApoA1 activity. Similar 

SAR trends were observed, such as increased activity with a methoxy group at the 6-position 

and a reduction in activity upon switching from a 3-carboxamide to a 3-carboxylic acid 

(Table 11). 

 42 43 44 45  

ApoA1 

pEC170 
6.3 6.5 5.7 6.7 

BRD2, 3, 4 

WT FP 

pIC50 

4.9, 5.5, 5.1 6.3, 6.5, 6.2 5.8, 6.2, 5.9 6.0, 6.3, 6.1 

Table 11. Selected BRD2, 3 and 4 SAR of dimethylisoxazole quinolines.64 
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Activities in the BET WT FP assays were also reported for the imidazoquinolinones 

with principle SARs shown in Table 12.
64

 Inhibition of IL-6 production in LPS-stimulated 

human PBMCs was also examined with I-BET151 demonstrating high activity. 

  

 

R
2
 = 

 
(R)-41 

 
(S)-41 

 
I-BET151 

 
46 

ApoA1 pEC170 8.0 6.3 7.0 - 

BRD2, 3, 4 WT FP 

pIC50 
6.4, 6.7, 6.6 5.7, 6.2, 5.9 6.3, 6.6, 6.1 5.8, 6.2, 5.4 

PBMC pIC50 7.0 - 6.7 6.1 

Table 12. SAR of a selection of imidazoquinolinones. 

The encouraging results for I-BET151 meant this molecule was progressed for further 

studies. A high resolution X-ray crystal structure in BRD2 BD1 was solved to determine its 

binding mode and showed the 3,5-dimethylisoxazole moiety positioned at the KAc binding 

site (Figure 16a).
64

 In a similar manner to the triazole ring of BzD BET inhibitors, the 

dimethylisoxazole ring mimicked KAc binding as seen by superimposition with complex of 

histone peptide H41–15K12Ac
14

 in BRD2 BD1
46

 (Figure 16b). A polar interaction was made 

between the isoxazole oxygen to the side chain NH2 of the conserved asparagine at a 

distance of 3.25 Å (Figure 16c); this was marginally longer than those of the triazolo-BzDs 

GW841819X and I-BET762 (both 3.0 Å). The methyl groups of the isoxazole meanwhile, 

occupied lipophilic pockets adjacent to Phe99 and Leu110. The quinoline ring bound in a 

hydrophobic cleft between Trp97 and Pro98 on one side of the fused ring system, and 

Leu108 on the other, while the quinoline nitrogen accepted a hydrogen bond from an 

adjacent water molecule (Figure 16d and e).
65

 The WPF shelf was occupied by the pyridine 

ring which was believed to impart BET bromodomain selectivity. 
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Figure 16. (a) X-ray crystal structure of I-BET151 (carbon = magenta) in BRD2 BD1 at 1.6 Å resolution (pdb 

4ALG). (b) Superimposed complexes of I-BET151 (carbon = magenta, pdb 4ALG) and histone peptide  

H41–15K12Ac14 (carbon = cyan, pdb 2DVQ) in BRD2 BD1. (c) Hydrogen bond distances of I-BET151 (carbon = 

magenta) bound to BRD2 BD1 (pdb 4ALG). (d and e) Alternative protein surface representations of I-BET151 

(carbon = magenta) in BRD2 BD1 (pdb 4ALG). 
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Developability assay data were disclosed in this same published report
64

 and revealed 

lowered P450 inhibition, a negative Ames result, and reduced phosphodiesterase 4 (PDE4) 

inhibition for I-BET151 when compared to its close analogues. Generally, high in vitro 

metabolic stability was found for this compound and this translated in vivo with low blood 

clearance, and good oral bioavailability in both rat and mini-pig. Suitably low blood 

clearance and a moderate half-life in the mouse allowed intravenous (i.v.)-dosing of  

I-BET151 in the same endotoxaemia model used to assess I-BET762. In fact, a similar 

profile to I-BET762 was observed with I-BET151-pretreated mice showing reduced Il-6 

levels after LPS challenge. In addition, mice treated prophylactically and therapeutically 

with I-BET151 showed a 100% survival rate after lethal injection with LPS; a result 

similarly achieved by I-BET762.
47

 

Advanced biological studies were conducted with I-BET151 demonstrating its 

potential in leukaemia treatment.
66

 After members of the polymerase-associated factor 

complex (PAFc) and super elongation complex (SEC), complexes crucial for malignant 

transformation by mixed-lineage leukaemia (MLL) fusions, were identified to be associated 

with BRD3 and 4, the authors postulated that displacement of the BET proteins from 

chromatin using I-BET151 would provide therapeutic benefit. The efficacy of I-BET151 was 

then demonstrated in MLL-fusion leukaemic cell lines and in a mouse xenotransplant model 

of human MLL leukaemia, where mice treated with I-BET151 showed enhanced survival 

and reduced tumour size compared to an untreated group.  

Overall, compelling evidence for use of I-BET151 as a therapeutic agent in specific 

leukaemias and inflammation was presented. By perturbing the recognition of histone tails 

by chromatin modifiers, I-BET151 provided further confirmation that small molecule BET 

inhibitors have utility in epigenetic therapy. Like I-BET762, further benefit would be gained 

by broadening the disease indications beyond the acute and aggressive diseases studied, as 

well as the investigation of alternative dosing methods. Also, no comparable data in BD1- 

and BD2-specific assays was presented and consequently the domain selectivity of  

I-BET151 is unknown. 

More recently, a series of related 3,5-dimethylisoxazole naphthyridines were reported 

as novel BET inhibitors.
67

 These analogues were synthesised to expand chemical diversity 

and improve aqueous solubility compared to their quinoline counterparts. Using similar 

chemistry to that previously reported by the same group,
63

 the 1,6- and 1,8-naphthyridines 

(47 and 48, respectively) were synthesised and tested in BET WT FP and PMBC assays, and 

revealed lower activity relative to the quinoline analogue 35 (Figure 17).  
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Figure 17. 3,5-Dimethylisoxazole naphthyridines reported by Mirguet et al.67 

Comparison of the crystal structures of quinoline 35 and 1,6-naphthyridine 47  in 

BRD4 (not shown) did not provide an explanation for the difference in activity, so analysis 

of the minimum energy conformations in the unbound state was conducted.
67

 Quantum 

mechanical calculations of the naphthyridine–isoxazole torsion angles showed that both 

naphthyridine isomers 47 and 48 possessed flatter conformations compared to quinoline 35. 

It was therefore concluded that introduction of nitrogen atoms next to the aryl-aryl bond 

reduced activity by disfavouring the nonplanar conformation required for binding to the BET 

bromodomain. 1,5-Isomers were next explored and this allowed the incorporation of a 

beneficial methyoxy group at the 6-position giving naphthyridine 49, which displayed 

comparable binding activity to quinoline 35. Using the same strategy reported for the 

quinoline series,
63

 carboxamide then imidazolinone analogues were prepared resulting in 

compounds with improved cellular activity, such as imidazolinone naphthyridine 50. With a 

PK profile in rat suitable for chronic oral administration, this compound was progressed into 

an acute inflammation mouse model where 60% reduction of plasminogen activator 

inhibitor-1 mRNA was observed upon dosing post LPS challenge. 

These 3,5-dimethylisoxazole naphthyridines provided increased chemical diversity 

over the 3,5-dimethylisoxazole quinolines and offered the potential for fine-tuning of 

physicochemical properties. Good developability properties and PK profiles resulted from 

this exploration
67

 and in vivo efficacy was demonstrated. However, one of the aims of this 

investigation was to improve solubility over quinoline derivatives but no comparison of data 

was made to allow assessment of this goal. Furthermore, as with the 3,5-dimethylisoxazole 

quinoline studies, no data was reported to establish the domain selectivity of these 

compounds. 

A number of 3,5-dimethyl-4-phenylisoxazole derivatives were identified by the SGC 

as ligands for the BET protein family.
68–70

 Acquisition of dihydroquinazolinone isoxazole 51 

(Figure 18a) and subsequent testing in a peptide-displacement ALPHA revealed low IC50 

values against BRD2 BD1 and BRD4 BD1 (~3 μM and ~7 μM, respectively).
68

 With two 
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possible KAc mimetics in this molecule, an X-ray crystal structure in BRD4 BD1 

unambiguously confirmed the 3,5-dimethylisoxazole as the Asn140-interacting moiety 

(Figure 18b). Electron density was unexpectedly found extending from the 

dihydroquinazolinone 4-position and this was determined to be an ethylene glycol unit 

resulting from oxidation under the crystallisation conditions giving the dihydroquinazolinone 

isoxazole structure 52. 

  

Figure 18. (a) Chemical structures of dihydroquinazolinone 51 containing the 3,5-dimethylisoxazole motif and its 

oxidation product 52. (b) Crystal structure of dihydroquinazolinone 52 (carbon = yellow) in BRD4 BD1 at 1.98 Å 

resolution (pdb 3SVF). (c) Overlay of dihydroquinazolinone 52 (carbon = yellow, pdb 3SVF) and I-BET151 
(carbon = magenta, pdb 3ZYU) in BRD4 BD1; solvent was omitted for clarity. 

The dimethylisoxazole moiety of 52 made the same interactions to the bromodomain 

as I-BET151. The isoxazole oxygen accepted a hydrogen bond from Asn140, while the 

nitrogen made a through-water interaction to Tyr97. The methyl substituents made lipophilic 

contacts with Phe99 and Leu110. The dihydroquinazolinone ring was positioned in the 

hydrophobic cleft with the urea carbonyl and NH extending towards the ZA channel. Only 

the S-enantiomer of the oxidation by-product was resolved, with the ethylene glycol 

positioned in a hydrophobic groove on the WPF shelf. This substituent was expected to 

afford BET subfamily selectivity over other BCPs such as CREBBP. Therefore, compounds 

that lacked a readily oxidizable centre but possessed functionality to interact with the WPF 

shelf were synthesised.
68

 In addition to the 3’-substituted 3,5-dimethyl-4-phenylisoxazole 

target compounds 54–57, the 3’,5’-disubstituted 3,5-dimethyl-4-phenylisoxazole analogues 

60, 61, 65 and 66 were also synthesised to occupy the ZA channel as achieved by I-BET762, 

(+)-JQ1, and I-BET151 (Scheme 6). 
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Scheme 6. Synthesis of phenyl dimethylisoxazole analogues designed to occupy the WPF shelf and/or the ZA 

channel. (a) Preparation of 3-substituted compounds 54–57. (b) Preparation of 3,5-disubstitued derivatives 60, 61, 

65 and 66. 

Single step cross couplings with potassium (3,5-dimethylisoxazol-4-yl)trifluoroborate 

gave the 3-substituted compounds 54–56, and in turn 57, while 3,5-disubstituted targets 60, 

61, 65 and 66, were accessed using straightforward chemistry from 3-bromo-5-

hydroxybenzoic acid 58. 

All 3,5-dimethylisoxazole derivatives were found to displace acetylated histone from 

BRD2 BD1 and BRD4 BD1 with reasonable activities (<50 μM).
68

 Several substituents were 

tolerated with the secondary alcohol proving optimal, while additional substitution with an 

ethoxy group enhanced activity further, with 3,5-disubstituted 66 displaying IC50 values of 

4.8 μM and 1.6 μM against BRD2 BD1 and BRD4 BD1, respectively. Unlike 

dihydroquinazolinone 51, the dimethylisoxazole 66 exhibited selectivity over CREBBP and 

confirmation of its specificity for the BET family was obtained upon DSF screening against 

a wide panel of other bromodomains but no selectivity was observed within the BET family. 

The BRD4 BD1 ligand efficiency (LE)
71

 of dimethylisoxazole 66 was 0.39, which compared 

(b) 

(a) 
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favourably with (+)-JQ1 (0.32), indicating that this low molecular weight structure made 

appreciably positive interactions with the protein. Indeed, this was confirmed by X-ray 

crystallography in BRD4 BD1 where key regions of the binding site occupied by (+)-JQ1 

were also occupied by dimethylisoxazole 66 (Figure 19).
68

 

 

Figure 19. X-ray crystal structure of dimethylisoxazole 66 (carbon = yellow) bound to BRD4 BD1 at 1.68 Å 
resolution (pdb 3SVG). 

This compound made characteristic interactions of dimethylisoxazole-BET binding 

i.e. the oxygen accepted a hydrogen bond from the conserved asparagine and the nitrogen 

made a through-water hydrogen bond to Tyr97. While the secondary alcohol was synthesised 

in racemic form, only density for the R-enantiomer was observed.
68

 In this configuration the 

methyl group was placed onto the WPF shelf and the alcohol directed into a water network 

interacting with Asp144 and Asp145. 

A second publication from this group described the structure-driven optimisation of 

isoxazole 66 into more potent BET inhibitors with cellular activity.
69

 Further exploration of 

the methyl and ethoxy groups, which occupied the WPF shelf and ZA channel, respectively, 

was conducted to enhance affinity with the BRD4 bromodomain. Inspired by the observed 

interaction of aryl groups with the WPF shelf in the crystal structures of I-BET762, (+)-JQ1, 

and I-BET151, the methyl group was replaced with halogenated phenyls by alkylation of 

intermediate phenol 67 followed by Grignard addition to the aldehyde 68 affording the target  

3,5-dimethylisoxazoles 69–73 (Scheme 7). 
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Scheme 7. Synthesis of substituted aryls designed to enhance interaction with the WPF shelf. 

Upon ALPHA screening, all diarylmethanols displayed higher BRD4 BD1 potency 

than the ethanol 66 with the unsubstituted phenyl 69 determined as the most potent  

(640 nM).
69

 Attention then turned to displacing, or interacting with, water molecules present 

in the ZA channel, where phenol, acetate, methoxy, ethylene glycol and O-ethylmethoxy 

groups were introduced in place of the ethoxy group (Scheme 8). 

 

Scheme 8. Modification of the ethoxy group occupying the ZA channel. 

Testing in the BRD4 ALPHA revealed highest affinities for the acetate 79 (IC50 =  

371 nM) and phenol 78 derivatives.
69

 Chiral resolution of phenol 78 was conducted and 

comparable activities of the individual enantiomers (S)-78 and (R)-78 were found upon 

testing in the ALPHA (IC50 = 386 nM and 382 nM, respectively) and by SPR (KD = 0.36 and 

0.39 μM, respectively). To further understand this SAR, crystal structures were obtained 

which revealed identical binding modes for each enantiomer (Figure 20).   
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Figure 20. (a) Binding mode of phenol (S)-78 (carbon = magenta) in BRD4 BD1 (pdb 4J0S). (b) Superposition of 

the BRD4 BD1 X-ray crystal structures of phenol (S)-78 (carbon = magenta, pdb 4J0S) and ethoxy 66 (carbon = 

yellow, pdb 3SVG). (c) Structural overlay of the enantiomeric phenols (S)-78 (carbon = magenta, pdb 4J0S) and 

(R)-78 (carbon = green, pdb 4J0R) bound to BRD4 BD1. 

The dimethylisoxazole moiety of phenol (S)-78 interacted with Asn140 and Tyr97 in 

the usual manner but deeper binding was observed compared to the ethoxyphenyl 66. The 

phenyl rings of both (S)-78 and (R)-78 occupied the WPF shelf and directed the alcohol 

groups towards solvent; this provided an explanation for the similar activities measured for 

each stereoisomer. The phenol hydroxyl groups of both enantiomers successfully formed 

hydrogen bonds to a tightly bound water molecule in the ZA channel. 

With the wider bromodomain screening indicating a selective profile for phenol  

(S)-78, assessment in cancer cell lines followed.
69

 Cytotoxicity in MV4;11 cells, an AML 

cell line, was observed at an IC50 value of 794 nM, but was reduced with respect to (+)-JQ1. 

Lowered cytotoxicity in lung adenocarcinoma cell lines was also found but this was 

consistent with the weak growth inhibition of I-BET151 in solid tumour lines. 

These investigations by Hewings et al. have provided further examples of 

dimethylisoxazole-containing BET inhibitors with novel SAR and have resulted in 

promising leads.
68,69

 Additional experiments such as determining the developability 

characteristics (e.g. solubility, PK) and assessing efficacy in non-oncologic settings would be 
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required to elevate the utility of these compounds to match that of I-BET151. Determination 

of domain selectivity within the BET family of BCPs would also be of interest to the 

scientific community. 

The 3,5-dimethylisoxazole KAc mimetic also featured in a series of simple 5- and  

6-benzimidazoles developed as potential BET inhibitor leads.
70

 In this study, previously 

unexplored vectors were accessed from 5-membered rings fused to 4-aryl-3,5-dimethyl-

isoxazole units. From the initially prepared scaffolds 80–83 (Figure 21), benzimidazole 81 

showed the highest BRD4 BD1 activity (pIC50 = 5.2) using an ALPHA, but exhibited almost 

equal activity against CREBBP (pIC50 = 5.4). Despite the indanone 82 showing the weakest 

BRD4 BD1 activity (pIC50 = 4.2), this scaffold was used as the basis for further chemistry-

development. 

 

Figure 21. 5,6-Fused aryl-dimethylisoxazoles. 

The carbonyl oxygen was used as a handle to append basic functionality in an effort to 

interact with Asp145 at the beginning of the C-helix.
70

 However, no appreciable activity was 

gained. Reminiscent of the favourable secondary alcohol moiety present in the previously 

reported BET ligand 66,
68

 the authors incorporated a tertiary alcohol moiety by reaction of 

ketone 82 with phenylmagnesium bromide. The resulting nucleophilic addition product 83 

displayed increased activity at BRD4 BD1 (pIC50 = 5.9) and increased selectivity against 

CREBBP (pIC50 = 4.7) relative to indanone 82. An X-ray crystal structure of the tertiary 

alcohol 83 was solved in BRD4 BD1 with an R-configuration determined at the benzyl 

position (Figure 22a). 
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Figure 22. (a) Tertiary alcohol 83 (carbon = green) crystal structure in BRD4 BD1 (pdb 4GPJ). (b) Overlay of 
tertiary alcohols 83 (carbon = green, pdb 4GPJ) and 66 (carbon = yellow, pdb 3SVG) bound to BRD4 BD1. 

This compound displayed the usual dimethylisoxazole binding mode, with hydrogen 

bonding to Asn140 and through-water hydrogen bonding to Tyr97. The phenyl group sat in 

the hydrophobic pocket on the WPF shelf but unlike the secondary alcohol in 66, the tertiary 

alcohol here did not make any interactions. In fact, when the crystal structures of indenol 83 

and phenylethanol 66 were aligned, the OH groups were positioned over 3 Å apart due to the 

accommodation of the larger phenyl group of 83 on the WPF shelf (Figure 22b). 

Unfortunately, during the attempted synthesis of further indenols, dehydration of the 

doubly benzylic alcohols occurred affording the corresponding indenes.
70

 Further chemistry 

was therefore conducted on the more stable benzimidazole 5,6-system, but mixtures of 

regioisomers were obtained with reactions of the azole. Ullmann arylation products gave 

weaker activity than their benzylated counterparts, with the benzyl unit being incorporated at 

the last stage in the synthesis, as outlined in Scheme 9. Initial t-butyloxycarbonyl (Boc)-

protection of the bromobenzimidazole 84 improved yields of the Suzuki-Miyaura coupling 

with 3,5-dimethylisoxazolylboronic acid. In situ deprotection followed by alkylation gave 

mixtures of 6-substituted (85) and 5-substituted (86) regioisomers. 

 

Scheme 9. Preparation of substituted benzimidazoles 85 and 86. 
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While the products were separable, their identity was assumed from their 

chromatographic elution order by comparison of compounds prepared via both the 

unselective-separation route and the regioselective route shown in Scheme 10.
70

 

Scheme 10. Regioselective synthesis of benzimidazoles 92 and 93. 

Based on all of this, the most potent compound 87 (Scheme 9) was identified as the  

6-isoxazolyl isomer.
70

 This molecule demonstrated 180 nM activity for BRD4 BD1 and 

excellent selectivity over CREBBP as determined in an ALPHA. Wider selectivity over 

other BCPs was confirmed with DSF studies. 

This work further demonstrates the utility of the 3,5-dimethylisoxazole as an effective 

KAc mimetic. The 5,6-fused benzimidazole scaffold presented differentiated vectors for 

growth but further verification of substitution patterns would be preferable when preparing 

analogues of this fused ring system. Also, the developability characteristics of these 

compounds were not determined, hindering their evaluation as suitable leads for further 

optimisation. Further assessment of bromodomain selectivity within the BET family for this 

series of compounds would also be valuable to the research community. 

Complementing the studies described to this stage, our laboratories have reported the 

fragment-based discovery of phenylisoxazole sulfonamides as BET inhibitors in a proof-of-

principle study.
72

 A fragment approach was attractive as a number of crystal structures had 

been solved in multiple chemical series revealing a sufficiently large and deep binding site to 

facilitate fragment binding. Screening of a focused fragment set targeting the KAc pocket 

was carried out in a FA assay format in BRD2, 3 and 4 WT proteins. From these screens, 

3,5-dimethyl-4-phenylisoxazole 54 was identified as a hit and was selected for optimisation 

(Figure 23). 

 

Figure 23. Structure of 3,5-dimethyl-4-phenylisoxazole hit 54 and its 5-ethyl congener 94. 
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 A crystal structure in BRD2 BD1 was obtained and showed a binding mode 

analogous to other dimethylisoxazoles by mimicking KAc recognition (Figure 24a and b).
72

 

The phenyl ring was sandwiched in a cleft between Pro98 and Leu108 and was rotated 

relative to the 3,5-dimethylisoxazole ring with torsion angles ranging between 51–59º within 

the asymmetric unit. These values were slightly greater than that of the minimised conformer 

determined by the quantum mechanical calculations (44º), although the energy difference 

was deemed negligible. 

The isoxazole methyl groups occupied hydrophobic pockets while the nitrogen and 

oxygen ring atoms were bisected by the KAc carbonyl upon superimposition with the 

structure of diacetylated histone peptide H41–20K5AcK8Ac
14

 in mouse Brdt
73

 (Figure 24c).  

   

  

Figure 24. (a) X-ray structure of 3,5-dimethyl-4-phenylisoxazole 54 (carbon = magenta) in complex with BRD2 

BD1 (pdb 4ALH). (b) Polar interactions of the isoxazole unit with BRD2 BD1 (pdb 4ALH). (c) Superimposition 

of the isoxazole 54 BRD2 BD1 complex (carbon = magenta, pdb 4ALH) with the H41–20K5AcK8Ac14 mouse 

Brdt BD1 complex (carbon = cyan, pdb 2WP2). (d) Structure of the 5-ethyl-3-methyl isoxazole 94 (carbon = 
green) in BRD2 BD1 determining the orientation of heteroaromatic ring (pdb 4A9O). 
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These observations prompted investigation into the orientation of the isoxazole ring, 

which appeared essentially symmetrical with electron density unable to differentiate the 

position of the heteroatoms unambiguously.
72

 The angle of interaction to the water deviated 

by 50º from that of an ideal electron lone pair, and the interaction distances to water and 

Asn156 through each atom were similar (2.7–2.9 Å) casting further uncertainty. By 

incorporation of a larger ethyl substituent at the 5-position of the isoxazole ring, the 

orientation of the heterocycle was determined as shown in the crystal structure of 94 (Figure 

24d). However, the possibility that the 5-ethyl substituent could induce a switch in the 

isoxazole binding mode, swapping the positions of the nitrogen and oxygen atoms, was not 

considered.  

A 3D pharmacophore was generated based upon a number of ligand-BET X-ray 

structures and this was used to search a database of commercial compounds resulting in the 

identification of a series of sulfonamide isoxazoles 95 (Figure 25).
72

 Improved activities and 

LEs over the original fragment hit 54 were realised with the tolylsulfonamide 96 displaying 

100-fold increased activity. 

 

Figure 25. Sulfonamide isoxazoles identified from pharmacophore searching. 

A crystal structure of 96 in BRD2 BD1 was obtained and confirmed the 

pharmacophoric features (Figure 26).
72

 The binding mode was similar to the hit compound 

54 but with additional water interactions from the sulfonamide moiety and occupation of 

cyclopropyl substituent on the WPF shelf. 

 

Figure 26. Complex of sulfonamide 96 (carbon = cyan) in BRD2 BD1 (pdb 4A9N). 
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To investigate the SAR, chemistry was carried out to synthesise analogues that were 

unavailable from commercial suppliers (Scheme 11).
72

 Compounds containing either a 

methyl or methyoxy group at the 2-position (R
1
) were targeted. 

 

Scheme 11. Routes used to access sulfonamide isoxazole analogues. 

A Suzuki-Miyaura coupling of 4-iodo-3,5-dimethylisoxazole 97 with the appropriately 

substituted phenyl boronic acid followed by sulfonylation and chlorination gave the sulfonyl 

chloride 99, which was used to form the target compounds 95 (Scheme 11a).
72

 Alternatively, 

the sequence could be reversed by firstly condensing 5-bromo-2-substituted phenylsulfonyl 

chlorides 100 with amines to give sulfonamides 101, followed by cross-coupling with (3,5-

dimethylisoxazol-4-yl)boronic acid (Scheme 11b). Tertiary sulfonamide target compounds 

104 were obtained by simple deprotonation and alkylation of the secondary sulfonamide 103 

(Scheme 11c). 

An SAR investigation was conducted and the results rationalised using structural 

information.
72

 The preferred compound identified from this investigation, cyclopentyl 

analogue 102, exhibited LEs equivalent to cyclopropyl sulfonamide 96 but poor aqueous 

solubility was an issue. Utilising structural insight, the 2-position was identified as a vector 

to incorporate solubilising groups. Accordingly, the piperazine 106 and morpholine 107 were 

prepared from the 2-methoxy sulfonamide 103 (Scheme 12). These compounds significantly 

improved aqueous solubility but are likely to incur a significant LE cost (LE data were not 
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presented). Encouragingly, inhibition of IL-6 production in LPS-stimulated PBMCs was 

observed at micromolar IC50s.
72

 

 

Scheme 12. Synthesis of analogues designed to improve solubility.  

This research nicely demonstrated the tractability of BET BCPs towards fragment-

based drug discovery (FBDD). X-ray crystallography was used to confirm the binding modes 

of hits and guide selection for focused screening. Through compound acquisition and 

synthesis, extensive SAR was developed with many examples showing desirable LE values. 

One limitation of these compounds was the inherent low solubility. FBDD optimisation 

principles were forsaken to overcome this by incorporation of poorly ligand-efficient 

solubilising groups. Nevertheless, morpholine 107 exhibited sufficient activity to show 

efficacy in human PBMCs and aqueous solubility to be suitable for i.v. administration, if 

required. Unfortunately, whole blood and domain-selectivity data were not reported for the 

optimised compounds. 

From the array of dimethylisoxazole BET inhibitors discussed, I-BET151 stands out 

as the most developed compound with PK properties suitable for assessment within in vivo 

disease models.
63,64,66

 Other  dimethylisoxazoles, such as the phenyl dimethylisoxazoles by 

Hewings et al.
68,69

 and the benzimidazole dimethylisoxazoles by Hay et al.,
70

 are less 

developed but show promise as lead molecules for further optimisation while the 

phenylsulfonamide dimethylisoxazoles from Bamborough et al.
72

 demonstrated that 

optimisation of a weakly-active dimethylisoxazole fragment was possible. However, in all of 

these studies, data pertaining to properties required for i.v. administration, such as aqueous 

solubility or whole blood activity, were either unreported or revealed incompatibility for this 

dosing method. Furthermore, determinations of domain selectivities within the BET family 
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were not carried out in these studies; this constitutes data which is of considerable interest to 

the research community in this arena. 

 

1.7. Other BET Inhibitors 

Fragment-based screening has been particularly fruitful in the identification of BET 

inhibitors with orthogonal KAc mimetics.
74

 In this study by Chung et al., a focused set of 

fragments containing a hydrogen bond acceptor (HBA) and a small alkyl group to mimic 

KAc was created. Screening at single concentrations yielded 132 fragments and hits were 

confirmed in full dose-response curve mode. Forty fragment-protein complexes were 

obtained after soaks in apo BRD2 BD1 crystals and the most frequent ligand-interacting 

residues were determined to be the conserved asparagine and tyrosine, Asn156 and Tyr113, 

the gatekeeper Ile162, and the WPF motif. The detailed binding modes of representative 

fragments were revealed and are shown in Figure 27.  

 

 

   

Figure 27. (a) Chemical structures of representative fragments. (b–f) X-ray crystal structures in BRD2 BD1.  

(b) THQ 108 (carbon = cyan, pdb 4A9H). (c) Paracetamol 109 (carbon = orange, pdb 4AJ). (d) Indolizine 

methylketone 110 (carbon = magenta, pdb 4A9I). (e) NMP 111 (carbon = green, pdb 4A9F). (f) 3-Methyl-3,4-

dihydroquinazolinone 112 (carbon = yellow, pdb 4A9E). 
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Racemic N-acetyl-2-methyltetrahydroquinoline (THQ) 108 was soaked into apo 

BRD2 BD1 resulting in a crystal complex of only the S-enantiomer (Figure 27b).
74

 The  

N-acetyl functionality successfully mimicked KAc by interaction of the carbonyl oxygen 

with Asn156 and through-water to Tyr113, and occupation of the pocket adjacent to Phe99 

by the methyl group. The THQ ring was sandwiched between the hydrophobic residues 

Pro98 and Leu108, as well as the gatekeeper Ile162. The 2-methyl group occupied another 

lipophilic pocket and the preference for the S-enantiomer was rationalised by an expected 

clash between Asn156 and the C2-methyl of the R-enantiomer. 

Despite its weak binding in the FA assays, a crystal structure of acetaminophen 

(Paracetamol) 109 in BRD2 BD1 was obtained after a high concentration soak and resulted 

in a binding mode analogous to that of THQ 108 (Figure 27c).
74

 The acetamide oxygen 

interacted with Asn156 and water as expected, while the phenyl ring was flanked by the 

lipophilic residues Ile162 on one side, and Leu108 and Leu110 on the other. As the MOA of 

paracetamol is unclear, the possibility that it may exert its analgesic and anti-inflammatory 

effects through BCPs was discussed. Although activities at BRD2, 3 and 4 were weak, its 

small size and propensity to bind to other bromodomains, such as CREBBP (an X-ray 

structure was obtained confirming this), and probable cumulative bromodomain-engagement 

in vivo, was suggested as a possible mechanism for Paracetamol’s physiological effects. 

The structure of indolizine methylketone 110 showed that this fragment mimicked 

KAc by interactions through the ketone oxygen atom (Figure 27d).
74

 The fused ring system 

sat in the lipophilic pocket between Ile162 and Leu108. The pyridyl substituent occupied the 

WPF shelf but the orientation of the ring was ambiguous as no water binding to the pyridine 

nitrogen was observed. Due to its larger size, the IC50s of this fragment in the FA assays 

were measurable giving values in the range 2.6–6.31 μM for BRD2, 3 and 4 and subsequent 

testing in LPS-stimulated PBMCs showed respectable IL-6 inhibition (IC50 = 14 μM). 

Crystallisation experiments were conducted on another weakly active fragment from 

the FA screen, N-methylpyrrolidinone (NMP) 111, resulting in the structure shown in Figure 

27e.
74

 The binding modes of ligands discussed in this manuscript up until this point made the 

key KAc-interactions through an acceptor and methyl group separated by one atom. With 

NMP however, two atoms separate the acceptor (the carbonyl oxygen) and the methyl group 

(substituted on the amide nitrogen). This result expanded understanding of the requirements 

for BET bromodomain binding and provided opportunity for discovery of new KAc-

mimetics. 

Finally, 3-methyl-3,4-dihydroquinazolinone 112 was successfully crystallised in 

BRD2 BD1 and a X-ray structure solved (Figure 27f).
74

 Like NMP, the KAc binding features 
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were incorporated within a ring and the HBA and methyl group were separated by two 

atoms. The acceptor functionality was provided by the carbonyl oxygen and the N-methyl 

substituent occupied the Phe99 subpocket. An additional HBD interaction was made by the 

urea NH to Asn156 affording an overall bidentate interaction between the urea and the 

conserved asparagine. 

Further exploration of fragment 112 was conducted through analogue searching within 

the GSK screening collection and subsequent testing in the FA assays.
74

 The sulfonamide 

derivative 113 showed higher potencies (IC50 = 14–40 μM) than the parent compound and 

possessed LEs in the range 0.25–0.27 (Figure 28a). Notably, this compound possessed an 

N1-methyl group which was not present in fragment 112 and therefore could not participate 

in a similar bidentate interaction to the conserved asparagine. The precise binding mode was 

determined in BRD4 BD1 and was found to be very similar to that of the parent compound 

112 (Figure 28b and c). Interestingly, the additional N-methyl group was accommodated by 

puckering of the fused ring system. The expected loss of binding energy resulting from this 

movement may have been recovered by additional interactions of the morpholine 

sulfonamide on the WPF shelf. 

 

Figure 28. (a) Chemical structure of sulfonamide 113. (b) Complex of sulfonamide 113 (carbon 

= green) with BRD4 BD1 (pdb 4A9L). (c) Structural overlay of 1,3-dimethyl dihydroquinazolinone 113 in BRD4 

BD1 (carbon = green, pdb 4A9L) with 3-methyl-3,4-dihydroquinazolinone 112 in BRD2 BD1 (carbon = 
magenta, pdb 4A9E). 

The X-ray complexes presented in this paper significantly expanded the scope of 

KAc-mimetics known at the time and demonstrated that BET bromodomains were attractive 

targets for FBDD and prompted further investigation by other groups. 

For example, the promising activities and high LEs determined for dihydroquinazolin-

2(1H)-one 112,
74

 stimulated optimisation of this fragment by Fish and co-workers into a 

potent and selective BET probe molecule.
75

 Firstly, the binding mode of the 6-bromo 
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substituted dihydroquinazolin-2(1H)-one 114 (Figure 29) was determined by solving a 

cocrystal structure in BRD4 BD1. 

 

Figure 29. Fragments screened at Pfizer and the SGC. 

In contrast with Conway’s studies with the dihydroquinazolinone dimethylisoxazole 

51,
68

 no oxidative reactivity was seen during the crystallisation process.
75

 The binding mode 

matched that determined by Chung et al. in BRD2 BD1
74

 with the cyclic urea located in the 

KAc recognition pocket with the additional bromine directed towards solvent.
75

 From here, 

substituted sulfonamides were introduced to generate a structural kink to access the WPF 

shelf in the pursuit of selectivity. Synthesis of these sulfonamides involved sulfonylation of 

3-methyl-3,4-dihydroquinazolin-2(1H)-one 112 to the 6-sulfonylchloride 115, followed by 

reaction with various amines, while the reverse sulfonamides were obtained through nitration 

of 3-methyl-3,4-dihydroquinazolin-2(1H)-one 112 and subsequent reduction to the 6-amine 

120, which was used for sulfonamide library synthesis (Figure 30).
75

 

 

Figure 30. Synthesis of sulfonamide dihydroquinazolin-2(1H)-ones. 

Coupling products (116–118) derived from the 6-sulfonylchloride 115 were tested in 

the BRD4 BD1 peptide-displacement ALPHA.
75

 Activities (1.9–4.8 μM) and LEs (0.33–

0.40) were lower than the parent unsubstituted or 6-bromo compounds with aryl 

sulfonamides being worse than alkyl sulfonamides.  

Improved activities were obtained with the reversed sulfonamides 121 linked to aryl 

groups.
75

 A variety of substituents on the aryl ring were tolerated with ortho-substitution 

being preferred. In particular, the 2-methyoxyphenyl (PFI-1, Figure 31a) inhibited BRD4 

BD1-peptide binding with an IC50 = 0.22 μM resulting in a LE = 0.38. Although this LE 

value was reduced compared to the starting fragments, and was comparable to the 

unpreferred alternative sulfonamides 116 and 117, the potency met the probe criteria of 100–
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300 nM and thus, PFI-1 was crystallised in BRD4 BD1 to investigate the binding mode of 

this compound (Figure 31).
75

 

 

   

Figure 31. (a) Structure of 3-methyl-3,4-dihydroquinazolin-2(1H)-one PFI-1. (b and c) High resolution crystal 
structure of PFI-1 (carbon = cyan) in BRD4 BD1 (pdb 4E96). 

Consistent with the fragment structure, PFI-1 interacted with the conserved asparagine 

in a complementary manner and formed a through-water hydrogen bond to the conserved 

tyrosine. The aryl group of the sulfonamide occupied the hydrophobic pocket on the WPF 

shelf while the NH of the sulfonamide made contact with a water molecule bound to the 

carbonyl of Leu92 on the ZA loop. 

In addition to improving potency over the parent fragment hits 112 and 114, the  

6-sulfonamide moiety also enhanced BET family selectivity.
75

 DSF measurements revealed a 

low ΔTm value for CREBBP (1.7 ºC) and negligible shifts (ΔTm <1.0 ºC) for other 

representative bromodomains PCAF, BAZ2B, and PB1. These values were all less than 

those obtained for the BET proteins (ΔTm 2.1–6.5 ºC) where little selectivity between BD1 

and BD2 within a single protein was observed. Screening of PFI-1 against a panel of kinases, 

enzymes, ion channels, and G protein-coupled receptors (GPCRs) showed no significant 

activity and therefore results from testing in a LPS-stimulated PBMC assay could solely be 

attributed to BET bromodomain inhibition. In this regard, PFI-1 inhibited IL-6 production 

with an EC50 = 1.89 μM, demonstrating cell membrane permeability and efficacy in 

prevention of inflammation. In rat PK studies with this compound, inconsistency between 

the low clearance (18 mL/min/kg) and only moderate oral bioavailability (32%) was 

explained by limited solubility providing low but steady concentrations till 7 h after dosing. 
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While this compound presents a complementary probe, I-BET151 and (+)-JQ1 are 

more potent, exhibit superior PK properties, and have proven efficacy in models of disease. 

No aqueous solubility data for PFI-1 was presented but interpretation of PK data led the 

authors to suggest the compound was poorly soluble,
75

 which could be a limiting factor for 

further development. Furthermore, the authors note in the reference section that PFI-1 was 

unstable with respect to C-4 oxidative insertion of nucleophiles (e.g. DMSO) when stored for 

extended periods. Also, accurate measurement of affinities for individual bromodomains 

within the BET family was not performed in this study. The demonstration that a fragment 

hit can be optimised into a ligand efficient and selective BET inhibitor is perhaps the 

foremost contribution from this individual body of research.
75

 

The FBDD approach was also used in the identification of a series of 2-thiazolidinone 

inhibitors of BRD4.
76

 Here, a fragment library was constructed from a free database of 

commercially-available compounds using a range of molecular descriptor filters. 

Computational dockings in BRD4 BD1 were then used to identify fragments with the ability 

to bind Asn140, and 41 of these molecules were selected for crystallisation attempts. Out of 

the nine crystal structures solved, only those corresponding to the fragments shown within 

Figure 32 were revealed in this published report.
76

 

 

Figure 32. Chemical structures of disclosed fragments 

All fragments were found to bind at the KAc recognition site but, intriguingly, none of 

the compounds possessed a methyl group for a lipophilic contact next to Phe83. 

Comparisons of the crystal structure of phenylthiazolidinone 125 and those of (+)-JQ1 and 

3,5-dimethyl-4-phenylisoxazole 54 indicated the meta- and para-positions of the phenyl ring 

as suitable vectors to gain further protein interactions.
76

 In particular, sulfonamides and 

amides were incorporated to provide access to the WPF shelf using the preparative sequence 

shown in Scheme 13, with an additional regioisomer of the starting nitrophenylethanone also 

being employed in order to explore para-substitution.  
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Scheme 13. Synthesis of the 3-substituted phenylthiazolidinone sulfonamides. 

Bromination of the methylketone 126 to α-bromoketone 127 was followed by 

thiocyanation to 128. Acid-promoted cyclisation formed the thiazolidinone ring of 129 and 

nitro group reduction gave intermediate amine 130, which was amenable to condensation 

with various sulfonyl chlorides. 

In general, meta-substitution was preferred delivering submicromolar potency with 

both the thiophene sulfonamide 131 and the benzyl sulfonamide 132 displaying IC50 values = 

4.1 μM. X-ray crystal structures of these compounds bound to BRD4 BD1 were obtained and 

revealed alternative binding modes (Figure 33).
76

  

   

Figure 33. X-ray crystal structures of (a) thiophene sulfonamide 131 (carbon = magenta, pdb 4HXS) and  

(b) benzyl sulfonamide 132 (carbon = green, pdb 4HXR) in complex with BRD4 BD1. 

The thiophene sulfonamide group of 131 was positioned on the WPF shelf as expected 

but, surprisingly, the benzyl sulfonamide group of 132 occupied the ZA channel with the 

oxygen atoms forming hydrogen bond interactions with a water network in this region. 

Using this information, disubstituted analogues were prepared to occupy both the WPF shelf 
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and ZA channel simultaneously to further increase potency.
76

 In the design of these 

compounds, it was rationalised that a sulfonamide was not required to direct a substituent 

into the ZA channel and an amide was used as a bioisoteric replacement. Synthesis of these 

compounds was achieved using similar chemistry to that used for the monosubstituted 

compounds (Scheme 14). Additional use of 3,4-dinitrophenyl methylketone gave access to 

an alternative substitution pattern, and variation of the sulfonyl and acid chlorides allowed 

SAR exploration. 

 

Scheme 14. Synthesis of the 3,5-substituted phenylthiazolidinones (yields undisclosed). 

Higher binding affinities were observed with the disubstituted phenylthiazolidinones 

compared to the monosubstituted analogues. A 3,5-substitution pattern was preferred over 

3,4-substitution, with bisthiophene 139 displaying the highest activity at IC50 = 0.23 μM.
76

  

X-ray crystallography of another disubstituted phenylthiazolidinone 140 (IC50 = 2.2 μM) in 

BRD4 BD1 confirmed occupation of both the WPF shelf and the ZA channel by the 

sulfonamide thiophene and amide cyclohexyethyl groups, respectively (Figure 34). 
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Figure 34. Binding mode of phenylthiazolidinone 140 (carbon = cyan) in BRD4 BD1 (pdb 4HXL). 

The lead compounds 131 and 139 were assessed for their stability to human and 

mouse liver microsomes, revealing generally low clearances.
76

 Additionally, low inhibition 

of P450 enzymes was observed for both compounds. Finally, testing in a cancer cell 

proliferation assay and for MYC mRNA expression was conducted. Results from 13 

examples in the HT-29 human colon cancer cell assay poorly correlated with data from the 

binding assays. This was attributed to ineffective membrane permeability of a number of 

compounds resulting from non-ideal physicochemical properties. The best activity was 

achieved by the 3-amino-5-sulfonamide 138 (GIC50 = 37.3 μM) but this was weaker than 

with the previously disclosed dimethylisoxazole sulfonamide 102 used as the positive control 

(GIC50 = 22.5 μM). Compound activities in this assay did correlate with data obtained in 

MYC expression assay, with 3-amino-5-sulfonamide 138 displaying >50% inhibition at 10 

μM, but this was again weaker than dimethylisoxazole sulfonamide 102. 

These studies, again, demonstrated that a BET bromodomain was amenable to FBDD. 

Screening a fragment set generated a number of hits including a 2-thiazolidinone as a novel 

KAc mimetic. Knowledge from previous publications was successfully used in compound 

design to increase potency but came at the expense of membrane permeability for a number 

of examples. While the authors claim the 2-thiazolidinones represent a reasonable starting 

point for optimisation, the disubstituted phenyl derivatives, such as bisthiophene 139, are 

already large (Mwt = 433 g/mol) and aqueous solubility was not disclosed. Before 

embarking on a programme of optimisation, determination of compound affinities at other 

BET family member bromodomains and BCPs, and members of other target classes is 

essential to link cellular phenotype to a mechanism. 

Y97 N140 

F83 

P82 

W81 
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During the development of a fluorescent probe to visualise acetylation of histone 

peptide in living cells, the small molecule BIC1 (Figure 35) was identified as an inhibitor of 

BRD2.
77

  

 

Figure 35. BRD2 BD1 inhibitor BIC1 identified using a fluorescent probe. 

Computational docking screens of compound libraries filtered using Lipinski’s rules, 

were conducted in BRD2 BD1 to identify molecules for SPR screening.
77

 Four compounds 

were taken forward for screening in cells expressing a fluorescent probe and BIC1 was found 

to bind BRD2. This was confirmed with an X-ray crystal structure of BIC1 bound to BRD2 

BD1 (Figure 36). 

    

Figure 36. X-ray crystal structure of BIC1 (carbon = orange) in BRD2 BD1 (pdb 3AQA).  
(a) Ribbon representation with key residues highlighted. (b) Molecular surface representation. 

A distinctive binding mode was observed with no apparent hydrogen bond interaction 

with Asn156 or any through-water interaction to Tyr113 (Figure 36a). This was perhaps 

compensated by the formation of hydrogen bonds from a benzimidazole nitrogen to the 

backbone carbonyl of Pro98 and an adjacent water molecule. Like most other BET 

inhibitors, the lipophilic pocket between Val103 and Ile162, and the WPF shelf was 

occupied, in this case by the benzimidazole and benzoimidazole-thione rings, respectively 

(Figure 36b). Based on these observations, inhibition of BRD2 BD1 was determined as the 

mechanism for blocking BRD2-dependant transcriptional activity in human cells.
77 
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In these studies, a fluorescent probe expressed in cells was used to screen for BRD2 

inhibitors and therefore automatically identified compounds possessing good cellular 

permeability, an important property not accounted for in a binding assay approach. While 

Lipinski’s rules were used to filter the screening set, measurement of other physicochemical 

properties would be desirable to determine the suitability of the hit molecule, BIC1, for 

optimisation into a potent BET inhibitor. Further investigation into the broader 

bromodomain selectivity of BIC1 would be required before it could be considered as a useful 

probe molecule of BET bromodomains. 

The discovery of novel BRD4 inhibitors using structure-based virtual screening has 

very recently been disclosed.
78

 Identification of chemotypes able to mimic KAc was carried 

out using two distinct methods. In the first method, a library was created from the 

substructures of published bromodomain inhibitors and their potential bioisosteric 

replacements. In the second method, shape, pharmacophoric and 2D fingerprint similarity 

searches were performed using (+)-JQ1 as a probe compound. Only compounds able to fit 

the tight geometric constraints of the KAc binding pocket, as determined from dockings into 

BRD4 BD1, were retained in the set. Novel KAc mimetics were then extracted through 

visual inspection and combined with the library generated from the first method before 

substructure searching in a database of commercially available compounds was carried out. 

These compounds were docked into BRD4 BD1, purchased, and tested in a BRD4 BD1 

AlphaScreen to identify the six hit compounds shown in Figure 37. 

 

Figure 37. Hits identified from virtual screening. 

Crystal structures of hit compounds 141, 143, 144 and 145 in BRD4 BD1 were 

obtained and revealed close overlap with predicted poses from the docking studies.
78

 Further 

searching, purchasing and/or synthesis and testing, was conducted for each hit compound 

resulting in derivatives exhibiting greater activity.  

This study successfully demonstrated structure-based virtual screening as a tool to 

discover new KAc mimetics. BRD4 was selected as model target, but the approach could be 

extended to other bromodomains. Four novel scaffolds suitable for further chemical 

exploration were identified, but no selectivity or developability data were reported to guide 

prioritisation of templates. 
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Further examples of BET inhibitors can be found in the patent literature. While most 

of these chemotypes have also been published in journal articles, there are some important 

exceptions which are now discussed. For example, elaborated variants of the THQ fragment 

first reported by Chung
74

 are included in several patents from GSK with generic structures 

147 and 148 (Figure 38).
79,80

  

 

Figure 38. Patented THQ BET inhibitors. 

Most examples included in these patents were reported to be active in BRD2, 3 and 4 

WT FA assays with a number also demonstrating inhibition of inflammatory mediator 

production (TNFα and IL-6) in human whole blood following LPS-stimulation. One 

example, THQ 149, showed profound efficacy in an in vivo model of sepsis.
80

 In a control 

group, only 6% of mice treated with lethal doses of LPS survived while in the group treated 

with THQ 149 90 minutes later, 58% of the animals were rescued. In addition, this 

compound was screened in a panel of cancer cell lines showing GIC50 values in the range 

40–9200 nM in breast cancer cell lines and 35–844 nM in heme lines.
80

 

It should be noted that in the latter stages of preparing this thesis, an article emerged 

describing the ability of the THQ 149 (or I-BET726 as named in the paper) to inhibit growth 

and induce cytotoxicity in neuroblastoma solid tumour.
81

 High binding affinities upon 

displacement of a tetra-acetylated histone peptide from tandem bromodomain BRD2, 3 and 4 

constructs were reported (22–41 nM), as well as DSF data which highlighted the selectivity 

of THQ 149 for the BET family. In addition, similar thermal shifts were found for individual 

bromodomain constructs of BRD4 (ΔTm = 13.6º C and 12.5º C for BD1 and BD2, 

respectively) indicating no domain selectivity. Finally, inhibition of cell growth and 

cytotoxic effects of THQ 149 were demonstrated in neuroblastoma cell lines and its 

therapeutic potential established in vivo using a mouse xenograft model of neuroblastoma. 

Abbott laboratories and Abbvie have recently published patents on BET inhibitors 

containing a pyrrolopyridone KAc-mimetic, such those shown in Figure 39.
82,83

 Within these 

manuscripts, data from FRET assays of individual BRD4 bromodomains were reported. 

Nanomolar potencies were achieved with a number of examples, such as the pyrrolopyridone 

150, while, perhaps more interestingly, several examples displayed bias for BRD4 BD1 or 
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BRD4 BD2 with the N-methylpiperazine 151 in particular showing considerable selectivity 

for BRD4 BD1.  

 

Figure 39. Examples of pyrrolopyridone BET inhibitors from Abbot Laboratories 

Dose-dependent effects upon breast cancer cell proliferation were determined with 

pyrrolopyridone 150 giving an EC50 = 17.4 nM. Two examples were also screened in a panel 

of cancer cell lines with notable potent effects in reducing AML proliferation. Metabolic 

stabilities in human, rat, and mouse microsomes were reported, with pyrrolopyridone 150 

displaying prolonged stabilities in all species. Finally, data from in vivo studies in 

inflammation and cancer models were reported. After oral dosing to LPS-stimulated 

immunodeficient mice, high inhibition of Il-6 production was observed for a number of 

compounds including example 150. Pyrrolopyridone 150 also inhibited paw swelling in a rat 

collagen-induced arthritis model in a dose dependant manner and showed comparable 

efficacy with prednisolone at a third of the dose (1 mg/kg). The ability of example 150 to 

inhibit growth of tumour xenografts in mice was also disclosed. Oral dosing at 3 mg/kg/day 

over 14 days reduced growth of an OPM-2 myeloma xenograft by 90% and exhibited dose-

dependant inhibition of MX-1 breast cancer growth. Efficacy in a number of additional 

cancer cells was also established and, when dosed in combination with the established 

treatments cytarabine, azacitidine and bortezomib, beneficial additive effects were observed. 

The compounds covered in these patents represent a new class of KAc mimetic but 

details on the development of these BET inhibitors are unknown at the present time. Based 

on the encouraging results in the mouse inflammation and tumour models, considerable 

potential exists for effective human therapy. 

In addition to reports of BET inhibitors found in the journal and patent literature, 

company websites are another source of valuable information. Of particular note was the 

emergence that an ApoA1 upregulator, developed by ResVerlogix (RVX-208), functions by 

inhibiting BET proteins (Figure 40).
84
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Figure 40. ResVerlogix first-in-class BET inhibitor. 

RVX-208 entered phase I clinical trials in the USA in 2007 and is currently being 

assessed in a phase IIb study for the treatment of both coronary atherosclerotic plaque and 

atherosclerotic coronary disease. RVX-208 is therefore a first-in-class BET inhibitor despite 

its MOA only being announced recently.
84

 As a consequence, details on BET affinity and 

binding mode remained unpublished until very recently.
85,86 

Studies conducted by researchers 

at ResVerlogix demonstrated that RVX-208 bound preferentially to BD2 over BD1.
85

 The 

degree of selectivity was dependant on the method of measurement, but based on 

dissociation constants determined by ITC, BD2 selectivities of 82-fold and 29-fold for BRD2 

and BRD4, respectively, were reported. Independent ITC measurements from the SGC 

laboratories also determined preferential binding of RVX-208 to BD2, albeit with a reduced 

magnitude (23-fold for BRD2 and 8-fold for BRD4).
86

 Here, gene-expression studies with 

RVX-208 showed that selective inhibition of BD2 only modestly affected BET-mediated 

transcription and suggested a dominant role of BD1 in transcriptional control.  

The clinical progression of RVX-208 provides increased confidence in BET inhibition 

as a viable strategy for treatment of non-oncologic indications. As development of RVX-208 

was directed towards atherosclerotic disease, limited data has been presented outside this 

therapeutic area and a wider investigation of the biological effects of this compound is 

awaited. However, caution would be required in attributing results from such studies to 

inhibition of BD2 as the modest selectivity of RVX-208 means that contributory effects from 

engagement of BD1 towards the biological response cannot be ruled out.
 

It is apparent from this review that much progress has been made in the identification 

and development of small molecule BET inhibitors in recent years by both industrial and 

academic institutions. These molecules span a range of KAc mimetics and often exhibit high 

affinity and selectivity for the BET family of BCPs. After pioneering work by Chung and co-

workers in the identification of the BET bromodomains as the molecular targets of ApoA1 

upregulators,
44

 a more focused mechanistic approach has been adopted to elucidate the 

biological effects upon BET bromodomain inhibition. The abundance of structural 

information has allowed rapid development of small molecule ligands and has facilitated the 

use of modern methods such as FBDD. A range of assay formats have been developed for 
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the identification of ligands, including label-free methods and biochemical technologies, as 

well as assays studying the outcome of BET inhibition in whole cells. Many of the 

compounds identified have been used as tools to probe the biological consequences upon 

blocking interaction of KAc with BET bromodomains. Notably, several examples are 

currently in clinical trials, the outcomes of which will determine the viability of BET 

inhibition as a therapeutic strategy. 

At the start of the work contained within this thesis, no small molecule BET inhibitors 

had been published in the journal literature. Furthermore, as the above literature review 

reveals, a strategy to specifically develop compounds suitable for i.v. administration had not 

been described, an aspect of small molecule BET inhibition which remains unpublished up 

to the present day. When commencing these studies, several programmes of research were 

underway within our laboratories to discover and optimise BET inhibitors as potential 

therapeutics. In particular, we aimed to develop molecules from different structural classes 

and optimise these for routes of administration appropriate for different disease indications. 

The first section of this research describes the optimisation of a dimethylisoxazole quinoline 

series of BET inhibitor designed for i.v. administration towards drug pre-candidates. Novel 

SAR and developability data is included and expands the knowledge base of the scientific 

community concerning small molecule BET inhibition.  

It was apparent from examination of the literature that small molecule inhibition of the 

BET bromodomains elicits profound biological responses, but their potential as therapeutics 

beyond acute inflammation and cancer is limited. Furthermore, there was a distinct lack of 

selectivity data for the individual bromodomains within the BET proteins and, where data 

did exist, indiscriminate binding was generally observed. To enable further understanding of 

the broad phenotype characteristic of pan-BET inhibition, development of inhibitors 

selective for individual, or sets of, bromodomains within the family is required. The second 

section of this research describes the effort towards this goal through the development of a 

dimethylisoxazole quinoline probe molecule which selectively inhibited the first 

bromodomain of the BET proteins. 
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2. Quinoline BET Inhibitors for Intravenous Administration 

2.1. Medicinal Chemistry Strategy and Project Aims 

As described in a research paper which was published following the initiation of this 

project, the 3,5-dimethylisoxazole quinoline GW694481 (Figure 41) was identified as a hit 

compound in an ApoA1 upregulation assay within our laboratories.
63

  

 
Figure 41. 3,5-Dimethylisoxazole quinoline hit GW694481 identified from a HTS. 

The 3-, 4- and 6-positions of the quinoline ring were explored by the authors to 

optimise ApoA1 activity and attenuate CYP inhibition.
63

 The discovery that these ApoA1 

upregulators were inhibitors of the BET bromodomains was disclosed in a separate 

publication released at the same time.
64

 Other studies within our laboratories revealed that 

small molecule BET inhibition suppressed LPS-induced inflammation and sepsis in a mouse 

endotoxaemia model, which was also published during the programmes of study described in 

this thesis.
47,66

 With promising biological results achieved with several dimethylisoxazole 

quinolines, a programme of work to develop drug pre-candidates for human sepsis was 

pursued.  

Sepsis is an acute inflammatory condition affecting millions of people around the 

globe with the number of cases growing each year.
87

 Of those affected, 25% ultimately die 

making sepsis one of the most common causes of death in the world. A key feature of this 

condition is a hyperinflammatory immune response upon invasion by bacteria, fungi, 

parasites or viruses in the blood, lungs, urinary tract or other tissues. An inability to regulate 

this response leads to septic shock, organ failure and, potentially, death. Potent pro-

inflammatory mediators, including IL-6, are released during the onset of sepsis and  

many therapeutic strategies have targeted such mediators but, unfortunately, these have been 

met with limited success in clinic trials.
88

 Therefore, new mechanisms through which anti-

inflammatory agents may act, such as inhibition of BET bromodomains, would be of high 

value for the research community and sepsis patients. 
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Although I-BET762 demonstrated profound effects in a mouse sepsis model, this 

molecule, and other BET inhibitors published subsequently, have not, apparently, been 

developed specifically as treatments for human sepsis despite the huge unmet need in this 

area. The reasons for this are unknown, but it is likely that these molecules do not possess 

the very high aqueous solubility required for i.v. administration, a method to rapidly deliver 

drug to the systemic circulation which is likely to positively affect patient response after 

severe sepsis develops. Even in the case of oral administration, where the level of aqueous 

solubility required is lower, the poor aqueous solubility of the BET inhibitor PFI-1 was 

attributed as non-ideal property discovered during an oral PK study.
75

 Therefore, the 

discovery of a highly soluble drug pre-candidate presented both a novel and challenging 

approach in the field of BET inhibition. 

The specific requirements in this programme of research to develop dimethylisoxazole 

quinolines suitable for i.v. administration were: 

 potent BET bromodomain inhibition (pIC50 >6.0)  determined using FP assays; 

 high aqueous solubility: 

o >50 μg/mL determined using a high throughput DMSO precipitative solubility 

method using Chemiluminescent Nitrogen Detection (CLND) and then; 

o >1000 μg/mL (at pH 5.0 or 7.0) determined using a more accurate lower 

throughput solubility method, using solid compound and visual inspection; 

 potent inhibition of pro-inflammatory cytokine production in LPS-stimulated 

human whole blood (WB) (pIC50 >6.0); and 

 inactivity (pIC50 <4.2) of the human ether-a-go-go related gene (hERG) ion 

channel determined using an electrophysiology assay. 

Detailed information for these assays can be found in the Appendix.  
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A number of dimethylisoxazole quinolines were synthesised as part of the existing 

programmes of work focused on oral administration. However, no previously synthesised 

molecules possessed the high WB activity combined with aqueous solubility required for i.v. 

drug delivery, and the focus of the research described here was to address these limitations. 

A data-driven approach towards optimisation of WB activity was taken, while structural 

information guided the optimisation of solubility. In this regard, a high resolution crystal 

structure of the dimethylisoxazole quinoline 152 bound to BRD2 BD1 (solved within our 

laboratories
89

) was examined (Figure 42). This structure showed that the quinoline was 

positioned at the KAc binding pocket of the bromodomain. Like the published structures of 

dimethylisoxazole-containing BET inhibitors discussed in the introduction, the 

dimethylisoxazole unit of quinoline 152 formed key hydrogen bond interactions to Asn156 

and to the water molecule contacting Tyr113 (Figure 42b) (the hydrogen bond distances of  

I-BET151 were later found to be in close accordance with those of the quinoline 152
64

). The 

quinoline ring occupied the lipophilic cleft between Leu108 on one side, and Trp97 and 

Pro98 on the other, while the 4-aniline substituent made hydrophobic contacts with the WPF 

shelf. The 3-amide was positioned in the ZA channel and, to avoid placing a hydrophobic 

aryl ring into bulk solvent, the pyridin-2-ylmethyl substituent bent round to form 

hydrophobic interactions with Leu108 and the hydrocarbon section of Lys107. 

From this structure, a number of vectors from quinoline 152 were identified for the 

introduction of polar chemical functionality (termed solubilising groups) such as basic 

moieties and alcohols, to modify the physicochemical properties and improve aqueous 

solubility (Figure 42d and e). Accordingly, positions on the quinoline amide template which 

were attractive for substitution included the 3-amide, the 4-NH bond and the ortho- and 

meta-positions on the 4-aniline ring, all of which pointed towards solvent exposed areas. 

Modifications to the 3-position were conducted in the initial chemistry investigations and are 

now discussed in detail. 
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Figure 42. (a) Structure of quinoline 152 and corresponding BET activity. (b–e) X-ray crystal structures of 

quinoline 152 (carbon = magenta) bound to BRD2 BD1. (b) Hydrogen bond distances (Å) of the 

dimethylisoxazole unit to Asn156 and Tyr113. (c) Molecular surface of BRD2 BD1 with conserved waters 

highlighted. (d and e) Vectors from quinoline 152 directed towards solvent are highlighted with orange arrows, 

from the 3-amide (d) and from the 4-NH and 4-aniline ring (e). (f) Summary of vectors directed towards solvent. 
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2.2. 3-Methylamine Exploration 

Using structural insight, the 3-position of the dimethylisoxazole quinoline template 

was identified as an attractive vector to alter the physicochemical properties to improve 

aqueous solubility. To assist in this endeavour, data for the extensive number of amides 

synthesised at this position as part of the existing programme targeting oral administration 

was considered, and a selection of these data are shown in Table 13. 

     

R = 
 

 
 

 43
90

 152
89

 153
91

 

BRD2, 3, 4 pIC50 6.3, 6.5, 6.2 5.9, 6.2, 6.0 5.5, 6.0, 5.7 

WB pIC50 <4.5
 a
, 4.7

a
 <5.0 <4.5 

Solubility CLND (μg/mL) 46 26
b
 110 

Solubility pH 5.0, 7.0 (μg/mL) 13, 1 21
b
, <1

b
 >1000, 130 

Table 13. A selection of historical amides and corresponding data. aThese individual values resulted from two test 

occasions and do not represent mean values. bThese data were obtained on the dihydrochloride salt. 

Both the carboxamide 43
90

 and the pyridin-2-ylmethanamide 152
89

 displayed good 

activities in the BET FP assays but also possessed poor solubilities. Like the pyridin-2-

ylmethanamide 152,
89

 most of the pre-existing amides contained an aromatic ring which  

was suspected to contribute to the poor solubility. The 2-methoxyethanamide 153
91

 was 

differentiated in terms of structure and displayed very good solubility at pH 5.0 achieving the 

desired target solubility of >1000 μg/mL. Unfortunately, this particular compound was only 

moderately active in the BET FP assays and inactive in the WB assay. 

Whilst on-going work within the laboratory focused on exploring further amides at the 

3-position for solubility improvements,
92

 the objective of the following research was to 

investigate an alternative functional group to improve solubility and determine the effect of 

this modification upon BET and WB activity. Specifically, removal of the carbonyl-

possessing (amide) unit and the replacement of this group with methylamine functionality 

was expected to improve solubility through incorporation of a basic centre. A workplan was 

devised to incorporate different functional groups appended to methylamine and in silico
93

 

solubility calculations were conducted. These predictions showed the N-methylpiperazine to 

be highly soluble at pH 4.5, while alcohol-containing functional groups also met the 
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solubility criteria (Table 14). Ethers were estimated to be less soluble but were included 

based on previous SAR demonstrating favourable activity when incorporated as part of an 

amide group such as in the methoxyethylamide 153.
91

  

 

Table 14. Solubility predictions for methylamine analogues. 

The synthetic strategy for this area of work was to produce a late stage intermediate 

for amine diversification using robust reductive amination chemistry. Also, an intermediate 

incorporating a 2-fluoroaniline 4-substituent was desirable to allow direct SAR comparisons 

to be made with previously synthesised amides. Accordingly, the aldehyde 158 was 

identified as the desired intermediate for the synthesis of the target methylamine compounds 

(Scheme 15). 

 

Scheme 15. Synthesis of quinoline 3-position methylamines. 

The first step in the synthetic sequence involved chlorination of  

quinolinone 154
94

 to give 4-chloroquinoline 155 in high yield (90%). A nucleophilic 
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aromatic substitution reaction with 2-fluoroaniline provided N-(2-fluorophenyl)quinolin-4-

amine 156 in 75% yield and this was subsequently reduced to primary alcohol 157 in high 

yield (86%). Manganese dioxide-mediated oxidation to aldehyde 158 was achieved in 48% 

yield, which set the stage for amine synthesis. Reductive amination with a range of amines 

furnished the target amine compounds 159a–e. These were then screened in the BET FP 

assays with results displayed in the left hand side of Table 15 (data for analogous amides, 

where available, are displayed on the right hand side). 

R = 

BRD2, 3, 4 

pIC50 

WB 

pIC50 

CLND 

(μg/mL) 
R = 

BRD2, 3, 4 

pIC50 

WB 

pIC50 

CLND 

(μg/mL) 

159a 

6.0, 6.2, 5.8 
<4.5,

a
 

4.7
a
 

99 

153
91

 

5.5, 6.0, 5.7 <4.5 110 

159b 

6.0, 6.4, 5.6 
<4.5,

a
 

5.3
a
 

146 

160
92

 

6.0, 6.1, 5.7 4.8
b
 221 

159c 

6.0, 6.4, 5.6 
<4.5,

a
 

4.7 
143 

161
92

 

5.9, 6.1, 5.8 <4.5 189 

159d 
6.0, 6.2, 5.8 

<4.5,
a
 

4.4 
8     

159e 
5.9, 6.3, 5.6 5.1 122     

Table 15. Results for 3-position methylamines and comparison to their 3-amide analogues where appropriate. 
aThese individual values resulted from two test occasions and do not represent mean values. bpIC50 values of <4.5 

were determined on two test occasions out of four and were excluded from the reported mean value. 

These data showed that the methylamine unit was well tolerated and that removal of 

the amide carbonyl retained, or slightly improved activity. As substituents on the 

methylamine unit were designed to occupy solvent exposed region, little difference in BET 

FP activity between the congeners was expected and this was confirmed by these data with 

all methylamines displaying similar (1.6–2.5 μM) BRD4 activity. Interestingly, the 

methylamine-containing compounds displayed enhanced WB activity over their amide 

counterparts but it should be noted that methylamines 159a–159d were determined inactive 

on another test occasion. The methylamine 159b showed 3-fold increased WB activity 

versus the amide 160
92

 when taking the active (pIC50 = 5.3) result. With the exception of the 
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morpholine 159e, the methylamines exhibited high CLND solubility but, disappointingly, 

values were lower than their corresponding amides. However, it was expected that aqueous 

solubility at pH = 5.0 would have been higher for the methylamines due to their expected 

positive ionisation state at this pH. Despite the encouraging increases in WB activities 

achieved through the design and synthesis of the methylamines, the WB activity did not meet 

the micromolar threshold required for progression into resource-intensive solubility 

measurements from solid. However, exploration of this vector for incorporating amine 

solubilising groups demonstrated encouraging results, particularly with the 

(methylamine)propane-1,2-diol 159b, and this area was identified for reinvestigation at a 

later date if the associated exploration of the 4-position boosted WB activity sufficiently. 

Attention then turned to vectors on the 4-amino substituent identified from X-ray 

crystallography for incorporation of solubilising groups. 

 

2.3. 4-Amino Substituent Exploration and Molecular Budgeting 

To determine a strategy for incorporation of solubilising groups on the 4-amino 

substituent, data from the previous programmes of chemistry directed towards oral 

administration were considered. Accordingly, the compounds shown in Table 16 were 

highlighted as being of particular interest. 

 153
91

 162
95

 163
95

 164
92

 

BRD2, 3, 4 

pIC50 
5.5, 6.0, 5.7 5.5, 5.8, 5.2 6.4, 6.8, 6.5 6.1, 6.5, 6.2 

WB pIC50 <4.5 <4.5 NT NT 

Solubility 

CLND 

(μg/mL) 
110 12 43 12 

Solubility pH 

5.0, 7.0 

(μg/mL) 

>1000, 130 17, 0 NT NT 

Table 16. SAR table of 4-N substituent analogues. 

The role of the 3-amide was first considered and upon comparison of 

dimethylisoxazole quinolines 153
91

 and 162,
95

 it was concluded that the amide substituent 

did not play a particularly important role in BET FP activity but it did provide enhanced 
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solubility. Dimethylisoxazole quinolines lacking a 3-amide substituent were next considered 

and these data showed that BET FP activity could be increased by substituting the 4-position 

amine with methyl and ethyl substituents (compounds 163
95 

and 164,
92

 respectively). Given 

the importance of attenuating molecular weight in achieving cell permeability,
96

 an important 

requirement for interaction with BET proteins in human WB, a molecular budgeting 

approach was used at this stage of the project and is outlined in Figure 43. 

 

Figure 43. Molecular budget approach to ‘deduct’ the 3-amide molecular weight and ‘spend’ on 4-aniline 
substituents. 

In general, a molecular budgeting approach involves removal of a substituent and its 

molecular weight ‘spent’ by the addition of another, more optimal group elsewhere in the 

molecule ensuring minimal net gain of molecular weight. When applied in the context of this 

area of research, the 3-amide substituent (which, so far, enhanced solubility but not WB 

activity) was removed from quinoline 165, and the molecular weight ‘spent’ on a pendant 

solubilising group on the 4-aniline substituent, ensuring minimal overall increase in 

molecular weight when exploring different areas of the molecule and to increase the 

likelihood for achieving high WB activity. 

Possible substitution points for the solubilising group were then considered and 

included the 4-N atom as in quinoline 166 or on the 4-aniline ring as in quinoline 167. Both 

substitution methods were to be explored within our laboratory with the aim of: 

 retaining or improving BET activity, compared to the 3-amide quinolines 165 — the 

SAR shown in Table 16 suggested this was achievable; and 

 exploring new vectors for incorporating solubilising groups — the 4-NH bond 

vector, and the ortho- and meta-positions on the 4-aniline ring, pointed towards 

solvent exposed regions in the crystal structure (Figure 42d). 

In addition to this molecular budget approach, one area of interest was to lower the 

lipophilicity in an attempt to improve solubility. SAR previously explored within our 

laboratory revealed that only aromatic groups were tolerated at the 4-position of the 

quinoline (data not shown).
92

 Therefore, the tactic employed was to introduce polarity in the 

form of a pyridine ring to give target compounds of the type 168 (Figure 44).  
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Figure 44. Incorporation of basic pyridine rings for enhanced solubility. 

All aminopyridine isomers were targeted to find the optimal position for the new basic centre 

on the WPF shelf. Additionally, N-methyl or N-ethyl pyridinamines available from 

commercial suppliers were desirable for inclusion as a tertiary nitrogen atom at the quinoline 

4-position was expected to enhance activity based on previous SAR (Table 16). Synthesis of 

these target compounds was carried out according to Scheme 16.  

 

Scheme 16. Synthesis of 4-aminopyridines. 

Firstly, thermal decarboxylation of the carboxylic acid 169
94

 (available within our 

laboratory) at 260 ºC afforded the quinolinone 170 in 58% yield. Chlorination to the 

chloroquinoline 171 was achieved in refluxing POCl3 in excellent yield (95%) furnishing the 

required partner for C–N cross-coupling with appropriate aminopyridines. The only 

commercially available N-methyl or N-ethyl pyridinamine available was N-methylpyridin-2-

amine and this was included to provide an example of a tertiary 4-nitrogen analogue. The 

amination reactions were conducted using typical Buchwald-Hartwig conditions (Pd2dba3, 

DavePhos, NaO
t
Bu, 1,4-dioxane) in a microwave reactor. This catalytic system comprising 

of the air stable Pd(0) source and one of the original dialkylbiaryl phosphine ligands 

successfully generated pyridines 172–175 albeit with varying degrees of coupling efficiency. 

These compounds were then profiled in our screens with the data being shown in Table 17. 
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R = 

      162
95

 172 173 174 175 

BRD2, 3, 4 pIC50 5.5, 5.8, 5.2 5.5, 5.7, 5.2 6.4, 6.6, 6.1 5.4, 5.7, 5.1 5.5, 5.9, 5.3 

WB pIC50 <4.5 <4.5 5.2 <4.5
a
, 4.8

a
 5.1 

chromLogD7.4 4.8 4.2 4.8 3.2 3.0 

Solubility CLND 

(μg/mL) 
12 74 145 74 149 

Table 17. Data for 4-aminopyridines isomers. aThese individual values resulted from two test occasions and do 

not represent mean values. 

These results showed that each pyridine isomer from the secondary amines 172, 174 

and 175, was similarly active in the BET FP assays demonstrating a tolerance for different 

electron distributions on the WPF shelf. In terms of WB activity however, the para-isomer 

was most active with a pIC50 = 5.1. Encouragingly, lipophilicity was lowered by the 

introduction of a basic pyridine and this translated into improved CLND solubility compared 

to the 2-fluorophenyl 162.
95

 

Data for the tertiary amine 173 were particularly interesting. As predicted from 

previous SAR, a 10-fold increase in activity was achieved when the 4-N was substituted with 

a methyl group (comparing secondary amine 172 to tertiary amine 173). Although 

lipophilicity was comparable with the 2-fluorophenyl 162,
95

 this compound possessed good 

CLND solubility and the best WB activity in this set of compounds.  

Although encouraging results were achieved with these pyridine-containing 

dimethylisoxazole quinolines, the WB activity was not sufficient to warrant their progression 

into solubility measurements from solid. However, this initial data package provided 

valuable information that a pyridine ring was tolerated at the 4-position of the quinoline. 

Also, the encouraging BET activity and CLND solubility achieved with the tertiary amine 

173 provided confidence that tertiary amines were worthwhile targets for further exploration 

to enhance WB activity and further increase solubility. In this regard, 4-tertiary amines of the 

type 176 were targeted for synthesis (Figure 45). 
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Figure 45. Initial chemistry strategy for synthesis of 4-tertiary amines 176 via Buchwald-Hartwig amination or 
SNAr. 

Both Buchwald-Hartwig amination and SNAr chemistry had previously been used in 

this research to install 4-amino substituents onto the quinoline ring. Therefore, a search for 

appropriate secondary aminopyridines available within our laboratories was performed and 

this yielded the three monomers (178–180) shown in Figure 46. 

 

Figure 46. Predicted solubilities of tertiary 4-aminoquinolines. 

The solubilities of their coupling products (181–183) were calculated in silico
97

 with 

the N,N-dimethyl-N'-2-pyridinyl-1,2-ethanediamine 181 predicted to have high solubility 

while the 2-(pyridin-2-ylamino)ethanol4-pyridine 182 and 2-(pyridin-4-ylamino)ethanol4-

pyridine 183 were estimated to have moderate solubility. Therefore, the corresponding 

secondary amines were subjected to the previously successful Pd-catalysed amination 

conditions (125 ºC, µwave, 15 min) (Scheme 17). 
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Scheme 17. Attempted synthesis of tertiary 4-aminoquinolines via Buchwald-Hartwig aminations. 

Disappointingly, no product was formed from any of the aminopyridines, with only 

starting 4-chloroquinoline 171 remaining or inseparable degradation products being observed 

by liquid chromatography mass spectroscopy (LCMS). An attempt at SNAr chemistry (150 

ºC, µwave, 20 min) with the aminopyridine 178 (Scheme 18) also failed to provide the 

desired product. 

 

Scheme 18. Attempted synthesis of tertiary 4-aminoquinoline 181 via SNAr. 

Alternative amination conditions could have been attempted (e.g. alternative 

phosphine ligands and/or bases) but given the lack of success so far, an alternative chemistry 

strategy towards the tertiary 4-aminoquinoline target compounds was sought to meet the 

demands of this high priority project. One option was to N-alkylate the previously 

synthesised pyridines (172, 174 or 175) to introduce the solubilising group as depicted in 

Figure 47. 

 

Figure 47. Revised chemistry strategy for synthesis of 4-tertiary amines via alkylation. 

Accordingly, attempts at alkylation chemistry were made on the secondary  

4-aminoquinolines where suitable quantities of material were available (174 and 175, 

Scheme 19). 
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Scheme 19. Attempted synthesis of tertiary 4-aminoquinolines via N-alkylation chemistry. 

The alkyl chloride 186 bearing the acetonide protected diol was examined first and 

was found to be particularly unreactive, probably due to the poor polarisability of the C–Cl 

bond, and steric and electronic resistance caused by the acetonide. Therefore, the highly 

electrophilic allyl bromide 187 was used with a view to subsequently derivatise to the diol 

via dihydroxylation. Several bases were explored (K2CO3, KO
t
Bu and NaH) and different 

temperatures (room temperature and 75 ºC) were examined. In all cases, either no conversion 

was observed, or mixtures of regioisomers were formed with the desired 4-aminoquinoline 

alkylation products 184 and 189 often the minor isomers, which proved difficult to separate 

from their respective regioisomers 185 and 190 by normal and reverse phase 

chromatography. The 4-aminopyridine 175 was also, unsurprisingly, activated towards 

alkylation on the 4-pyridine nitrogen giving the additional regioisomer 191. 

This exercise showed that the inherent reactivity of 4-aminoquinolines is through the 

quinoline nitrogen and is consistent with literature examples.
98,99

 Accordingly, an alternative 

approach to synthesising tertiary 4-aminoquinolines 176 was implemented and involved 

initial installation of the solubilising substituent to secondary 4-aminoquinolines 192 

followed by incorporation of the aryl ring (Figure 48). 

 

 

Figure 48. Alternative chemistry strategy for synthesis of 4-tertiary amines 176 via tandem amination reactions. 
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 It was anticipated that this approach may potentially still suffer from poor reactivity 

of the 4-aminoquinoline NH in 192 but still had merit as there was some precedent for 

amination reactions of secondary 4-aminopyridines when using the XANTPHOS phosphine 

ligand.
100

 A diol moiety was selected as the solubilising group as a test bed for this chemistry 

exploration (Scheme 20). 

 

Scheme 20. Installation of the protected solubilising group to give 193, followed by attempted introduction of an 
aryl substituent towards 194. 

Firstly, chloroquinoline 171 was subjected to the favoured Buchwald-Hartwig 

amination conditions to give the secondary 4-aminoquinoline 193 with a protected diol in 

35% yield. Next, a range of amination conditions were investigated to prepare compounds of 

type 194 (Table 18). Despite varying the substitution pattern of the pyridine coupling 

partner, the ligand (including XANTPHOS), base and solvent (entries 1–4), no product 

formation occurred with mainly starting material and multiple small by-products being 

formed. Attempts at SNAr chemistry using 2-fluoropyridine also failed to yield any product 

under neutral or strongly basic conditions (entries 5 and 6, respectively). Replacing the 

pyridine coupling partner with 1-bromo-2-fluorobenzene (a historically favoured aryl group) 

in Buchwald-Hartwig amination attempts (entries 7–11) did not lead to productive coupling. 

Finally, an attempt at arylation using catalytic copper (I) iodide failed to give any 

conversion. 
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Entry ArX Catalyst Ligand Base Solvent Method 

1 

 

Pd2dba3 

(6 mol%) 

DavePhos 

(12 mol%) 
K3PO4 toluene 

125 °C 

µwave 

20 min 

2 

 

Pd2dba3 

(6 mol%) 

DavePhos 

(12 mol%) 
K3PO4 toluene 

125 °C 

µwave 

20 min 

3 

 

Pd2dba3 

(8 mol%) 

 

DavePhos 

(15 mol%) 

NaO
t
Bu 1,4-dioxane 

125 °C 

µwave 

20 min 

4 

 

Pd2dba3 

(8 mol%) 

XANTPHOS 

(15 mol%) 
NaO

t
Bu 1,4-dioxane 

140 °C 

µwave 

30 min 

5 

 

- - - NMP 

150 °C 

µwave 

20 min 

6 

 

- - 
LiHMDS  

(1 M in THF) 
THF 

150 °C 

µwave 

20 min 

7 

 

Pd2dba3 

(7 mol%) 

dppf 

(15 mol%) 
NaO

t
Bu 1,4-dioxane 

100 °C 

thermal 

22 h 

8 

 

Pd2dba3 

(7 mol%) 

S-PHOS 

(15 mol%) 
NaO

t
Bu 1,4-dioxane 

100 °C 

thermal 

22 h 

9 

 

Pd2dba3 

(7 mol%) 

BINAP 

(15 mol%) 
NaO

t
Bu 1,4-dioxane 

100 °C 

thermal 

22 h 

10 

 

Pd2dba3 

(7 mol%) 

X-PHOS 

(15 mol%) 
NaO

t
Bu 1,4-dioxane 

100 °C 

thermal 

22 h 

11 

 

Pd2dba3 

(7 mol%) 

triisobutylphosphatrane 

(15 mol%) 
NaO

t
Bu 1,4-dioxane 

100 °C 

thermal 

22 h 

12 

 

CuI 

(10 mol%) 
ethylene glycol K3PO4 IPA 

90 °C 

thermal 

16 h 

 

Table 18. Conditions attempted for introduction of an aryl onto secondary amine 193. 
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The many methods attempted at this stage suggested that either the 4-nitrogen atom of 193 

was electronically deactivated towards further reaction and/or the reaction site was too 

sterically encumbered to allow further substitution at the 4-N position. To explore the latter 

possibility, attention turned to synthesis of tertiary anilines at the 4-position of the type 195 

(Figure 49), which contained a smaller N-methyl substituent and a potential solubilising 

group on the 2-benzamide unit. Compounds of this type were of interest due to the good WB 

activity observed for the 4-anilino amide 196
89

 (Figure 49). However, despite the 

encouraging solubility for this compound as determined by CLND (196 μg/mL), the 

measured solubility at pH 5.0 and 7.0 was poor (97 and 10 μg/mL, respectively). Following 

the molecular budget approach described at the beginning of this section, the 3-amide 

substituent was ‘deducted’ and the molecular weight ‘spent’ on a 4-N-methyl aryl substituent 

to give the tertiary aniline targets of type 195. The solubilising group in compounds of type 

195 could be included as part of the amide functionality. 

 

 

Figure 49. Desirable area of the 4-tertiary amine 195 where a solubilising group could be incorporated; and data 
for 4-anilino amide 196. 

A chemistry strategy to first install the small N-methyl substituent followed by  

N-arylation was pursued (Scheme 21). Formation of the secondary 4-aminoquinoline 197, 

containing the N-Me substituent, proceeded smoothly using Pd-mediated amination in 58% 

yield. In turn, several attempts to install an aryl group to give compound 198 were executed 

either via SNAr or using Buchwald-Hartwig amination conditions (Table 19). 

 
Scheme 21. Attempted synthesis of 4-tertiary amine 198. 
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Entry ArX Catalyst Ligand Base Solvent Method 

1 

 

- - DIPEA NMP 

140 °C 

µwave 

20 min 

2 

 

- - KO
t
Bu DMF 

120 °C 

µwave 

20 min 

3 

 

- - 
LiHMDS  

(1 M in THF) 
THF 

120 °C 

µwave 

20 min 

4 

 

- - 
NaH (60% in 

mineral oil) 
THF 

140 °C 

µwave 

20 min 

5 

 

Pd2dba3 

(6 mol%) 

DavePhos 

(14 mol%) 
NaO

t
Bu 1,4-dioxane 

125 °C 

µwave 

20 min 
 

Table 19. Reactions conducted in an attempt to install an N-aryl substituent. 

Firstly, SNAr reactions using ethyl 2-fluorobenzoate and a variety of bases were 

attempted (entries 1–4). Disappointingly, no product formed in any reaction with only minor 

by-product formation and starting material observed according to LCMS analysis. In the case 

of LiHMDS, a major by-product was observed by LCMS with a mass corresponding to an 

amide derived from nucleophilic substitution of the ethylester with the secondary  

4-amino group on quinoline 197. An attempt at Buchwald-Hartwig amination chemistry with 

methyl 2-bromobenzoate also failed to provide the desired product 198. 

The work in this section to this stage had progressively built a body of evidence 

indicating that tertiary 4-aminoquinolines were not viable targets based on poor synthetic 

tractability. It was hypothesised that any N-substituted 4-aminoquinoline, represented as 192 

in Figure 50, was deactivated towards reaction at the 4-NH. Delocalisation of the 4-nitrogen 

lone pair into the electron-deficient quinoline ring would render the 4-nitrogen atom less 

nucleophilic and unable to participate both in Buchwald-Hartwig and SNAr reactions. 

 

Figure 50. Resonance forms of 4-tertiaryamines. 
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This evidence, combined with that from elsewhere in our laboratory which also failed 

to deliver 4-tertiary amines via alternative routes,
92

 forced a revision of chemistry strategy. 

As 4-tertiary amines were not accessed in a robust and time efficient manner, other areas of 

the molecule and alternative chemistry were explored to increase both potency and 

solubility. More specifically, a proof of concept investigation was made into the 

incorporation of 4-C linked aryls, which would not be reliant upon the amination or N-

alkylation chemistry which had proved to be challenging so far. 

 

2.4. 4-C Linked Aryls 

Given the difficulties encountered in accessing 4-tertiary amines, a review of SAR 

was conducted for the design of alternative target molecules and chemistries to access them. 

Accordingly, an exploration to replace the 4-nitrogen atom was pursued. 

A search for quinolines containing atoms other than a nitrogen at the 4-position 

revealed that both the O-linked phenyl 199
101

 and C-linked phenyl 200
102

 had been 

synthesised as part of the pre-existing ApoA1 programme. These compounds were submitted 

for testing in the BET FP assays alongside their N-linked counterpart GW694481,
63

 with the 

results shown in Table 20. 

 

 

 

R = 

GW694481
63

 199
101

 200
102

 

BRD2, 3, 4 pIC50 5.3, 5.9, 5.5 4.7, 5.2, 4.9 5.1, 5.5, 5.1 

Table 20. BET activity of N-, O- and C-linked phenyls. 

Although replacement of the 4-nitrogen atom resulted in lowered activity, a carbon 

atom was still tolerated. Since tertiary substitution on the 4-N atom was known to increase 

activity over secondary substitution (Table 16), then introducing a tertiary 4-C atom was 

predicted to also provide increased activity over the secondary substituted 4-C atom 200. 

Furthermore, replacing a nitrogen atom with a carbon atom would provide several benefits at 

the 4-position: 

 by providing greater valency, allowing for an additional vector for substitution; 

 a differentiated geometry; and 

 a stereogenic centre, which can have advantages in drug discovery.
103

 

To evaluate if a 4-C substituent might improve interaction with BET, computational 

docking experiments were conducted.
104

 A range of molecules of type 201 (Figure 51) were 
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docked into BRD2 BD1 and an empirical docking score produced. The various contributors 

to protein–ligand affinity were incorporated into the calculation and included: displacement 

of waters by a ligand from hydrophobic regions of the binding site, electrostatic, hydrogen 

bond and lipophilic interactions, desolvation effects, and entropic effects arising from protein 

and ligand flexibility. The results from this analysis were used to rank virtual compounds 

against the baseline N-ethyl compound 164,
92

 with lower negative scores indicating more 

favourable free energy upon binding. 

The results revealed two trends: S-enantiomers were preferred over R-enantiomers and 

a chain length of n = 1 gave improved scores over n = 2. The ethylamine (S)-202 displayed 

the best overall score of −8.5 kcal/mol, superior to that of its N-ethyl isomer 164
92

  

(−7.2 kcal/mol). 

 

Figure 51. Comparison of docking scores of the 4-N ethyl 164 and the 4-C ethylamine (S)-202. 

The improvement in estimated free binding energy of ethylamine (S)-202 was 

rationalised by increased hydrophobic contact of the 4-C and ethylamine carbon atom with 

the adjacent Leu108 and/or closer contact of the 2-fluoroaniline with Trp97 of the WPF 

motif, as seen in Figure 52. 

  

Figure 52. Docking model of C-linked (S)-202 (carbon = cyan) into the crystal structure of N-linked 164 (carbon 

= orange) in BRD2 BD1. A molecular surface indicating hydrophobic (green), mildly polar (blue) and hydrogen 
bonding regions (magenta) was applied. 

F99 

P98 

W97 

L108 

ZA Channel 

I162 

M165 

K107 

L110 

N156 
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Substituents on the ethylamine (S)-202 also looked attractive in terms of their 

predicted solubilities at pH 4.5
97

 when profiled versus the N-ethyl compound 164, with some 

examples shown in Figure 53. 

 

Figure 53. Predicted solubilities of a range of C-linked compounds at pH 4.5. 

Access to racemic ethylamines of type 203 could be achieved by arylation of  

2-(2-fluorophenyl)acetonitrile with the chloroquinoline intermediate 171, reduction of the 

nitrile 204 and final stage reductive amination, as outlined in Scheme 22. An attempt to form 

the C–C bond using SNAr conditions failed, so a palladium-catalysed arylation with  

(2-fluorophenyl)acetonitrile was performed, affording the desired nitrile 204 in 20% yield, as 

well as an unexpected by-product, the ketone 205. 

 

Scheme 22. Arylation and reduction route to ethylamines 203. 

Miura and co-workers first reported the arylation of phenylacetonitrile by palladium 

catalysis in 1998.
105

 A catalytic cycle for this reaction was subsequently proposed by 

Hartwig and Culkin and is depicted in Figure 54.
106,107

 The aryl halide 207 first undergoes 

oxidative addition with the active catalytic species 206 to give the Pd(II) complex 208. The 

aryl acetonitrile 209 is deprotonated by a strong base to give 210, which undergoes ligand 
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substitution to an intermediate complex 211, which may exist in a number of coordination 

modes. Reductive elimination then gives the arylation product 212, regenerating Pd(0). 

 

Figure 54. Mechanism of the palladium-catalysed arylation by an aryl acetonitrile and a possible pathway to by-
product formation 

The structure of by-product ketone 205 was confirmed using NMR analysis. A 

diagnostic 
13

C shift at 194.0 ppm for the carbonyl carbon (C-11) and key Heteronuclear 

Multiple Bond Correlations (HMBCs) to quinoline (H-9) and aryl (H-27) hydrogen atoms 

were observed (Figure 55). 

 

Figure 55. Diagnostic HMBCs of ketone 205. 

Formation of this by-product was postulated to occur via the pathways shown in 

Figure 54. A common contaminant of KO
t
Bu is KOH

108
 and this provided a potential oxygen 

atom source for incorporation (Pathway A). Nucleophilic attack of a hydroxide anion on the 

arylation product 212 could occur in an SN1 fashion via the stabilised cation 213 to give the 

alcohol 214. Benzylic oxidation may occur in the presence of Pd(II) and molecular oxygen
109

 

to give the ketone 215. Some molecular oxygen may have been present in the reaction 

mixture, as the solvent was not degassed prior to irradiation. In Pathway B, the stabilised 

anion 216 may be formed from the slight excess of base in the reaction and subsequent 

trapping of molecular oxygen would generate the α-cyanohydroperoxide 217. Reduction 
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with Pd to the cyanohydrin 218 followed by a base-induced oxidative-decyanation would 

afford ketone 215.
110

 

 204 205 

BRD2, 3, 4 pIC50 6.4, 6.5, 6.1 5.8, 6.2, 5.8 

WB pIC50 5.0 5.7 

Solubility CLND (μg/mL) 11 11 

Table 21. SAR table of C-linked aryls. 

This brief foray into C-linked quinolines was suspended as emerging data meant that 

4-amino exploration was reprioritised and reduction of the nitrile 204 to the ethylamine 202 

was not optimised. The biological data for the C-linked aryls shown in Table 21 showed 

great potential for further investigation where BET activity was retained and WB activity 

achieved, even with by-product ketone 205. Further work on the C-linked aryls would be 

warranted as a new vector for a solubilising group was created and new chemistry for 

introducing 4-substituents was established. 

Continued exploration of 4-amino substituents was being pursued elsewhere in the 

laboratory,
92

 and in a concerted effort to build on encouraging WB activity and solubility, 

synthetic chemistry focus was diverted to further investigation of 4-amino substituents. 

 

2.5. Further 4-Amino Substituent Exploration 

The exploration of the 4-amino substituent in Section 2.3 described the molecular 

budget approach whereby the 3-amide substituent was deducted and the molecular weight 

‘saved’ was ‘spent’ on pendant solubilising groups on the 4-aniline substituent. This 

approach was used to attenuate increases in molecular weight of the target compounds and 

optimise their physicochemical properties when exploring different areas of the molecule. 

However, a 4-tertiary amine was crucial to this approach as this would retain or improve 

BET activity when the 3-amide substituent was removed. Unfortunately, attempts to 

synthesise 4-tertiary amines were met with limited success and a new strategy to identify 

potent, soluble compounds was required. 
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Research ongoing within the laboratory used a strategy to retain the 3-amide 

substituent while incorporating a secondary amine at the 4-position with appropriate 

substitution on the anilino-aryl unit, giving quinolines of the type 219 shown in Figure 56.
92

 

  

Figure 56. New chemistry strategy retaining the 3-amide substituent. 

In some cases, this combination of substituents gave good BET activity and solubility 

(see compound 153
91

 in Table 13). Such compounds were postulated to be more chemically 

tractable than 4-tertiary amines, as an electron-withdrawing 3-amide substituent would 

facilitate a SNAr reaction of a primary aniline with a 4-chloroquinoline. As part of this 

strategy, pendant groups were to be incorporated into the 4-aniline ring which, in the case of 

compound 196, afforded good WB potency despite the high molecular weight. The vector at 

the 2-position of the aniline was directed toward solvent and introduction of a solubilising 

group such as an N-methylpiperazine was anticipated to increase solubility. When combined 

with a favoured 3-methoxyethyl amide giving quinoline 220 (Figure 57), high solubility at 

pH 4.5
93

 (130 mg/mL) was predicted and this compound was therefore selected for synthesis. 

It was recognised that an increase in molecular weight would result from this strategy but 

previous efforts to attenuate molecular weight did not provide the desired activity and 

solubility profile. With encouraging results found with related compounds and encouraging 

predicted properties, synthesis of these analogues continued.  
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Figure 57. Target dimethylisoxazole quinoline containing an N-methylpiperazine on the 4-aryl ring. 

Synthesis of dimethylisoxazole quinoline 220 commenced with the chlorination of the 

quinolinone acid 169
94

 (available within the laboratory) and subsequent amidation to  

the chloroquinoline intermediate 221 in 47% yield over two steps (Scheme 23). The  

N-methylpiperazine solubilising group was incorporated by SNAr reaction with the 

commercially available 2-(4-methylpiperazin-1-yl)aniline to give the target compound 220 in 

11% yield.  

 

Scheme 23. Synthesis of N-methylpiperazine 220. 

Upon screening, the N-methyl piperazine 220 displayed excellent BET activity 

(although an unusually high pIC50 value for BRD3 was obtained, Table 22). This compound 

also demonstrated high WB potency (pIC50 = 6.5) as well as good CLND solubility. The 

morpholines 222
92

 and 223,
92

 synthesised elsewhere within our laboratory, also displayed 

encouraging results with micromolar WB potency and, in the case of the hydroxyethyl amide 

222, displayed the solubility level required for i.v. administration at pH 5.0. 
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R
1
 = 

   

R
2
 =  

   

 220 222
92

 223
92

 

BRD2, 3, 4 pIC50 6.7, 7.8, 6.7 6.7, 6.7, 6.2 6.7, 6.7, 6.3 

WB pIC50 6.5 5.9 6.0 

chromLogD7.4/chromLogP 3.6/5.1 3.9/4.0 5.1/5.4 

Solubility CLND (μg/mL) 186 151 86 

Solubility pH 5.0 (μg/mL) NT >1000, <5000 <1000 

Table 22. SAR table of 4-anilines with pendant solubilising groups. 

Until this point, obtaining compounds with greater than micromolar WB activity had 

presented a challenge, particularly when trying to combine with good aqueous solubility 

required for i.v. administration. The synthesis of these compounds made considerable 

progress towards achieving these goals. 

As part of the screening strategy towards developing pre-candidate molecules, 

quinolines 220, 222 and 223 were tested in a hERG electrophysiology assay (Table 23).  

 

R
1
 = 

   

R
2
 = 

   

 220 222
92

 223
92

 

hERG pIC50 5.9 5.0 5.0 

chromLogD7.4/chromLogP 3.6/5.1 3.9/4.0 5.1/5.4 

Table 23. hERG activity and chromLogP/D measurements for 4-anilines with pendant solubilising groups. 

Inhibition of the hERG ion channel can lead to increases in the cardiac QT  

interval and thus poses a serious risk for further compound development.
111

 Unfortunately, 

data from this assay revealed unacceptable inhibition levels for all compounds, and 

particularly for the N-methyl piperazine 220 which displayed a pIC50 = 5.9. With  

analyses demonstrating the strong contribution of both lipophilicity and positive  
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ionisation state upon hERG inhibition,
112

 these compounds were submitted for chromLogP 

and chromLogD measurements
113

 (Table 23). 

In a study published by our laboratories, values determined from these 

chromatographic measurements of lipophilicity were shown to correlate with hERG 

inhibition.
113

 A particularly strong relationship was found for chromLogP and highlighted 

the importance of the intrinsic lipophilicity on hERG binding. Based on these findings, the 

additional intrinsic lipophilicity (estimated by chromLogP) of the methoxyethyl amide in 

220 compared to the hydroxyethyl amide in 222, and the strongly basic centre present in the 

N-methyl piperazine moiety in 220 but absent in the morpholine analogue 223, were 

proposed to contribute to the increased hERG inhibition. Nevertheless, quinolines 222 and 

223 still inhibited the ion channel with unacceptably high potencies and this was attributed to 

their relatively high intrinsic lipophilicities. 

A strategy was therefore devised to reduce the lipophilicity of the 4-aryl group in an 

attempt to prevent hERG inhibition but still retain high solubility at pH 5.0. This could be 

achieved by introducing a nitrogen atom into the 4-aniline ring. Using the information 

gathered from the 4-aminopyridine exploration in Section 2.3, where a meta-pyridine was 

well tolerated, 2,3-disubstituted pyridines of the type 227 (Scheme 24) were targeted for 

synthesis. These could be accessed from 3-aminopyridines 224 using Buchwald-Hartwig 

aminations or SNAr chemistry. 

 

Scheme 24. Synthesis of 3-aminopyridines 228 and 229. 

The aminopyridines 228 and 229 were synthesised from the commercially available  

3-aminopyridine 225 and the in-house synthesised 3-aminopyridine 226
114

 in 14% and 37% 

yields, respectively. These compounds, combined with 230
114

 (synthesised elsewhere within 

the laboratory) showed promising results which are displayed in Table 24. 
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R = 

   

 230
114

 228 229 

BRD2, 3, 4 pIC50 5.6, 6.5, 5.5 6.6
a
, 6.7

 a
, 6.6

 a
 6.1, 6.5, 5.6 

WB pIC50 6.1 6.4 5.9 

chromLogD7.4/chromLogP 3.8/3.9 2.5/3.1 4.2/4.3 

Solubility CLND (μg/mL) 290 176 231 

Solubility pH 5.0 (μg/mL) >1000, <5000 NT NT 

hERG pIC50 4.4 <4.2
b
 4.9 

Table 24. SAR table of 4-aminopyridines with pendant solubilising groups. aThese data were obtained from 

Homogeneous Time Resolved Fluorescence assays. bThis data was obtained from a more recent hERG 
electrophysiology assay (see Appendix for details). 

The 2-methoxy-N-methylethanamine 229 displayed good activity in the BET FP 

assays and respectable WB activity with pIC50 = 5.9 but, disappointingly, exhibited hERG 

inhibition. The pyridinemorpholine 230 also showed good BET binding activity and WB 

activity (pIC50 = 6.1). With high solubility determined by CLND, pyridinemorpholine 230 

was progressed to solubility measurements from solid where the desired solubility of  

>1000 μg/mL was achieved. However, upon testing in the hERG assay, measurable 

inhibition was found albeit at a very weak level. The N-methylpiperazine 228 displayed high 

potency in the BET Homogeneous Time Resolved Fluorescence (HTRF) assays (see 

Appendix) and was the most potent in the WB assay from this set of aminopyridines. The 

introduction of the additional nitrogen in the aryl ring (compare phenyl 220 in Table 23 with 

pyridine 228 in Table 24) successfully lowered lipophilicity with a 100-fold reduction in 

chromLogP observed. Excitingly, this transformation ablated hERG activity and, 

consequently, piperazine 228 possessed the best profile obtained from the synthetic efforts 

on this programme of chemistry. Unfortunately, a change in project priorities meant that this 

compound was not progressed for solubility measurement from solid. If solid solubility 

matched the encouraging solubility level from DMSO precipitation then this compound 

would meet the desired criteria and be a candidate for in vivo PK studies. 

From these data, it was evident that replacement of the 4-phenyl ring with a pyridine 

successfully decreased hERG inhibition. However, the extent of this effect varied depending 

on the substituent. In the case of the morpholine substituted rings, the pyridine 230 (Table 
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24) lowered the hERG pIC50 2.5-fold when compared to the phenyl 223 (Table 23). When 

substituted with a piperazine, a pyridine ring (228, Table 24) lowered hERG inhibition  

25-fold when compared to a phenyl ring (220, Table 23). These data demonstrated that in 

addition to lowering lipophilicity of the 4-aryl ring, subtle effects such as distribution of 

electron density may account for the reduction in inhibition of the hERG ion channel. 

The efforts described in this section made significant progress towards achieving the 

project objectives. The anilinopiperazine 220 showed promise by achieving the best WB 

activity observed within the quinoline series so far. However, a drug development issue in 

the form of hERG inhibition was found for this compound. Accordingly, a strategy was 

devised to attenuate this risk. Success was achieved by the introduction of a pyridine  

ring where, for the morpholinopyridine 230, hERG activity was lowered compared to  

its phenylmorpholine analogue 223 while retaining micromolar WB activity. The  

N-methylpiperazine 228 exhibited the best profile for this programme of research at that 

point in time. Potent BET inhibition was achieved, and coupled with high WB activity,  

N-methylpiperazine 228 met the programme requirements. Notably, this compound did not 

inhibit the hERG ion channel and therefore overcame a serious barrier to further drug 

development which had previously hindered programme progression. Resource-permitting, 

the encouraging data achieved with dimethylisoxazole quinoline 228 warranted further 

progression including solubility measurements from solid. 

 

2.6. Conclusions and Future Work 

The research described on the quinoline series of BET inhibitors was carried out in 

order to quickly identify a drug pre-candidate suitable for i.v. administration, targeting 

immuno-inflammatory disorders. Building on a pre-existing programme of research 

conducted within our laboratories, compounds from the quinoline series were developed 

towards pre-candidate drugs with good WB activity and aqueous solubility. The contribution 

within this specific programme focused on the following different areas. 

Firstly, an investigation of quinoline 3-methylamines allowed a comparison of an 

alternative solubilising substituent compared to previously used amides. Good solubility 

levels were demonstrated with 3-position amines combined with fair WB activity, but the  

3-amines did not display significantly superior values compared to their corresponding 

amides. This exercise warranted further investigation after exploration of other areas of the 

dimethylisoxazole quinoline series. 
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A range of pyridine isomers were synthesised as part of a molecular budget approach 

to 4-amino substituent exploration, and a data package was built to stimulate future work. An 

improvement in WB activity and solubility was sought by attempting to substitute the  

4-nitrogen with alternative pendant groups. A significant chemistry effort was invested to try 

and achieve this objective but was unsuccessful. 

A revision of the chemistry strategy was made by seeking opportunities to use 

arylations of alkylnitriles. This initial exploration highlighted the potential for C-linked aryls 

to achieve high WB activity and solubility. 

Lastly, exploration of a 4-amino substituent while retaining a 3-amide substituent 

achieved valuable progress towards project objectives. An anilinopiperazine substituent 

displayed the best WB activity observed from the quinoline series to date within this 

overarching endeavour but, also, displayed hERG ion channel inhibition. The strategy 

employed to attenuate this risk was to replace the 4-phenyl ring with a pyridine to lower 

lipophilicity. In the case of the N-methylpiperazine 228, this strategy successfully overcame 

the hERG liability. With potent BET inhibition and high whole blood activity, this 

dimethylisoxazole met the programme requirements. Disappointingly, due to a change in 

project priorities, N-methylpiperazine 228 was not progressed for solubility measurement 

from solid. The high solubility determined by the high-throughput CLND measurements 

provided evidence that a similarly positive result was likely in the low-throughput solubility 

measurement from solid. If this was the case, N-methylpiperazine 228 would have fully met 

the project objectives and been progressed into in vivo PK studies. 
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3. Imidazoquinolinones as Bromodomain-Selective BET Probes 

The first generation BET inhibitors I-BET762 and (+)-JQ1 show great potential as 

novel pharmaceuticals. However, to date, these molecules have mainly been studied in 

aggressive cancers and acute inflammation models. Encouraging studies with (+)-JQ1 as a 

potential male contraceptive has expanded the therapeutic scope beyond terminal 

conditions
60

 but translation of spermatogenic effects from mice into humans has yet to be 

carried out and a testicular shrinkage side effect may affect compliance. The long term safety 

implications of epigenetic modification by these BET inhibitors are uncertain, especially 

considering the importance of BET family members in normal cellular function. While these 

molecules were selective for the BET family over other BCPs, they displayed similar 

affinities for each of the bromodomains within the BET family. The biological significance 

of this pan-selectivity is not well understood but affecting such a range of gene expression 

patterns could give rise to undesired effects. 

There have been a limited number of investigations into the specific roles of the 

individual bromodomains in the BET family, mainly through deleting sections of BET 

protein. An in vitro investigation of cell growth regulation revealed that interaction of Brd4 

with replication factor C (RFC) is dependant only on BD2 and not BD1.
115

 Studies by 

Alsarraj et al. showed that deletion of BD2 had a greater suppressive effect on tumour 

growth compared to deletion of BD1 in Brd4.
116

 In another study, mutant mice lacking BD1 

of the testis-specific BET protein Brdt implicated the first bromodomain module as essential 

for sperm chromatin organisation.
117

 These experiments demonstrated that each individual 

bromodomain within BET proteins exhibited interesting distinct functions. Small molecules 

interacting with only a subset of the BET bromodomains would be desirable for biological 

profiling and may narrow the phenotypes observed compared to pan-BET inhibitors. 

Accordingly, and as part of this programme, a targeted, small molecule probe approach was 

taken to identify pan-BD1 and pan-BD2 selective BET inhibitors, with the aim of 

investigating any differentiated phenotypes compared to pan-BET inhibitors. 
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3.1 Medicinal Chemistry Strategy and Project Aims  

The ultimate goal of this research was to compare in vitro phenotypic data of a 

domain-selective BET inhibitor to a pan-BET inhibitor. Thus, a normal drug discovery 

strategy was not required for the discovery of a domain-selective molecule but, instead, a 

chemical probe strategy was undertaken. Accordingly, a number of criteria for probe 

discovery were set with the objective of clearly understanding the biological outcomes from 

phenotypic studies: 

 at least 100-fold selectivity for either BD1 or BD2 and 100 nM activity for the 

higher affinity bromodomain determined using mutant FRET assays; 

 good cell permeability determined using an artificial membrane permeability 

(AMP) assay; and 

 high specificity for the BET bromodomains over other BCPs determined using a 

binding assay panel at DiscoveRx Corporation. 

Detailed information for these assays can be found in the Appendix. Once a compound met 

these requirements it could then be progressed into in vitro phenotypic studies.  

A comparison of the amino acid sequence between the bromodomain modules (BD1 

and BD2) in the BET proteins, revealed high sequence identity (73–88%) between the 

bromodomains across the different BET proteins, e.g. BRD2 BD1 versus BRD4 BD1 and 

BRD2 BD2 versus BRD4 BD2.
44

 Lower sequence identity (37–43%) was observed between 

the two bromodomain modules within a BET protein, e.g. between BD1 and BD2 of BRD2 

and between BD1 and BD2 of BRD4. The alignment in Figure 58 clearly identified residue 

differences between the tandem domains. In particular, the residue variation at the terminus 

of the BC loop (Asp in BD1 and His in BD2), was significant due to the difference in charge, 

and size, between these amino acids. A small molecule forming a charged interaction with 

Asp in BD1 would potentially form a charge clash with His in BD2 and afford a BD1-

selective inhibitor. Conversely, forming a charged interaction with His in BD2 would 

potentially form a charge clash with Asp in BD1 affording a BD2-selective inhibitor. 

However, it should be noted that the key amino acid residues important for small molecule 

binding, such as the conserved Asn and the WPF motif, are present in both BD1 and BD2. 

These observations provided confidence that a small molecule chemical probe could 

distinguish between the BD1 and BD2 bromodomains, but achieving a large selectivity 

window may be challenging. 
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 BRD2 BD1   77 NQLQYLHKVVMKALWK...HQFAWPFRQPVDAVKLGLPDYHKIIKQPMD 122 

 BRD3 BD1   37 NQLQYMQNVVVKTLWK...HQFAWPFYQPVDAIKLNLPDYHKIIKNPMD  82 

 BRD4 BD1   61 NQLQYLLRVVLKTLWK...HQFAWPFQQPVDAVKLNLPDYYKIIKTPMD 106 

 BRDT BD1   30     NQLQYLQKVVLKDLWK...HSFSWPFQRPVDAVKLKLPDYYTIIKNPMD  75 

 BRD2 BD2 347 SEQLKHCNGILKELLSKKHAAYAWPFYKPVDASALGLHDYHDIIKHPMD 395 

 BRD3 BD2 309 SEHLRYCDSILREMLSKKHAAYAWPFYKPVDAEALELHDYHDIIKHPMD 357 

 BRD4 BD2 351 SEQLKCCSGILKEMFAKKHAAYAWPFYKPVDVEALGLHDYCDIIKHPMD 399 

 BRDT BD2 268 TEQLRHCSEILKEMLAKKHFSYAWPFYNPVDVNALGLHNYYDVVKNPMD 317 
 

                            
 BRD2 BD1 MGTIKRRLENNYYWAASECMQDFNTMFTNCYIYNKPTDDIVLMAQTLEKIFLQKVA 178 

 BRD3 BD1 MGTIKKRLENNYYWSASECMQDFNTMFTNCYIYNKPTDDIVLMAQALEKIFLQKVA 138 

 BRD4 BD1 MGTIKKRLENNYYWNAQECIQDFNTMFTNCYIYNKPGDDIVLMAEALEKLFLQKIN 162 

 BRDT BD1 LNTIKKRLENKYYAKASECIEDFNTMFSNCYLYNKPGDDIVLMAQALEKLFMQKLS 131 

 BRD2 BD2 LSTVKRKMENRDYRDAQEFAADVRLMFSNCYKYNPPDHDVVAMARKLQDVFEFRYA 451 

 BRD3 BD2 LSTVKRKMDGREYPDAQGFAADVRLMFSNCYKYNPPDHEVVAMARKLQDVFEMRFA 413 

 BRD4 BD2 MSTIKSKLEAREYRDAQEFGADVRLMFSNCYKYNPPDHEVVAMARKLQDVFEMRFA 455 

 BRDT BD2 LGTIKEKMDNQEYKDAYKFAADVRLMFMNCYKYNPPDHEVVTMARMLQDVFETHFS 372 

 

Figure 58. Amino acid sequence alignment of human BET proteins. The conserved tyrosine and asparagine KAc 
recognition residues are highlighted in bold. An important residue difference between BD1 and BD2 is coloured. 

Advanced BET inhibitors published in the literature at the outset of this programme of 

research included the first generation molecules GW841819X, I-BET762 and (+)-JQ1, as 

well as the more recently disclosed dimethylisoxazole I-BET151. In order to find a start 

point for probe discovery, these molecules were screened in the BET mutant assays to 

establish their activity at BD1 and BD2, and determine their suitability for optimisation into 

domain-selective variants (Table 25). 

  

Z ZA Loop 

B AB Loop A BC Loop C 
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GW841819X 
 I-BET762 

 pIC50  pIC50 

 BD1 BD2 BD1−BD2  BD1 BD2 BD1−BD2 

BRD2 6.8 6.8 0  6.9 7.3 −0.4 

BRD3 7.0 7.3 −0.3  7.2 7.5 −0.3 

BRD4 7.1 7.1 0  7.2 7.5 −0.3 

BRDT 7.1 6.8 0.3  7.3 6.9 0.4 

 

(+)-JQ1  I-BET151 

 pIC50  pIC50 

 BD1 BD2 BD1−BD2  BD1 BD2 BD1−BD2 

BRD2 7.3 NT NT  7.3 6.7 0.6 

BRD3 7.1 7.2 −0.1  7.5 7.1 0.4 

BRD4 7.3 7.2 0.1  7.5 6.5 1.0 

BRDT 7.0 6.5 0.5  6.9 5.8 1.1 

Table 25. BET mutant assay results for selected literature BET inhibitors. 

The BzD GW841819X showed similar 100 nM activity for all eight BET 

bromodomains and corroborated the data from Chung et al.,
44

 demonstrating that this 

molecule was unselective. Results for both I-BET762 and (+)-JQ1 showed minimal domain 

selectivity which varied according the individual BET family member, resulting in an overall 

unselective binding profile. Taken together, these data confirmed compounds from the BZD 

structural class possessed no inherent preference for either BD1 or BD2. Intriguingly,  

I-BET151 exhibited a preference for binding to BD1. In particular, 10-fold selectivity for 

BRD4 BD1 over BRD4 BD2 was observed while values ranging from 2.5-fold for BRD3 to 

12.6-fold for BRDT were found for the other BET mutants. 
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With a number of residue differences identified in the sequence comparison of the 

tandem bromodomains, the X-ray crystal structure of I-BET151 in BRD4 BD1
63

 was 

superimposed with the apo structure of BRD4 BD2
10

 (Figure 59) and the resulting structure 

examined to provide insight into these initial screening data, and to assess the potential for 

designing compounds with improved domain selectivity. 

 

  

 

 

 

 

 

 

  

Figure 59. Complex of imidazoquinolinone I-BET151 in BRD4 BD163 (carbon = green, pdb 3ZYU) 

superimposed with apo BRD4 BD210 (carbon = orange, pdb 2OUO). (a) Side view. (b) Vectors from I-BET151 

directed towards Asp144 and His437 are highlighted with yellow arrows. (c) Numbering system of I-BET151. 

As highlighted in the introduction, key ligand-protein interactions included hydrogen 

bonding of the isoxazole to Asn140 and through-water to Tyr97, lipophilic sandwiching of 

the quinoline by Leu108 and residues of the WPF motif, and occupation of the WPF shelf by 

the pyridine ring. It was also noted that the quinoline nitrogen accepted a hydrogen bond 

from a nearby water molecule. Closer examination revealed that this water interacts with 

Gln85 in BRD4 BD1; a residue replaced by lysine in BD2 and, thus, provided tentative 

rationale for the inherent BD1-bias of I-BET151. Inspection of the key Asp/His residue 

difference revealed that the BD1-conserved aspartic acid (Asp144) interacted with a nearby 

water molecule which has previously been identified as conserved in corresponding 

structures of fragments bound to BRD2 BD1.
74

 This water hydrogen-bonded to Asn140 and 
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is replaced by the BD2-conserved histidine (His437) in the corresponding apo BD2 structure. 

Due to these structural differences, it was posited that small molecules interacting directly or 

through-water to the Asp residue of BD1 and/or clashing with the histidine of BD2 would 

display selective binding for BD1. In particular, the imidazoquinolinone 8-position and the 

pyridine 6-position were identified as preferred vectors for chemical modification to target 

these residues (Figure 59b). 

Synthetic explorations at these positions were therefore prioritised to rapidly assess 

the potential for attaining greater domain selectivity. Moreover, as significant chemistry 

effort had been invested in the development of I-BET151, it was preferable that significant 

alterations to the molecule were avoided and, consequently, a focused plan of work was 

initially designed. However, before a programme of chemistry was formulated, a thorough 

assessment of SAR was required to confirm key features required for activity and selectivity. 

 

3.1.1 SAR Review 

While some structure activity relationships of I-BET151 have been disclosed,
63,64

 the 

activities reported were obtained from a cellular phenotypic assay measuring ApoA1 

upregulation and from biochemical BRD2, 3 and 4 WT FP assays which could not 

distinguish selective BD1 or BD2 binding. Consequently, a more in-depth understanding was 

gained by mining historical data, analysing structural information and testing previously 

synthesised dimethylisoxazole quinolines available within our in-house compound collection 

in the new mutant FRET assays. 

Firstly, the importance of the 3,5-dimethylisoxazole moiety of I-BET151 was 

considered. As the sequence alignment in Figure 58 showed residues involved in KAc 

recognition were highly conserved between BD1 and BD2, alterations to the KAc mimetic 

were therefore unlikely to modulate selectivity. Moreover, there was a lack of published 

SAR around the 3,5-dimethylisoxazole moiety. Only reports from our own laboratories 

provide any comment: Mirguet et al. noted that the 3,5-dimethylisoxazole was crucial for 

ApoA1 activity
63

 but did not provide supporting SAR data and Bamborough et al. 

synthesised a 5-ethyl-3-methylisoxazole fragment to confirm the binding mode of  

3,5-dimethylisoxazole in BRD2 BD1
72

 but did not publish any activity data. Mutant assay 

results from screening 3,5-dimethylisoxazole analogues available in our in-house collection 

did not provide any evidence that changes to the KAc mimetic of I-BET151 would enhance 

domain selectivity (data not shown). Therefore, the 3,5-dimethylisoxazole was retained for 

the design of domain-selective analogues.  
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This restraint was also applied to the core quinoline structure. Inspection of crystal 

structures showed that the fused ring system was beneficially positioned in the binding site 

and optimising selectivity for BD1 or BD2 by modification of this structural feature would 

be challenging. Additionally, the limited published SAR and slightly more expansive SAR 

generated in-house, suggested alteration of the quinoline was a not an immediate priority. 

The importance of the stereogenic centre within I-BET151 for BET activity has been 

highlighted by Seal and co-workers using WT FP assays.
64

 To establish if SAR were 

replicated in the mutant FRET assays, data for the stereoisomer of I-BET151 (46
64

) and the 

analogue lacking the benzylic methyl 40
63

 was obtained in the BRD4 BD1 and BD2 assays 

and, for completeness, the racemate 231 was synthesised (vide infra) and also tested (Table 

26). 

 40
63

 231 46
64

 I-BET151 

BRD4 BD1, 

BD2 pIC50 
6.7, 6.3 7.2, 6.2 6.3, 5.8 7.5, 6.5 

BD1−BD2 0.4 1.0 0.5 1.0 

Table 26. Profile of a selection of imidazoquinolinones. 

As with previous SAR,
64

 the stereochemistry greatly influenced potency, with the  

R-enantiomer showing 16 times greater activity than the S-enantiomer at BD1. Intriguingly, 

the configuration of the stereocentre also appeared to affect selectivity with I-BET151 

affording 3 times greater BD1 selectivity than its stereoisomer 46.
64

 In the above discussion 

of the I-BET151–BRD4 BD1 crystal structure, it was hypothesised that a through-water 

interaction of the quinoline nitrogen to Gln85 gave rise to the inherent BD1 selectivity. 

However, as this structural feature was common to I-BET151 and 46,
64

 additional factors 

must be contributing to the magnitude of the selectivity. The racemate 231 was 2-fold less 

active than I-BET151 in both bromodomains but retained the same 10-fold selectivity, while 

the unsubstituted pyridine-2-ylmethyl 40
63

 was considerably less active and selective. 

It was suspected that the additional activity observed with the introduction of the 

benzylic methyl group was caused by locking the molecular conformation into a bioactive 

form. Indeed, NMR analysis of most compounds synthesised in this section indicated 

reduced free rotation about the N1 bond (see Section 4.2 for further details). 
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These data confirmed the importance of the stereocentre with respect to activity and 

selectivity and, therefore, this chemical functionality was included in design of domain-

selective analogues where appropriate. Also, the identical selectivities of the racemate 231 

and I-BET151 allowed selectivity comparisons between compounds which were not 

enantiomerically pure.  

The potential key vectors for modulating selectivity identified from the X-ray crystal 

structure overlays were considered next. As discussed previously, structural information 

identified the imidazoquinolinone 8-position as an ideal vector to access the Asp/His amino 

acid variation between BD1 and BD2. Before a chemistry plan was formulated, the 

contribution of the 8-position towards BET activity was evaluated to inform design of 

domain-selective analogues. 

During previous programmes of research on dimethylisoxazole imidazoquinolinone 

BET inhibitors, only few analogues had been prepared to explore the 8-position. More SAR 

information was available from the uncyclised dimethylisoxazole quinoline series where 

some alterations had been made to the methoxy substituent (examples of these have been 

published
63,64

 and are discussed in the introduction section of this thesis). These compounds 

were tested in the BRD4 WT FP assay but, due to a lack of material, were unavailable for 

assaying against the mutant proteins. However, it was observed that WT potency was 

affected by alterations at this position. A quantitative structure activity relationship  

(QSAR) analysis using the Free-Wilson (FW) linear regression approach,
118

 was carried out 

to evaluate the activity contribution of substituents at the quinoline 6-position/ 

imidazoquinolinone 8-position (Figure 60). To include both these structural types, the 

quinoline structure 232 was used for substructure searching at the positions labelled with R
1
 

and asterisks. The compound structure and the corresponding BRD4 WT FP data were 

retrieved from the internal biological database. Compounds were grouped according to the 

R
1
 substituent and the difference in average activity measured, allowing comprehensive SAR 

analysis over a large number of compounds.  

All activity data points for each R
1
 group were clustered (or binned) and coloured 

according to the activity ranges depicted in the legend. The size of the sectors in a pie chart 

correlated with the percentage of the total number of compounds within each activity range 

and was termed: Sector size by count(RG-R1). The size of the pie chart signified the total 

number of quinoline templates containing the corresponding R
1
 substituent (termed: 

COUNT(RG-R1)) with the absolute figure labelled against each pie chart. In the scatter 

diagram, the R
1
 substituent – described by Simplified Molecular Input Line Entry System 
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(SMILES) nomenclature
119

 – was plotted against the FW score i.e. the activity contribution 

relative to the average activity (pIC50 = 5.8). 

 

 

 

Figure 60. (a) Examples of compounds contained within the substructure 232; (b) FW analysis of R1 substituents 
in the quinoline template. 

These data showed that the methoxy substituent ([1*]OC) was the most common R
1
 

group and was present in 424 different dimethylisoxazole quinolines. The next most 

common group was R
1
 = H ([1*H]) with 396 different dimethylisoxazole quinolines found. 

The high numbers of compounds for these R
1
 groups provided confidence in the output of 

the analysis which showed that the methoxy substituent contributed to a pIC50 increase of 0.6 

compared to unsubstituted compounds. Only one example contained a hydroxyl-substituent 

([1*]O) and this gave a small positive contribution (+0.1 log units) relative to the average 

value. The fluorine R1 group ([1*]F), present in one example, was detrimental to activity 

with a decrease of 0.4 log units compared to the average pIC50. The methyl group ([1*]C) 
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was the worst performing substituent with a negative contribution of 0.6 log units, although 

only two examples existed for comparison.  

Drawing conclusions for the latter substituents, for which only one or two examples 

were available, should be treated with caution as the results may be strongly skewed by error 

in the biological data. However, it was concluded with confidence that the methoxy 

substituted compounds showed a 4-fold increase in activity compared to their unsubstituted 

congeners. Having established that a methoxy group was important for BET activity, insight 

into how this substituent exerted its beneficial effects was required to establish whether its 

modification would be tolerated in the design of domain-selective analogues. In view of this, 

dimethylisoxazole quinoline and dimethylisoxazole imidazoquinolinone crystal structures 

were examined. 

Upon inspection of the structure of I-BET151 bound to BRD4 BD1
63

 (Figure 59), it 

was apparent that the 8-methoxy group did not make any interactions with the protein and 

therefore, the possibility that the increase in activity afforded by a methoxy substituent was 

due to steric and electronic effects was explored.  

Due to the close proximity of the 8-position methoxy group relative to the 7-position 

dimethylisoxazole ring, it was initially postulated that the OMe perturbed the 

dimethylisoxazole-quinoline dihedral angle. To investigate this, all in-house crystal 

structures of dimethylisoxazole quinolines substituted with R = H or OMe (Table 27) bound 

to any BET protein were examined and the ligand dihedral angles measured. For R = H, one 

crystal structure had been solved in BRD2 BD1 and the dihedral angle determined to be 59º. 

With R = OMe, 8 complexes were available in BRD2 BD1, 2 complexes in BRD4 BD1, and 

none in BD2 of any BET protein. The mean torsion angle for these 10 structures was found 

to be 56º (standard deviation = 2.5); this value is comparable to those reported for the 

phenylisoxazoles (lacking ortho-substituents) 66
68

 and 54,
72

 when bound to BRD4 BD1 and 

BRD2 BD1, respectively.  
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 R = H OMe 

Dihedral angle (º) 59 56 

Table 27. Mean measured dihedral angles of bonds highlighted in red. 

The difference between the two values measured for R = H and R = OMe was 

negligible and it was therefore concluded that the methoxy substituent did not affect the 

dihedral angle between the dimethylisoxazole and quinoline rings when bound to a BET 

bromodomain module. However, it was recognised that these measured angles may be 

induced through binding to the protein and may not necessarily be the lowest energy 

conformations in the unbound state. If the methoxy group induced a more favourable 

conformation prior to binding than an unsubstituted congener, a lower entropic penalty 

would be incurred upon interaction with the bromodomain compared to R = H. Therefore, a 

molecular mechanical evaluation was conducted in the absence of protein to identify any 

differences between the dihedral angles of the lowest energy conformations of R = H and R 

= OMe. 

Dihedral angles ranging from −180º to +180º were scanned using MacroModel (see 

Section 4.5 for details) and the energy relative to the lowest energy conformer calculated 

(Figure 61). The absolute energies of the two molecules, however, should not be compared 

(this would require ab initio methods) but insight into the lowest energy conformer angles 

could be derived from this approach, as well as the relative energy barriers to rotation around 

the aryl-aryl axis. 

  

Figure 61. Torsion angle scan of 8-H and 8-OMe substituted dimethylisoxazole quinolines. 

 

R =  
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Predominantly symmetrical plots were observed for both substituents when scanning 

from −180º to +180º, due to the pseudo symmetrical isoxazole ring. Interestingly, the plot 

indicated energy minima at slightly different dihedral angles for the two substituents. For the 

unsubstituted quinoline, the energy minima were found at ±38º and ±141º, values similar to 

those reported for the phenylisoxazoles (lacking ortho-substituents) 66
68

 and 54.
72

 For the 

methoxy substituted quinoline, the energy minima were found at ±52º and ±127º. These data 

suggested that the bioactive conformations of the methoxy-substituted quinolines were close 

to their calculated low energy conformation in their unbound state, whereas for the 

unsubstituted quinoline this was not the case. This could be explained by the fact that only 

one crystal structure for R = H was available and basing conclusions on such a limited 

sample set may be misleading, especially since only a quinoline substructure is being 

considered and that other groups on the quinoline may be making interactions with the 

protein and also altering the aryl-aryl dihedral angle. Moreover, these data indicated that 

only a relatively small energy penalty would be required for rotation from the energy 

minimum 38º to the bioactive dihedral angle of 59º. 

In conclusion, it appeared that a methoxy substituent only slightly increased the 

dihedral angle between the dimethylisoxazole and the quinoline ring when compared to an 

unsubstituted analogue when calculated in silico. As no difference in dihedral angle between 

compounds containing R = H and OMe was determined upon examination of in-house 

crystal structures, it was concluded the beneficial activity gained with an methoxy 

substituent could not be wholly attributed to perturbation of the torsion angle between the 

dimethylisoxazole and quinoline aryl rings. Therefore, an alternative theory based on 

electronic effects was investigated. 

To explore the possibility that the methyoxy substituent improved BET activity 

through altering the electronics of the quinoline ring system, a more detailed examination of 

the ligand-receptor interactions between I-BET151 and BRD4 BD1 was conducted (Figure 

62). 
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Figure 62. Ligand-receptor interactions of imidazoquinolinone I-BET151 (carbon = magenta) in BRD4 BD1 (pdb 
3ZYU).63 (a) Aryl-alkyl interactions with Leu92 and Pro82. (b) Contacts of the conserved water molecule.  

As discussed previously, the quinoline ring occupied a hydrophobic cleft between 

Trp81 and Pro82 of the WPF shelf on one side of the quinoline ring and with Leu92 on the 

other (Figure 62a). As aryl-alkyl interactions can be influenced by the electronic effects,
120

 it 

was possible that the increase in activity gained through the incorporation of a methoxy 

substituent was due to enhanced electron-density in the quinoline ring system. 

The high resolution structure also revealed a water molecule (W1) situated within  

3.2 Å of several protein residues (Pro82, Gln85 and Pro86), another water molecule, and to 

the quinoline nitrogen (Figure 62b). Moreover, inspection of all in-house quinoline-BET 

complexes revealed this water was positioned in a similar manner although subtle 

differences in the bond angles were apparent. Therefore, W1 was considered an important 

structural feature and further investigation was conducted to determine if the methoxy group 

exerted its beneficial effects by improving ligand interaction to this water. 

All contacts of W1 as drawn in Figure 62b would over-saturate its hydrogen bonding 

coordination sites even if some were multifurcated. It was not clear which of these contacts 

were hydrogen bonds and whether the water molecule participated as a HBD to the quinoline 

nitrogen. Therefore, a GRID Molecular Interaction Field (MIF) for a water probe was 

generated for this structure to determine the relative energies for each molecule of solvent at 

their optimised positions (Figure 63).
121

 The calculated energies are displayed and the water 

molecules coloured accordingly, green for favourable energy and red for unfavourable 

energy.  

L92 

P82 

W81 

(a) (b) 

W1 

P82 

Q85 

P86 
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Figure 63. GRID MIF for a water probe in the crystal structure of imidazoquinolinone I-BET151 (carbon = 

magenta) in BRD4 BD1 (pdb 3ZYU). Water molecules are coloured according to their relative energies (green 

for favourable energy and red for unfavourable energy). (a) Overview structure including relevant water 
molecules. (b) Magnified view of water binding to the quinoline nitrogen. 

The results confirmed that the water molecule of interest was energetically favourable water 

with a relative energy of −15.1 kcal/mol and therefore interactions with the ligand might be 

quite important. This value compares well to four conserved waters at the base of the KAc 

binding pocket: −13.7, −16.5, −16.4 and −17.6 kcal/mol. These calculations revealed that 

W1 interacted with an adjacent water molecule, a side chain NH of Gln85, the backbone 

carbonyl of Pro86 and with the quinoline nitrogen. Therefore, the beneficial effects upon 

BET activity of a methoxy group substituted onto the quinoline ring may have been through 

increasing the hydrogen bond basicity of the quinoline nitrogen which accepted a hydrogen 

bond from W1. Indeed, electron-donating substituents on pyridine rings have been shown to 

increase hydrogen bond basicity of the pyridine nitrogen.
122

 By extension, electron-donating 

substituents on quinoline rings were also expected to show a similar increase in hydrogen 

bond basicity, especially since the pKBHX values of unsubstituted pyridine and quinoline are 

similar; 1.86 and 1.89,
 
respectively.

123
 

Y97 

−13.7 

N140 

−5.9 

−14.5 

−10.0 

−9.9 

−9.4 

−14.6 

D144 

Q85 

P82 

−12.8 

W1 
−15.1 

−16.5 

−16.4 

−17.6 

−6.3 

P86 

W1 
−15.1 

P86 

Q85 

P82 

−12.8 

−17.6 

(a) 

(b) 



Confidential – Property of GSK – Do Not Copy 

 

105 

To test if the electronic contribution of substituents at the 6-position affected potency, 

the meta sigma constants from the Hammett equation
124

 were plotted against their FW scores 

obtained from the previous QSAR analysis (Figure 64). A trend existed up to a point, with 

increasing sigma meta values correlating with increased activity contribution for a particular 

substituent. However, the fluorine substituent was an outlier; although it should be reiterated 

that the FW score for this substituent was based on only one compound and therefore was 

prone to over-interpretation. 

 

Figure 64. FW scores of 6-substituents plotted against their Hammett sigma meta constants.  

Despite only a limited number of data points for different R
1
 groups, and one outlier 

being found, this analysis suggested that R
1
 substituents electronically influenced activity 

with methoxy groups providing the most activity. Two interaction modes (quinoline-alkyl 

interactions and HBA ability of the quinoline nitrogen) were identified from a crystal 

structure that would benefit from increased electron density afforded by a methoxy 

substituent. It was also shown that the methoxy group slightly perturbed the quinoline-

dimethylisoxazole dihedral angle in the unbound state which also might contribute to 

improved activity. In view of these results, a chemistry plan retaining an O-linked alkyl 

group at the 8-position of I-BET151 was preferred to retain the high activity and domain 

selectivity. 

 

3.2. Imidazoquinolinone 8-Position Investigation 

Based on all of the data interrogation, as laid out above, a medicinal chemistry plan 

was devised to incorporate O-linked substituents at the imidazoquinolinone 8-position. From 

here, functionality capable of interacting or clashing with the Asp residues (or bound waters) 
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in BD1 and His residues in BD2 could be explored. The measured distance from the 8-O 

atom of I-BET151 to Asp144 in the complex shown in Figure 59, was measured to be 7.5 Å. 

Therefore, functional groups capable of forming charged and hydrogen bonding interactions 

that were separated by two or three carbon atoms from the 8-O linking atom, would provide 

the preferred distance – allowing for some amino acid or ligand mobility – to form an 

interaction with the conserved Asp (or a surrounding water) of BD1 and give a BD1-

selective compound. In particular, alkyl groups, amines, alcohols and ethers of the type 

shown in Figure 65 were identified for synthesis. Overlay of the BRD4 BD2 protein 

structure with the I-BET151–BRD4 BD1 complex (Figure 59), showed the distance from the 

imidazoquinolinone 8-O atom to the C-2 of His437 was 4.6 Å. A functional group directly 

linked to the imidazoquinolinone or separated by one carbon would provide the preferred 

distance to form an interaction with the conserved His of BD2 and provide a BD2-selective 

compound, while allowing for some amino acid and ligand mobility or error in BD1 and 

BD2 protein alignment in Figure 59. However, target compounds with functional groups 

directly attached to the imidazoquinolinone i.e. those without an O-linker, were expected to 

be less potent – as predicted from the earlier analysis – but may afford desirable BD2 

selectivity, which had not been observed from testing of historical compounds (data not 

shown). 

 

Figure 65. Imidazoquinolinone 8-position analogues identified for synthesis. 

The intial synthetic strategy was to make expedient use of supplies of I-BET151 

within our laboratories. Target compounds 233 were expected to be obtained from  

O-alkylation of the quinolinol 234 which would result from cleavage of the I-BET151 

methylether (Figure 66). 
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Figure 66. Outline of preliminary chemistry strategy to modify the imidazoquinolinone 8-position. 

Preliminary synthetic investigations conducted within the laboratory
125

 used boron 

tribromide to remove the O-methyl group from I-BET151 providing the quinolinol 234 

(Scheme 25). However, reactions with appropriate alkyl halides gave mixtures of the desired 

mono O-alkylated 233 and N,O-bis-alkylated 235 compounds.
125

 In order to prevent bis-

alkylation, attempts were made to install a suitable protecting group on the imidazolinone 

NH of I-BET151, but were unsuccessful.
125

 Mitsunobu reactions of quinolinol 234 with the 

appropriate alcohols were also attempted but failed.
125

 

 

Scheme 25. Mixtures of mono- and bis-alkylation products were obtained with the quinolinol imidazolinone 234. 

Therefore, a strategy to block the NH of the imidazolinone with a methyl group was 

pursued for synthesis of future target compounds as depicted in Figure 67. N-Methylation of 

I-BET151 followed by O-demethylation would provide the quinolinol 237 as the 

intermediate for 8-position diversification. 

 

Figure 67. Revised chemistry strategy to modify the imidazoquinolinone 8-position. 

Inspection of the crystal structure of I-BET151 in BRD4 BD1
63

 (Figure 59) showed 

the imidazolone NH vector pointed towards solvent and a methyl substituent here was not 

expected to greatly affect activity or selectivity. To confirm this, the NH of I-BET151 was 
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deprotonated with sodium hydride and subsequent methylation gave the alkylation product 

238 in high yield (88%) (Scheme 26). 

 

Scheme 26. Masking the imidazolone NH with a methyl group. 

Screening of this compound in the mutant assays revealed that the N-methyl 

imidazolone 238 displayed little difference in activity and/or selectivity over the unalkylated 

imidazolone I-BET151 (Table 28). 

 I-BET151  238 

BRD4 BD1, BD2 pIC50 7.5, 6.5 7.3, 6.3 

BD1−BD2 1.0 1.0 

Table 28. BRD4 mutant data for unalkylated imidazolone I-BET151 and N-methyl imidazolone 238. 

Therefore, capping the NH to allow exclusive O-alkylation could be achieved without 

affecting SAR by incorporation of the imidazolone NMe group and validated the synthetic 

chemistry strategy. However, it was recognised that the integrity of the stereogenic centre 

could be compromised under the strongly basic conditions used in this first step in the 

synthetic sequence. The benzylic centre was expected to be acidic, especially with an 

adjacent electron-deficient pyridine ring. Moreover, the particular batch of I-BET151 

available within our laboratories for this programme of work was not enantiomerically pure 

with an e.e. determined as 88%. To establish the degree to which this level of optical purity 

affected activity and selectivity, the racemate 231 was synthesised (Scheme 27). This 

material was also to be used in subsequent steps to provide standards for e.e. measurements 

using HPLC. 
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Scheme 27. Synthesis of the racemate 231. 

Racemic I-BET151 (231) was prepared using similar conditions described for the 

synthesis of I-BET151.
63

 Firstly, nucleophilic substitution of the 4-chloroquinoline 239, 

available within our laboratories,
94

 using 1-(pyridin-2-yl)ethanamine was accomplished in 

good yield (75%). A modification of the Hofmann rearrangement was used to convert the 

primary amide 240 to the imidazolidinone 231 using the iodine (III) species PhI(OAc)2.
126

 

The biological data for the racemate 231 was compared alongside the different batches of  

I-BET151 and the S-enantiomer 46
64

 (Table 29). 

 I-BET151  I-BET151 231 46
64

 

%e.e. >99 88 0 >99 

BRD4 BD1, BD2 

pIC50 
7.5, 6.5 7.5, 6.5 7.2, 6.2 6.3, 5.8 

BD1−BD2 1.0 1.0 1.0 0.5 

Table 29. BRD4 mutant assay data for varying %e.e. batches of I-BET151, the racemate 231 and the  

S-enantiomer 46.64 

These data showed that the 88% e.e. batch of I-BET151 showed equal activity, and 

thus selectivity, in the BRD4 mutant assays compared to the enantiomerically-pure batch. 

The racemate 231 displayed 2-fold lower activity for both bromodomains compared to the 

>99% e.e. batch, while the S-enantiomer 46
64

 significantly reduced potency and narrowed 

the domain selectivity. As a consequence, the 88% e.e. batch of I-BET151 was suitable for 

derivitisation into domain-selective analogues as the 10-fold selectivity was retained. As 

degradation of optical purity during the following steps in the synthetic sequence was 

possible, the 10-fold selectivity window retained by the racemate 231 meant that ranking of 

domain-selective analogues could be accomplished fairly.  
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To determine if racemisation occurred in subsequent steps, the racemate 231 was 

subjected to the same N-methylation procedure as used for the enantiomerically-enriched 

batch in Scheme 26, giving the racemic N-methyl 241 which was used as a standard for 

chiral HPLC analysis (Scheme 28). Next, both the racemate 241 and the enantiomerically-

enriched batch 238 were subjected to a BBr3-mediated O-demethylation to provide the 

corresponding quinolinols 242 and 237, respectively. 

 

Scheme 28. N-Methylation and O-demethylation sequence. 

As suspected, the highly basic conditions used for N-methylation caused partial 

racemisation at the benzylic centre providing 238 with an e.e. = 76%. The subsequent  

O-demethylation to 237 proceeded in high yield (84%) without any further degradation of 

enantiomeric purity. 

To investigate if the alkylation protocol used to append substituents onto the 8-oxygen 

caused further racemisation, the quinolinol 237 was subjected to typical reaction parameters 

in the absence of alkylating agent (100 ºC, 1.5 equiv. K2CO3, DMF) but with significantly 

extended heating time (24 h, Scheme 29; see Section 4.4). Under these conditions, minimal 

racemisation occurred with the e.e. of the recovered quinolinol 237 being determined as 

74%. 

 

Scheme 29. Racemisation study performed on quinolinol 237 under typical alkylation conditions. 

These studies showed that conditions used to mask the NH of I-BET151 with a methyl 

group induced partial racemisation. Encouragingly, the subsequent O-demethylation step and 

simulated O-alkylation conditions did not cause further loss of optical purity. Although 

partial racemisation was observed in the N-methylation step, no difference in selectivity was 

found between the racemate of I-BET151 (231) and for enantiomerically pure I-BET151 
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(Table 29). Therefore, use of the plentiful supply of the 88% e.e. batch of I-BET151, and its 

76% e.e. quinolinol 237 derivative was deemed suitable as selectivity data obtained for all 

compounds synthesised from these intermediates could be compared fairly without the need 

for chiral purification or %e.e. determination. 

Having established the suitability of the enantiomerically-enriched quinolinol 237 as 

an intermediate for derivitisation, a synthetic exploration was carried out to append alkyl 

substituents designed to fill space within the BD1 KAc recognition site and sterically clash 

with His residues of BD2 (Scheme 30).  

 

Scheme 30. The N-Me masked imidazolone allowed exclusive quinolinol alkylation  

Straightforward O-alkylation of quinolinol 237 afforded the target alkyl compounds in 

yields ranging from 41 to 64%. Results from screening these compounds in the BRD4 

mutant assays are shown in Table 30. 

R = 
 

Entry 

BRD4 BD1, BD2 

pIC50 BD1−BD2 

 238 7.3, 6.3 1.0 

 

243 6.7, 5.8 0.9 

 

244 6.8, 6.1 0.7 

 

245 6.7, 5.7 1.0 

 

246 6.8, 6.1 0.7 

 

247 6.0, 5.1 0.9 

Table 30. Results from screening of alkyl substituted quinolines. 
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The 10-fold selectivity of the imidazoquinolinone 238 was taken as the baseline 

against which all analogues were compared. As can be seen from these data, no 

improvement in selectivity was attained with larger alkyl substituents and most examples 

retained the 10-fold selectivity observed with the methyl 238. One important observation 

with these data was the loss of BRD4 BD1 activity as the size of the 8-substituent increased 

beyond a methyl group. The addition of only one extra carbon atom was sufficient to lower 

potency, with the ethyl 243 losing 2-fold activity versus the methyl 238. The isopropyl 244, 

cyclobutyl 245 and cyclopropyl methyl 246 displayed similar activities but extending a large 

group further away from the quinoline in the form of an s-butyl (247) reduced BRD4 BD1 

significantly. 

These data demonstrated that extending aliphatic bulk towards Asp144 and His437 of 

BRD4 did not improve domain selectivity. As BRD4 BD1 and BD2 activities were reduced 

to the same extend for each compound, attempts to mediate a steric clash with His437 alone 

was, seemingly, not possible without also affecting binding in BD1. Therefore, a range of 

substituents containing heteroatoms were synthesised to enhance interaction with Asp 

residues of BD1 (or an associated water molecule), and cause a dipole clash with His 

residues of BD2 to give enhanced BD1 selectivity. 

These heteroatom-containing functional groups were incorporated in a similar manner 

as the alkyl substituents i.e. via alkylation of quinolinol 237 followed by deprotection and 

derivatisation where appropriate (Scheme 31). Data from screening in the BRD4 mutant 

assays is shown in Table 31. 
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Scheme 31. Synthesis of heteroatom-containing substituents. 

 

 

R = 

238 259
125

 260
125

 261
125

 250 262
125

 

BRD4 BD1, BD2 

pIC50 
 7.3, 6.3 5.9, 4.5 5.7, <4.3 6.2, 4.8 6.0, 4.6

a
 6.2, 5.5 

BD1−BD2  1.0 1.4 >1.4 1.4 1.4 0.7 

 

 

263
125

 255 256
127

 257
127

 258 264
125

 

BRD4 BD1, BD2 

pIC50 
 6.3, 5.2 6.3, 5.2 5.9, 4.6

b
 5.9, 4.5 6.2, 5.2 6.0, 4.6 

BD1−BD2  1.1 1.1 1.3 1.4 1.0 1.4 

Table 31. Assay results of amines, amides, alcohols and ethers. aA pIC50 value of <4.3 was determined on one test 

occasion out of five and was excluded from the reported mean value. bA pIC50 value of <4.3 was determined on 
one test occasion out of four and was excluded from the reported mean value. 
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These data revealed that heteroatom-containing substituents enhanced selectivity compared 

to imidazoquinolinone 238. For example, the ethylamine 259
125

 and propylamine 261
125 

displayed 25-fold greater activity at BD1 compared to BD2, with the longer chain 

demonstrating slightly increased BD1 activity. Substitution of the amines with methyl 

groups was marginally unfavourable for BD1 activity as exemplified by the 1.6-fold reduced 

activities of the N,N-dimethylethylamine 260
125

 and the N-methylpropylamine 250 relative to 

their respective primary amine congeners, ethylamine 259 and propylamine 261.
125

 However, 

N-methylation appeared to maintain the 25-fold selectivities and, in the case of the  

N,N-dimethylethylamine 260,
125

 the selectivity may well be larger as the BD2 activity was 

below the limit of detection of the assay. In addition to the encouraging data achieved with 

these amines, alcohols and ethers also exhibited enhanced selectivity profiles. However, 

contrary to the amine SAR, the chain length did not affect BD1 potency greatly, with the 

ethyl alcohol 262
125

 and propylalcohol 255 displaying equal activity, although greater 

selectivity was observed with the longer chain. Attempts to make additional protein 

interactions with the diols 256
127

 and 257
127

 resulted in reduced activity relative to the mono-

alcohols but, interestingly, gave enhanced selectivity without any stereochemical preference 

for the specific 2-alcohol moiety. The methoxyethyl 263
125

 and methoxypropyl 258 ethers 

did not show any significant benefit over their alcohol counterparts. Inserting a carbonyl 

group to give the carboxamide 264
125

 displayed similar BD1 activity and selectivity to the 

amine analogue 259. 

The overall package of data from these chemistry explorations was very promising. 

Although, aliphatic substituents at the 8-position did not improve domain selectivity versus 

imidazoquinolinone 238, substituents containing heteroatoms gave significantly enhanced 

selectivity with several compounds displaying 25-fold selectivity for BRD4 BD1 — the 

highest degree of selectivity achieved at this stage of the programme. Before a further 

iteration of chemistry to build on these results was devised, attention turned to exploring 

functionality which may afford BD2 selectivity as part of these initial medicinal chemistry 

investigations. 

As mentioned previously, the close proximity of His437 to the imidazoquinolinone  

8-position, determined from the superimposition of I-BET151 with apo BRD4 BD2 (Figure 

59), meant that functional groups directly linked, or linked through a minimal number of 

atoms, were preferred. In particular, a carboxylic acid and alcohol appended to the quinoline 

were expected to favourably bind to His residues and afford selectivity for BD2. These 

functional groups were accessed from the triflate 265
94

 (Scheme 32). Firstly, Pd-catalysed 

carbonylation was used to form the ethyl ester intermediate 266 in quantitative yield. 
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Saponification of the ester gave the target carboxylic acid 267 in a yield of 64%. A HATU-

mediated amide coupling gave the carboxamide target compound 268 in moderate yield 

(47%), while reduction of the ester 266 with DIBAL-H gave the methyl alcohol target 

compound 269 in 30% yield. 

 

Scheme 32. Pd-catalysed carbonylation followed by functional group transformation. 

To maximise the likelihood for the interaction of a pendant carboxylic acid with the 

His of BD2, additional linking atoms were introduced compared to the directly linked 

carboxylic acid 267. In this regard, both the directly linked acetic acid 271 and the O-linked 

acetic acid 273 were prepared as depicted in Scheme 33. Negishi coupling of  

[2-(tert-butoxy)-2-oxoethyl]zinc (II) chloride with triflate 265 gave the tert-butyl acetate 

270, and upon treatment with TFA, acetic acid 271 was obtained. For the O-linked acetic 

acid 273, quinolinol 237 was alkylated with tert-butyl 2-bromoacetate to afford O-linked 

tert-butyl acetate 272 and subsequent reaction with TFA gave the target compound 273. 

 

Scheme 33. Preparation of acetic acids 271 and 273. 

Also in this exploration, it was postulated that His residues of BD2 were close enough 

to form a dipolar interaction with a fluorine atom substituted onto the methoxy group of 

imidazoquinolinone 238. A trifluoromethoxy group was not considered as it would have 
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been likely to adopt an orthogonal conformation to the quinoline ring, whereas the methoxy 

group prefers a near planar arrangement;
128

 this was confirmed upon examination of the 

structure of I-BET151 in BRD4 BD1 where the methoxy-quinoline torsion angle was 

measured to be 8º (Figure 68a). 

    

      

Figure 68. (a) Methoxy-quinoline dihedral angle of I-BET151 in BRD4 BD1 (pdb 3ZYU); solvent and protein 

were omitted for clarity. (b) Difluoromethoxy-phenyl dihedral angle of an exemplar structure retrieved from the 

Cambridge Structural Database (CSD), entry code VAYHEI.  

Therefore, in order to mimic the planar methoxy substituent, a difluoromethoxy 

analogue was targeted for synthesis; this substituent has been observed to adopt 

conformations close to planarity
129

 (one example is shown in Figure 68b). The quinolinol 

237 was subjected to conditions reported by Segali et al.
130

 using a difluorocarbene precursor 

and gave the desired difluoromethylether 274 in 13% yield (Scheme 34). 

 

 

Scheme 34. Synthesis of difluoromethoxy 274. 

Results from the testing of compounds designed to give BD2 selectivity are shown in 

Table 32. 

(a) 

(b) 
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R = 

 
238 267 268 269 271 273 274 

BRD4 BD1, BD2 

pIC50 
7.3, 6.3 4.9, <4.3 <4.3, <4.3 4.8, <4.3 <4.3, <4.3 5.7, 4.9 6.3, 5.9 

BD1−BD2 1.0 >0.6 0 >0.5 0 0.8 0.4 

Table 32. Screening data of compounds designed for BD2 selectivity. 

Overall, the data for these modifications was disappointing. Low BD1 activity was 

observed for the carboxylic acid 267, the carboxamide 268, the methyl alcohol 269 and the 

acetic acid 271, probably due to the lack of a linking oxygen atom. The difluoromethyloxy 

compound 274 showed significantly reduced selectivity versus the parent methoxy 

compound 238, as well as reduced BD1 activity, which was consistent with the QSAR-FW 

analysis discussed earlier. The O-linked acetic acid 273 did not show a switch in affinity to 

BD2 possibly due to the limited space available within the binding site to interact with the 

His residue. 

This first iteration of chemistry at the imidazoquinolinone 8-position revealed a 

number of important aspects which would be important in the future chemistry strategy. 

Firstly, alkyl substituents designed to clash with His437 of BD2 were found not to increase 

selectivity and attempting to achieve selectivity by this mechanism was deemed unfeasible. 

The alkyl-substituent data demonstrated that increasing the size of the pendant group beyond 

a methyl reduced BD1 activity and that extending a large group further away from the 

quinoline ring reduced activity further. It was evident from this initial data that substituents 

containing heteroatoms afforded the best selectivity windows for BD1 over BD2, with 

amines in particular performing well. Indeed, selectivity could be enhanced by 2.5-times 

with amines 259, 260, 261 and 250 when compared to the methoxy-substituted 

imidazoquinolinone 238. However, an issue was identified with incorporation of these 

groups where BD1 activity decreased by a maximum of 40-fold relative to methoxy-

substituted imidazoquinolinone 238. This was a feature consistent with the alkyl-substituent 

results and presented a challenge for design of future BD1-potent compounds. Nevertheless, 

the 25-fold selectivity for BD1 over BD2 observed for several analogues was the largest 

selectivity window accomplished at this stage of the overall programme and supported the 

theory that biologically relevant differences in selectivity between BD1 and BD2 could be 

achieved. The encouraging results achieved with the amine-containing compounds prepared 
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in this section provided inspiration for design of further analogues at the imidazoquinolinone 

8-position. Accordingly, a second phase of chemistry was conducted and is discussed in 

Section 3.4. 

 

3.3. Pyridine 6-Position Chemistry 

In parallel to modifications at the imidazoquinolinone 8-position, an exploration of the 

pyridine 6-position was undertaken. As mentioned previously, the vector from this position 

also pointed towards the Asp/His residue variation. A small focused set of analogues were 

designed to interact with the Asp (or surrounding waters) of BD1 and maximise chemical 

diversity, and one example was included to enhance interactions with His residues of BD2 

(Figure 69). 

 

Figure 69. 6-Pyridine modifications targeted for synthesis. 

In order to simplify the synthesis of these compounds, the methyl group at the 

benzylic position was omitted. As seen in Table 26, the benzylic methyl group of I-BET151 

was important for activity and selectivity and provided significant improvement over the 

unsubstituted congener 40
63

 and its enantiomer 46.
64

 Despite this, omission of the methyl 

group circumvented lengthier and more resource-intensive synthesis. The unsubstituted 

congener 40
63

 still provided a baseline compound for data comparison and interesting des-

methyl compounds could be synthesised as their methyl-substituted congeners at a later date. 

Synthesis of the target compounds was carried out using the generalised route shown 

in Scheme 35. For target compounds designed to interact with BD1, commercially available 

6-chloropicolinonitrile 275 was reacted in an SNAr fashion with various nucleophiles to give 

the 6-substituted pyridines 277a–d. The nitrile groups were then reduced over palladium on 

charcoal or Raney-Nickel, or with borane, to give the corresponding methyl amines 278a–d. 

For the pyridone target compound designed to interact with His residues of BD2, 

commercially available 6-methoxypicolinonitrile 276 was reduced over palladium on 

charcoal in acetic anhydride to give the methylacetamide 277e. Simultaneous hydrolysis of 
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the methylether and the acetamide in aqueous acid gave the pyridonamine 278e. With all 

methylamines in hand, reactions were performed with the chloroquinoline intermediate 239 

available within our laboratories
94

 to give the SNAr products 279a–e. Conversion of the 

primary amides to the imidazolidinones 280a–e was achieved using the aforementioned 

PhI(OAc)2 conditions. Where appropriate, N-Boc protecting groups were removed giving the 

final target molecules 281a–c. 

 

Scheme 35. Synthetic route used for 6-substituted pyridine targets. 

The results from biological assaying of these compounds are shown in Table 33.  

 

 

 

 

 

R = 

40
63

 281a 281b 281c 280d 280e 

BRD4 BD1, BD2 

pIC50 
6.7, 6.3 5.7

a
, 5.2

a
 7.0, 7.0 6.1, 6.0 6.4, 6.6 6.8. 6.1 

BD1−BD2 0.4 0.5 0 0.1 -0.2 0.7 

Table 33. Biological data for pyridine 6-position modifications. aData generated in FP assay format. 
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This focused exploration revealed that substituents at the pyridine 6-position conferred 

a range of effects upon selectivity and activity. A piperazine substituent 281a decreased 

activity by 10-fold compared to the parent compound 40,
63

 perhaps because of its steric bulk. 

The flexible O-propylamine 281b marginally increased activity at BRD4 BD1 and 

significantly increased activity at BRD4 BD2 resulting in no selectivity for either 

bromodomain. Conformationally restraining the propylamine to its O-pyrrolidine 281c 

congener resulted in 10-times decreased activity with a comparable lack of selectivity. The 

bulky N-isopropyl 280d also gave a reduction of activity at BD1 and, unexpectedly, 

increased activity at BD2. This result gave an indication that selectivity could be altered 

from a different vector other than the 8-position in the imidazoquinolinone template. 

However, the reason for the increase in BD2 activity for this compound could not be 

rationalised from structural modelling (not shown) and the lack of selectivity for either BD1 

or BD2 warranted no further exploration. The most interesting analogue was the pyridone 

280e which showed a similar BD1 activity compared to pyridine 40
63

 but decreased BD2 

activity resulting in a 5-fold selectivity window. 

Interesting SAR was demonstrated from this exploration where some compounds 

actually reversed selectivity with respect to the baseline pyridine compound 40.
63

 However, 

due to a lack of significant selectivity at either bromodomain, no further chemistry was 

conducted at this position. These results, combined with those from previous explorations 

within this research, demonstrated that significant selectivity for BD2 was challenging and 

efforts were concentrated on furthering the initial positive results for improving selectivity 

for BD1. Additional optimisation was therefore carried out at the imidazoquinolinone  

8-position. 

 

3.4. Rigidification Strategy to Improve Activity and Selectivity 

While the first iteration of chemistry (Section 3.2) showed that substituents containing 

heteroatoms at the imidazoquinolinone 8-position enhanced selectivity for BD1, none of the 

synthesised compounds met the probe criteria of 100 nM potency and 100-fold selectivity. In 

order to boost the BD1 activity and selectivity over BD2, a strategy to decrease molecular 

flexibility was employed. 
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Molecular flexibility is an important concept in ligand binding with  

favourable increases in binding often observed through rigidification of a flexible ligand.
131

 

Preorganisation of a flexible ligand into its active conformer through conformational 

restraint results in a lower entropic cost to the overall free energy of binding. It was therefore 

posited that constraining the pendant amine-containing chains at the 8-position into 

heterocyclic amines would improve BD1 activity and selectivity (Figure 70a). Thus, a 

workplan was devised to synthesise a number of heterorings as rigidified analogues of both 

the ethyl 259 and propyl 261 amines (Figure 70b). 

 

 

 

 

Figure 70. (a) Rigidification strategy to improve activity and selectivity. (b) Rigidified target compounds. 

Synthesis of these heterorings was executed using the same sequence used previously, 

i.e. alkylation of the quinolinol 237 followed by Boc hydrolysis (Scheme 36). Although, as 

the requisite alkyl halides were unavailable for these targets, N-Boc protected amino alcohols 

were first converted into appropriate leaving groups before nucleophilic substitution. 

  

(a) 

(b) 
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Scheme 36. Synthesis of rigidified amines. 
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Scheme 36 (continued). Synthesis of rigidified amines. 

In the case of the cyclobutylamine targets, the cis-282 and trans-286 building blocks 

were converted into their corresponding mesylates 283 and 287, respectively (Scheme 36). 

Full Walden inversion of the trans-mesylate to the cis-N-Boc cyclobutylamino ether 288 at 

the alkylation stage was confirmed by rotating-frame Overhauser effect spectroscopy 

(ROESY). A correlation was observed for the signals corresponding to H
a
 and H

b
 indicating 

a cis arrangement in the cyclobutyl ring (Figure 71). The chemical shifts of these protons 

differed significantly in the 
1
H NMR spectra of the two isomers and, by inference, confirmed 

the trans relative stereochemistry of 284. 

 

Figure 71. Relative stereochemistry confirmation of cyclobutylamines 284 and 288. 

Results from assaying the rigidified amines in the BRD4 mutant assays are shown in 

Table 34. 
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R = Entry 

BRD4 

BD1, BD2 

pIC50 BD1−BD2 

 

259
125

 5.9, 4.5 1.4 

 

261
125

 6.2, 4.8 1.4 

 

285 7.1, 5.5 1.6 

 

289 6.6, 5.0 1.6 

 

293
132

 5.9, 4.3
a
 1.6 

 

297
133

 5.2, <4.3 >0.9 

 

301
132

 5.6, <4.3
b
/4.6

b
 1.0 

 

305
133

 4.9, <4.3 0.6 

 

309
133

 6.1, 4.5 1.6 

 

313
133

 6.3, 4.6 1.7 

 

314
125

 5.5, 4.5 1.0 

Table 34. BRD4 mutant assay data for rigidified amines. apIC50 values of <4.3 were determined on two test 

occasions out of six and were excluded from the reported mean value. bpIC50 values of <4.3 and 4.6 were 

determined on two test occasions each. 

(a) 

(b) 
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It was evident from these results that BRD4 BD1 activity and selectivity was 

improved upon rigidification of flexible amine chains but these properties were sensitive to 

the size of the heteroring and the positioning of the amine. Constraint of the propylamine 

261
125

 into small 4-membered rings gave the cyclobutylamines 285 and 289, resulting in 

improved activity and selectivity. The trans-isomer 285 displayed above 100 nM BRD4 BD1 

activity with 40-fold selectivity over BRD4 BD2, while the cis-isomer 289 was 3-times less 

active at BRD4 BD1 but was equally selective. Rigidification to the slightly larger  

3-substituted pyrrolidine 293,
 132

 resulted in improved selectivity (40-fold) compared to the 

ethylamine 259
125

 and propylamine 261
125

 without increased BRD4 BD1 activity. The 

importance of stereochemistry was highlighted when comparing 3-substituted pyrrolidine 

diastereoisomers 293
132

 and 297
133

 with 5-fold increased BRD4 BD1 activity observed for 

the R-isomer.  

Constraining the propylamine 261
125

 into a six-membered ring gave the piperidine 

314,
125

 resulting in lower BRD4 BD1 activity and selectivity and suggested that a large 

heteroring close to the imidazoquinolinone was not well tolerated.  

Extending the pyrrolidine ring further towards the Asp/His residues through the 

introduction of a methylene unit versus 293
132

 and 297
133

 gave the 2-methylpyrrolidines 

301
132

 and 305.
133

 The data for these compounds demonstrated that stereochemistry was 

again important with the R-isomer showing greater BRD4 BD1 activity and selectivity over 

the S-isomer. However, even the preferred isomer 301
132

 did not exhibit any improvement in 

activity over its flexible counterparts ethylamine 259
125

 and propylamine 261.
125

 

The data for the 3-methylpyrrolidines 309
133

 and 313
133

 highlighted the importance of 

the positioning of the nitrogen atom within the pyrrolidine ring as both these compounds 

showed enhanced BRD4 BD1 activity and selectivity over the 2-methylpyrrolidines 301
132

 

and 305.
133

 Unlike their 2-substituted congeners, the 3-methylpyrrolidines did not display a 

significant stereochemical preference with only marginal greater BRD4 BD1 potency and 

selectivity observed for 313
133

 over 309.
133

 

With 50-fold greater activity at BD1 over BD2 measured, both the methylpyrrolidine 

313
133

 and the cis-cyclobutylamine 289 were the most selective imidazoquinolinones 

produced to this stage within this programme and demonstrated a notable increase in 

selectivity over the unconstrained analogues ethylamine 259
125

 and propylamine 261.
125

 

Initial screening results in the previous FP assay configuration (see Appendix) 

indicated that the cyclobutylamine 289 exhibited 100-fold selectivity. Encouraged by these 

initial data, this compound was progressed for further investigational studies. Unfortunately, 

upon subsequent retesting in the FP assay configuration and then FRET, the selectivity 
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window narrowed to 50-fold and 40-fold, respectively (only FRET data are reported in Table 

34), but progression of this compound continued. 

To rationalise the increase in selectivity observed by appending basic heterorings onto 

the imidazoquinolinone 8-position, the cis-cyclobutylamine 289 was cocrystallised into 

BRD4 BD1 and an X-ray structure solved at 1.35 Å resolution (Figure 72).
89

  

  

 

Figure 72. (a) Molecular surface representation of cyclobutylamine 289 (carbon = green) bound in BRD4 BD1. 

(b) Interactions of the pendant cyclobutylamine in BRD4 BD1 (ionisation state and hydrogen positioning was 

determined using the Protonate 3D function in MOE). (c) Crystal structure of cyclobutylamine 289 (carbon = 

green) bound to BRD4 BD1 superimposed with apo BRD4 BD210 (carbon = orange, pdb 2OUO); solvent and 

BD1 protein were omitted for clarity and molecular surfaces applied. 

 

The imidazoquinolinone motif bound to the protein as expected showing a hydrogen 

bond interaction from the dimethylisoxazole to Asn140 and contact of the pyridine to the 

WPF shelf (Figure 72a). With regard to the 8-position, the cyclobutylamine comfortably 

occupied space within the binding site and, due to the rigid nature of the ring, caused the 

amine to point directly into the water network surrounding Asp144. Notably, the amine 

interacted with a water molecule (W1) which formed a hydrogen bond to the carbonyl of 

Asn140, effecting favourable binding to BRD4 BD1 (Figure 72b). This provided interesting 

evidence that interaction with this water — and not direct interaction with Asp144 — was 

sufficient to impart selectivity over BRD4 BD2 (note that results from the GRID MIF using 

(

a) 

(

b) 

F83 

Y97 

N140 

P82 

W81 

L92 

ZA Channel 

D145 

I146 

M149 

D144 

W1 

N140 
D144 

W1 

(b) (a) 

(c) 
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a water probe shown in Figure 63 revealed that this water possessed a binding energy −9.4 

kcal/mol, indicating that its displacement by a ligand would require suitably high binding 

energy compensation). Furthermore, this water was not present in the apo BRD4 BD2 

structure as its site was occupied by an imidazole nitrogen atom of His437. The complex was 

superimposed onto an apo BRD4 BD2 structure
10

 and the BD1 protein removed for clarity 

(Figure 72c). This overlay showed the primary amine well within the van der Waals radius 

of the His437 side chain and in close proximity to a His nitrogen inducing both a steric and 

charge clash and, thus, providing a rationale for the observed selectivity. 

Intrigued by the interaction of the primary amine functionality of 289 to the water 

molecule of BRD4 BD1, two analogues of this compound were designed to understand its 

precise nature (Figure 73). Also, slight adjustment of this interaction might provide the 

increase in activity and selectivity required to achieve a probe molecule for phenotypic 

studies. 

 

Figure 73. Focused exploration of cyclobutylamine derivatives. 

An N-methylated derivative was targeted to explore the effect of increased basicity on 

the interaction with the water molecule bridging Asp144 and Asn140. Conversely, an 

acetamide derivative was also identified for synthesis to explore the effect of removing 

basicity while retaining hydrogen bond donating capability. Preparation of these target 

molecules was executed as shown in Scheme 37. 
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Scheme 37. Synthesis of cyclobuylamine derivatives. 

The N-methyl cyclobutylamine 316 was obtained by methylation of the N-Boc 

cyclobutylamine mesylate 287, reaction with quinolinol 237 followed by TFA treatment, 

while synthesis of the acetamide 317 was achieved by acetylation of cyclobutylamine 289. 

Screening results for these compounds are shown in Table 35. 

 

 

 

R = 

289 316 317 

BRD4 BD1, BD2 pIC50 6.6, 5.0 6.4, 4.8 6.8, 6.1 

BD1−BD2 1.6 1.6 0.7 

Table 35. BRD4 mutant FRET data for cyclobutylamine derivatives. 

The effect of increasing the basicity of the amine by introduction of an N-methyl 

group to secondary amine 316 resulted in a slight loss of BD1 activity and a marginal 

reduction of selectivity compared to the primary amine 289 (this was consistent with SAR 

generated in the initial medicinal chemistry plan as detailed in Section 3.2). Examination of 

the crystal structure of cyclobutylamine 289 showed that a methyl substituent could occupy a 

vector pointing towards solvent. However, the hydrophobic nature of the methyl group may 

preclude this conformation and the extra basicity afforded by the methyl group did not give 

an overall improvement in free energy of binding. Interestingly, removal of the basic centre 
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with the acetamide 317 slightly improved activity at BD1 as desired. Unfortunately, this 

modification also significantly increased activity at BD2 and narrowed the selectivity 

window by 10-fold. 

Overall, this iteration of chemistry demonstrated that rigidification of flexible pendant 

amines into heterocyclic amines increased BRD4 BD1 activity and/or selectivity. Compared 

to their flexible counterparts, ethylamine 259
125

 and propylamine 261,
125

 the cyclobutylamine 

289 and methylpyrrolidine 313 markedly increased selectivity for BRD4 BD1 and afforded 

the largest selectivity achieved in this programme of research so far. X-ray crystallography 

was used to support the hypothesis that binding to a water molecule contacting the Asp of 

BD1 and/or clashing with His of BD2 resulted in domain selectivity. Further understanding 

of the binding interaction was gained through synthesis of close analogues of 

cyclobutylamine 289 and highlighted the preference for a basic amine. 

While encouraging selectivities were achieved with the cyclobutylamine 289 and 

methylpyrrolidine 313, they did not meet the 100-fold required threshold. At these selectivity 

levels, ligand occupancy at BD2 could still have been significant and the phenotype 

observed not solely attributed to inhibition of BD1. Also, it was evident from the SAR 

generated so far that BD1 activity decreased when a substituent larger than a methoxy group 

was appended to the imidazoquinolinone 8-position. While some of the constrained amines 

made progress towards addressing this issue, BD1 activity comparable to lead pan-BET 

compounds (IC50 ~100 nM) still had not been reached. Therefore, further optimisation of the 

imidazoquinolinones was necessary, building on the promising package of data created for 

this chemotype so far. Other sources of data to inform design efforts were next explored. 

 

3.6. Investigation of Overlap with BD1-Selective Thienopyridones 

As part of a wider effort to discover BD1-selective compounds within our 

laboratories, a series of thienopyridones was being investigated and is exemplified by the 

structures in Table 36. 
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318
134

 319
135

 

BRD4 BD1, BD2 pIC50 6.3, 4.8 6.7, 4.7
a
 

BD1−BD2 1.5 2.0 

Table 36. BRD4 mutant assay data for thienopyridones. aA pIC50 value of <4.3 was determined on one test 
occasion out of seven and was excluded from the reported mean value. 

The piperazine 318
134

 displayed 30-fold selectivity for BRD4 BD1 over BRD4 BD2 while 

the piperazine sulfonamide 319
135

 displayed an excellent selectivity window of 100-fold. 

SAR within this series showed that the piperidine sulfonamide was important for selectivity 

and this was rationalised by X-ray crystallography (Figure 74). 

      

      

Figure 74. (a) X-ray crystal structure of thienopyridone 319 in BRD4 BD1 (carbon = cyan). (b) Overlay of apo 

BRD4 BD2 crystal structure10 (carbon = orange, pdb 2OUO) onto the BRD4 BD1–thienopyridone 319 (carbon = 

cyan) complex; solvent and BRD4 BD1 protein were omitted for clarity and a BRD4 BD2 molecular surface 

applied. (c & d) Overlay of the I-BET151–BRD4 BD1 complex (carbon = magenta, (pdb 3ZYU)63 with the 

structure of thienopyridone 319 bound to BRD4 BD1 (carbon = cyan). 
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A structure of the sulfonamide 319 in BRD4 BD1 was solved within our labs
89

 and revealed 

that the oxygen of the sulfonamide displaced a water molecule surrounding Asp144 and 

interacted with the backbone NH of Ile146 (Figure 74a). Interestingly, the corresponding 

water in BRD2 BD1 was found to be conserved across a range of ligand-complexes.
72

 

Another notable observation was the lack of interaction to the conserved water bridging 

Asp144 and Asn140 (W1). This was postulated to be an important interaction observed for 

the cyclobutylamine imidazoquinolinone 289 to achieve 40-fold BD1 selectivity. To 

investigate if selectivity was achieved by clash with BD2 protein alone, an overlay of apo 

BRD4 BD2 protein
10

 with this crystal structure was examined (Figure 74b). This structure 

showed the piperidine significantly protruded the van der Waal radius of His437 thus 

causing a clash and providing a rationale for the observed BD1 selectivity. It was proposed 

that this SAR in the thienopyridone series could be used to enhance the BD1 activity and 

selectivity in the imidazoquinolinone series. Accordingly, a superimposition of the BRD4 

BD1 structures of I-BET151 and the thienopyridone 319 was carried out (Figure 74c). The 

resulting structure suggested that appending a piperazine sulfonamide from the 8-position of 

the imidazoquinolinone would mimic the piperazine sulfonamide in the thienopyridone 

series. Thus, imidazoquinolinone ‘hybrid’ molecules, such as those shown in Figure 75, were 

postulated to improve BD1 activity and selectivity. It should be noted that extra flexibility in 

the form of methylene and ethylene spacers was designed into the targets as this appeared 

preferable from the crystal structure overlays. Also, SAR had shown previously that the 

directly O-linked piperidine 314 was weakly active at BRD4 BD1 (Table 34).  

 

Figure 75. Strategy to use SAR from thienopyridones in the imidazoquinolinones. 

Synthesis of these hybrid targets was completed in a straightforward manner with 

initial preparation of the free amines as shown in Scheme 38. Using the standard mesylation-

alkylation-deprotection sequence, the methylpiperidine 322 was synthesised in 62% overall 

yield. For the N-ethylpiperazine 326 however, activation of the alcohol 323 to its 

corresponding mesylate failed. Instead, Appel conditions were used successfully to obtain 
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the alkylbromide 324 in good yield and a subsequent alkylation-deprotection procedure gave 

the piperazine 326. 

 

 

Scheme 38. Preparation of hybrid imidazoquinolinones, piperidine 322 and piperazine 326. 

To obtain the sulfonamide targets, the previously described cyclobutylamine 289 was 

sulfonylated along with the piperidine 322 and piperazine 326 using mesyl chloride in yields 

ranging from 57 to 82% (Scheme 39). 

 

Scheme 39. Final step towards hybrid targets. 
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Screening results of the hybrid molecules in the BRD4 mutant assays are shown in 

Table 37. 

 R = R’ = 

 

Entry 

BRD4 BD1, BD2 

pIC50 BD1−BD2 

 
H 289 6.6, 5.0 1.6 

SO2CH3 327 6.6, 5.5 1.1 

 

H 322 6.1, 4.4
a
 1.7 

SO2CH3 328 5.6, 4.4
b
 1.2 

 

H 326 6.4, 4.4 2.0 

SO2CH3 329 6.1, <4.3 >1.8 

Table 37. Results from screening of hybrid molecules. apIC50 values of <4.3 were determined on two test 

occasions out of four and were excluded from the reported mean value. bA pIC50 value of <4.3 was determined on 
one test occasion out of two and was excluded from the reported mean value. 

In general, the inclusion of a sulfonamide moiety did not afford the desired BRD4 

BD1 activity or selectivity increase that was observed in the thienopyridone series. With the 

cyclobutylsulfonylamine 327, a 3-fold increase of activity at BRD4 BD2 was observed 

relative to the cyclobutylamine 289 and, as a result, the selectivity margin narrowed to 13-

fold. The 4-methylpiperidine 322 was 50-fold selective for BRD4 BD1 over BRD4 BD2 but 

its sulfonyl derivative 328 was 3-fold less potent at BRD4 BD1 therefore lowering the 

selectivity. Pleasingly, the N-ethylpiperazine 326 displayed 100-fold greater activity at BD1 

over BD2 and was the first imidazolquinolinone to achieve this level of selectivity. 

Consistent with the methylpiperidine hybrid molecules, the sulfonamide derivative 329 

lowered activity relative to its amine counterpart 326. To verify if the piperidine 322 and 

piperazine 326 conferred their selectivity in a similar manner to the cyclobutylamine 289, 

samples were crystallised in BRD4 BD1 and X-ray structures solved at 1.90 and 1.55 Å 

resolutions, respectively (Figure 76).
89

  



Confidential – Property of GSK – Do Not Copy 

 

134 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 76. Complexes of hybrid molecules in BRD4 BD1, (a–c) piperidine 322, (d–g) piperazine 326.  

(a) Molecular surface representation of piperidine 322 (carbon = yellow) in BRD4 BD1. (b) Interactions of the 

piperidine moiety of 322 with BRD4 BD1 (carbon = yellow). (c) Overlay of apo BRD4 BD2 crystal structure10 

(carbon = orange, pdb 2OUO) onto the BRD4 BD1–piperidine 322 (carbon = yellow) complex; solvent and 

BRD4 BD1 protein were omitted for clarity and molecular surfaces applied. (d) Molecular surface representation 

of piperazine 326 (carbon = magenta) in BRD4 BD1. (e and f) Interactions of the piperazine moiety of 326 with 

BRD4 BD1 (carbon = magenta). (g) Overlay of apo BRD4 BD2 crystal structure10 (carbon = orange, pdb 2OUO) 

onto the BRD4 BD1–piperazine 326 (carbon = magenta) complex; solvent and BRD4 BD1 protein were omitted 
for clarity and molecular surfaces applied. 
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Unexpectedly, the NH of the piperidine moiety in 322 pointed more towards solvent 

than into protein, perhaps due to space constraints caused by the large heteroring (Figure 

76a). However, the amine still interacted with the water network surrounding Asp144 

providing BD1 selectivity (Figure 76b), albeit through two water molecules rather than the 

single through-water interaction seen with cyclobutylamine 289. The structure of the 

piperazine 326 revealed a similar feature with the NH directed towards solvent (Figure 76d) 

although, in this case, it did not interact with any water molecules surrounding Asp144. 

Instead, the tertiary amine made a single through-water interaction to Asp144 (Figure 76e). It 

is interesting to note that this heteroring imparts further activity and selectivity benefits when 

compared to the N,N-dimethylethylamine 260. The pendant amines of both 

imidazoquinolinones 322 and 326 were found to protrude the van der Waal radius of His437 

upon supersition of each crystal structure with apo BRD4 BD2 protein
10

 (Figure 76c and g, 

respectively) which also rationalised the observed selectivity. 

It was surmised that straightforward transfer of SAR from the thienopyridones to the 

imidazoquinolinone series could not be made. Subtle differences in positioning of the 

different molecules in the BRD4 BD1 binding site would account for this and, thus, vectors 

extending to the Asp/His selectivity residues were distinct. In addition, previous work within 

this research programme demonstrated that selectivity was not solely driven by functionality 

probing of these residues alone and, thus, different chemical series have different intrinsic 

selectivity preferences. Regardless of this, several heterocyclic amines with almost 100-fold 

selectivity were discovered in this exploration and these were considered in future work to 

increase BRD4 BD1 activity while maintaining 100-fold selectivity over BRD4 BD2. 

Chemistry at another location in the quinoline template was now investigated aiming to 

achieve the desired selectivity and activity goals. 

 

3.7. A Shift Towards a More BD1-potent Scaffold 

An exhaustive chemistry exploration at the 8-position of the imidazoquinolinone has 

been described and, while 100-fold activity had been achieved, BD1 activity was still 

suboptimal. To establish if changes to other parts of the quinoline scaffold could enhance 

BD1 activity, a review of SAR was conducted. 

As part of a historical chemistry programme on the isoxazole quinolines, other 

scaffold modifications had been made in addition to the imidazolinone described previously 

in Figure 15 and included the introduction of the imidazolquinoline template (Figure 77). 
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Figure 77. Quinoline isoxazole templates and the substructure used for SAR analysis. 

 An SAR analysis was carried out on these isoxazole quinolines to determine any 

differences in BD1 activity between the three scaffolds. BRD4 assay data for compounds 

containing any of the three scaffold substructures depicted in Figure 77 were displayed as 

box plots in Figure 78. Tukey-Kramer confidence circles
136

 were also generated with results 

deemed statistically significant (P <0.05) when these did not overlap. 

 

 

 

Figure 78. Data for compounds containing quinoline scaffolds in the (a) BRD4 WT FP and (b) BRD4 BD1 FRET 

assays. The boxes represent the interquartile range and the solid white line the median. Bars extending from the 
boxes denote the highest and lowest non-outlier values with single points corresponding to outliers. 
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Data for compounds tested in the historical BRD4 WT FP assay (which correlated 

with BRD4 BD1 FRET mutant assay) are shown in Figure 78a. It was apparent that, in 

general, the imidazoquinolinones were more active than the uncyclised quinolines. The most 

potent scaffold was the imidazolquinoline although this result was not considered 

statistically significant. However, it should be noted that the low tight binding limit of this 

assay restricted pIC50 measurement of the most potent compounds and, therefore, the 

imidazolquinolines may have appeared less active than in reality. For quinolines tested in the 

BRD4 BD1 assay (which were all selective for BRD4 BD1 over BRD4 BD2) the same trend 

existed and this time all results were determined to be statistically significant (Figure 78b). 

Not all compounds were tested in each assay and therefore some bias would have been 

introduced into the analysis. Further evidence that the imidazolquinoline was the more active 

quinoline scaffold was apparent from the matched molecular pair (MMP) analysis between 

two closely related examples from each template (Figure 79).  

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 79. MMP analysis comparing BRD4 BD1 FRET activity of imidazol-2-nones versus 2-Me imidazoles. 

Pairs of compounds from the imidazoquinolinone and 2-methyl imidazolquinoline 

templates with matched R
1
 groups were identified and data in the BRD4 BD1 assay plotted. 

These data reaffirmed that the imidazoles were more active than the imidazolinones but 

pIC50 

R
1
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showed that the difference in activity between the two scaffolds varied with each R
1
 group 

suggesting that SAR was not independent.  

Based on these SAR analyses, a strategy to switch to a substituted imidazolquinoline 

template and diversify other positions of the molecule was formulated with the aim of 

increasing BD1 activity and maintaining or increasing selectivity over BD2 (Figure 80). 

 

Figure 80. Strategy to switch to the more potent imidazolquinoline scaffold. 

Therefore, a number of imidazolquinolines were submitted to the BRD4 mutant FRET 

assays to identify examples from this class of quinolines for derivitisation into BD1-selective 

variants. Two imidazolquinolines 330
92

 and 331
102

 were of particular interest (Table 38). 

 

  

 330
92

 331
102

 

BRD4 BD1, BD2 pIC50 7.4, 6.9 8.0, 7.4 

BD1−BD2 0.5 0.6 

Table 38. Non-selective imidazolquinolines of interest. 

The 1-methoxypropan-2-ylimidazolquinoline 330
92

 was a lead molecule within our 

laboratories which had been optimised as an orally bioavailable pan-BET inhibitor.
92

 

Chemical alteration of this molecule into a BD1-selective variant by appendage of a 

selectivity substituent at the 8-position of the quinolinol derivative 332 (Figure 81), was of 

considerable interest for potential phenotypic studies. 

 

Figure 81. Strategy to append a selectivity substituent to the quinolinol derivative of lead molecule 330.92 
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However, considering the BRD4 BD1 activity of the 8-methoxy 330
92

 and the SAR 

demonstrated previously, it was recognised this modification could lower the BRD4 BD1 

activity to a level similar to the lead BD1-selective imidazoquinolinone 326. Despite this, 

synthesis of a pan-BD1 selective analogue of an imidazolquinoline lead molecule was still 

attractive for biological assessment. 

Screening of various imidazolquinolines also identified the 1-phenethyl-

imidazolquinoline 331
102

 as a highly potent compound with BRD4 BD1 activity of 10 nM 

(Table 38). Thus, attaching a selectivity-enhancing group in this instance was expected to 

achieve the target BD1 activity combined with selectivity over BD2 (Figure 82). 

 

Figure 82. Strategy to append a selectivity substituent to the imidazolquinolinol derivative of the BD1 potent 
imidazolquinoline 331.102 

The chemistry strategy used for installing selectivity-enhancing substituents at the  

8-position of the imidazoquinolinones was to O-demethylate the 8-methoxy group and 

alkylate the resulting quinolinol. However, as both 330 and 331 contained two methyl ethers, 

and in the case of 330, an additional tetrahydropyran (THP) ether, regioselective 8-OMe 

cleavage to the corresponding quinolinols 332 and 333 (Figure 81 and 82) was expected to 

be problematic. Moreover, only limited supplies of the imidazolquinolines 330 and 331 were 

available within our laboratories at the time. Therefore, attempts were made to effect the 

demethylation earlier in the reaction sequence and prior to installation of the imidazole 2-

position ether functionality. 

The 6-methoxy-4-chloroquinoline intermediate 334, a precursor of 330 and 331, was 

readily available within our laboratories (Scheme 40). Demethylation of this material was 

attempted using both HBr and TMSI. Unfortunately, mainly by-products were observed 

which, in the case of the HBr reaction, included the hydrolysis by-product quinolin-4-ol 336, 

as determined by LCMS analysis. This result was unsurprising since the high reactivity of 

the chloroquinoline has already been exploited within this research. 



Confidential – Property of GSK – Do Not Copy 

 

140 

 

Scheme 40. Attempted methylether cleavage of 4-chloroquinoline 334. 

Based on the above synthetic outcomes, a strategy to temporarily mask the 4-position was  

explored based upon methodology developed previously within our laboratories.
137

 Here,  

2-methylimidazole was used as a nucleophile to substitute chloride giving the intermediate 

337 protected at the 4-position (Scheme 41). Attempted methyl ether cleavage on this 

substrate with TMSI or BBr3 resulted in the formation of multiple by-products, while 

treatment with HBr induced displacement of the 4-imidazole with water without effecting 

methylether cleavage. 

 

Scheme 41. Masking the quinoline 4-position followed by demethylation conditions. 

Based on the results of these experiments, an alternative strategy to synthesise 

domain-selective imidazolquinolines was devised. The 8-OMe demethylation of I-BET151 

and subsequent alkylation was a convenient method for synthesis of domain-selective 

imidazoquinolinones but a methyl protecting group for imidazolquinolinols 330 and 331 

containing additional ether groups was unattractive as ether cleavage was expected to be 

unselective. Therefore, the incorporation of a specifically designed quinolinol protecting 

group was considered in a retrosynthetic analysis shown in Figure 83. 
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Figure 83. Retrosynthetic analysis of 8-substituted imidazolquinolines. 

To obtain imidazolquinoline targets of type 339, imidazolquinolinols 340 were 

required for appendage of selectivity-enhancing substituents via alkylation chemistry in a 

manner analogous to that carried out for the imidazoquinolinones. A benzyl (Bn) group was 

selected for protection of the quinolinols as it was expected to be stable to the harsh reaction 

conditions (strong acid and base, high temperature) throughout the synthetic route and was 

expected to be removed selectively over N-benzyl groups at R
1
 due to the reluctance of 

benzylamines to undergo hydrogenolysis.
138

 Imidazole ring formation required condensation 

of the 4-amino and the 3-amide groups of 342. The key intermediate allowing introduction of 

substituents on the imidazole ring was the 4-chloro-3-nitroquinoline 343 which could be 

obtained from the nitration and chlorination of quinolin-4(1H)-one 344. This molecule 

would be derived from the hydrolysis and decarboxylation of ester 345 which is the 

cyclisation product of aniline 346. The trisubstituted 2-bromo-1-fluoro-4-nitrobenzene 347 

allows for appropriate elaboration at the start of the synthetic route. Based on this, synthesis 

of the 4-chloro-3-nitroquinoline intermediate 343 was carried out according to the route 

shown in Scheme 42. 
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Scheme 42. Synthetic route to access the imidazolquinoline template. 

First, the protected phenol moiety was introduced by SNAr reaction of benzyl alcohol 

with commercially available 2-bromo-1-fluoro-4-nitrobenzene 347 furnishing the 

benzylether 348 in good yield (73%). A Suzuki-Miyaura reaction of this material with  

(3,5-dimethylisoxazol-4-yl)boronic acid using the N-heterocyclic carbene Pd-precatalyst 

PEPPSITM-IPr, formed the cross-coupling product 349 in high yield (86%). Reduction of the 

nitro group with iron at room temperature gave the aniline 346 in excellent yield (98%) 

while keeping the benzylether intact. Performing the reaction at elevated temperature 

resulted in suspected reduction and opening of the isoxazole ring as indicated by LCMS. 

Attempts to isolate a pure sample of the assumed 4-aminopent-3-en-2-one failed, however, 

the propensity of the isoxazole to undergo reductive ring opening was confirmed at a later a 

stage (vida infra). The aniline 346 was subjected to Gould-Jacobs conditions
139

 where 

conjugate substitution with diethyl-2-(ethoxymethylene)malonate proceeded to give the 

aminomethylene malonate 350 in 74% yield and was followed by cyclisation in refluxing 

diphenylether giving the 3-ethyl[quinolin-4(1H)-one]carboxylate 345 in 90% yield. 

Saponification to the acid 351 occurred in near quantitative yield and subsequent 

decarboxylation at 260 ºC gave the quinolin-4(1H)-one 344 in high yield (89%). Nitration at 

the activated 3-position to 352 was accomplished in 57% yield and subsequent chlorination 

furnished the requisite 4-chloro-3-nitroquinoline late stage intermediate 343. From here, 

access to the imidazolquinoline scaffold could be achieved straightforwardly and diversity 

embedded readily at several positions in the molecule. 
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Firstly, analogues of the lead imidazolquinoline 330 were prepared using the sequence 

shown in Scheme 43. 

 

Scheme 43. Synthesis of 1-methoxypropan-2-ylimidazolquinoline 330 analogues. 

The chloroquinoline intermediate 343 was reacted with (R)-1-methoxypropan-2-amine in 

SNAr fashion to install the 4-amino substituent of 353 in high yield (88%). Chemoselective 

iron-acetic acid reduction conditions were used again to reduce the nitro group in the 

presence of the O-benzyl providing the 3-aminoquinoline 354 in 78% yield. Subsequent 

amide formation to 355 (98% yield) followed by condensation in hot propionic acid gave the 

imidazole 356 in high yield (94%). Removal of the benzyl protecting group to quinolinol 332 

was achieved by hydrogenolysis over palladium on charcoal in 92% yield. A minor by-

product was formed (4% yield) during this reaction and the structure determined as the 

ketofuran 364 (Scheme 44).  
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Scheme 44. Proposed mechanism for the formation of ketofuran by-product 364. 

This by-product was expected to have arisen from reductive cleavage of the isoxazole 

ring;
140

 a transformation believed to have occurred during hydrogenolysis of isoxazole-

containing molecules previously in this research but without conclusive evidence. In this 

case, the intermediate enaminone 362 was trapped by the adjacent hydroxyl group at the  

8-position giving the intermediate species 363 which upon aromatisation and loss of 

ammonia gave the ketofuran 364. This by-product was easily removed by chromatography 

and the desired quinolinol 332 used for O-alkyations to install the 3-methylpyrrolidine and  

4-methylpiperidine selectivity enhancing substituents; despite the profound increase in 

selectivity gained by installing an N-ethylpiperazine substituent previously, this group was 

not considered for incorporation here due to the unacceptably large resulting molecular 

weight (548 g/mol). The 3-methylpyrrolidine 358 and 4-methylpiperidine 360 target 

compounds were obtained after deprotection and these were tested in the BRD4 mutant 

assays (Table 39).  



Confidential – Property of GSK – Do Not Copy 

 

145 

R =  
  

 
Entry I-BET151 330

92
 

BRD4 BD1, BD2 pIC50 7.5, 6.5 7.4, 6.9 

BD1−BD2 1.0 0.5 

 

Entry 313 358 

BRD4 BD1, BD2 pIC50 6.3, 4.6 6.1, 4.5 

BD1−BD2 1.7 1.6 

 

Entry 322 360 

BRD4 BD1, BD2 pIC50 6.1, 4.4
a
 5.9, 4.8 

BD1−BD2 1.7 1.1 

Table 39. Mutant assay results of 8-substituted variants of a lead imidazolquinoline 330. apIC50 values of <4.3 

were determined on two test occasions out of four and were excluded from the reported mean value. 

These data confirmed that, similarly to the imidazoquinolinones, appendage of amine 

substituents to the 8-position of an imidazolquinoline scaffold also improved BD1 

selectivity. When compared against the unelaborated 8-OMe imidazolquinoline 330,
92

 the 

pyrrolidine 358 increased selectivity 13-fold while the piperidine 360 increased selectivity  

4-fold. The considerable selectivity increase observed with pyrrolidine 358 was unexpected 

as the same transformation in the imidazolinone scaffold (I-BET151 to 313) only increased 

selectivity 5-fold. The moderate selectivity increase of piperidine 360 relative to 330
92

 was 

more consistent with the 6-fold increase observed with the imidazoquinolinones (I-BET151 

to 322). These data demonstrated that subtle alteration of the quinoline scaffold affected the 

BRD4 domain selectivity. Unfortunately, the trend for reduced BD1 activity upon appendage 

of a basic amine found with the imidazoquinolinones, was also evident with the 

imidazolquinoline derivatives. 

As predicted, these molecules did not exhibit the desired selectivity or activity 

required to warrant progression into the phenotypic assays. However, this work was 

important to determine if the domain-selectivity of a lead molecule could be improved easily 

and established the generality of the selectivity substituent incorporation strategy. Attention 

then turned to the preparation of analogues of the phenethylimidazolquinoline 331 which, in 

addition to increasing domain selectivity, were also expected to provide BD1 activity 

comparable to established pan-BET inhibitors. 
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In this exploration, selectivity substituents were incorporated using the same sequence 

of reactions already described in the preparation of domain-selective variants of  

1-methoxypropan-2-ylimidazolquinoline 330 (Scheme 45). Again, the N-ethylpiperazine 

selectivity enhancing substituent was not considered for incorporation here due to the high 

molecular weight incurred. Concerned with the possibility that the benzylic centre may 

racemise during the synthetic sequence (as observed when preparing derivatives of the 

imidazoquinolinone I-BET151), racemic 1-phenylethanamine was incorporated in this initial 

exploration to give the diastereomeric mixture 371 and the racemate 373 of the 

imidazolquinolines; the racemate 8-methoxyimidazolquinoline 374 (Table 40) had been 

synthesised previously within our laboratories
102

 allowing SAR comparisons to be made. If 

interesting results were achieved with these mixtures, a homochiral synthesis would then be 

carried out with racemic or diastereomeric analogues available as analytical standards to 

determine if racemisation had occurred.  

 

Scheme 45. Synthesis of 1-phenethylimidazolquinoline analogues. 

Substitution reaction of 4-chloro-3-nitroquinoline 343 with (±)-1-phenylethanamine to 

365 was accomplished in high yield (83%) and was followed by reduction of the nitro group 

to give the amine 366 in 92% yield. Reaction with 2-methoxyacetyl chloride formed the 

amide 367 in 94% yield and imidazole ring formation to 368 proceeded smoothly (92% 

yield). Selective removal of the O-benzyl over the N-α-methylbenzyl via hydrogenolysis was 
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achieved albeit in low yield (29%). Extended reaction times were required when conducted 

using either an H-Cube flow reactor or in batch mode under atmospheric hydrogen. In order 

to progress quinolinol 369 through to alkylation chemistry quickly, multiple purifications 

were conducted on incomplete reaction mixtures in-between runs, which was thought to have 

contributed to the poor yield. No reductive cleavage of the isoxazole ring or loss of the  

N-α-methylbenzyl was observed in the reaction mixtures by LCMS. Alkylation of quinolinol 

369 with the appropriate mesylates followed by treatment with TFA gave the desired target 

molecules 371 and 373. Screening results of these compounds in the mutant BRD4 assays 

are shown in Table 40. 

R =  
  

 
Entry I-BET151 374

102
 

BRD4 BD1, BD2 pIC50 7.5, 6.5 7.8, 7.0 

BD1−BD2 1.0 0.8 

 

Entry 313 371 

BRD4 BD1, BD2 pIC50 6.3, 4.6 7.1, 5.0 

BD1−BD2 1.7 2.1 

 

Entry 322 373 

BRD4 BD1, BD2 pIC50 6.1, 4.4
a
 6.8, 5.0 

BD1−BD2 1.7 1.8 

Table 40. Biological results of 8-substituted congeners of BD1 potent imidazolquinoline 374. apIC50 values of 

<4.3 were determined on two test occasions out of four and were excluded from the reported mean value. 

As expected, these data demonstrated that appendage of amine substituents at the  

8-position of the imidazolquinoline lowered activity. However, the extent of this reduction 

was less for the imidazolquinoline analogues compared to the imidazoquinolinone 

compounds. For example, only 5-fold reduced BRD4 BD1 activity was observed for the  

8-pyrrolidin-3-ylmethoxy imidazolquinoline 371 compared to methoxy imidazolquinoline 

374,
102

 whereas 16-fold reduced BRD4 BD1 activity was observed for 8-pyrrolidin-3-

ylmethoxy imidazoquinolinone 313 compared to methoxy imidazolquinoline I-BET151. In 

terms of selectivity, pyrrolidine imidazolquinoline 371 displayed 126-fold preferential 

binding to BRD4 BD1 over BRD4 BD2. SAR generated previously showed that a piperidin-
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4-ylmethoxy group appended to the 8-position of an imidazoquinolinone reduced BRD4 

BD1 activity compared to a pyrrolidin-3-ylmethoxy group (322 versus 313) but retained a 

50-fold selectivity margin over BRD4 BD2. In the case of the imidazolquinolines, a 

reduction in BRD4 BD1 activity was also observed upon the pyrrolidine to piperidine 

transformation (371 to 373), but instead of maintaining a selectivity margin, a notable 

selectivity decrease was observed. These data once again highlighted the distinct subtle SAR 

trends with each isoxazole quinoline scaffold. 

Results for the mixture of diastereoisomers 371 and the racemate 373 demonstrated 

that higher BRD4 BD1 potency was achieved by appending a selectivity enhancing group 

onto a more potent starting methoxyquinoline. Although greater BRD4 BD1 potency was 

achieved with piperidine 373, the desired 100 nM target was not quite achieved, nor was the 

desired 100-fold selectivity over BRD4 BD2. Data for the pyrrolidine 371 were much more 

encouraging with a BRD4 BD1 IC50 = 79 nM and 126-fold selectivity being achieved. This 

compound was the most selective isoxazole quinoline synthesised to date and, therefore, 

further chemistry was conducted to obtain a single diastereoisomer for further studies. 

Previous SAR had shown that R-stereochemistry at the benzylic centre of 

imidazoquinolinone BET inhibitors was preferred for activity.
63

 Therefore, it was postulated 

that the more active isomers of 371 and 373 should also contain an R-configuration at the 

benzylic positions. A homochiral synthesis was prosecuted to confirm this assignment 

starting with (R)-1-phenylethanamine (>99% e.e.) and 4-chloro-3-nitroquinoline 343 

(Scheme 46). 

  



Confidential – Property of GSK – Do Not Copy 

 

149 

 

Scheme 46. Homochiral synthesis of intermediate imidazolquinolinol 333. 

The homochiral synthesis proceeded smoothly with yields broadly consistent with the 

racemic synthesis. In this case though, a minor amount of reductive ring cleavage was 

observed in the last stage but the by-product (379) was easily separated by flash column 

chromatography. Pleasingly, the desired quinolinol intermediate 333 was obtained in 45% 

overall yield from 4-chloro-3-nitroquinoline 343. With this intermediate in hand, the 

synthesis of a single diastereoisomer was undertaken (Scheme 47). 

 

Scheme 47. Synthesis of single diastereoisomer 381. 

Reaction of quinolinol 333 with mesylate 311 proceeded in 57% yield to give the alkylation 

product 380. Deprotection of this material gave the single enantiomer 381 which was then 

screened in the BET mutant assays with results displayed in Figure 84.  
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 pIC50 

BD1−BD2  BD1 BD2 

BRD2 7.1 5.4 1.7 

BRD3 7.4 5.9 1.5 

BRD4 7.5 5.2 2.3 

BRDT 6.9 4.8 2.1 

 

Figure 84. Dose response curves and resulting pIC50 values for methylpyrrolidine 381 in BET mutant assays. 

It was evident from the BRD4 assay data that the single enantiomer 381 had enhanced 

activity and selectivity compared to the diastereomeric mixture 371. Remarkably high 

selectivity (200-fold) for BRD4 BD1 over BRD4 BD2 was determined and this strong 

preference for BD1-binding was replicated in the other BET family members, albeit at 

reduced levels compared to BRD4. Notably high BRD4 BD1 activity (pIC50 = 7.5) was also 

found for this compound, especially when considering the previously established SAR trend 

of reduced potency when appending a selectivity enhancing substituent. 

At 200-fold BD1 selectivity in BRD4, methylpyrrolidine 381 was the most selective 

isoxazole quinoline synthesised within this programme of research and exceeded the desired 
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level of BD1 activity. In order to rationalise the BD1 selectivity, a high resolution X-ray 

crystal structure of methylpyrrolidine 381 bound to BRD4 BD1 was obtained
89

 (Figure 85). 

 

 

 

Figure 85. (a) Molecular surface representation of imidazolquinoline 381 (carbon = green) in BRD4 BD1.  

(b) Interactions of the methylpyrrolidine 381 with BRD4 BD1 (carbon = green). (c) Overlay of apo BRD4 BD2 

crystal structure10 (carbon = orange, pdb 2OUO) onto the BRD4 BD1–imidazolquinoline 381 (carbon = green) 
complex; solvent and BRD4 BD1 protein were omitted for clarity and molecular surfaces applied. 

This revealed a binding mode similar to the imidazoquinolinones discussed previously 

in this section: hydrogen bond interactions of the 3,5-dimethylisoxazole moiety to Asn140 

and the water network at the base of the binding site, occupation of the WPF shelf by the 

(R)-1-phenylethyl substituent, and a through-water interaction of the quinoline nitrogen to 

Gln85 (Figure 85a and b). The 3-methylpyrrolidine was positioned in the region of Asp144 

and, similar to the structures of the BD1-selective imidazoquinolinones obtained previously 

in this programme of research, the protonated amine interacted with the water molecule 

bridging Asp144 and Asn140. Superposition of this structure with BRD4 BD2 revealed that 
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a steric and dipole clash with His437 would result upon binding in this bromodomain, hence 

offering an explanation for the selectivity for BD1 domains over BD2 (Figure 85c). 

Before this compound could be used as an in vitro probe molecule for assessment in 

phenotypic assays, further experiments with this compound were necessary. Firstly, as the 

phenotypic assays were conducted in whole cells, insight into the cellular permeability was 

required. Data from an artificial membrane permeability assay (see Appendix)
141

 revealed 

that a suitable level of permeability (87 nm/sec) was achieved and, therefore, provided 

confidence that facile partitioning into the intracellular compartment would not be a limiting 

factor in phenotypic assays. In addition, determination of the wider bromodomain selectivity 

of imidazolquinoline 381 was required to ensure any phenotypic response could be attributed 

only to binding of the first bromodomains of the BET family. This was carried out  

using BROMOscan technology (see Appendix) to generate dissociation constants for 34 

different bromodomain constructs resulting in the selectivity profile shown in Table 41. 

 

Bromodomain KD (nM)  Bromodomain KD (nM) 

ATAD2A >30000  BRPF1 15000 

ATAD2B 25000  BRPF3 >30000 

BAZ2A >30000  CECR2 >30000 

BAZ2B >30000  CREBBP 3800 

BRD1 >30000  EP300 5700 

BRD2 BD1 13  FALZ >30000 

BRD2 BD2 840  GCN5L2 >30000 

BRD3 BD1 5  PBRM1(2) 29000 

BRD3 BD2 310  PBRM1(5) >30000 

BRD4 BD1 5.9  PCAF 33000 

BRD4 BD1 & 2 100  SMARCA2 >30000 

BRD4 BD2 670  TAF1(2) >30000 

BRD4 (full length, short isoform) 11  TAF1L(2) >30000 

BRD7 >30000  TRIM24 (bromodomain) >30000 

BRD9 >30000  
TRIM24 (bromodomain  

&PHD) 
>30000 

BRDT BD1 18  
TRIM33 (bromodomain  

&PHD) 
>30000 

BRDT BD2 5400  WDR9(2) >30000 

Table 41. Bromodomain selectivity profile of imidazolquinoline 381. 
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Consistent with data obtained in the mutant FRET assays, imidazolquinoline 381 

displayed selective binding within the BET family (KD 5–18 nM at BD1 and 310–5400 nM 

at BD2). Specifically, a 200-fold difference between the BD1 and BD2 domains of BRD4 

was observed. These data also confirmed the specificity of this compound for the BET 

family with negligible binding detected at all other bromodomains tested and, as a result, 

indicated that any phenotypic response driven by imidazolquinoline 381 could be attributed 

to binding of the first bromodomains of BET only. These data, taken together with the 

mutant FRET and artificial membrane permeability data, demonstrated that 

imidazolquinoline 381 met the in vitro probe criteria and, therefore, assessment in 

phenotypic assays was carried out. 

In order to establish any difference in phenotype upon BD1 binding compared to pan-

selective binding, the BD1-selective BET inhibitor imidazolquinoline 381 was tested 

alongside GW841819X, the BET inhibitor determined previously within this research 

programme to be non-selective in the BET mutant FRET assays (Section 3.1).  

In addition, I-BET151 was also screened in these assays as an intermediary control to 

evaluate the impact of moderate BD1-selective inhibition. 

Firstly, experiments were conducted in human PBMCs to assess the impact upon 

inhibition of pro-inflammatory cytokine production. As discussed in the introduction of this 

thesis, studies from our own laboratories have demonstrated the ability of pan-BET 

inhibitors to inhibit pro-inflammatory cytokine production.
47,63,64,67,72,74,79,80

 These anti-

inflammatory properties are now becoming a hallmark of pan-BET inhibition with other labs 

reporting similar observations with alternative molecules.
75,82,83

 As such, GW841819X,  

I-BET151 and imidazolquinoline 381 were dosed in varying concentrations into LPS-

stimulated human PBMCs and the inhibition of the pro-inflammatory cytokines IL-6 and 

monocyte chemotactic protein-1 (MCP-1) measured (Figure 86a and b).
142
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 Compound IL-6 pIC50 MCP-1 pIC50 MV-4-11 pIC50 

 GW841819X 6.5 7.3 6.7 

 I-BET151 6.9 7.4 7.0 

 381 7.2 7.4 7.0 

Figure 86. Phenotypic data comparing pan-BET inhibitor GW841819X, BD1-biased inhibitor I-BET151 and 

BD1-selective inhibitor 381. Inhibition of (a) IL-6 and (b) MCP-1 production in LPS-induced human PBMCs.  
(c) Growth inhibition of MV-4-11 cells. 

These data showed that, in a similar manner to GW841819X and I-BET151, the BD1-

selective inhibitor 381 potently suppressed both IL-6 and MCP-1 production. Interestingly, 

for inhibition of IL-6, notably greater activity was observed for the BD1-selective probe 381 

(pIC50 = 7.2) over GW841819X and I-BET151 (pIC50 = 6.5 and 6.9, respectively), whereas 

for inhibition of MCP-1, data between the three compounds was in closer accordance  

(pIC50 = 7.3–7.4). Overall, these data demonstrated that the anti-inflammatory phenotype 

characteristic of pan-BET inhibition was retained upon selective BD1-inhibition. 

Several studies were highlighted in the introduction of this thesis detailing the 

antiproliferative effects of the BET inhibitors I-BET151,
66

 (+)-JQ1
25

 and, dimethylisoxazoles 

(S)-78 and 79
69

 in AML. Therefore, the BD1-selective inhibitor 381 was assessed in  

MV-4-11 AML cells alongside GW841819X and I-BET151 to determine if selective 

inhibition of BD1 resulted in similar effects to pan-inhibition or moderate BD1-selective 
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inhibition. Upon treatment of these cells over a three day period, the BD1-selective probe 

381 was found to potently suppress cell growth with a pIC50 of 7.0  (Figure 86c).
143

 This 

value was in close accordance with those obtained for GW841819X and I-BET151 (6.7 and 

7.0, respectively), suggesting that efficacy in MV-4-11 cells is mediated through the BD1 

domains. 

Taken together, these data in human PBMCs and MV-4-11 cells showed that the anti-

inflammatory and antiproliferative phenotype characteristic of pan-BET inhibition was 

retained upon selective inhibition of BD1 domains. 

This is the first insight gained into the phenotype resulting from selective BET 

inhibition using a small molecule and provides the research community with an 

investigational tool for assessing the wider phenotype of selective BD1 inhibition. 

Furthermore, having demonstrated that optimisation of selectivity for individual 

bromodomains within BET can be accomplished through structure-based design, the 

development of the BD1 probe 381 detailed here provides a platform for future endeavours 

in the development of other selective BET inhibitors. 

 

3.8. Conclusions 

The BET family of BCPs containing eight individual bromodomains are implicated in 

a diverse range of biological effects. A small number of investigations into the roles of the 

individual bromodomains within BET have indicated that they exhibit discrete biological 

functions. However, these studies typically involved deletion of sections of protein or 

truncation, and, as a result, may have affected the gross behaviour of the protein when the 

function of the individual bromodomains were studied. Therefore, in the research detailed 

here, a small molecule probe approach was undertaken to selectively bind to individual 

bromodomains and deconvolute the biological response upon pan-BET inhibition. 

To date, small molecule inhibitors of BET proteins typically bind all eight 

bromodomains of the family with similar affinity and, consequently, elicit broad biological 

effects. Further understanding of this biological response has been hampered by the lack of 

suitably selective inhibitors but this research has begun to address this issue by generating 

several dimethylisoxazole quinoline probe molecules which were selective for the first 

bromodomain of the BET family. Through a structure-based and data-driven design 

approach, compounds displaying high BD1 activity with excellent selectivity over BD2 were 

discovered. 
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An extensive understanding of the behaviour of non-selective BET inhibitors was 

fundamental to the chemistry strategy in order to produce selective compounds quickly. An 

analysis of the amino acid sequence revealed a number of residue variations between the 

bromodomain modules and suggested that selectivity for either domain was achievable. 

Examination of the X-ray crystal structure of I-BET151 bound to BRD4 BD1 identified two 

vectors to probe an Asp/His residue difference with functionality designed to selectively 

interact with one amino acid over the other. An SAR analysis was completed at one of these 

vectors, the imidazoquinolinone 8-position, to determine that an O-linkage atom was 

favoured for activity. 

An initial study with various O-alkyl substituents was designed to sterically clash with 

His residues of BD2 to afford BD1 selective compounds. Disappointingly, these substituents 

did not improve selectivity and were found to be detrimental for BD1 activity. More success 

was achieved with heteroatom-containing pendant groups where up to 25-fold selectivity for 

BD1 was established, but attempts to bias the selectivity towards BD2 failed. Data for these 

heteroatom-containing substituents provided initial evidence that BD1 selectivity could be 

optimised and supported the structure-based approach taken to achieve the programme 

objectives.  

In parallel to modifications at the imidazoquinolinone 8-position, a brief exploration 

of the pyridine 6-position was conducted as this vector was also directed towards the 

Asp/His residue difference. Disappointingly, appending various chemical functionalities at 

this position did not result in enhanced selectivity and efforts were re-focused on the 

imidazoquinolinone 8-position. 

Building on the intial success of flexible heteroatom-containing chains at the 

imidazoquinolinone 8-position, a rigidification strategy was implemented to enhance BD1 

potency and selectivity over BD2. Several interesting molecules resulted from this effort 

including the 40-fold selective cyclobutylamine 289 and the 50-fold selective 

methylpyrrolidine 313. An X-ray crystal structure of the former compound in BRD4 BD1 

revealed a through-water interaction of the primary amine to Asp144, and a steric and dipole 

clash with His437 as rationale for preferential binding to BD1. 

Despite the positive impact of the rigidification strategy upon domain selectivity, the 

target level of 100-fold was still not achieved and, therefore, a focused exploration around 

the cyclobutylamine 289 was conducted. These minor modifications did not improve 

selectivity over BD2 but inspiration was taken from the thienopyridone series of BD1 

selective compounds from within our laboratories. Imidazoquinolinone-thienopyridone 

hybrid molecules were designed and synthesised, and resulted in the piperazine 326 which 
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was the first dimethylisoxazole imidazoquinolinone to exhibit 100-fold BD1 selectivity.  

X-ray crystallography was again used to rationalise the domain selectivity of two hybrid 

molecules. 

An unfortunate feature of the SAR generated within this research was that BD1 

activity decreased when appending selectivity enhancing substituents at the 

imidazoquinolinone 8-position. To overcome this obstacle, an SAR analysis was conducted 

on all dimethylisoxazole quinolines to seek out a more active scaffold. As a result of this 

analysis, chemistry efforts were repositioned from the imidazoquinolinone scaffold onto the 

more potent imidazolquinoline scaffold. An attempt to enhance the selectivity of a lead 

imidazolquinoline (compound 330
92

) was unsuccessful and highlighted the sensitive nature 

of SAR with respect to scaffold modifications. Pleasingly, efforts to improve the selectivity 

of imidazolquinoline 331
102

 were more successful. Appendage of a methylpyrrolidine group 

onto the 8-position of this molecule resulted in imidazolquinoline 381, and testing of this 

compound in the BRD4 mutant FRET assays resulted in BD1 selectivity of 200-fold; the 

preference for BD1 binding was replicated in the rest of the BET family members. A crystal 

structure of imidazolquinoline 381 bound to BRD4 BD1 revealed a binding mode similar to 

other BD1 selective molecules produced throughout this research and corroborated the 

through-water interaction of the pendant amine to Asp144, and a clash with His437 in BRD4 

BD2, as the basis for domain selectivity. Assessment of imidazolquinoline 381 in a panel of 

bromodomains confirmed the high selectivity for the BET family of BCPs and, specifically, 

for their first bromodomains at similar levels of selectivity determined in the mutant FRET 

assays. After establishing suitably high cell permeability in an artificial membrane 

permeability assay, imidazolquinoline 381 was selected as a probe molecule for assessment 

in cellular assays alongside a pan-BET inhibitor, and a BD1-biased inhibitor, to evaluate any 

differences in phenotype. Results from these studies demonstrated that that selective 

inhibition of BD1 retains the anti-inflammatory and antiproliferative phenotype 

characteristic of pan-BET inhibition. 

These studies provide the first disclosure of the development of a potent BD1 selective 

inhibitor and demonstrated structure-based design as a successful approach in optimisation 

of domain selectivity. Although an anti-inflammatory and antiproliferative phenotype was 

established with imidazolquinoline 381 in this work, the scope of its utility can be 

significantly expanded by its assessment in other cell systems by the research community. In 

addition, due to the increasing interest in the research community for the development of 

inhibitors selective for a subset of bromodomains with the BET family, this work provides a 

valuable platform for future endeavours in this specific area.  
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4. Experimental 

4.1. General 

All reagents and solvents were obtained from commercial suppliers and used without further 

purification. 

Thin layer chromatography was carried out using Polygram
®
 silica plates coated with 

fluorescent indicator UV254. This was analysed using a Spectroline
®
 ENF-260C/FE lamp. 

Flash column chromatography was carried out using an automated Biotage
®
 SP4 system 

with SNAP silica cartridges or an automated Combiflash
®
 Companion

®
 system with 

Redisep
®
 silica cartridges. 

Optical rotations were measured using a Jasco P-1030 polarimeter. 

Melting points were measured using a Stuart SMP40 automatic melting point apparatus. 

IR spectra were obtained on a Perkin Elmer Spectrum 1 machine. 

1
H NMR spectra were recorded on any of the following: Bruker AV-400 spectrometer at 400 

MHz, Bruker AV-600 spectrometer at 600 MHz, Bruker DPX-250 spectrometer at 250 MHz, 

Varian INOVA spectrometer at 300 MHz. 

13
C NMR spectra were recorded on a Bruker AV-400 spectrometer at 100 MHz or a Bruker 

AV-600 spectrometer at 150 MHz. 

19
F NMR spectra were recorded on a Bruker DPX-400 spectrometer at 376 MHz. 

Chemical shifts are reported in ppm. Coupling constants are reported in Hz and refer to 
3
JH-H 

and, if observed, 
4
JH-H interactions. 

Liquid chromatography mass spectra were carried out using any of the three methods below: 

Formic A LCMS was performed on a Waters Acquity UPLC instrument equipped with a 

BEH column (50 mm x 2.1 mm, 1.7 µm packing diameter). Gradient elution was carried out 

at 40 C with the mobile phases as (A) water containing 0.1% volume/volume (v/v) formic 

acid and (B) acetonitrile containing 0.1% (v/v) formic acid. The conditions for the gradient 
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elution were initially 1% B, increasing linearly to 97% B over 1.5 min, remaining at 97% B 

for 0.4 min then increasing to 100% B over 0.1 min. The flow rate was 1 mL/min. The UV 

detection was a summed signal from wavelength of 210 nm to 350 nm. MS analysis was 

carried out on a Waters micromass ZQ MS using alternate-scan positive and negative 

electrospray. 

Formic B LCMS was performed on an Agilent 1200 Series HPLC instrument equipped with 

a HALO C18 column (50 mm x 4.6 mm, 2.7 µm packing diameter). Gradient elution was 

carried out at 40 C with the mobile phases as (A) water containing 0.1% (v/v) formic acid 

and (B) acetonitrile containing 0.1% (v/v) formic acid. The conditions for the gradient 

elution were initially 5% B for 1 min, increasing linearly to 95% B over 1.01 min and 

remaining at 95% B for 0.49 min. The flow rate was 1.8 mL/min. The UV detection was a 

summed signal at wavelength of 210 nm and 254 nm. MS analysis was carried out on an 

Agilent 6110 MS using positive electrospray. 

HpH LCMS was performed on a Waters Acquity UPLC instrument equipped with a BEH 

column (50 mm x 2.1 mm, 1.7 µm packing diameter). Gradient elution was carried out at  

40 C with the mobile phases as (A) 10 mM ammonium bicarbonate in water solution, 

adjusted to pH 10 with 0.88 ammonia solution and (B) acetonitrile. The conditions for the 

gradient elution were initially 1% B, increasing linearly to 97% B over 1.5 min, remaining at 

97% B for 0.4 min then increasing to 100% B over 0.1 min. The flow rate was 1 mL/min. 

The UV detection was a summed signal from wavelength of 210 nm to 350 nm. MS analysis 

was carried out on a Waters micromass ZQ MS using alternate-scan positive and negative 

electrospray. 

Mass-Directed Autopreparative HPLC (MDAP) methodology was carried out using a Waters 

ZQ MS using alternate-scan positive and negative electrospray using any of the three LC 

methods below: 

Method Formic The LC separation was conducted on either a Sunfire C18 column (100 mm 

x 19 mm, 5 µm packing diameter) at 20 mL/min flow rate or a Sunfire C18 column (150 mm 

x 30 mm, 5 µm packing diameter) at 40 mL/min flow rate. Gradient elution was carried out 

at ambient temperature, with the mobile phases as (A) water containing 0.1% (v/v) formic 

acid and (B) acetonitrile containing 0.1% (v/v) formic acid. The UV detection was a summed 

signal from wavelength of 210 nm to 350 nm. 
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Method HpH The LC separation was conducted on either an Xbridge C18 column (100 mm 

x 19 mm, 5 µm packing diameter) at 20 mL/min flow rate or an Xbridge C18 column (150 

mm x 30 mm, 5 µm packing diameter) at 40 mL/min flow rate. Gradient elution was carried 

out at ambient temperature, with the mobile phases as (A) 10 mM ammonium bicarbonate in 

water solution, adjusted to pH 10 with 0.88 ammonia solution and (B) acetonitrile. The UV 

detection was a summed signal from wavelength of 210 nm to 350 nm. 

Method TFA The LC separation was conducted on a Sunfire C18 column (150 mm x  

30 mm, 5 µm packing diameter) at 40 mL/min flow rate. Gradient elution was carried out at 

ambient temperature, with the mobile phases as (A) water containing 0.1% (v/v) TFA and 

(B) acetonitrile containing 0.1% (v/v) TFA. The UV detection was a summed signal from 

wavelength of 210 nm to 350 nm. (Only positive electrospray ionisation was used in this 

method). 

Liquid chromatography high resolution mass spectra were recorded on a Micromass Q-Tof 

Ultima hybrid quadrupole time-of-flight mass spectrometer. An Agilent 1100 Liquid 

Chromatograph equipped with a Phenomenex Luna C18(2) reversed phase column (100 mm 

x 2.1 mm, 3 µm packing diameter) was used to achieve separation. Gradient elution was 

carried out with the mobile phases as (A) water containing 0.1% (v/v) formic acid and (B) 

acetonitrile containing 0.1% (v/v) formic acid. The conditions for the gradient elution were 

initially 5% B, increasing linearly to 100% B over 6 min, remaining at 100% B for 2.5 min 

then decreasing linearly to 5% B over 1 min followed by an equilibration period of 2.5 min 

prior to the next injection. The flow rate was 0.5 mL/min, temperature controlled at 35 ºC 

with an injection volume of between 2 to 5 µL. All samples were diluted with DMSO 

(99.9%) prior to analysis. 

Hydrophobic frit cartridges by ISOLUTE
®
 contain a frit which is selectively permeable to 

organic solutions. These are separated from aqueous phase under gravity. Various cartridge 

sizes were used. 

SCX-2 cartridges by ISOLUTE
®
 contain a silica (50 µm) based sorbent with a chemically 

bonded propylsulfonic acid group. Various cartridge sizes were used for catch and release 

and scavenging SPE protocols. 
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Aminopropyl cartridges by ISOLUTE
®
 contain a silica (50 µm) based sorbent with a 

chemically bonded aminopropyl group. Various cartridge sizes were used for catch and 

release and scavenging SPE protocols. 

4.2. Notes on NMR Spectra 

As mentioned in Section 3.1.1, the additional BET activity observed with 

incorporation of benzylic methyl groups in the imidazoquinolinones (and by extension to the 

imidazolquinolines) was possibly through the reduction of conformational freedom arising 

from restricted rotation about the N1-benzylic carbon bond. This was corroborated by NMR 

analysis of these series of molecules where broad signals were observed when experiments 

were conducted at room temperature. An example of this is shown in the 
1
H NMR spectrum 

of imidazoquinolinone 237 (Figure 87a). 
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Figure 87. 1H NMR of imidazoquinolinone 237 at (a) 303 K and (b) 393 K. 

(a) 

(b) 
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Poor signal resolution was observed at 303 K with the benzylic methine (C9) signal 

particularly affected due to its proximity to the rotationally-restricted bond axis. Increasing 

the temperature to 393 K using a variable temperature experiment resulted in greater signal 

resolution (Figure 87b). The majority of imidazoquinolinone and imidazolquinoline 
1
H NMR 

spectra were therefore conducted at this higher temperature. 

As 
13

C NMR spectra were generally carried out at room temperature, broad signals 

were again observed. Resonance frequencies for both C9 and C22 generally appeared as 

broad signals and were often barely detectable; an illustrated example is the spectrum for 

imidazoquinolinone 237 shown in Figure 88. 
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Figure 88. 13C NMR Spectrum for imidazoquinolinone 237. 

The rotationally-restricting nature of the benzylic methyl group was evident when comparing 

NMR spectra with those of the imidazoquinolinones synthesised in Section 3.3 which lacked 

the methyl substituent. For example, in the 
1
H NMR spectrum of pyridine-2-ylmethyl 280d 

(Figure 89a), the H9 signal appeared as a well resolved singlet while in the 
13

C NMR 

spectrum (Figure 89b), both the C9 and C23 signals were clearly visible which was in 

contrast to analogues containing a benzylic methyl substituent. 
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Figure 89. (a) 1H NMR and (b) 13C NMR spectra of imidazoquinolinone 280d. 

Another feature of the 
1
H NMR spectra were the especially low field chemical shifts 

of the benzylic methine signals. For example, in the spectra of imidazoquinolinone 237 and 

imidazolquinoline 333, H22 resonated at 6.27 ppm and 6.51 ppm, respectively (Figure 90). 

These signals were significantly downfield of the corresponding signal reported for  

1-(1-phenylethyl)-1H-imidazole 387 (H6, 5.27 ppm),
144

 indicating that the quinoline ring 

exerted a significant anisotropic deshielding effect. 
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Figure 90. Comparison of chemical shifts of benzylic methine signals. 

 

4.3. Synthetic Procedures and Compound Characterisation 

Ethyl 4-chloro-7-(3,5-dimethyl-4-isoxazolyl)-6-(methyloxy)-3-quinolinecarboxylate 

 

155 

A solution of ethyl 7-(3,5-dimethyl-4-isoxazolyl)-6-(methyloxy)-4-oxo-1,4-dihydro-3-

quinolinecarboxylate 154 (1.91 g, 5.58 mmol) in thionyl chloride (8 mL, 110 mmol) was 

stirred at 85 ºC under nitrogen for 3.5 h. The reaction was allowed to cool to ambient 

temperature and twice co-evaporated with toluene and DCM under vacuum. The resulting 

solid was triturated with ether to give the title compound as a brown solid (2.0 g, 5.03 mmol, 

90%). 

LCMS (formic A): m/z 361, 363 [(M + H)
+
]; Rt: 1.18 min; 72% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 9.05 (s, 1 H), 8.07 (s, 1 H), 7.69 (s, 1 H), 4.43 (q, J = 7.1 

Hz, 2 H), 4.01 (s, 3 H), 2.35 (s, 3 H), 2.14 (s, 3 H), 1.39 (t, J = 7.1 Hz, 3 H).  
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Ethyl 7-(3,5-dimethylisoxazol-4-yl)-4-[(2-fluorophenyl)amino]-6-methoxyquinoline-3-

carboxylate 

 

156 

A mixture of ethyl 4-chloro-7-(3,5-dimethyl-4-isoxazolyl)-6-(methyloxy)-3-

quinolinecarboxylate 155 (1.98 g, 5.49 mmol) and 2-fluoroaniline (0.636 mL, 6.59 mmol) in 

anhydrous 1,4-dioxane (40 mL) was stirred at 110 ºC under nitrogen for 1 h. The reaction 

mixture was allowed to cool to r.t. and evaporated in vacuo. The residue was loaded in DCM 

(5 mL) and purified on a 100 g silica cartridge using a gradient of 0–20% MeOH in DCM 

over 12 column volumes. The appropriate fractions were combined and the solvent removed 

by rotary evaporation to give the title compound as a light brown solid (1.8 g, 4.13 mmol, 

75%). 

LCMS (formic A): m/z 436 [(M + H)
+
]; Rt: 0.93 min; 97% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 9.74 (br s, 1 H), 8.85 (s, 1 H), 7.86 (s, 1 H), 7.56 (s, 1 H), 

7.40–7.29 (m, 1 H), 7.27–7.14 (m, 3 H), 4.01 (q, J = 7.1 Hz, 2 H), 3.67 (s, 3 H), 2.34 (s, 3 

H), 2.13 (s, 3 H), 1.20 (t, J = 7.1 Hz, 3 H). 

 

{7-(3,5-Dimethylisoxazol-4-yl)-4-[(2-fluorophenyl)amino]-6-methoxyquinolin-3-

yl}methanol 

 

157 

A 3-necked round bottomed flask was dried using a hot air gun and allowed to cool 

under nitrogen. The flask was charged with ethyl 7-(3,5-dimethyl-4-isoxazolyl)-4-[(2-

fluorophenyl)amino]-6-(methyloxy)-3-quinolinecarboxylate 156 (1.78 g, 4.09 mmol) 

followed by anhydrous DCM (50 mL) and the solution evacuated under vacuum and purged 

with nitrogen three times. The stirred solution was cooled in a dry ice-acetone bath to −72 ºC 

(internal) and DIBAL-H (25 wt.% in toluene, 11.5 mL, 20.24 mmol) added dropwise 
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maintaining the internal temperature below −65 ºC. The reaction was continued to stir in the 

bath and allowed to warm to r.t. over 2.5 h. The reaction mixture was treated with sat. 

Rochelle salt (aq) (50 mL) and stirred at r.t. for 1 h. The organic layer was separated and the 

aqueous phase extracted with DCM (2 x 20 mL). The organics were combined, passed 

through a hydrophobic frit and the solvent removed under vacuum. The foam was re-

evaporated twice with ether then dried under high vacuum (−765 mmHg) to give the crude 

product. The crude solid was loaded in DCM (5 mL) and purified on a 100 g silica cartridge 

using a gradient of 0–15% MeOH in DCM over 10 column volumes. The appropriate 

fractions were combined and the solvent removed by rotary evaporation. The solid was 

triturated with cyclohexane to give the title compound as a yellow solid (1.39 g, 3.53 mmol, 

86%). 

LCMS (formic A): m/z 394 [(M + H)
+
]; Rt: 0.76 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.47 (s, 1 H), 7.82 (s, 1 H), 7.56 (br s, 1 H), 7.22–7.11 (m, 1 

H), 7.04–6.98 (m, 1 H), 6.98–6.86 (m, 2 H), 6.67–6.57 (m, 1 H), 4.85 (s, 2 H), 3.54 (s, 3 H), 

3.02 (br s, 1 H), 2.35 (s, 3 H), 2.18 (s, 3 H). 

7-(3,5-Dimethylisoxazol-4-yl)-4-[(2-fluorophenyl)amino]-6-methoxyquinoline-3-

carbaldehyde 

 

158 

A mixture of [7-(3,5-dimethyl-4-isoxazolyl)-4-[(2-fluorophenyl)amino]-6-

(methyloxy)-3-quinolinyl]methanol 157 (946 mg, 2.405 mmol) and manganese dioxide (4 g, 

46.0 mmol) was suspended in anhydrous DCM (5 mL) and stirred at 50 ºC for 5 h. The 

reaction mixture was allowed to cool to r.t. and filtered through Celite
®

. The filtrate was 

evaporated under vacuum then dissolved in DCM (2 mL) and purified on a 100 g silica 

cartridge using a gradient of 0–100% EtOAc in DCM over 12 column volumes. The 

appropriate fractions were combined and the solvent removed by rotary evaporation to give 

the title compound as a yellow foam (450 mg, 1.15 mmol, 48%). 

m.p.: 149 ºC. 

IR (solid) ν (cm
-1

): 2841, 2754, 1650, 1569, 1504, 1471, 1436, 1221, 774, 727. 

LCMS (formic A): m/z 392 [(M + H)
+
]; Rt: 0.82 min; 98% purity by peak area. 
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HRMS (ESI): M + H calcd for C22H19FN3O3 392.1410, found 392.1410. 

1
H NMR (400 MHz, CDCl3): δ 11.19 (br s, 1 H), 10.10 (s, 1 H), 8.77 (s, 1 H), 7.77 (s, 1 H), 

7.40– 7.19 (m, 4 H), 6.95 (s, 1 H), 3.30 (s, 3 H), 2.34 (s, 3 H), 2.18 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 193.4, 166.8, 159.5, 157.0 (d, 

1
JC-F = 250.1 Hz), 154.2, 

153.5, 151.3, 146.0, 132.6, 128.8 (d, 
2
JC-F = 11.8 Hz), 128.0 (d, 

3
JC-F = 7.1 Hz), 127.2, 127.1, 

124.8 (d, 
3
JC-F = 3.9 Hz), 118.6, 116.8 (d, 

2
JC-F = 18.9 Hz), 112.5, 112.2, 104.2, 54.8, 11.9, 

10.8. 

7-(3,5-Dimethylisoxazol-4-yl)-N-(2-fluorophenyl)-6-methoxy-3-{[(2-

methoxyethyl)amino]methyl}quinolin-4-amine 

 

159a 

A mixture of 7-(3,5-dimethyl-4-isoxazolyl)-4-[(2-fluorophenyl)amino]-6-(methyloxy)-

3-quinolinecarbaldehyde 158 (37 mg, 0.095 mmol) and 2-methoxyethylamine (0.012 mL, 

0.142 mmol) in DCM (2 mL) in a stoppered flask was stirred at r.t. for 5 min. Sodium 

triacetoxyborohydride (30 mg, 0.142 mmol) was added and the mixture stirred for 1 h. The 

reaction mixture was treated with sodium borohydride (5 mg, 0.132 mmol) and left to stir for 

1 h. The reaction mixture was treated with sodium borohydride (15 mg, 0.396 mmol) and left 

to stir for 2 h. The reaction mixture was quenched by the addition of 0.5 M HCl (aq) and the 

mixture stirred for 5 min. The organic layer was separated, passed through a hydrophobic frit 

and evaporated under a stream of nitrogen. The residue was dissolved in MeOH (0.5 mL) 

and applied to a MeOH preconditioned 1 g SCX-2 cartridge. The cartridge was washed with 

MeOH (5 mL) then with 2 M ammonia in MeOH solution (5 mL). The basic wash was 

evaporated under a stream of nitrogen to give a yellow gum which was then purified by 

MDAP using Method Formic. The appropriate fractions were combined and the solvent 

removed by rotary evaporation. The resulting solid was dissolved in DCM (0.5 mL) and 

applied to a MeOH preconditioned 0.5 g aminopropyl cartridge. The cartridge was washed 

with MeOH (5 mL) and the solvent evaporated under a stream of nitrogen to give the title 

compound as a yellow gum (20 mg, 0.044 mmol, 47%). 

LCMS (formic A): m/z 451 [(M + H)
+
]; Rt: 0.65 min; 85% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.38 (s, 1 H), 8.57 (s, 1 H), 7.82 (s, 1 H), 7.15 (ddd, J = 11.2, 

8.0, 1.5 Hz, 1 H), 7.00 (s, 1 H), 6.97–6.91 (m, 1 H), 6.90–6.83 (m, 1 H), 6.68–6.59 (m, 1 H), 
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4.04 (d, J = 5.6 Hz, 2 H), 3.57 (t, J = 5.0 Hz, 2 H), 3.54 (s, 3 H), 3.38 (s, 3 H), 2.89–2.82 (m, 

2 H), 2.37 (s, 3 H), 2.21 (s, 3 H), 1.93 (tt, J = 6.3, 6.3 Hz, 1 H). 

(±)-3-{[(7-(3,5-Dimethylisoxazol-4-yl)-4-{(2-fluorophenyl)amino]-6-methoxyquinolin-3-

yl}methyl]amino}propane-1,2-diol 

 

159b 

To 7-(3,5-dimethyl-4-isoxazolyl)-4-[(2-fluorophenyl)amino]-6-(methyloxy)-3-

quinolinecarbaldehyde 158 (45 mg, 0.115 mmol) in anhydrous DCM (1 mL) was added (±)-

2,2-dimethyl-1,3-dioxolane-4-methanamine (23 µL, 0.161 mmol). The mixture was stirred at 

r.t. under nitrogen for 30 min then sodium triacetoxyborohydride (97 mg, 0.458 mmol) was 

added. After stirring for 16 h, the reaction mixture was treated with sat. NaHCO3 (aq) (1 mL) 

and stirred for 1 h. The organic layer was separated and passed through a hydrophobic frit 

and the solvent removed under a nitrogen stream. The residue was dissolved in THF (0.75 

mL) and treated with 2 M HCl (aq) (0.75 mL) and the mixture stirred at r.t. for 16 h in a 

stoppered vessel. The reaction mixture was basified to pH 14 with 2 M NaOH (aq) and 

extracted with EtOAc (2 x 2 mL). The organics were combined, passed through a 

hydrophobic frit and the solvent removed under a stream of nitrogen. The residue was 

purified by MDAP using Method HpH. The appropriate fractions were combined and the 

solvent evaporated under a stream of nitrogen. The gum was dissolved in 1,4-dioxane (0.5 

mL) and the solvent removed upon freeze drying. The impure material was purified by 

MDAP using Method HpH. The appropriate fractions were combined and the solvent 

removed upon freeze drying to give the title compound white solid (8 mg, 0.017 mmol, 

13%). 

LCMS (formic A): m/z 467 [(M + H)
+
]; Rt: 0.60 min; 92% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.58 (s, 1 H), 7.83 (s, 1 H), 7.16 (dd, J = 10.7, 8.7 Hz, 1 H), 

7.00 (s, 1 H), 6.98–6.92 (m, 1 H), 6.92–6.84 (m, 1 H), 6.62 (t, J = 7.8 Hz, 1 H), 4.05 (s, 2 H), 

3.97–3.89 (m, 1 H), 3.81–3.72 (m, 1 H), 3.69–3.61 (m, 1 H), 3.55 (s, 3 H), 2.87–2.74 (m, 2 

H), 2.37 (s, 3 H), 2.21 (s, 3 H). 2 x NH and 2 x OH signals not resolved. 
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2-{[(7-(3,5-Dimethylisoxazol-4-yl)-4-{(2-fluorophenyl)amino]-6-methoxyquinolin-3-

yl}methyl]amino}ethanol 

 

159c 

To 7-(3,5-dimethyl-4-isoxazolyl)-4-[(2-fluorophenyl)amino]-6-(methyloxy)-3-

quinolinecarbaldehyde 158 (45 mg, 0.115 mmol) in anhydrous DCM (1 mL) was added 

ethanolamine (10 µL, 0.161 mmol). The mixture was stirred at r.t. under nitrogen for 30 min 

then sodium triacetoxyborohydride (97 mg, 0.458 mmol) was added. After stirring for 16 h, 

the reaction mixture was treated with sat. NaHCO3 (aq) (1 mL) and stirred for 1 h. The 

organic layer was separated and passed through a hydrophobic frit and the solvent removed 

under a nitrogen stream. The residue was purified by MDAP using Method Formic. The 

appropriate fractions were combined and the solvent evaporated under a stream of nitrogen. 

The gum was dissolved in MeOH (0.5 mL) and applied to a MeOH preconditioned 0.5 g 

aminopropyl cartridge. The cartridge was washed with MeOH (4 mL) and the solvent 

evaporated under a stream of nitrogen. The gum was dissolved in 1,4-dioxane (0.5 mL) and 

the solvent removed upon freeze drying. The impure material was further purified by MDAP 

using Method HpH. The appropriate fraction was freeze dried to give the title compound as a 

white solid (6 mg, 0.013 mmol, 10%). 

LCMS (formic A): m/z 437 [(M + H)
+
]; Rt: 0.57 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.19 (s, 1 H), 8.58 (s, 1 H), 7.83 (s, 1 H), 7.21–7.11 (m, 1 H), 

7.00 (s, 1 H), 6.98–6.91 (m, 1 H), 6.91–6.83 (m, 1 H), 6.67–6.57 (m, 1 H), 4.07 (s, 2 H), 3.81 

(t, J = 5.0 Hz, 2 H), 3.55 (s, 3 H), 2.88 (t, J = 5.1 Hz, 2 H), 2.37 (s, 3 H), 2.21 (s, 3 H). NH 

and OH signals not resolved. 
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7-(3,5-Dimethylisoxazol-4-yl)-N-(2-fluorophenyl)-6-methoxy-3-

(morpholinomethyl)quinolin-4-amine 

 

159d 

A mixture of 7-(3,5-dimethyl-4-isoxazolyl)-4-[(2-fluorophenyl)amino]-6-(methyloxy)-

3-quinolinecarbaldehyde 158 (75 mg, 0.192 mmol) and morpholine (0.025 mL, 0.287 mmol) 

in anhydrous DCM (1 mL) was stirred in a stoppered vessel at r.t. for 0.5 h. Sodium 

triacetoxyborohydride (162 mg, 0.766 mmol) was added and the reaction mixture allowed to 

stir for 17 h. The reaction mixture was washed with 0.5 M HCl (aq) (1 mL), the organic layer 

separated and passed through a hydrophobic frit. The solvent was removed under a stream of 

nitrogen and the residue purified by MDAP using Method HpH. The appropriate fractions 

were combined and the solvent evaporated in vacuo. The gum was dissolved in 1,4-dioxane 

and the solvent removed upon freeze drying. The solid was dried in a vacuum pistol to give 

the title compound as a yellow powder (66 mg, 0.14 mmol, 75%). 

LCMS (formic A): m/z 463 [(M + H)
+
]; Rt: 0.84 min; 98% purity. 

1
H NMR (400 MHz, CDCl3): δ 9.37 (br s, 1 H), 8.53 (s, 1 H), 7.84 (s, 1 H), 7.23–7.12 (m, 1 

H), 7.02 (s, 1 H), 7.00–6.93 (m, 1 H), 6.93–6.85 (m, 1 H), 6.70–6.63 (m, 1 H), 3.79 (t, J = 

4.3 Hz, 4 H), 3.76 (s, 2 H), 3.56 (s, 3 H), 2.56 (br s, 4 H), 2.37 (s, 3 H), 2.22 (s, 3 H). 

7-(3,5-Dimethylisoxazol-4-yl)-N-(2-fluorophenyl)-6-methoxy-3-[(4-methylpiperazin-1-

yl)methyl]quinolin-4-amine 

 

159e 

To 7-(3,5-dimethyl-4-isoxazolyl)-4-[(2-fluorophenyl)amino]-6-(methyloxy)-3-

quinolinecarbaldehyde 158 (45 mg, 0.115 mmol) in anhydrous DCM (1 mL) was added N-

methylpiperazine (19 µL, 0.161 mmol). The mixture was stirred at r.t. under nitrogen for 30 

min then sodium triacetoxyborohydride (97 mg, 0.458 mmol) was added. After stirring for 

16 h, the reaction mixture was treated with sat. NaHCO3 (aq) (1 mL) and stirred for 1 h. The 
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organic layer was separated and passed through a hydrophobic frit and the solvent removed 

under a nitrogen stream. The residue was purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent evaporated under a stream of nitrogen. 

The gum was dissolved in 1,4-dioxane (0.5 mL) and the solvent removed upon freeze drying 

to give the title compound as a white solid (33 mg, 0.069 mmol, 56%). 

m.p.: 165 ºC. 

IR (solid) ν (cm
-1

): 2935, 2795, 1617, 1562, 1508, 1453, 1420, 1219, 755 

LCMS (formic A): m/z 476 [(M + H)
+
]; Rt: 0.61 min; 99% purity by peak area. 

HRMS (ESI): M + H calcd for C27H31FN5O2 476.2462, found 476.2457. 

1
H NMR (400 MHz, CDCl3): δ 9.36 (br s, 1 H), 8.53 (s, 1 H), 7.84 (s, 1 H), 7.20–7.12 (m, 1 

H), 7.02 (s, 1 H), 6.99–6.92 (m, 1 H), 6.92–6.84 (m, 1 H), 6.69–6.62 (m, 1 H), 3.76 (s, 2 H), 

3.56 (s, 3 H), 2.81–2.42 (m, 8 H), 2.37 (s, 3 H), 2.37 (s, 3 H), 2.21 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 166.5, 159.7, 154.5, 153.1 (d, 

1
JC-F = 243.0 Hz), 149.8, 

145.3, 145.1, 132.7, 131.9 (d, 
2
JC-F = 11.0 Hz), 124.5, 123.8 (2 C), 122.6, 120.9 (2 C), 120.3, 

118.0, 115.5 (d, 
2
JC-F = 18.0 Hz), 112.6, 102.9, 59.0, 55.3, 55.1, 52.4, 45.8, 11.8, 10.8. 

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxyquinolin-4(1H)-one 

 

170 

To stirring diphenylether (50 mL, 315 mmol) at 260 ºC (internal) was added 7-(3,5-

dimethylisoxazol-4-yl)-6-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 169 (7.0 g, 

22.27 mmol) portion-wise and the mixture left to stir for 30 min. The reaction mixture was 

allowed to cool to r.t. and diluted with ether. The mixture was filtered and the solid washed 

with ether then dried in a vacuum oven. The solid was suspended in MeOH and filtered. The 

filtrate was preadsorbed onto Florisil and purified on a 100 g silica cartridge using a gradient 

of 0–15% MeOH in DCM over 10 column volumes. The appropriate fractions were 

combined and the solvent removed by rotary evaporation to give batch 1 of the title 

compound as a pale yellow solid (979 mg, 3.62 mmol, 16%). 

LCMS (formic A): m/z 271 [(M + H)
+
]; Rt: 0.64 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 11.75 (br s, 1 H), 7.90 (d, J = 7.3 Hz, 1 H), 7.62 (s, 1 H), 

7.43 (s, 1 H), 6.04 (d, J = 7.3 Hz, 1 H), 3.86 (s, 3 H), 2.32 (s, 3 H), 2.12 (s, 3 H). 
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The ethereal filtrate was evaporated under vacuum and the mixture diluted with 

cyclohexane. A brown sticky tar formed on the inside of the vessel and the liquid was 

decanted. The tar was dissolved in DCM (10 mL) and applied to 2 x 100 g silica cartridges 

and purified using a gradient of 0–15% MeOH in DCM over 14 column volumes. The 

appropriate fractions were combined and the solvent removed by rotary evaporation to give 

batch 2 of the title compound as a light brown solid (2.5 g, 9.25 mmol, 42%). 

LCMS (formic A): m/z 271 [(M + H)
+
]; Rt: 0.62 min; 95% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 7.90 (d, J = 7.3 Hz, 1 H), 7.62 (s, 1 H), 7.43 (s, 1 H), 6.04 

(d, J = 7.3 Hz, 1 H), 3.86 (s, 3 H), 2.31 (s, 3 H), 2.11 (s, 3 H). NH signal not resolved. 

4-(4-Chloro-6-methoxyquinolin-7-yl)-3,5-dimethylisoxazole 

 

171 

To a round bottomed flask charged with 7-(3,5-dimethyl-4-isoxazolyl)-6-(methyloxy)-

4-quinolinol 170 (3.1 g, 11.47 mmol) was added phosphorus oxychloride (25 mL, 268 

mmol) and the mixture stirred under nitrogen at 105 ºC for 1 h. The reaction mixture was 

allowed to cool to ambient temperature, evaporated under vacuum and the gum azeotroped 

twice with toluene (20 mL). The gum was dissolved in DCM (30 mL) and washed with 1 M 

NaOH (aq) (3 x 30 mL). The organic layer was passed through a hydrophobic frit and the 

solvent removed under vacuum to give the title compound as a dark green solid (3.15 g, 

10.91 mmol, 95%). 

m.p.: 161 ºC. 

IR (solid) ν (cm
-1

): 1618, 1579, 1550, 1484, 1416, 1225, 743. 

LCMS (formic A): m/z 289, 291 [(M + H)
+
]; Rt: 1.05 min; 94% purity by peak area. 

HRMS (ESI): M + H calcd for C15H14ClN2O2 289.0744, found 289.0751.
 

1
H NMR (400 MHz, CDCl3): δ 8.68 (d, J = 4.6 Hz, 1 H), 7.90 (s, 1 H), 7.54 (s, 1 H), 7.51 (d, 

J = 4.6 Hz, 1 H), 4.00 (s, 3 H), 2.37 (s, 3 H), 2.22 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 166.6, 159.6, 156.7, 147.9, 144.7, 140.8, 132.7, 127.4, 

125.8, 121.7, 112.3, 101.8, 55.9, 11.7, 10.8. 
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7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(pyridin-2-yl)quinolin-4-amine 

 

172 

A 0.5–2.0 mL microwave vessel was charged with a magnetic stirrer bar, 

tris(dibenzylideneacetone)dipalladium(0) (10 mg, 10.92 µmol), sodium tert-butoxide (20 

mg, 0.208 mmol), 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (8 mg, 0.020 

mmol), 2-aminopyridine (20 mg, 0.213 mmol), 4-chloro-7-(3,5-dimethyl-4-isoxazolyl)-6-

(methyloxy)quinoline 171 (40 mg, 0.139 mmol) and anhydrous 1,4-dioxane (1.5 mL). The 

vessel was sealed and the mixture heated at 140 ºC for 20 min in a Biotage I60 microwave 

(Fixed hold time [FHT]: on, absorbance: normal, cooling: off). The reaction mixture was 

evaporated in vacuo and the residue partitioned between EtOAc (3 mL) and water (3 mL). 

The organic layer was separated and the aqueous layer extracted with EtOAc (2 x 3 mL). 

The organic extracts were combined, passed through a hydrophobic frit and the solvent 

removed under vacuum. The residue was purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent removed by rotary evaporation. The 

gum was solidified upon addition of ether and scratching with a spatula. The solvent was 

removed under a stream of nitrogen and the solid dried in a vacuum oven to give the title 

compound as a white solid (30 mg, 0.087 mmol, 63%). 

LCMS (formic A): m/z 347 [(M + H)
+
]; Rt: 0.67 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.67 (d, J = 5.2 Hz, 1 H), 8.38 (dd, J = 4.9, 1.0 Hz, 1 H), 7.87 

(s, 1 H), 7.73–7.67 (m, 1 H), 7.64 (d, J = 5.2 Hz, 1 H), 7.26 (s, 1 H), 7.24 (d, J = 8.3 Hz, 1 

H), 7.19 (s, 1 H), 7.02–6.94 (m, 1 H), 3.94 (s, 3 H), 2.37 (s, 3 H), 2.22 (s, 3 H). 

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-methyl-N-(pyridin-2-yl)quinolin-4-amine 

 

173 

A 0.5–2.0 mL microwave vessel was charged with a magnetic stirrer bar, 

tris(dibenzylideneacetone)dipalladium(0) (17 mg, 0.019 mmol), sodium tert-butoxide (37 
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mg, 0.385 mmol), 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (15 mg, 0.038 

mmol), N-methyl-2-pyridinamine (0.040 mL, 0.390 mmol), 4-chloro-7-(3,5-dimethyl-4-

isoxazolyl)-6-(methyloxy)quinoline 171 (75 mg, 0.260 mmol) and 1,4-dioxane (0.75 mL). 

The vessel was sealed and the mixture heated at 125 ºC for 15 min in a Biotage I60 

microwave (FHT: on, absorbance: normal, cooling: off). To the reaction mixture was added 

water (3 mL) and the mixture extracted with EtOAc (2 x 3 mL). The organic extracts were 

combined and passed through a hydrophobic frit. The solvent was evaporated under vacuum 

and the residue purified by MDAP using Method HpH. The appropriate fractions were 

combined and the solvent removed by rotary evaporation to give the title compound as a 

light brown foam (16 mg, 0.044 mmol, 17%). 

m.p.: 130 ºC. 

IR (solid) ν (cm
-1

): 1558, 1582, 1486, 1414, 1220, 774. 

LCMS (formic A): m/z 361 [(M + H)
+
]; Rt: 0.67 min; 99% purity by peak area. 

HRMS (ESI): M + H calcd for C21H21N4O2 361.1659, found 361.1660. 

1
H NMR (400 MHz, CDCl3): δ 8.84 (d, J = 4.6 Hz, 1 H), 8.34–8.29 (m, 1 H), 7.93 (s, 1 H), 

7.38 (ddd, J = 8.7, 7.0, 1.7 Hz, 1 H), 7.33 (d, J = 4.6 Hz, 1 H), 7.07 (s, 1 H), 6.74 (ddd, J = 

7.0, 5.0, 0.8 Hz, 1 H), 6.34 (d, J = 8.7 Hz, 1 H), 3.72 (s, 3 H), 3.62 (s, 3 H), 2.37 (s, 3 H), 

2.22 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 166.5, 159.6, 158.5, 156.0, 150.7, 149.2, 148.1, 145.7, 

137.1, 132.8, 126.6, 125.2, 119.0, 114.6, 112.5, 110.1, 101.3, 55.6, 38.7, 11.7, 10.8. 

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(pyridin-3-yl)quinolin-4-amine 

 

174 

A 0.5–2.0 mL microwave vessel was charged with a magnetic stirrer bar, 

tris(dibenzylideneacetone)dipalladium(0) (9 mg, 9.83 µmol), sodium tert-butoxide (28 mg, 

0.291 mmol), 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (11 mg, 0.028 

mmol), 3-aminopyridine (22 mg, 0.234 mmol), 4-chloro-7-(3,5-dimethyl-4-isoxazolyl)-6-

(methyloxy)quinoline 171 (55 mg, 0.190 mmol) and anhydrous 1,4-dioxane (2 mL). The 

vessel was sealed and the mixture heated at 125 ºC for 15 min in a Biotage I60 microwave 

(FHT: on, absorbance: normal, cooling: off). The reaction mixture was evaporated in vacuo 

and the residue partitioned between EtOAc (3 mL) and water (3 mL). The organic layer was 
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separated and the aqueous extracted with EtOAc (2 x 3 mL). The organic extracts were 

combined, passed through a hydrophobic frit and the solvent removed under vacuum. The 

residue was purified by MDAP using Method HpH. The appropriate fractions were 

combined and the solvent removed by rotary evaporation. The gum was solidified upon 

addition of ether and scratching with a spatula. The solvent was removed under a stream of 

nitrogen and the solid dried in a vacuum oven to give the title compound as a white solid (38 

mg, 0.11 mmol, 58%). 

LCMS (formic A): m/z 347 [(M + H)
+
]; Rt: 0.58 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.61 (d, J = 2.5 Hz, 1 H), 8.51 (d, J = 5.3 Hz, 1 H), 8.42 (dd, 

J = 4.8, 1.0 Hz, 1 H), 7.84 (s, 1 H), 7.70 (ddd, J = 8.2, 2.5, 1.0 Hz, 1 H), 7.48 (s, 1 H), 7.35 

(dd, J = 8.2, 4.8 Hz, 1 H), 7.00 (d, J = 5.3 Hz, 1 H), 3.86 (s, 3 H), 2.31 (s, 3 H), 2.16 (s, 3 H). 

NH signal not resolved. 

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(pyridin-4-yl)quinolin-4-amine 

 

175 

A 0.5–2.0 mL microwave vessel was charged with a magnetic stirrer bar, 

tris(dibenzylideneacetone)dipalladium(0) (8 mg, 8.74 µmol), sodium tert-butoxide (25 mg, 

0.260 mmol), 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (10 mg, 0.025 

mmol), 4-aminopyridine (20 mg, 0.213 mmol), 4-chloro-7-(3,5-dimethyl-4-isoxazolyl)-6-

(methyloxy)quinoline 171 (50 mg, 0.173 mmol) and anhydrous 1,4-dioxane (1.5 mL). The 

vessel was sealed and the mixture heated at 125 ºC for 15 min in a Biotage I60 microwave 

(FHT: on, absorbance: normal, cooling: off). The reaction mixture was evaporated in vacuo 

and the residue partitioned between EtOAc (3 mL) and water (3 mL). The organic layer was 

separated and the aqueous extracted with EtOAc (2 x 3 mL). The organic extracts were 

combined, passed through a hydrophobic frit and the solvent removed under vacuum. The 

residue was purified by MDAP using Method HpH. The appropriate fractions were 

combined and the solvent removed by rotary evaporation. The gum was solidified upon 

addition of ether and scratching with a spatula. The solvent was removed under a stream of 

nitrogen and the solid dried in a vacuum oven to give the title compound as a white solid (39 

mg, 0.113 mmol, 65%). 
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LCMS (formic A): m/z 347 [(M + H)
+
]; Rt: 0.47 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.70 (d, J = 5.1 Hz, 1 H), 8.48 (d, J = 6.3 Hz, 2 H), 7.89 (s, 1 

H), 7.39 (d, J = 5.1 Hz, 1 H), 7.24 (s, 1 H), 7.08 (d, J = 6.3 Hz, 2 H), 6.85 (s, 1 H), 3.89 (s, 3 

H), 2.36 (s, 3 H), 2.21 (s, 3 H). 

(±)-N-[(2,2-Dimethyl-1,3-dioxolan-4-yl)methyl]-7-(3,5-dimethylisoxazol-4-yl)-6-

methoxyquinolin-4-amine 

 

193 

A 2.0–5.0 mL microwave vessel was charged with a magnetic stirrer bar, 4-chloro-7-

(3,5-dimethyl-4-isoxazolyl)-6-(methyloxy)quinoline 171 (500 mg, 1.732 mmol), 

tris(dibenzylideneacetone)dipalladium(0) (79 mg, 0.087 mmol), sodium tert-butoxide (250 

mg, 2.60 mmol), 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (102 mg, 0.260 

mmol), anhydrous 1,4-dioxane (4.5 mL) and (±)-2,2-dimethyl-1,3-dioxolane-4-methanamine 

(0.269 mL, 2.078 mmol). The vessel was sealed and the mixture heated at 125 ºC for 19 min 

in a Biotage I60 microwave (FHT: off, absorbance: normal, cooling: off). Further sodium 

tert-butoxide (250 mg, 2.60 mmol) was added to the reaction mixture and the mixture heated 

at 125 ºC for 15 min in a Biotage I60 microwave (FHT: off, absorbance: normal, cooling: 

off). The reaction mixture was diluted with water (10 mL) and the mixture extracted with 

EtOAc (2 x 10 mL). The organic extracts were combined, passed through a hydrophobic frit 

and the solvent evaporated in vacuo. The residue was loaded in DCM (4 mL) and purified on 

a 100 g silica cartridge using a gradient of 0–15% MeOH in DCM over 10 column volumes. 

The appropriate fractions were combined and the solvent removed by rotary evaporation. 

The gum was re-evaporated from ether to give the title compound as a dark brown foam (235 

mg, 0.613 mmol, 35%). 

LCMS (formic A): m/z 384 [(M + H)
+
]; Rt: 0.70 min; 94% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.48 (d, J = 5.4 Hz, 1 H), 7.84–7.77 (m, 1 H), 7.15 (s, 1 H), 

6.49 (d, J = 5.4 Hz, 1 H), 5.62 (br s, 1 H), 4.63–4.54 (m, 1 H), 4.21 (dd, J = 8.5, 6.4 Hz, 1 

H), 3.98–3.90 (m, 4 H), 3.63–3.54 (m, 1 H), 3.51–3.38 (m, 1 H), 2.35 (s, 3 H), 2.20 (s, 3 H), 

1.55 (s, 3 H), 1.43 (s, 3 H).  
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7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-methylquinolin-4-amine 

 

197 

A 2.0–5.0 mL microwave vessel was charged with 4-chloro-7-(3,5-dimethyl-4-

isoxazolyl)-6-(methyloxy)quinoline 171 (400 mg, 1.385 mmol), a magnetic stirrer bar, 

sodium tert-butoxide (266 mg, 2.77 mmol), 2-dicyclohexylphosphino-2'-(N,N-

dimethylamino)biphenyl (82 mg, 0.208 mmol), tris(dibenzylideneacetone)dipalladium(0) 

(63.4 mg, 0.069 mmol) and methylamine (2 M solution in THF, 5 mL, 10.00 mmol). The 

vessel was sealed and heated in a Biotage I60 microwave at 125 ºC for 20 min (FHT: on, 

cooling: off, absorbance: normal). The reaction mixture was diluted with EtOAc (10 mL) 

and washed with brine (2 x 10 mL). The organic layer was passed through a hydrophobic frit 

and the solvent evaporated under vacuum. The residue was loaded in DCM (5 mL) and 

purified on a 100 g silica cartridge using a gradient of 0–15% MeOH (containing 20% 2 M 

ammonia in MeOH solution) in DCM over 10 column volumes. The appropriate fractions 

were combined and the solvent evaporated in vacuo to give the title compound as a light 

brown solid (226 mg, 0.80 mmol, 58%). 

LCMS (formic A): m/z 284 [(M + H)
+
]; Rt: 0.59 min; 96% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.50 (d, J = 5.3 Hz, 1 H), 7.78 (s, 1 H), 7.11 (s, 1 H), 6.47 (d, 

J = 5.5 Hz, 1 H), 5.38 (br s, 1 H), 3.91 (s, 3 H), 3.10 (d, J = 5.0 Hz, 3 H), 2.34 (s, 3 H), 2.19 

(s, 3 H). 

(±)-2-[7-(3,5-Dimethylisoxazol-4-yl)-6-methoxyquinolin-4-yl]-2-(2-

fluorophenyl)acetonitrile and  

 [7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinolin-4-yl](2-fluorophenyl)methanone 

   

204    205 

A 0.5–2.0 mL microwave vessel was charged with a magnetic stirrer bar, 

tetrakis(triphenylphosphine)palladium(0) (80 mg, 0.069 mmol), potassium tert-butoxide 

(200 mg, 1.782 mmol), 4-chloro-7-(3,5-dimethyl-4-isoxazolyl)-6-(methyloxy)quinoline 171 
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(100 mg, 0.346 mmol), anhydrous DME (0.5 mL) and o-fluorophenylacetonitrile (80 µL, 

0.627 mmol). The mixture was heated in a Biotage I60 microwave at 125 ºC for 15 min 

(FHT: on, absorbance: normal, cooling: off). The reaction mixture was diluted with brine (5 

mL) and extracted with EtOAc (2 x 5 mL). The organic extracts were combined and passed 

through a hydrophobic frit. The solvent was removed under vacuum and the residue loaded 

in DCM (2 mL) and purified on a 25 g silica cartridge using a gradient of 0–10% MeOH in 

DCM over 10 column volumes. The appropriate fractions were combined and the solvent 

evaporated in vacuo. The residue was purified by MDAP using Method Formic. Fraction 1 

was evaporated in vacuo to give 2-(7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinolin-4-yl)-

2-(2-fluorophenyl)acetonitrile 204 as a yellow gum (27 mg, 0.070 mmol, 20%). 

LCMS (formic A): m/z 388 [(M + H)
+
]; Rt: 1.09 min; 100% purity by peak area.

 

1
H NMR (400 MHz, CDCl3): δ 8.87 (d, J = 4.5 Hz, 1 H), 7.93 (s, 1 H), 7.62 (d, J = 4.5 Hz, 1 

H), 7.47–7.37 (m, 2 H), 7.25–7.16 (m, 3 H), 6.05 (s, 1 H), 3.88 (s, 3 H), 2.34 (s, 3 H), 2.21–

2.16 (m, 3 H). 

Fraction 2 was evaporated in vacuo to give [7-(3,5-dimethylisoxazol-4-yl)-6-

methoxyquinolin-4-yl](2-fluorophenyl)methanone 205 as a yellow gum (7 mg, 0.019 mmol, 

5%). 

LCMS (formic A): m/z 377 [(M + H)
+
]; Rt: 1.11 min; 95% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.89 (d, J = 4.3 Hz, 1 H), 7.97 (s, 1 H), 7.84–7.78 (m, 1 H), 

7.74 (s, 1 H), 7.71–7.60 (m, 1 H), 7.44 (d, J = 4.3 Hz, 1 H), 7.36 (t, J = 7.6 Hz, 1 H), 7.23–

7.11 (m, 1 H), 3.88 (s, 3 H), 2.39 (s, 3 H), 2.24 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 194.0, 166.7, 161.5, 159.7, 157.2, 147.0, 144.8 (2 C), 144.6, 

141.3, 135.2, 132.1, 131.6, 126.4, 125.2, 125.0, 121.5, 117.0, 112.3, 102.3, 55.1, 11.2, 10.3. 
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7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(2-methoxyethyl)-4-{[(2-(4-

methylpiperazin-1-yl)phenyl]amino}quinoline-3-carboxamide 

 

220 

A microwave vessel was charged with [2-(4-methyl-1-piperazinyl)phenyl]amine 

hydrochloride (120 mg, 0.527 mmol), and a stirrer bar followed by 4-chloro-7-(3,5-dimethyl-

4-isoxazolyl)-6-(methyloxy)-N-[2-(methyloxy)ethyl]-3-quinolinecarboxamide 221 (50 mg, 

0.128 mmol), then NMP (0.1 mL) was added. The vessel was sealed and the mixture was 

heated at 180 ºC for 20 min in a CEM microwave (FHT: on, cooling: off, Power 300 W, 

ramp time 1 min). The reaction mixture was diluted with MeOH (3 mL) and applied to a 

MeOH preconditioned 2 g SCX-2 cartridge. The cartridge was washed with MeOH (10 mL) 

followed by 2 M ammonia in MeOH solution (10 mL). Both washes were combined and 

evaporated under vacuum. The residue was purified by MDAP using Method HpH. The 

appropriate fractions were combined and evaporated under a stream of nitrogen to give the 

title compound as a yellow gum (8 mg, 0.015 mmol, 11%). 

LCMS (formic A): m/z 545 [(M + H)
+
]; Rt: 0.59 min; 99% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.93 (s, 1 H), 8.82 (s, 1 H), 7.77 (s, 1 H), 7.13–7.08 (m, 1 H), 

7.07–7.01 (m, 2 H), 6.99–6.93 (m, 1 H), 6.86 (d, J = 7.8 Hz, 1 H), 6.78 (t, J = 5.1 Hz, 1 H), 

3.71–3.65 (m, 2 H), 3.59–3.54 (m, 2 H), 3.41 (s, 3 H), 3.37 (s, 3 H), 3.06 (br s, 4 H), 2.48 (br 

s, 4 H), 2.35 (s, 3 H), 2.31 (s, 3 H), 2.20 - 2.17 (m, 3 H). 

4-Chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N-(2-methoxyethyl)quinoline-3-

carboxamide 

 

221 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid 169 (3 g, 9.55 mmol) and phosphorus oxychloride (40 ml, 429 mmol) was 

stirred under nitrogen at 100 ºC for 1 h. The reaction mixture was allowed to cool to r.t. and 

azeotroped with toluene (2 x 50 mL) to give the crude acid chloride (3.5 g) as a brown gum. 
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A stirred mixture of the crude acid chloride in DCM (50 mL) was cooled in an ice-

water bath. Triethylamine (1.5 mL, 10.76 mmol) was added followed by 2-

methoxyethylamine (1 mL, 11.61 mmol) and the mixture allowed to stir for 20 min under 

nitrogen. The flask was removed from the ice-water bath and allowed to warm to r.t. 

overnight. The reaction mixture was washed with 0.5 M NaOH (aq) (100 mL), followed by 

0.5 M HCl (aq) (100 mL), then water (100 mL). The organic layer was passed through a 

hydrophobic frit and the solvent was evaporated under vacuum. The crude material was 

loaded in DCM (10 mL) and purified on a 100 g silica cartridge using a gradient of 0–10% 

MeOH (containing 20% 2 M ammonia in MeOH solution) in DCM over 10 column volumes. 

The appropriate fractions were combined and the solvent evaporated in vacuo to give the 

title compound as a light yellow solid (1.75 g, 4.49 mmol, 47%). 

LCMS (formic A): m/z 390, 392 [(M + H)
+
]; Rt: 0.84 min; 94% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 8.85 (s, 1 H), 8.71 (s, 1 H), 8.02 (s, 1 H), 7.62 (s, 1 H), 

4.01 (s, 3 H), 3.56–3.45 (m, 4 H), 3.32 (s, 3 H), 2.35 (s, 3 H), 2.15 (s, 3 H). 

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(2-methoxyethyl)-4-{[(2-(4-

methylpiperazin-1-yl)pyridin-3-yl]amino}quinoline-3-carboxamide 

 

228 

A 0.5–2.0 mL microwave vessel was charged with potassium orthophosphate (82 mg, 

0.385 mmol), a magnetic stirrer bar, tris(dibenzylideneacetone)dipalladium(0) (23 mg, 0.025 

mmol), 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (20 mg, 0.051 mmol), 2-

(4-methyl-1-piperazinyl)-3-pyridinamine 225 (250 mg, 1.300 mmol) and 4-chloro-7-(3,5-

dimethyl-4-isoxazolyl)-6-(methyloxy)-N-[2-(methyloxy)ethyl]-3-quinolinecarboxamide 221 

(125 mg, 0.321 mmol). The vessel was sealed and heated in a Biotage I60 microwave at 125 

ºC for 1 h (FHT: on, cooling: off, absorbance: normal). The reaction mixture was applied to 

a MeOH preconditioned 2 g SCX-2 cartridge which was then washed with MeOH (10 mL) 

followed by 2 M ammonia in MeOH solution (10 mL). Both the MeOH and basic washes 

were combined and evaporated under vacuum. The residue was purified by MDAP using 

Method Formic. The appropriate fractions were combined and the solvent removed by rotary 
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evaporation. The gum was dissolved in 1,4-dioxane and the solvent removed upon freeze 

drying to give the title compound as a yellow solid (24 mg, 0.044 mmol, 14%). 

m.p.: 106–109 ºC. 

IR (solid) ν (cm
-1

): 2933, 2932, 1633, 1584, 1560, 1420, 1224, 794, 770. 

LCMS (formic A): m/z 546 [(M + H)
+
]; Rt: 0.51 min; 99% purity by peak area.  

HRMS (ESI): M + H calcd for C29H36N7O4 546.2823, found 546.2806. 

1
H NMR (400 MHz, CDCl3): δ 10.07 (s, 1 H), 8.82 (s, 1 H), 8.10–8.02 (m, 1 H), 7.80 (s, 1 

H), 7.04 (d, J = 7.8 Hz, 1 H), 6.95 (s, 1 H), 6.88–6.76 (m, 2 H), 3.75–3.66 (m, 2 H), 3.65–

3.57 (m, 2 H), 3.44 (s, 3 H), 3.41 (s, 3 H), 2.64–2.45 (m, 4 H), 2.35 (s, 3 H), 2.34 (s, 3 H), 

2.19 (s, 3 H), 2.06–1.86 (m, 4 H). 

13
C NMR (100 MHz, DMSO-d6): δ 167.8, 166.6, 159.5, 154.5 (2 C), 147.4, 146.2, 145.3, 

142.5, 132.7, 130.6, 127.8, 125.8, 121.2, 117.3, 113.4, 112.2, 103.6, 70.9, 58.9, 55.1 (3 C), 

48.4 (2 C), 46.0, 39.7, 11.8, 10.8. 

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(2-methoxyethyl)-4-({2-[(2-

methoxyethyl)(methyl)amino]pyridin-3-yl}amino)quinoline-3-carboxamide 

 

229 

A microwave vessel was charged with N
2
-methyl-N

2
-[2-(methyloxy)ethyl]-2,3-

pyridinediamine 226 (88 mg, 0.486 mmol) and a stirrer bar followed by 4-chloro-7-(3,5-

dimethyl-4-isoxazolyl)-6-(methyloxy)-N-[2-(methyloxy)ethyl]-3-quinolinecarboxamide 221 

(50 mg, 0.128 mmol). The vessel was sealed and the mixture was heated at 180 ºC for 20 

min in a CEM microwave (FHT: on, cooling: off, Power 300 W, ramp time 1 min). The 

reaction mixture was diluted with DCM (5 mL) and applied to a 25 g silica cartridge. 

Attempted purification using a gradient of 0–15% MeOH (containing 20% 2 M ammonia in 

MeOH solution) in DCM over 10 column volumes gave no separation. The appropriate 

fractions were combined and the solvent evaporated in vacuo. The residue was purified by 

MDAP using Method HpH. The appropriate fractions were combined and the solvent 

evaporated in vacuo to give the title compound as a dark brown gum (25 mg, 0.047 mmol, 

37%). 
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LCMS (formic A): m/z 535 [(M + H)
+
]; Rt: 0.70 min; 96% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.53 (s, 1 H), 8.89 (s, 1 H), 8.00 (dd, J = 4.8, 1.5 Hz, 1 H), 

7.85–7.79 (m, 1 H), 7.14 (s, 1 H), 6.97 (dd, J = 7.8, 1.3 Hz, 1 H), 6.92 (t, J = 5.2 Hz, 1 H), 

6.76 (dd, J = 7.8, 4.8 Hz, 1 H), 3.69–3.64 (m, 2 H), 3.64–3.60 (m, 2 H), 3.60–3.55 (m, 5 H), 

3.53–3.48 (m, 2 H), 3.32 (s, 3 H), 3.28 (s, 3 H), 3.06 (s, 3 H), 2.36 (s, 3 H), 2.20 (s, 3 H). 

(±)-7-(3,5-Dimethylisoxazol-4-yl)-8-methoxy-1-[1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 

 

231 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-{[1-(pyridin-2-

yl)ethyl]amino}quinoline-3-carboxamide 240 (1.89 g, 4.53 mmol) and potassium hydroxide 

(0.330 g, 5.89 mmol) in MeOH (20 mL) was stirred in an open vessel at 0 ºC. Iodobenzene 

diacetate (1.750 g, 5.43 mmol) was added in small portions over 5 min and the mixture 

stirred for 1.5 h. The reaction mixture was evaporated in vacuo and the residue diluted with 

water (50 mL). The mixture was extracted with DCM (2 x 50 mL), the organic extracts 

combined and passed through a hydrophobic frit. The solvent was removed in vacuo and the 

residue dissolved in DCM (10 mL). The solution was applied to a 100 g silica cartridge and 

purified using a gradient of 0–10% 2 M ammonia in methanol/DCM to give the title 

compound as a light yellow powder (1.64 g, 3.95 mmol, 87%). 

m.p.: 167 ºC. 

IR (solid)  (cm
-1

): 2933, 1704, 1621, 1588, 1470, 1430, 1221, 1079, 1033, 751. 

LCMS (formic A): m/z 416 [(M + H)
+
]; Rt: 0.68 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C23H22N5O3 416.1717, found 416.1708. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 11.29 (br s, 1 H), 8.64–8.60 

(m, 2 H), 7.78–7.77 (m, 1 H), 7.79–7.74 (m, 1 H), 7.43 (d, J = 7.8 Hz, 1 H), 7.32 (dd, J = 

7.0, 4.8 Hz, 1 H), 7.01 (s, 1 H), 6.30 (q, J = 7.2 Hz, 1 H), 3.59 (s, 3 H), 2.27 (s, 3 H), 2.09 (d, 

J = 7.2 Hz, 3 H), 2.07 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 166.4, 159.7, 159.4, 155.9, 155.6, 149.5, 140.7, 137.3, 

133.2, 132.6, 128.9, 122.8, 122.4, 121.9, 121.4, 116.2, 112.4, 101.3, 55.8, 53.4, 17.8, 11.7, 

10.8. 
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7-(3,5-Dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

237 

To 7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 238 (3.63 g, 8.45 mmol) in DCE (75 mL) was added 

tribromoborane (8.0 mL, 85 mmol) dropwise. A thick precipitate formed and after addition 

was complete, the reaction was stirred at 90 ºC under nitrogen for 3.5 h. The reaction was 

cooled in an ice-bath and carefully quenched with 10% EtOH in DCM (75 mL) and then 

MeOH (75 mL). After stirring for 20 min, the solvent was removed in vacuo. The solid-foam 

mixture was suspended in EtOAc (200 mL) and sonicated for 10 min. To the mixture was 

added sat. Na2CO3 (aq) (200 mL) and the biphasic mixture stirred vigorously for 10 min. The 

organic layer was separated and left to stand for 5 min during which time a precipitate 

formed. The solid was isolated by vacuum filtration and the filtrate dried (MgSO4). The dried 

filtrate was evaporated in vacuo and the resulting solid triturated with ether (50 mL). This 

solid was combined with the previous solid precipitate to give the title compound as an off-

white solid (2.96 g, 7.12 mmol, 84%). 

76% e.e. determined by HPLC analysis on a Chiralpak
®
 ID (250 mm x 4.6 mm, 5 µm 

packing diameter) column. An isocratic system of 50% EtOH in heptane with a flow rate of 

1 mL/min was used at r.t. The UV detection was performed at 215 nm. Peak 1 Rt: 8.18 min, 

12% peak area; Peak 2 Rt: 11.46 min, 88% peak area. 

[α]D
21

 −25 (c 0.5, CHCl3/MeOH [4:1]). 

m.p.: 287 ºC (decomp.). 

IR (solid) ν (cm
-1

): 2923, 2531, 1720, 1620, 1588, 1410, 1216, 1036, 747. 

LCMS (formic A): m/z 416 [(M + H)
+
]; Rt: 0.62 min; 99% purity by peak area. 

HRMS (ESI): M + H calcd for C23H22N5O3 416.1723, found 416.1711. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.70 (s, 1 H), 8.54 (d, J = 

4.8 Hz, 1 H), 7.79 (s, 1 H), 7.76–7.70 (m, 1 H), 7.40 (d, J = 7.8 Hz, 1 H), 7.37 (s, 1 H), 7.26 

(dd, J = 7.4, 4.8 Hz, 1H), 6.27 (q, J = 7.2 Hz, 1 H), 3.54 (s, 3 H), 2.31 (s, 3 H), 2.14 (s, 3 H), 

2.12 (d, J = 7.2 Hz, 3 H). OH signal not resolved. 
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13
C NMR (150 MHz, DMSO-d6): δ 165.8, 159.1, 158.7, 153.3 (2 C), 149.0, 139.8, 137.0, 

132.9, 130.9, 126.9, 123.3, 122.4, 120.7, 120.2, 115.9, 112.6, 103.6, 53.8, 27.4, 17.5, 11.4, 

10.4. 

7-(3,5-Dimethylisoxazol-4-yl)-8-methoxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

238 

A solution of 7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-1-[(R)-1-(pyridin-2-yl)ethyl]-

1H-imidazo[4,5-c]quinolin-2(3H)-one (I-BET151, 4.0 g, 9.63 mmol, %e.e. = 88) in 

anhydrous NMP (30 mL) under nitrogen at r.t., was treated with sodium hydride (60% 

dispersion in mineral oil, 0.50 g, 12.5 mmol) and the resulting brown solution was stirred for 

20 min. Methyl iodide (0.66 mL, 10.6 mmol) was then added and the mixture stirred for 5 h. 

The reaction mixture was diluted with brine (50 mL) and extracted with EtOAc (50 mL). 

The organic layer was washed with water (4 x 50 mL) then passed through a hydrophobic 

frit. The solvent was evaporated in vacuo to give the title compound as a cream foam (3.63 

g, 8.45 mmol, 88%). 

76% e.e. determined by HPLC analysis on a Chiralpak
®
 AD (250 mm x 4.6 mm, 10 µm 

packing diameter) column. An isocratic system of 40% EtOH in heptane with a flow rate of 

1 mL/min was used at r.t. The UV detection was performed at 215 nm. Peak 1 Rt: 11.35 min, 

12% peak area; Peak 2 Rt: 16.57 min, 88% peak area. 

LCMS (formic A): m/z 430 [(M + H)
+
]; Rt: 0.75 min; 99% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (353 K) δ 8.82 (s, 1 H), 8.61 (d, J = 

4.8 Hz, 1 H), 7.81 (s, 1 H), 7.80–7.74 (m, 1 H), 7.44 (d, J = 8.1 Hz, 1 H), 7.33 (dd, J = 7.3, 

4.8 Hz, 1 H), 6.94 (s, 1 H), 6.33 (q, J = 7.2 Hz, 1 H), 3.62 (s, 3 H), 3.55 (s, 3 H), 2.26 (s, 3 

H), 2.07 (d, J = 7.2 Hz, 3 H), 2.06 (s, 3 H). 
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(±)-7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-4-{[1-(pyridin-2-yl)ethyl]amino}quinoline-

3-carboxamide 

 

240 

A solution of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-

carboxamide 239 (2.0 g, 6.03 mmol) in anhydrous NMP (9 mL) was treated with DIPEA 

(3.16 mL, 18.09 mmol) and 1-(pyridin-2-yl)ethanamine (0.88 g, 7.20 mmol). The mixture 

was stirred at 120 ºC for 16 h. The reaction mixture was allowed to cool to r.t and applied to 

a MeOH preconditioned 70 g SCX-2 cartridge. The cartridge was washed with CHCl3 (150 

mL), MeOH (150 mL) and 2 M ammonia in MeOH (150 mL). The ammonia in MeOH wash 

was evaporated in vacuo, the residue dissolved in EtOAc (50 mL) and washed with water (3 

x 50 mL). The organic layer was passed through a hydrophobic frit and the solvent removed 

in vacuo. The residue was dissolved in DCM (5 mL), the solution applied to a 100 g silica 

cartridge and purified using a gradient of 0–12% 2 M ammonia in MeOH/DCM over 12 

column volumes. The appropriate fractions were combined and the solvent evaporated in 

vacuo to give the title compound as a beige foam (1.89 g, 4.53 mmol, 75%). 

LCMS (formic A): m/z 418 [(M + H)
+
]; Rt: 0.64 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.47 (d, J = 8.1 Hz, 1 H), 8.74 (s, 1 H), 8.62 (d, J = 4.8 Hz, 1 

H), 7.77–7.72 (m, 1 H), 7.69 (s, 1 H), 7.66 (d, J = 7.8 Hz, 1 H), 7.35 (s, 1 H), 7.24 (dd, J = 

7.4, 4.8 Hz, 1 H), 6.64–5.68 (m, 2 H), 5.38 (dq, J = 8.1, 6.8 Hz, 1 H), 3.52 (s, 3 H), 2.33 (s, 3 

H), 2.17 (s, 3 H), 1.74 (d, J = 6.8 Hz, 3 H). 
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(±)-7-(3,5-Dimethylisoxazol-4-yl)-8-methoxy-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

241 

A solution of 7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 231 (0.5 g, 1.204 mmol) in anhydrous NMP (4 mL) under 

nitrogen at r.t., was treated with sodium hydride (60% dispersion in mineral oil, 0.072 g, 

1.805 mmol) and the resulting brown solution stirred for 20 min. Methyl iodide (0.083 mL, 

1.324 mmol) was then added and the mixture stirred for 5 h. The reaction mixture was 

diluted with brine (10 mL) which was then extracted with EtOAc (10 mL). The organic layer 

was washed with water (4 x 10 mL) then passed through a hydrophobic frit. The solvent was 

evaporated under vacuum and the residue dissolved in MeOH (4 mL). The solution was 

applied to a MeOH preconditioned 10 g SCX-2 cartridge which was then washed with 

MeOH (60 mL) followed by 2 M ammonia in MeOH solution (60 mL). The basic wash was 

evaporated under vacuum. The resulting solid was loaded in DCM (5 mL) and purified on a 

100 g silica cartridge using a gradient of 0–10% MeOH in DCM over 12 column volumes. 

The appropriate fractions were combined and the solvent removed by rotary evaporation to 

give the title compound as an off-white solid (433 mg, 1.008 mmol, 84%). 

0% e.e. determined by HPLC analysis on a Chiralpak
®
 AD (250 mm x 4.6 mm, 10 µm 

packing diameter) column. An isocratic system of 40% EtOH in heptane with a flow rate of 

1 mL/min was used at r.t. The UV detection was performed at 215 nm. Peak 1 Rt: 11.20 min, 

50% peak area; Peak 2 Rt: 16.58 min; 50% peak area. 

LCMS (formic A): m/z 430 [(M + H)
+
]; Rt: 0.72 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.80 (s, 1 H), 8.61 (d, J = 

4.8 Hz, 1 H), 7.81 (s, 1 H), 7.80–7.74 (m, 1 H), 7.45 (d, J = 8.1 Hz, 1 H), 7.32 (dd, J = 7.4, 

4.8 Hz, 1 H), 7.05 (s, 1 H), 6.34 (q, J = 7.2 Hz, 1 H), 3.62 (s, 3 H), 3.60 (s, 3 H), 2.27 (s, 3 

H), 2.10 (d, J = 7.2 Hz, 3 H), 2.07 (s, 3 H). 
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(±)-7-(3,5-Dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

242 

To a solution of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-((1-(pyridin-2-

yl)ethyl)amino)quinoline-3-carboxamide 241 (1.89 g, 4.53 mmol) in MeOH (20 mL) was 

added potassium hydroxide (0.330 g, 5.89 mmol) and the mixture stirred in an open vessel at 

0 ºC. Iodobenzene diacetate (1.750 g, 5.43 mmol) was added in small portions over 5 min 

and the mixture stirred for 1.5 h. The reaction mixture was evaporated in vacuo and the 

residue diluted with water (50 mL). The mixture was extracted with DCM (2 x 50 mL), the 

organic extracts combined and passed through a hydrophobic frit. The solvent was removed 

in vacuo and the residue dissolved in DCM (10 mL). The solution was applied to a 100 g 

silica cartridge and purified using a gradient of 0–10% 2 M ammonia in methanol/DCM to 

give the title compound as a light yellow powder (1.64 g, 3.95 mmol, 87%). 

6% e.e. determined by HPLC analysis on a Chiralpak
®
 ID (250 mm x 4.6 mm, 5 µm packing 

diameter) column. An isocratic system of 50% EtOH in heptane with a flow rate of 1 

mL/min was used at r.t. The UV detection was performed at 215 nm. Peak 1 Rt: 8.24 min, 

53% peak area; Peak 2 Rt: 11.97 min, 47% peak area. 

mp: 167 ºC. 

IR (solid) ν (cm
-1

): 2925, 2530, 1720, 1619, 1588, 1410, 1216, 1035, 748. 

LCMS (formic A): m/z 416 [(M + H)
+
]; Rt: 0.68 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C23H22N5O3 416.1717, found 416.1708. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) 11.29 (br s., 1 H), 8.64–8.60 

(m, 2 H), 7.78–7.77 (m, 1 H), 7.79–7.74 (m, 1 H), 7.43 (d, J = 7.8 Hz, 1 H), 7.32 (dd, J = 

7.0, 4.8 Hz, 1 H), 7.01 (s, 1 H), 6.30 (q, J = 7.2 Hz, 1 H), 3.59 (s, 3 H), 2.27 (s, 3 H), 2.09 (d, 

J = 7.2 Hz, 3 H), 2.07 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 166.4, 159.7, 159.4, 155.9, 155.6, 149.5, 140.7, 137.3, 

133.2, 132.6, 128.9, 122.8, 122.4, 121.9, 121.4, 116.2, 112.4, 101.3, 55.8, 53.4, 17.8, 11.7, 

10.8. 
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7-(3,5-Dimethylisoxazol-4-yl)-8-ethoxy-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

243 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (45 mg, 0.108 mmol) and potassium 

carbonate (18 mg, 0.130 mmol) was suspended in anhydrous DMF (0.8 mL) and treated with 

bromoethane (10 µL, 0.134 mmol). The mixture was stirred under nitrogen at 100 ºC for 18 

h. Further bromoethane (20 µL, 0.268 mmol) was added and the mixture stirred under 

nitrogen at 100 ºC for 3 h. The reaction mixture was allowed to cool to r.t., diluted with 

MeOH (0.2 mL) and filtered. The solution was purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent evaporated under a nitrogen stream to 

give the title compound as a light brown solid (24 mg, 0.054 mmol, 50%). 

LCMS (formic A): m/z 444 [(M + H)
+
]; Rt: 0.80 min; 99% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.79 (s, 1 H), 8.62 (d, J = 

4.8 Hz, 1 H), 7.81 (s, 1 H), 7.80–7.75 (m, 1 H), 7.45 (d, J = 8.1 Hz, 1 H), 7.33 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.02 (s, 1 H), 6.32 (q, J = 7.2 Hz, 1 H), 3.89 (dq, J = 9.9, 6.9 Hz, 1 H), 3.66 

(dq, J = 9.9, 6.9 Hz, 1 H), 3.64–3.56 (m, 3 H), 3.26–3.20 (m, 3 H), 2.28 (s, 3 H), 2.10–2.08 

(m, 3 H), 2.08 (d, J = 7.2 Hz, 3 H), 1.25 (t, J = 6.9 Hz, 3 H). 

7-(3,5-Dimethylisoxazol-4-yl)-8-isopropoxy-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

244 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (45 mg, 0.108 mmol) and potassium 

carbonate (18 mg, 0.130 mmol) was suspended in anhydrous DMF (0.8 mL) and treated with 
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2-iodopropane (0.013 mL, 0.130 mmol). The mixture was stirred under nitrogen at 100 ºC 

for 18 h. Further 2-iodopropane (0.026 mL, 0.260 mmol) was added and the mixture stirred 

under nitrogen at 100 ºC for 3 h. The reaction mixture was allowed to cool to r.t., diluted 

with MeOH (0.2 mL) and filtered. The solution was purified by MDAP using Method HpH. 

The appropriate fractions were combined and the solvent evaporated under a nitrogen stream 

to give the title compound as a light brown solid (30 mg, 0.066 mmol, 61%). 

LCMS (HpH): m/z 458 [(M + H)
+
]; Rt: 1.02 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.79 (s, 1 H), 8.62 (d, J = 

4.8 Hz, 1 H), 7.82 (s, 1 H), 7.80–7.75 (m, 1 H), 7.45 (d, J = 8.1 Hz, 1 H), 7.33 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.05 (s, 1 H), 6.31 (q, J = 7.2 Hz, 1 H), 4.18 (spt, J = 6.0 Hz, 1 H), 3.61 (s, 3 

H), 2.31–2.24 (m, 3 H), 2.10–2.08 (m, 3 H), 2.09 (d, J = 7.2 Hz, 3 H), 1.21 (d, J = 6.0 Hz, 3 

H), 1.06 (d, J = 6.0 Hz, 3 H). 

8-Cyclobutoxy-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

245 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (45 mg, 0.108 mmol) and potassium 

carbonate (18 mg, 0.130 mmol) was suspended in anhydrous DMF (0.8 mL) and treated with 

bromocyclobutane (0.012 mL, 0.130 mmol). The mixture was stirred under nitrogen at 100 

ºC for 18 h. The reaction mixture was allowed to cool to room temperature, diluted with 

MeOH (0.2 mL) and filtered. The solution was purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent evaporated under stream of nitrogen to 

give the title compound as a light brown solid (21 mg, 0.045 mmol, 41%). 

m.p.: 138 ºC. 

IR (solid) ν (cm
-1

): 2939, 1705, 1620, 1580, 1490, 1454, 1213, 748. 

LCMS (HpH): m/z 470 [(M + H)
+
]; Rt: 1.07 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C27H28N5O3 470.2187, found 470.2172. 
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1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.80 (s, 1H), 8.67 (d, J = 

4.8 Hz, 1 H), 7.84 (s, 1 H), 7.82–7.76 (m, 1 H), 7.44 (d, J = 8.1 Hz, 1 H), 7.36 (dd, J = 7.3, 

4.8 Hz, 1 H), 6.89 (s, 1 H), 6.30 (q, J = 7.2 Hz, 1 H), 4.22 (quin, J = 6.8 Hz, 1 H), 3.61 (s, 3 

H), 2.49–2.40 (m, 1 H), 2.33–2.27 (m, 3 H), 2.24–2.14 (m, 1 H), 2.12 (s, 3 H), 2.09 (d, J = 

7.2 Hz, 3 H), 1.98–1.87 (m, 2 H), 1.87–1.77 (m, 1 H), 1.73–1.61 (m, 1 H). 

13
C NMR (100 MHz, CDCl3): δ 166.3, 159.6, (2 C), 154.4, 153.4, 149.4, 140.5, 137.2, 133.0, 

129.9, 128.5, 123.9, 122.6, 121.2 (2 C), 115.9, 112.5, 102.2, 71.6, 30.4, 29.8, 27.9, 17.7, 

13.4, 11.9, 11.0. Benzylic signal not observed. 

8-(Cyclopropylmethoxy)-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

246 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (50 mg, 0.12 mmol), potassium 

carbonate (43 mg, 0.31 mmol) and (bromomethyl)cyclopropane (0.014 mL, 0.14 mmol) was 

suspended in anhydrous DMF (2.5 mL) and stirred under nitrogen at 100 ºC for 16 h. The 

reaction mixture was allowed to cool to r.t. and evaporated in vacuo. The crude material was 

purified by MDAP using Method HpH. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give the title compound as a light brown foam (38 

mg, 0.08 mmol, 64%). 

LCMS (formic A): m/z 470 [(M + H)
+
]; Rt: 0.88 min; 98% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 8.95–8.91 (m, 1 H), 8.76–8.69 (m, 1 H), 7.94 (s, 1 H), 

7.93–7.86 (m, 1 H), 7.61–7.54 (m, 1 H), 7.49–7.41 (m, 1 H), 7.13 (s, 1 H), 6.44 (q, J = 7.3 

Hz, 1 H), 3.89–3.81 (m, 1 H), 3.56–3.49 (m, 1 H), 2.43 (s, 3 H), 2.24 (s, 3 H), 2.20 (d, J = 

7.1 Hz, 3 H), 1.27–1.18 (m, 1 H), 0.73–0.67 (m, 2 H), 0.44–0.33 (m, 2 H). NCH3 signal 

obscured by water. Broad signals observed due to restricted rotation. 
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7-(3,5-Dimethylisoxazol-4-yl)-8-isobutoxy-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

247 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (50 mg, 0.12 mmol), potassium 

carbonate (43 mg, 0.31 mmol) and 1-bromo-2-methylpropane (0.016 mL, 0.15 mmol) was 

suspended in anhydrous DMF (2.5 mL) and stirred under nitrogen at 100 ºC for 3 h. The 

reaction mixture was allowed to cool to r.t. and evaporated in vacuo. The crude material was 

purified by MDAP using Method HpH. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give the title compound as a light brown glass (38 

mg, 0.08 mmol, 63%). 

LCMS (formic A): m/z 472 [(M + H)
+
]; Rt: 0.92 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.71–8.62 (m, 2 H), 7.85 (s, 1 H), 7.68–7.59 (m, 1 H), 7.34 

(br s, 1 H), 7.25–7.21 (m, 1 H), 6.85 (br s, 1 H), 6.44 (q, J = 6.6 Hz, 1 H), 3.70 (s, 3 H), 

3.58–3.51 (m, 1 H), 3.03 (br s, 1 H), 2.29 (s, 3 H), 2.16–2.11 (m, 6 H), 2.01–1.89 (m, 1 H), 

0.95 (d, J = 6.7 Hz, 3 H), 0.91 (d, J = 6.7 Hz, 3 H). Broad signals observed due to restricted 

rotation. 

tert-Butyl [3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-

2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)propyl]carbamate 

 

248 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (145 mg, 0.349 mmol) and potassium 

carbonate (60 mg, 0.349 mmol) in DMF (5 mL) and treated with tert-butyl (3-
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bromopropyl)carbamate (102 mg, 0.428 mmol). The mixture was stirred under nitrogen at 

100 ºC for 2.5 h and then allowed to cool to r.t. EtOAc (10 mL) was added and washed with 

10% LiCl (aq) (10 mL). The aqueous layer was extracted with EtOAc (10 mL), the organic 

layers combined and washed with 10% LiCl (aq) (10 mL). The aqueous layer was extracted 

with EtOAc (10 mL), the organic layers combined and passed through a hydrophobic frit. 

The solvent was removed by rotary evaporation. The residue was dissolved in MeOH (1.0 

mL) and loaded onto a MeOH preconditioned 5 g SCX-2 cartridge. The cartridge was 

washed with MeOH (30 mL) and 2 M ammonia in MeOH solution (30 mL). The basic wash 

was evaporated in vacuo and the residue purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent removed by rotary evaporation to give 

the title compound as a brown gum (172 mg, 0.300 mmol, 86%). 

LCMS (HpH) m/z 573 [(M + H)
+
]; Rt: 1.07 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.76 (s, 1 H), 8.58 (d, J = 

4.8 Hz, 1 H), 7.77 (s, 1 H), 7.77–7.72 (m, 1 H), 7.43 (d, J = 8.1 Hz, 1 H), 7.29 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.01 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 6.22 (br s, 1 H), 3.83 (dt, J = 9.9, 6.3 

Hz, 1 H), 3.58 (s, 3 H), 3.56 (dt, J = 9.9, 6.3 Hz, 1 H), 2.99 (t, J = 6.3 Hz, 1 H), 2.98 (t, J = 

6.3 Hz, 1 H), 2.25 (s, 3 H), 2.05 (s, 3 H), 2.05 (d, J = 7.3 Hz, 3 H), 1.77 (quin, J = 6.3, 6.3 

Hz, 2 H), 1.38 (s, 9 H). 

tert-Butyl [3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-

2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)propyl](methyl)carbamate 

 

249 

A solution of tert-butyl [3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)propyl]carbamate 248 

(153 mg, 0.267 mmol) in anhydrous NMP (1 mL) under nitrogen was treated with sodium 

hydride (60% dispersion in mineral oil, 15 mg, 0.374 mmol) and the mixture stirred at r.t. for 

20 min. Methyl iodide (0.018 mL, 0.294 mmol) was added and the mixture was left to stir 

for 17 h. The mixture was treated with sodium hydride (60% dispersion in mineral oil, 15 

mg) and stirred for 20 min before methyl iodide (0.009 mL, 0.147 mmol) was added. After 
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4.5 h stirring, water (8 mL) was added. The mixture was extracted with EtOAc (2 x 10 mL), 

the extracts combined and passed through a hydrophobic frit. The solvent was removed by 

rotary evaporation and the residue purified by MDAP using Method HpH. The appropriate 

fractions were combined and the solvent removed by rotary evaporation to give the title 

compound as a yellow solid (34 mg, 0.058 mmol, 22%). 

LCMS (HpH): m/z 587 [(M + H)
+
]; Rt: 1.13 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.58 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.77–7.70 (m, 1 H), 7.42 (d, J = 8.1 Hz, 1 H), 7.29 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.02 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 3.82 (dt, J = 9.9, 6.1 Hz, 1 H), 3.58 (s, 

3 H), 3.55 (dt, J = 9.9, 6.1 Hz, 1 H), 3.17 (t, J = 6.9 Hz, 1 H), 3.17 (t, J = 6.9 Hz, 1 H), 2.70 

(s, 3 H), 2.25 (s, 3 H), 2.06 (s, 3 H), 2.05 (d, J = 7.3 Hz, 3 H), 1.88–1.79 (m, 2 H), 1.34 (s, 9 

H). 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-8-[3-(methylamino)propoxy]-1-[1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

250 

A solution of tert-butyl [3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)propyl](methyl)-

carbamate 249 (23 mg, 0.039 mmol) in 1,4-dioxane (0.5 mL) was treated with 4 M HCl in 

1,4-dioxane solution (0.5 mL, 0.039 mmol) and the mixture stirred at r.t. for 2 h in a 

stoppered vessel. The reaction mixture was evaporated under a stream of nitrogen and the 

residue was dissolved in MeOH (0.5 mL). The solution was applied to a MeOH 

preconditioned 2 g SCX-2 cartridge. The cartridge was washed with MeOH (16 mL) 

followed by 2 M ammonia in MeOH solution (16 mL). The basic wash was evaporated 

under vacuum to give a light brown oil which solidified upon standing (19 mg, 0.039 mmol, 

100%). 

LCMS (HpH): m/z 487 [(M + H)
+
]; Rt: 0.77 min; 97% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.76 (s, 1 H), 8.59 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.77–7.71 (m, 1 H), 7.41 (d, J = 8.1 Hz, 1 H), 7.29 (dd, J = 7.3, 
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4.8 Hz, 1 H), 7.02 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 3.86 (dt, J = 9.7, 6.4 Hz, 1 H), 3.58 (s, 

3 H), 3.63–3.57 (m, 1 H), 2.52 (t, J = 6.7 Hz, 2 H), 2.29 (s, 3 H), 2.24 (s, 3 H), 2.05 (s, 3 H), 

2.05 (d, J = 7.1 Hz, 3 H), 1.74 (tt, J = 6.7, 6.4 Hz, 2 H). NH signal not resolved. 

7-(3,5-Dimethylisoxazol-4-yl)-8-(3-hydroxypropoxy)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-

1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

255 

A solution of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (270 mg, 0.65 mmol) in anhydrous 

DMF (4.5 mL) was dispensed evenly between 6 x vessels each containing potassium 

carbonate (18 mg, 0.13 mmol). To one of these vessels was added 3-bromo-1-propanol (11 

µL, 0.13 mmol) and the mixture stirred under nitrogen at 100 ºC for 16 h. The reaction 

mixture was evaporated under a stream of nitrogen and the crude material purified by MDAP 

using Method HpH. The appropriate fractions were combined and the solvent removed by 

rotary evaporation to give the title compound as a light brown foam (23 mg, 0.05 mmol, 

45%). 

LCMS (formic A): m/z 474 [(M + H)
+
]; Rt: 0.64 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.70–8.63 (m, 2 H), 7.82 (s, 1 H), 7.63 (t, J = 7.3 Hz, 1 H), 

7.44–7.30 (m, 1 H), 7.28–7.21 (m, 1 H), 7.19–6.76 (m, 1 H), 6.44 (d, J = 7.1 Hz, 1 H), 4.07–

3.93 (m, 1 H), 3.78–3.71 (m, 2 H), 3.70 (s, 3 H), 3.60 (br s, 1 H), 2.30 (s, 3 H), 2.18–2.10 (m, 

6 H), 2.01–1.90 (m, 2 H), 1.81 (br s, 1 H). Broad signals observed due to restricted rotation. 

(R)-(2,2-Dimethyl-1,3-dioxolan-4-yl)methyl methanesulfonate 

 

252 

A stirred solution of (R)-(2,2-dimethyl-1,3-dioxolan-4-yl)methanol (0.42 mL, 3.40 

mmol) and triethylamine (1.2 mL, 8.61 mmol) in DCM (6 mL) at 0 ºC was treated with 

methanesulfonyl chloride (0.32 mL, 4.11 mmol). The mixture was stirred under nitrogen for 
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10 min and then allowed to warm to r.t. over 20 h. The reaction mixture was diluted with 

EtOAc (10 mL) and the solution washed with brine (10 mL). The aqueous layer was 

extracted with EtOAc (10 mL), the organic layers combined and washed with sat. NaHCO3 

(aq) (5 mL) then with brine/water (1:1, 2 x 5 mL). The organic layer was passed through a 

hydrophobic frit and the solvent removed by rotary evaporation. The residue was loaded in 

DCM (2 mL) and purified on a 25 g silica cartridge using a gradient of 0–100% EtOAc in 

cyclohexane over 12 column volumes. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give the title compound as a colourless oil (688 

mg, 3.27 mmol, 96%). 

1
H NMR (400 MHz, CDCl3): δ 4.37 (m, 1 H), 4.23 (d, J = 5.2 Hz, 2 H), 4.11 (dd, J = 8.8 Hz, 

6.5 Hz, 1 H), 3.83 (dd, J = 8.8 Hz, 5.5 Hz, 1 H), 3.06 (s, 3 H), 1.45 (s, 3 H), 1.37 (s, 3 H). 

The 
1
H NMR was in agreement with that reported in the literature.

145
 

8-[(R)-2,3-Dihydroxypropoxy]-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-[(R)-1-(pyridin-

2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

256 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (100 mg, 0.241 mmol), (R)-(2,2-

dimethyl-1,3-dioxolan-4-yl)methyl methanesulfonate 252 (123 mg, 0.585 mmol) and 

potassium carbonate (48 mg, 0.347 mmol) in DMF (2 mL) was stirred at 100 ºC under 

nitrogen for 15 h. EtOAc (10 mL) was added to the reaction mixture which was washed with 

10% LiCl (aq) (10 mL). The aqueous layer was extracted with EtOAc (10 mL), the organic 

layers combined and passed through a hydrophobic frit. The solvent removed by rotary 

evaporation and the residue was dissolved in the minimum volume of MeOH. The solution 

was applied to a MeOH preconditioned 5 g SCX-2 cartridge. The cartridge was washed with 

MeOH (30 mL) followed by 2 M ammonia in MeOH solution (30 mL). The basic wash was 

evaporated in vacuo to give a light brown gum. The gum was dissolved in MeOH (1.5 mL) 

and 4 M HCl in 1,4-dioxane solution (1 mL, 0.241 mmol) added. The mixture was left to stir 

at r.t. for 1.5 h. The reaction mixture was evaporated by rotary evaporation and the crude 

product was dissolved in 1:1 DMSO:MeOH and purified by MDAP using Method HpH. 
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Product was not collected and so the waste was evaporated. The residue was dissolved in 1:1 

DMSO:MeOH and the mixture purified by MDAP using Method HpH. The appropriate 

fractions were combined and the solvent was removed by rotary evaporation to give the title 

compound as a light brown oil which solidified upon standing (65 mg, 0.133 mmol, 55%). 

LCMS (HpH): m/z 490 [(M + H)
+
]; Rt: 0.73 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.76 (s, 1 H), 8.60 (d, J = 

4.8 Hz, 1 H), 7.77 (s, 1 H), 7.76–7.71 (m, 1 H), 7.42 (d, J = 8.1 Hz, 1 H), 7.28 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.06 (s, 1 H), 6.30 (q, J = 7.3 Hz, 1 H), 4.35 (d, J = 4.8 Hz, 1 H), 4.13 (t, J = 

5.2 Hz, 1 H), 3.86 (dd, J = 9.9, 4.2 Hz, 1 H), 3.74 (dddd, J = 5.8, 5.5, 4.8, 4.2 Hz, 1 H), 3.58 

(s, 3 H), 3.50 (dd, J = 9.9, 5.8 Hz, 1 H), 3.39 (dd, J = 5.5, 5.2 Hz, 2 H), 2.26 (s, 3 H), 2.07 (s, 

3 H), 2.05 (d, J = 7.3 Hz, 3 H). Only a single diasteroisomer was observed. 

(S)-(2,2-Dimethyl-1,3-dioxolan-4-yl)methyl methanesulfonate 

 

253 

A stirred solution of (S)-(2,2-dimethyl-1,3-dioxolan-4-yl)methanol (0.43 mL, 3.46 

mmol) and triethylamine (1.2 mL, 8.64 mmol) in DCM (6 mL) at 0 ºC was treated with 

methanesulfonyl chloride (0.32 mL, 4.11 mmol). The mixture was stirred under nitrogen for 

10 min and then allowed to warm to r.t. over 4 h. The reaction mixture was diluted with 

EtOAc (10 mL) and the solution washed with brine (10 mL). The aqueous layer was 

extracted with EtOAc (10 mL), the organic layers combined and washed with sat. NaHCO3 

(aq) (5 mL) then with brine/water (1:1, 2 x 5 mL). The organic layer was passed through a 

hydrophobic frit and the solvent removed by rotary evaporation. The residue was loaded in 

DCM (2 mL) and purified on a 25 g silica cartridge using a gradient of 0–100% EtOAc in 

cyclohexane over 12 column volumes. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give the title compound as a colourless oil (645 

mg, 3.07 mmol, 89%). 

1
H NMR (400 MHz, CDCl3): δ 4.37 (m, 1 H), 4.23 (d, J = 5.2 Hz, 2 H), 4.11 (dd, J = 8.8 Hz, 

6.5 Hz, 1 H), 3.83 (dd, J = 8.8 Hz, 5.5 Hz, 1 H), 3.06 (s, 3 H), 1.45 (s, 3 H), 1.37 (s, 3 H). 

The 
1
H NMR was identical to that of the enantiomer, compound 252.

145
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8-[(S)-2,3-Dihydroxypropoxy]-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-[(R)-1-(pyridin-

2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

257 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (100 mg, 0.241 mmol), (S)-(2,2-

dimethyl-1,3-dioxolan-4-yl)methyl methanesulfonate 253 (67 mg, 0.319 mmol) and 

potassium carbonate (46 mg, 0.333 mmol) in DMF (2 mL) was stirred at 100 ºC under 

nitrogen for 5.5 h. Further (S)-(2,2-dimethyl-1,3-dioxolan-4-yl)methyl methanesulfonate 253 

(51 mg) in DMF (0.5 mL) was added and the mixture was stirred at 100 ºC under nitrogen 

for 16.5 h. The reaction mixture was diluted with EtOAc (15 mL) then washed with 10% 

LiCl (aq) (10 mL). The aqueous layer was extracted with EtOAc (10 mL) and the combined 

organic layers were passed through a hydrophobic frit. The solvent was removed by rotary 

evaporation and the residue dissolved in MeOH. The solution was applied to a MeOH 

preconditioned 5 g SCX-2 cartridge which was then washed with MeOH (30 mL) followed 

by 2 M ammonia in MeOH solution (30 mL). The basic wash was evaporated in vacuo, the 

residue dissolved in MeOH (3 mL) and 4 M HCl in 1,4-dioxane solution (1 mL, 0.241 

mmol) added. The mixture was left to stir at r.t. for 3 h. The reaction mixture was diluted 

with DCM (10 mL) and washed with brine (10 mL). The aqueous layer was washed with 

DCM (10 mL), basicified to pH = 14 by the addition of 2 M NaOH (aq) and washed with 

DCM (10 mL). The aqueous layer was applied to a MeOH preconditioned 5 g SCX-2 

cartridge which was then washed with MeOH (30 mL) followed by 2 M ammonia in MeOH 

solution (30 mL). The basic wash was combined with all organic extracts (after drying 

through hydrophobic frits) and the solvent removed by rotary evaporation. The residue was 

dissolved in a 1:1 mixture of DCM:MeOH and filtered. The filtrate was concentrated in 

vacuo and the residue purified by MDAP using Method HpH. The appropriate fractions were 

combined and dried under a stream of nitrogen. The sample was dissolved in EtOH (1 mL) 

and heptane (1 mL). One injection was made onto a Chiralcel
®
 OD-H column (250 mm x 30 

mm, 5 µm packing diameter). An isocratic system of 10% EtOH in heptane with a flow rate 

of 40 mL/min was used at r.t. The UV detection was performed at 240 nm. The appropriate 
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fractions were combined and evaporated in vacuo to give the title compound (25 mg, 0.051 

mmol, 21%). 

LCMS (HpH): m/z 490 [(M + H)
+
]; Rt: 0.73 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ

 
8.76 (s, 1 H), 8.60 (d, J = 

4.8 Hz, 1 H), 7.77 (s, 1 H), 7.76–7.71 (m, 1 H), 7.42 (d, J = 8.1 Hz, 1 H), 7.28 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.05 (s, 1 H), 6.30 (q, J = 7.3 Hz, 1 H), 4.37 (d, J = 4.8 Hz, 1 H), 4.13 (t, J = 

5.2 Hz, 1 H), 3.78 (dd, J = 9.5, 5.7 Hz, 1 H), 3.76–3.69 (m, 1 H), 3.58 (s, 3 H), 3.57–3.54 (m, 

1 H), 3.41–3.36 (m, 2 H), 2.26 (s, 3 H), 2.07 (s, 3 H), 2.05 (d, J = 7.3 Hz, 3 H). Only a single 

diasteroisomer was observed. 

7-(3,5-Dimethylisoxazol-4-yl)-8-(3-methoxypropoxy)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-

1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

258 

A solution of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (270 mg, 0.65 mmol) in anhydrous 

DMF (4.5 mL) was dispensed evenly between 6 x vessels each containing potassium 

carbonate (18 mg, 0.13 mmol). To one of these vessels was added 1-bromo-3-

methoxypropane 254 (20 mg, 0.13 mmol) and the mixture stirred under nitrogen at 100 ºC 

for 16 h. The reaction mixture was evaporated under a stream of nitrogen and the crude 

material purified by MDAP using Method Formic. The appropriate fractions were combined 

and the solvent removed by rotary evaporation to give the title compound as an off-white 

solid (26 mg, 0.05 mmol, 49%). 

m.p.: 110–112 ºC. 

IR (solid) ν (cm
-1

): 2930, 1704, 1621, 1579, 1453 1216, 1036, 748. 

LCMS (formic A): m/z 488 [(M + H)
+
]; Rt: 0.79 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C27H30N5O4 488.2292, found 488.2289. 

1
H NMR (400 MHz, CDCl3): δ 8.70–8.62 (m, 2 H), 7.82 (s, 1 H), 7.67–7.57 (m, 1 H), 7.35 

(br s, 1 H), 7.23 (dd, J = 7.3, 5.1 Hz, 1 H), 6.93 (br s, 1 H), 6.50–6.37 (m, 1 H), 3.95–3.84 

(m, 1 H), 3.70 (s, 3 H), 3.46–3.39 (m, 2 H), 3.34 (s, 3 H), 3.41 (br s, 1 H), 2.30 (s, 3 H), 2.15 
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(s, 3 H), 2.13 (d, J = 7.3 Hz, 3 H), 1.99–1.90 (m, 2 H). Broad signals observed due to 

restricted rotation. 

13
C NMR (100 MHz, DMSO-d6): δ 166.2, 154.9, 154.5, 149.4, 140.9, 137.2, 133.2, 130.4, 

128.2, 123.9, 122.6, 122.0, 121.4, 115.9, 112.5, 101.9, 68.9, 65.7, 58.7, 53.8, 29.4, 27.9, 

11.7, 10.8. 

Ethyl 7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-

dihydro-1H-imidazo[4,5-c]quinoline-8-carboxylate 

 

266 

A 100 mL 3-necked flask was charged with palladium diacetate (15 mg, 0.07 mmol), 

1,3-bis(diphenylphosphino)propane (27 mg, 0.07 mmol), 7-(3,5-dimethylisoxazol-4-yl)-3-

methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl 

trifluoromethanesulfonate 265 (500 mg, 0.91 mmol), anhydrous DMF (10 mL), EtOH (8 mL, 

137 mmol) and triethylamine (0.28 mL, 2.01 mmol). The flask was fitted with a reflux 

condenser and the apparatus purged with CO gas. A balloon of CO gas was fitted to the top 

of the condenser and the mixture stirred at 70 ºC for 3 h. The reaction mixture was 

evaporated in vacuo and the resulting gum dissolved in EtOAc (10 mL). The organic layer 

was washed with 10% LiCl (aq) (10 mL) and then water (2 x 10 mL). The organic layer was 

passed through a hydrophobic frit and the solvent evaporated in vacuo. The crude material 

was purified on a 100 g silica cartridge using a gradient of 0–15% MeOH in DCM over 12 

column volumes. The appropriate fractions were combined and the solvent evaporated in 

vacuo to give the title compound as a light yellow foam (430 mg, 0.91 mmol, 100%). 

m.p.: 90–92 ºC. 

IR (solid) ν (cm
-1

): 2983, 1707, 1575, 1432, 1251, 1097, 1035, 748. 

LCMS (formic A): m/z 472 [(M + H)
+
]; Rt: 0.87 min; 94% purity by peak area. 

HRMS (ESI): M + H calcd for C26H26N5O4 472.1979, found 472.1972. 

1
H NMR (400 MHz, DMSO-d6): δ 9.12 (s, 1 H), 8.54 (d, J = 4.8 Hz, 1 H), 8.15 (br s, 1 H), 

7.91 (s, 1 H), 7.78 (dd, J = 7.8, 7.3 Hz, 1 H), 7.47 (d, J = 7.8 Hz, 1 H), 7.31 (dd, J = 7.3, 4.8 

Hz, 1 H), 6.33 (q, J = 7.3 Hz, 1 H), 4.19–4.05 (m, 2 H), 3.30 (s, 3 H), 2.20 (s, 3 H), 2.05 (d, J 

= 7.3 Hz, 3 H), 1.96 (s, 3 H), 1.18 (t, J = 7.1 Hz, 3 H). 
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13
C NMR (100 MHz, DMSO-d6): δ 164.6, 163.3, 158.2, 158.5, 153.6, 149.2, 145.0, 137.3, 

135.8, 133.7, 133.5, 129.0, 126.5, 126.3, 124.2, 122.6, 120.9, 115.2, 113.4, 60.9, 54.9, 27.8, 

17.1, 13.8, 10.9, 10.0. 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-dihydro-1H-

imidazo[4,5-c]quinoline-8-carboxylic acid 

 

267 

A solution of ethyl 7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinoline-8-carboxylate 266 (300 mg, 0.64 mmol) 

in EtOH (2 mL) was treated with 2 M NaOH (aq) (0.33 mL, 0.66 mmol) and the reaction 

mixture stirred at r.t. for 15 h. Further 2 M NaOH (aq) (0.150 mL) was added and the 

mixture stirred at 50 ºC for 3 h. The reaction mixture was evaporated in vacuo and the crude 

material purified by MDAP using Method Formic. The appropriate fractions were combined 

and the solvent removed by rotary evaporation to give the title compound (0.5 mol ratio 

formic acid salt) as an off-white solid (191 mg, 0.41 mmol, 64%). 

LCMS (formic A): m/z 444 [(M + H)
+
]; Rt: 0.61 min; 99% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (353 K) δ 9.04 (s, 1 H), 8.52 (d, J = 

4.8 Hz, 1 H), 8.30 (s, 1 H), 8.14 (s, 0.5 H), 7.85 (s, 1 H), 7.74 (dd, J = 7.8, 7.3 Hz, 1 H), 7.44 

(d, J = 7.8 Hz, 1 H), 7.28 (dd, J = 7.3, 4.8 Hz, 1 H), 6.33 (q, J = 7.3 Hz, 1 H), 3.63 (s, 3 H), 

2.21 (s, 3 H), 2.07 (d, J = 7.3 Hz, 3 H), 1.99 (s, 3 H). 
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7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-dihydro-1H-

imidazo[4,5-c]quinoline-8-carboxamide 

 

268 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-

2,3-dihydro-1H-imidazo[4,5-c]quinoline-8-carboxylic acid 267 (36 mg, 0.08 mmol) and 

HATU (40 mg, 0.11 mmol) was suspended in anhydrous DMF (0.5 mL) and DIPEA (0.043 

mL, 0.24 mmol) added. A solution formed which was allowed to stand in a stoppered vessel 

at r.t. for 15 min. Ammonia in 1,4-dioxane solution (0.5 M, 1.0 mL, 0.50 mmol) was added 

to the reaction mixture and left to stand for 1 h. The reaction mixture was partially 

evaporated under a stream of nitrogen (until ~0.5 mL was remaining) and purified by MDAP 

using Method Formic. The appropriate fractions were combined and the solvent evaporated 

in vacuo. The residue was dissolved in MeOH (0.5 mL) and was applied to a MeOH 

preconditioned 0.5 g NH2 cartridge. The cartridge was washed with MeOH (3 mL), and the 

solvent evaporated under a stream of nitrogen to give the title compound as an off-white 

solid (17 mg, 0.04 mmol, 47%). 

LCMS (formic A): m/z 443 [(M + H)
+
]; Rt: 0.54 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 9.03 (s, 1 H), 8.53 (d, J = 4.8 Hz, 1 H), 7.87 (s, 1 H), 7.91 

(br s, 1 H), 7.77 (dd, J = 7.8, 7.3 Hz, 1 H), 7.54 (br s, 1 H), 7.46 (d, J = 7.8 Hz, 1 H), 7.34–

7.24 (m, 2 H), 6.36 (q, J = 7.3 Hz, 1 H), 3.60 (s, 3 H), 2.25 (s, 3 H), 2.07 (s, 3 H), 2.07 (d, J 

= 7.3 Hz, 3 H). 
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7-(3,5-Dimethylisoxazol-4-yl)-8-(hydroxymethyl)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

269 

A vacuum oven dried 25 mL 3-necked flask under nitrogen was charged with a 

solution of ethyl 7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-

2,3-dihydro-1H-imidazo[4,5-c]quinoline-8-carboxylate 266 (40 mg, 0.09 mmol) in 

anhydrous THF (1 mL) and the flask evacuated and purged with nitrogen (x 3). The solution 

was cooled to −78 ºC and DIBAL-H (1 M solution in DCM, 0.13 mL, 0.13 mmol) was added 

dropwise. The reaction was stirred at this temperature for 30 min then allowed to warm to r.t. 

over 1 h. The reaction mixture was cooled to −78 ºC and further DIBAL-H (1 M solution in 

DCM, 0.39 mL, 0.39 mmol) was added dropwise. The reaction mixture was stirred at this 

temperature for 30 min then allowed to warm to r.t. over 1 h. The reaction mixture was 

quenched by the addition of sat. Rochelle’s salt (aq) (5 mL). The mixture was diluted with 

EtOAc (5 mL) and the layers allowed to separate. The organic layer was washed with water 

(2 x 5 mL), separated and passed through a hydrophobic frit. The solvent was evaporated 

under reduced pressure and the crude material purified by MDAP using Method Formic. The 

appropriate fractions were combined and the solvent removed by rotary evaporation. The 

residue was dissolved in MeOH (0.5 mL) and applied to a MeOH preconditioned 0.5 g SCX-

2 cartridge. The cartridge was washed with MeOH (3 mL) followed by 2 M ammonia in 

MeOH solution (3 mL). The basic wash was evaporated under a stream of nitrogen to give 

the title compound as a light yellow gum (11 mg, 0.03 mmol, 30%). 

LCMS (formic A): m/z 430 [(M + H)
+
]; Rt: 0.58 min; 99% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (353 K) δ 8.92 (s, 1 H), 8.54 (d, J = 

4.8 Hz, 1 H), 7.94 (s, 1 H), 7.77 (s, 1 H), 7.76–7.72 (m, 1 H), 7.44 (d, J = 8.1 Hz, 1 H), 7.27 

(dd, J = 7.4, 4.8 Hz, 1 H), 6.35 (q, J = 7.2 Hz, 1 H), 4.26 (d, J = 13.6 Hz, 1 H), 4.20 (d, J = 

13.6 Hz, 1 H), 3.59 (s, 3 H), 2.20 (s, 3 H), 2.08 (d, J = 7.2 Hz, 3 H), 2.00 (s, 3 H). OH signal 

not resolved.  



Confidential – Property of GSK – Do Not Copy 

 

203 

tert-Butyl 2-{7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-

dihydro-1H-imidazo[4,5-c]quinolin-8-yl}acetate 

 

270 

To a mixture of 7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl trifluoromethanesulfonate 265 (250 

mg, 0.457 mmol) and palladium tetrakis (53 mg, 0.046 mmol) in a sealed vessel under 

nitrogen was added anhydrous NMP (0.5 mL) and [2-(tert-butoxy)-2-oxoethyl]zinc(II) 

chloride (0.5 M solution in THF, 2.5 mL, 1.250 mmol). The mixture was heated in a Biotage 

I60 microwave at 90 ºC for 20 min (FHT: on, absorbance: high, cooling: off). The reaction 

mixture was diluted with sat. NH4Cl (aq) (2 mL) and extracted with EtOAc (3 x 2 mL). The 

organic extracts were combined and passed through a hydrophobic frit. The solvent was 

removed in vacuo, the residue loaded in DCM (2 mL) and purified on a 100 g silica cartridge 

using a gradient of 0–100% acetone in cyclohexane over 12 column volumes. The 

appropriate fractions were combined and the solvent removed by rotary evaporation. The 

solid was purified by MDAP using Method HpH. The appropriate fractions were combined 

and the solvent removed by rotary evaporation to give the title compound as an off-white 

solid (39 mg, 0.076 mmol, 17%). 

LCMS (formic A): m/z 514 [(M + H)
+
]; Rt: 0.91 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) 8.92 (s, 1 H), 8.56 (d, J = 4.8 

Hz, 1 H), 7.81 (s, 1 H), 7.78 (s, 1 H), 7.77–7.72 (m, 1 H), 7.44 (d, J = 7.8 Hz, 1 H), 7.27 (dd, 

J = 7.8, 4.8 Hz, 1 H), 6.35 (q, J = 7.2 Hz, 1 H), 3.60 (s, 3 H), 3.36 (br s, 2 H), 2.20 (s, 3 H), 

2.08 (d, J = 7.2 Hz, 3 H), 2.01 (s, 3 H), 1.32 (s, 9 H). 
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2-{7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-dihydro-

1H-imidazo[4,5-c]quinolin-8-yl}acetic acid 

 

271 

A solution of tert-butyl 2-{7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}acetate 270 (35 mg, 0.068 

mmol) in DCM (0.5 mL) was treated with TFA (0.5 mL, 6.49 mmol) and the mixture left to 

stand at r.t. in a stoppered vessel for 36 h. The reaction mixture was evaporated under a 

stream of nitrogen and was purified by MDAP using Method TFA. The appropriate fractions 

were combined and the solvent evaporated under a stream of nitrogen. The solid was 

dissolved in MeOH (0.5 mL) and applied to MeOH preconditioned 0.5 g SCX-2 cartridge. 

The cartridge was washed with MeOH (3 mL) followed by 2 M ammonia in MeOH solution 

(3 mL). The basic wash was evaporated under a stream of nitrogen to give the title 

compound as an off white solid (11 mg, 0.024 mmol, 35%). 

LCMS (formic A): m/z 458 [(M + H)
+
]; Rt: 0.59 min; 97% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.94–8.88 (m, 1 H), 8.56 

(d, J = 4.8 Hz, 1 H), 7.81–7.77 (m, 2 H), 7.77–7.71 (m, 1 H), 7.44 (d, J = 8.1 Hz, 1 H), 7.27 

(dd, J = 7.3, 4.8 Hz, 1 H), 6.35 (q, J = 7.2 Hz, 1 H), 3.60 (s, 3 H), 3.42–3.30 (m, 2 H), 2.19 

(s, 3 H), 2.08 (d, J = 7.2 Hz, 3 H), 2.00 (s, 3 H). 

tert-Butyl 2-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-

dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)acetate 

 

272 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (60 mg, 0.14 mmol) and potassium 

carbonate (24 mg, 0.17 mmol) was suspended in anhydrous DMF (1 mL) and treated with 
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tert-butyl bromoacetate (0.026 mL, 0.17 mmol). The mixture was stirred under nitrogen at 

100 ºC for 5 h. The reaction mixture was allowed to cool to r.t. and partially evaporated 

under a stream of nitrogen (~ 0.9 mL remaining). The mixture was filtered and purified by 

MDAP using Method Formic. The appropriate fractions were combined and the solvent 

removed by rotary evaporation. The solid was dissolved in MeOH (0.5 mL) and applied to a 

MeOH preconditioned 1 g SCX-2 cartridge. The cartridge was washed with MeOH (3 mL) 

followed by 2 M ammonia in MeOH solution (3 mL). The basic wash was evaporated under 

a stream of nitrogen to give the title compound as a light brown solid (37 mg, 0.07 mmol, 

48%). 

LCMS (formic A): m/z 530 [(M + H)
+
]; Rt: 0.96 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.80 (s, 1 H), 8.62 (d, J = 

4.8 Hz, 1 H), 7.85 (s, 1 H), 7.80–7.74 (m, 1 H), 7.46 (d, J = 8.1 Hz, 1 H), 7.33 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.15 (s, 1 H), 6.29 (q, J = 7.2 Hz, 1 H), 4.43–4.31 (m, 2 H), 3.59 (s, 3 H), 2.30 

(s, 3 H), 2.13 (s, 3 H), 2.06 (d, J = 7.2 Hz, 3 H), 1.47 (s, 9 H). 

2-({7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-dihydro-

1H-imidazo[4,5-c]quinolin-8-yl}oxy)acetic acid 

 

273 

A solution of tert-butyl 2-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)acetate 272 (29 mg, 

0.06 mmol) in DCM (0.75 mL) was treated with TFA (0.5 mL, 6.49 mmol) and left to stand 

in a stoppered vessel for 2 h. The reaction mixture was evaporated in vacuo. The solid was 

dissolved in MeOH (0.5 mL) and applied to MeOH preconditioned 0.5 g SCX-2 cartridge. 

The cartridge was washed with MeOH (3 mL) followed by 2 M ammonia in MeOH solution 

(3 mL). The basic wash was evaporated under a stream of nitrogen to give the title 

compound as an off-white solid (15 mg, 0.032 mmol, 58%). 

LCMS (formic A): m/z 474 [(M + H)
+
]; Rt: 0.61 min; 94% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) 8.79 (s, 1 H), 8.60 (d, J = 4.8 

Hz, 1 H), 7.83 (s, 1 H), 7.80–7.73 (m, 1 H), 7.46 (d, J = 8.1 Hz, 1 H), 7.30 (dd, J = 7.3, 4.8 
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Hz, 1H), 7.15 (s, 1 H), 6.31 (q, J = 7.2 Hz, 1 H), 4.44–4.34 (m, 2 H), 3.60 (s, 3 H), 2.31 (s, 3 

H), 2.14 (s, 3 H), 2.07 (d, J = 7.2 Hz, 3 H). CO2H signal not resolved. 

8-(Difluoromethoxy)-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-

1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

274 

A stirred solution of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-

(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (100 mg, 0.24 mmol) and 

potassium hydroxide (270 mg, 4.81 mmol) in acetonitrile (1 mL) and water (1 mL) was 

cooled to −78 ºC and treated with diethyl (bromodifluoromethyl)phosphonate (0.171 mL, 

0.96 mmol). The mixture was allowed to warm to r.t. over 3 h. The reaction mixture was 

diluted with brine (10 mL) and extracted with EtOAc (2 x 10 mL). The organic layers were 

combined, passed through a hydrophobic frit and the solvent evaporated in vacuo. The crude 

material was purified on a 50 g silica cartridge using a gradient of 0–15% MeOH in DCM 

over 10 column volumes. The appropriate fractions were combined and the solvent 

evaporated in vacuo. The crude material was purified by MDAP using Method Formic. The 

appropriate fractions were combined and the solvent removed by rotary evaporation. The 

residue was dissolved in MeOH (0.5 mL) and applied to a MeOH preconditioned 0.5 g NH2 

cartridge. The cartridge was washed with MeOH (3 mL) and the solvent removed under a 

stream of nitrogen to give the title compound as an off-white solid (15 mg, 0.03 mmol, 

13%). 

LCMS (formic A): m/z 466 [(M + H)
+
]; Rt: 0.89 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.77 (s, 1 H), 8.65 (dd, J = 4.8, 1.6 Hz, 1 H), 7.94 (s, 1 H), 

7.66 (ddd, J = 7.6, 7.4, 1.6 Hz, 1 H), 7.50 (br s, 1 H), 7.38 (d, J = 7.6 Hz, 1 H), 7.24 (dd, J = 

7.4, 4.8 Hz, 1 H), 6.43 (q, J = 7.2 Hz, 1 H), 6.30 (t, J = 7.3 Hz, 1 H), 3.71 (s, 3 H), 2.32 (s, 3 

H), 2.18 (s, 3 H), 2.12 (d, J = 7.2 Hz, 3 H).  
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tert-Butyl 4-(6-cyanopyridin-2-yl)piperazine-1-carboxylate 

 

277a 

A mixture of 6-chloropicolinonitrile 275 (1 g, 7.22 mmol), potassium carbonate (1.3 g, 

9.41 mmol) and tert-butyl 1-piperazinecarboxylate (1.7 g, 9.13 mmol) was suspended in 

anhydrous DMF (15 mL) and stirred under nitrogen at 100 ºC for 15 h. The reaction mixture 

was allowed to cool to r.t., diluted with EtOAc (50 mL) and washed sequentially with water 

(2 x 50 mL) and 10% LiCl (aq) (50 mL). The organic layer was separated, passed through a 

hydrophobic frit and the solvent evaporated in vacuo. The crude material was purified on a 

100 g silica cartridge using a gradient of 0–100% EtOAc in cyclohexane over 10 column 

volumes. The appropriate fractions were combined and the solvent removed by rotary 

evaporation to give the title compound as a white solid (1.75 g, 6.07 mmol, 84%). 

LCMS (formic A): m/z 289 [(M + H)
+
]; Rt: 1.13 min; 97% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 7.53 (dd, J = 8.8, 7.1 Hz, 1 H), 6.99 (d, J = 7.1 Hz, 1 H), 6.81 

(d, J = 8.8 Hz, 1 H), 3.61–3.51 (m, 8 H), 1.49 (s, 9 H). 

tert-Butyl 4-[6-(aminomethyl)pyridin-2-yl]piperazine-1-carboxylate 

 

278a 

A solution of tert-butyl 4-(6-cyanopyridin-2-yl)piperazine-1-carboxylate 277a (1.72 g, 

5.96 mmol) in MeOH (80 mL) was hydrogenated over 5% Pd/C (CatCart 30) at 70 °C using 

an H-cube (50 bar, 1 mL/min flow rate). The eluent was evaporated in vacuo and the oil 

dissolved in MeOH (10 mL). The solution was applied to a MeOH preconditioned 70 g 

SCX-2 cartridge. The cartridge was washed with MeOH (200 mL) followed by 2 M 

ammonia in MeOH solution (200 mL). The basic wash was evaporated in vacuo and the oil 

purified on a 100 g silica cartridge using a gradient of 0–15% 2 M ammonia/MeOH in DCM 

over 10 column volumes. The appropriate fractions were combined and the solvent removed 

by rotary evaporation to give the title compound as a yellow oil (607 mg, 2.08 mmol, 35%). 

LCMS (formic A): m/z 293 [(M + H)
+
]; Rt: 0.67 min; 92% purity by peak area. 
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1
H NMR (400 MHz, CDCl3): δ 7.45 (dd, J = 8.4, 7.2 Hz, 1 H), 6.58 (d, J = 7.1 Hz, 1 H), 6.50 

(d, J = 8.6 Hz, 1 H), 3.80 (s, 2 H), 3.54 (s, 8 H), 1.49 (s, 9 H). NH2 signal not resolved. 

tert-Butyl 4-[6-({[3-carbamoyl-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinolin-4-

yl]amino}methyl)pyridin-2-yl]piperazine-1-carboxylate 

 

279a 

A mixture of tert-butyl 4-[6-(aminomethyl)pyridin-2-yl]piperazine-1-carboxylate 

278a (190 mg, 0.65 mmol) and 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-

3-carboxamide 239 (200 mg, 0.60 mmol) in anhydrous NMP (2 mL) and DIPEA (125 µL, 

0.72 mmol) was stirred at 100 ºC under nitrogen for 15 h. The reaction mixture was allowed 

to cool to r.t. and applied to a MeOH preconditioned 5 g SCX-2 cartridge. The cartridge was 

washed with MeOH (30 mL) followed by 2 M ammonia in MeOH solution (30 mL). The 

basic wash was evaporated in vacuo and the crude material purified on a 100 g silica 

cartridge using a gradient of 0–15% 2 M ammonia/MeOH in DCM over 10 column volumes. 

The appropriate fractions were combined and the solvent removed by rotary evaporation to 

give the title compound as a yellow gum (240 mg, 0.41 mmol, 68%). 

LCMS (formic A): m/z 588 [(M + H)
+
]; Rt: 0.98 min; 93% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.57 (t, J = 6.1 Hz, 1 H), 8.67 (s, 1 H), 7.71 (s, 1 H), 7.52 

(dd, J = 8.6, 7.1 Hz, 1 H), 7.48 (s, 1 H), 6.84 (d, J = 7.1 Hz, 1 H), 6.56 (d, J = 8.6 Hz, 1 H), 

5.90 (br s, 2 H), 4.89 (d, J = 6.1 Hz, 2 H), 3.62 (s, 3 H), 3.61–3.51 (m, 8 H), 2.34 (s, 3 H), 

2.19 (s, 3 H), 1.49 (s, 9 H). 
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tert-Butyl 4-(6-{[7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-2-oxo-2,3-dihydro-1H-

imidazo[4,5-c]quinolin-1-yl]methyl}pyridin-2-yl)piperazine-1-carboxylate 

 

280a 

A solution of tert-butyl 4-[6-({[3-carbamoyl-7-(3,5-dimethylisoxazol-4-yl)-6-

methoxyquinolin-4-yl]amino}methyl)pyridin-2-yl]piperazine-1-carboxylate 279a (235 mg, 

0.40 mmol) in MeOH (4 mL) was treated with potassium hydroxide (34 mg, 0.61 mmol) 

followed by iodobenzene diacetate (167 mg, 0.52 mmol). The mixture was stirred at r.t. in a 

stoppered vessel for 15 h. The reaction mixture was evaporated in vacuo and the resulting 

gum purified by MDAP using Method HpH. The appropriate fractions were combined and 

the solvent removed by rotary evaporation to give the title compound as a yellow gum (154 

mg, 0.26 mmol, 66%). 

LCMS (HpH): m/z 586 [(M + H)
+
]; Rt: 1.09 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.74 (s, 1 H), 7.85 (s, 1 H), 7.50–7.40 (m, 1 H), 7.30–7.28 

(m, 1 H), 6.57–6.53 (m, 2 H), 5.57 (s, 2 H), 3.64 (s, 3 H), 3.45 (s, 8 H), 2.32 (s, 3 H), 2.16 (s, 

3 H), 1.48 (s, 9 H). NH signal not resolved. 

7-(3,5-Dimethylisoxazol-4-yl)-8-methoxy-1-{[6-(piperazin-1-yl)pyridin-2-yl]methyl}-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

281a 

A solution of tert-butyl 4-(6-{[7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-2-oxo-2,3-

dihydro-1H-imidazo[4,5-c]quinolin-1-yl]methyl}pyridin-2-yl)piperazine-1-carboxylate 280a 
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(100 mg, 0.17 mmol) was dissolved in DCM (1.5 mL) and treated with TFA (0.75 mL, 9.73 

mmol). The mixture was allowed to stand in a stoppered vessel at r.t. for 2 h. The reaction 

mixture was evaporated in vacuo and the crude material purified by MDAP using Method 

HpH. The appropriate fractions were combined and the solvent removed by rotary 

evaporation to give the title compound as a white solid (48 mg, 0.10 mmol, 58%). 

LCMS (formic A): m/z 486 [(M + H)
+
]; Rt: 0.57 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 8.60 (s, 1 H), 7.79 (s, 1 H), 7.46 (dd, J = 8.6, 7.3 Hz, 1 

H), 7.29 (s, 1 H), 6.65 (d, J = 8.6 Hz, 1 H), 6.47 (d, J = 7.3 Hz, 1 H), 5.44 (s, 2 H), 3.65 (s, 3 

H), 3.26–3.20 (m, 4 H), 2.64–2.57 (m, 4 H), 2.27 (s, 3 H), 2.06 (s, 3 H). Imidazoquinolinone 

and piperazine NH signals not resolved. 

tert-Butyl {3-[(6-cyanopyridin-2-yl)oxy]propyl}carbamate 

 

277b 

A stirred solution of tert-butyl (3-hydroxypropyl)carbamate (1.48 mL, 8.67 mmol) in 

NMP (15 mL) was treated with sodium hydride (60% dispersion in mineral oil, 0.35 g, 8.63 

mmol) and the mixture stirred under nitrogen at 0 °C for 20 min. 6-Chloropicolinonitrile 275 

(1.01 g, 7.25 mmol) was added and the mixture stirred at 60 °C for 18 h. The reaction was 

allowed to cool to r.t. and water (40 mL) added. The mixture was extracted with diethyl ether 

(40 mL), the phases separated and the organic phase washed with water (2 x 40 mL). The 

organic phase was dried with magnesium sulfate, filtered through a hydrophobic frit and the 

solvent evaporated in vacuo. The sample was dissolved in DCM and purified on a 50 g silica 

cartridge using a gradient of 0–25% EtOAc in cyclohexane. The appropriate fractions were 

combined and the solvent removed by rotary evaporation to give the title compound as a pale 

yellow gum (296 mg, 1.01 mmol, 14%). 

LCMS (formic A): m/z 278 [(M + H)
+
]; Rt: 1.04 min; 98% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 7.65 (dd, J = 8.6, 7.3 Hz, 1 H), 7.29 (d, J = 7.3 Hz, 1 H), 6.95 

(d, J = 8.6 Hz, 1 H), 4.69 (d, J = 4.5 Hz, 1 H), 4.40 (t, J = 6.2 Hz, 2 H), 3.33–3.24 (m, 2 H), 

2.01–1.92 (m, 2 H), 1.43 (s, 9 H). 
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tert-Butyl (3-{[6-(aminomethyl)pyridin-2-yl]oxy}propyl)carbamate 

 

278b 

A solution of tert-butyl {3-[(6-cyanopyridin-2-yl)oxy]propyl}carbamate 277b (296 

mg, 1.066 mmol) in MeOH (22 mL) was hydrogenated over 10% Pd/C (CatCart 30) at 70 °C 

using an H-cube (50 bar, 1 mL/min flow rate). The eluent was evaporated in vacuo to give 

the title compound as a yellow gum (302 mg) which was used without purification in the 

next step. 

tert-Butyl (3-{[6-({[3-carbamoyl-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinolin-4-

yl]amino}methyl)pyridin-2-yl]oxy}propyl)carbamate 

 

279b 

A mixture of tert-butyl (3-{[6-(aminomethyl)pyridin-2-yl]oxy}propyl)carbamate 278b 

(299 mg, 1.061 mmol) and 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-

carboxamide 239 (290 mg, 0.874 mmol) in anhydrous NMP (3 mL) and DIPEA (0.168 mL, 

0.962 mmol) was stirred at 100 °C under nitrogen for 3.5 h. The reaction mixture was 

allowed to cool to r.t. and applied to a MeOH preconditioned 5 g SCX-2 cartridge. The 

cartridge was washed with MeOH (30 mL) followed by 2 M ammonia in MeOH solution (30 

mL). The washes were combined and evaporated in vacuo to and the residue purified on a 

100 g silica cartridge using 100% EtOAc. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give the title compound as a yellow glass (80 mg, 

0.131 mmol, 15%). 

LCMS (HpH): m/z 577 [(M + H)
+
]; Rt: 1.08 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 9.04 (br s, 1 H), 8.69 (s, 1 H), 7.70–7.62 (m, 3 H), 7.36 

(br s, 2 H), 7.04 (d, J = 7.1 Hz, 1 H), 6.66 (d, J = 8.3 Hz, 1 H), 6.30 (br s, 1 H), 4.88 (d, J = 

5.8 Hz, 2 H), 4.31 (t, J = 6.6 Hz, 2 H), 3.80 (s, 3 H), 3.09 (td, J = 6.3, 6.0 Hz, 2 H), 2.32 (s, 3 

H), 2.13 (s, 3 H), 1.85 (tt, J = 6.6, 6.3 Hz, 2 H), 1.38 (s, 9 H). 
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tert-Butyl {3-[(6-{[7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-2-oxo-2,3-dihydro-1H-

imidazo[4,5-c]quinolin-1-yl]methyl}pyridin-2-yl)oxy]propyl}carbamate 

 

280b 

A solution of tert-butyl (3-{[6-({[3-carbamoyl-7-(3,5-dimethylisoxazol-4-yl)-6-

methoxyquinolin-4-yl]amino}methyl)pyridin-2-yl]oxy}propyl)carbamate 279b (78 mg, 

0.138 mmol) in MeOH (1.2 mL) was treated with potassium hydroxide (12 mg, 0.219 mmol) 

followed by iodobenzene diacetate (58 mg, 0.181 mmol). The mixture was stirred at r.t. in a 

stoppered vessel for 1 h. The reaction mixture was evaporated under a stream of nitrogen and 

the residue purified by MDAP using Method HpH. The appropriate fractions were combined 

and the solvent evaporated under a stream of nitrogen to give the title compound as a yellow 

glass (60 mg, 0.099 mmol, 72%). 

LCMS (HpH): m/z 575 [(M + H)
+
]; Rt: 1.05 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.85 (br s, 1 H), 8.73 (s, 1 H), 7.85 (s, 1 H), 7.54 (dd, J = 8.1, 

7.2 Hz, 1 H), 7.22 (s, 1 H), 6.82 (d, J = 7.2 Hz, 1 H), 6.62 (d, J = 8.1 Hz, 1 H), 5.61 (s, 2 H), 

4.80 (br s, 1 H), 4.15 (t, J = 6.8 Hz, 2 H), 3.66 (s, 3 H), 3.20 (td, J = 6.8, 6.0 Hz, 2 H), 2.31 

(s, 3 H), 2.16 (s, 3 H), 1.83 (tt, J = 6.8, 6.8 Hz, 2 H), 1.47 (s, 9 H). 

1-{[6-(3-Aminopropoxy)pyridin-2-yl]methyl}-7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-

1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

281b 

4 M HCl in 1,4-dioxane solution (1.5 mL, 6.00 mmol) was added to tert-butyl {3-[(6-

{[7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-2-oxo-2,3-dihydro-1H-imidazo[4,5-c]quinolin-
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1-yl]methyl}pyridin-2-yl)oxy]propyl}carbamate 280b (60 mg, 0.104 mmol) and the 

resulting mixture stirred in a stoppered vessel at r.t. for 3.25 h. The solvent was evaporated 

under a stream of nitrogen and the residue purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent evaporated under a stream of nitrogen 

to give the title compound as a yellow glass (37 mg, 0.073 mmol, 71%). 

LCMS (HpH): m/z 475 [(M + H)
+
]; Rt: 0.74 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.74 (s, 1 H), 7.85 (s, 1 H), 7.54 (dd, J = 8.1, 7.2 Hz, 1 H), 

7.24 (s, 1 H), 6.82 (d, J = 7.2 Hz, 1 H), 6.64 (d, J = 8.1 Hz, 1 H), 5.62 (s, 2 H), 4.20 (t, J = 

6.4 Hz, 2 H), 3.65 (s, 3 H), 2.79 (t, J = 6.8 Hz, 2 H), 2.32 (s, 3 H), 2.16 (s, 3 H), 1.79 (tt, J = 

6.8, 6.4 Hz, 2 H). Imidazoquinolinone and amine NH signals not resolved. 

(±)-tert-Butyl 3-[(6-cyanopyridin-2-yl)oxy]pyrrolidine-1-carboxylate 

 

277c 

A mixture of (±)-tert-butyl 3-hydroxypyrrolidine-1-carboxylate (810 mg, 4.33 mmol) 

and sodium hydride (60% dispersion in mineral oil, 289 mg, 7.22 mmol) in DMF (10 mL) 

was stirred at r.t. for 30 min then 6-chloropicolinonitrile 275 (500 mg, 3.61 mmol) added. 

The mixture was stirred for 3 h and quenched with sat. NH4Cl (aq) (100 mL). The mixture 

was extracted with EtOAc (2 x 100 mL), the organic extracts combined and washed with 

brine (2 x 100 mL). The organic layer was evaporated in vacuo and the residue purified by 

silica gel chromatography (petroleum ether:EtOAc = 2:1) to give the title compound as a 

yellow oil (500 mg, 1.73 mmol, 48%). 

LCMS (formic B): m/z 234 [(M − 
t
Bu)

+
]; Rt: 1.64 min; 100% purity by peak area. 

1
H NMR (300 MHz, CDCl3): δ 7.68 (dd, J = 8.4, 7.2 Hz, 1 H), 7.31 (d, J = 7.2 Hz, 1 H), 6.95 

(d, J = 8.4 Hz, 1 H), 5.61–5.53 (m, 1 H), 3.71–3.43 (m, 4 H), 2.20–2.11 (m, 2 H), 1.49–1.44 

(m, 9 H). 

(±)-tert-Butyl 3-{[6-(aminomethyl)pyridin-2-yl]oxy}pyrrolidine-1-carboxylate 

 

278c 

A mixture of (±)-tert-butyl 3-[(6-cyanopyridin-2-yl)oxy]pyrrolidine-1-carboxylate 

277c (500 mg, 1.73 mmol) and RaNi (50 mg) in MeOH (30 mL) was degassed with H2 for 5 
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min. The reaction mixture was stirred under an atmosphere of H2 at r.t overnight and filtered. 

The filtrate was concentrated in vacuo and the residue purified by silica gel chromatography 

(DCM:MeOH = 10:1) to obtain the title compound as a yellow oil (350 mg, 1.19 mmol). The 

crude material was used without further purification in the next step. 

LCMS (formic B): m/z 294 [(M + H)
+
]; Rt: 1.22 min; 100% purity by peak area. 

(±)-tert-Butyl 3-{[6-({[3-carbamoyl-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinolin-4-

yl]amino}methyl)pyridin-2-yl]oxy}pyrrolidine-1-carboxylate 

 

279c 

Batch 1: A mixture of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-

carboxamide 239 (20 mg, 0.060 mmol), (±)-tert-butyl 3-{[6-(aminomethyl)pyridin-2-

yl]oxy}pyrrolidine-1-carboxylate 278c (22 mg, 0.075 mmol) and DIPEA (0.021 mL, 0.121 

mmol) in NMP (2 mL) was stirred at 100 ºC overnight. The reaction mixture was purified by 

preparative TLC (DCM:MeOH = 10:1) to give the title compound as a yellow solid (16 mg, 

0.027 mmol). The crude material was used without further purification in the next step. 

LCMS (formic B): m/z 589 [(M + H)
+
]; Rt: 1.40 min; 100% purity by peak area. 

Batch 2: A mixture of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-

carboxamide 239 (30 mg, 0.1 mmol), (±)-tert-butyl 3-{[6-(aminomethyl)pyridin-2-

yl]oxy}pyrrolidine-1-carboxylate 278c (36 mg, 0.123 mmol) and DIPEA (0.026 mL, 0.2 

mmol) in NMP (2 mL) was heated at 150 ºC for 8 h. The reaction mixture was purified by 

preparative TLC (DCM:MeOH = 10:1) to give the title compound as a yellow solid (36 mg, 

0.06 mmol). The crude material was used without further purification in the next step. 

LCMS (formic B): m/z 589 [(M + H)
+
]; Rt: 1.37 min; 100% purity by peak area. 
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(±)-tert-Butyl 3-[(6-{[7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-2-oxo-2,3-dihydro-1H-

imidazo[4,5-c]quinolin-1-yl]methyl}pyridin-2-yl)oxy]pyrrolidine-1-carboxylate 

 

280c 

Batch 1: A mixture of (±)-tert-butyl 3-{[6-({[3-carbamoyl-7-(3,5-dimethylisoxazol-4-

yl)-6-methoxyquinolin-4-yl]amino}methyl)pyridin-2-yl]oxy}pyrrolidine-1-carboxylate 279c 

(16 mg, 0.027 mmol) and KOH (4 mg, 0.054 mmol) in MeOH (2 mL) was stirred at r.t. for 

30 min and iodobenzene diacetate (10 mg, 0.061 mmol) added. The reaction was stirred at 

r.t. overnight. 

Batch 2: A mixture of (±)-tert-butyl 3-{[6-({[3-carbamoyl-7-(3,5-dimethylisoxazol-4-

yl)-6-methoxyquinolin-4-yl]amino}methyl)pyridin-2-yl]oxy}pyrrolidine-1-carboxylate 279c 

(36 mg, 0.061 mmol) and KOH (8 mg, 0.12 mmol) in MeOH (4 mL) was stirred at r.t. for 30 

min and iodobenzene diacetate (20 mg, 0.061 mmol) added. The reaction was stirred at r.t. 

overnight. 

Both reaction mixture batches were combined and the solvent was removed in vacuo. 

The residue purified by preparative TLC (petroleum ether:EtOAc = 1:1) to give the title 

compound as a yellow solid (40 mg, 0.068 mmol, 77%). 

LCMS (formic B): m/z 587 [(M + H)
+
]; Rt: 1.40 min; 100% purity by peak area. 

1
H NMR (300 MHz, MeOD): δ

 
8.64 (s, 1 H), 7.81 (s, 1 H), 7.68 (dd, J = 8.2, 7.3 Hz, 1 H), 

7.40–7.31 (m, 1 H), 7.12–7.01 (m, 1 H), 6.66 (d, J = 8.2 Hz, 1 H), 5.69 (br s, 2 H), 5.02–4.93 

(m, 1 H), 3.76–3.67 (m, 3 H), 3.29–3.23 (m, 2 H), 3.19–3.12 (m, 2 H), 2.30 (s, 3 H), 2.12 (s, 

3 H), 1.78–1.66 (m, 2 H), 1.45–1.34 (m, 9 H). Broad signals observed due to restricted 

rotation. 
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(±)-7-(3,5-Dimethylisoxazol-4-yl)-8-methoxy-1-{[6-(pyrrolidin-3-yloxy)pyridin-2-

yl]methyl}-1H-imidazo[4,5-c]quinolin-2(3H)-one hydrochloride 

 

281c 

Batch 1: HCl (g) was bubbled through a solution of (±)-tert-butyl 3-[(6-{[7-(3,5-

dimethylisoxazol-4-yl)-8-methoxy-2-oxo-2,3-dihydro-1H-imidazo[4,5-c]quinolin-1-

yl]methyl}pyridin-2-yl)oxy]pyrrolidine-1-carboxylate 280c (10 mg, 0.017 mmol) in DCM (2 

mL) for 15 min. The reaction mixture was stirred at r.t. for 1 h. 

Batch 2: HCl (g) was bubbled through a solution of (±)-tert-butyl 3-[(6-{[7-(3,5-

dimethylisoxazol-4-yl)-8-methoxy-2-oxo-2,3-dihydro-1H-imidazo[4,5-c]quinolin-1-

yl]methyl}pyridin-2-yl)oxy]pyrrolidine-1-carboxylate 280c (30 mg, 0.051 mmol) in DCM (5 

mL) for 15 min. The reaction mixture was stirred at r.t. for 1 h. 

Both reaction mixture batches were combined and the solvent was removed in vacuo 

to give the title compound as a yellow solid (35 mg, 0.067 mmol, 98%). 

LCMS (formic B): m/z 587 [(M + H)
+
]; Rt: 1.40 min; 100% purity by peak area. 

1
H NMR (300 MHz, DMSO-d6): δ 8.98 (s, 1 H), 8.10 (s, 1 H), 7.86 (dd, J = 8.2, 7.3 Hz, 1 

H), 7.39 (s, 1 H), 7.28 (d, J = 7.3 Hz, 1 H), 6.80 (d, J = 8.2 Hz, 1 H), 5.80 (br s, 2 H), 5.06–

5.00 (m, 1 H), 3.74 (s, 3 H), 3.25–3.15 (m, 2 H), 3.11–2.97 (m, 2 H), 2.35 (s, 3 H), 2.14 (s, 3 

H), 1.91–1.81 (m, 2 H). NH signals not resolved. 

6-(Isopropylamino)picolinonitrile 

 

277d 

A mixture of 6-chloropicolinonitrile 275 (1 g, 7.22 mmol), potassium carbonate (1.3 g, 

9.41 mmol) and isopropylamine (0.738 mL, 8.66 mmol) was suspended in anhydrous DMF 

(15 mL) and stirred under nitrogen at 100 °C for 25 h. The mixture was allowed to cool to 

r.t., diluted with EtOAc (50 mL) and washed sequentially with water (2 x 50 mL) and 10% 

LiCl (aq) (50 mL). The organic layer was separated, dried through a hydrophobic frit and the 

solvent evaporated in vacuo. The resulting solid was dissolved in DCM (5 mL), the solution 
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loaded onto a 100 g silica cartridge and purified using a gradient of 0–40% EtOAc in 

cyclohexane over 10 column volumes. The appropriate fractions were combined and the 

solvent removed by rotary evaporation. The solid was dissolved in DCM (5 mL) and the 

solution purified on a 100 g silica cartridge using 100% DCM over 10 column volumes. The 

appropriate fractions were combined and the solvent removed by rotary evaporation to give 

the title compound as a yellow oil (201 mg, 1.18 mmol, 16%). 

LCMS (formic A): m/z 162 [(M + H)
+
]; Rt: 0.93 min; 98% purity by peak area. 

 1
H NMR (400 MHz, CDCl3): δ 7.42 (dd, J = 8.6, 7.3 Hz, 1 H), 6.92 (d, J = 7.3 Hz, 1 H), 

6.51 (d, J = 8.6 Hz, 1 H), 4.55 (br s, 1 H), 4.03–3.90 (m, 1 H), 1.23 (d, J = 6.4 Hz, 6 H). 

6-(Aminomethyl)-N-isopropylpyridin-2-amine 

 

278d 

A stirred solution of 6-(isopropylamino)picolinonitrile 277d (226 mg, 1.402 mmol) in 

THF (2 mL) under nitrogen was treated with 1 M borane in THF solution (4.21 mL, 4.21 

mmol) at 0 ºC. After 10 min at 0 ºC, the reaction was heated to 55 ºC for 16 h. After 

allowing to cool to r.t., the reaction was quenched by addition of a mixture of 0.5 M HCl 

(aq) (25 mL) and ice-water (25 mL) and left to stir for 3 h. The mixture was basified to pH = 

11 by addition of 2 M NaOH (aq) solution and the aqueous layer extracted with DCM (2 x 

20 mL). The organic extracts were combined, passed through a hydrophobic frit and the 

solvent removed by rotary evaporation to give the title compound as a yellow oil (119 mg, 

0.605 mmol, 43%). 

LCMS (HpH): m/z 166 [(M + H)
+
]; Rt: 0.74 min; 84% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ

 
7.42–7.32 (m, 1 H), 6.49 (d, J = 7.3 Hz, 1 H), 6.22 (d, J = 8.1 

Hz, 1 H), 4.37 (br s, 1 H), 3.90–3.80 (m, 1 H), 3.75 (s, 2 H), 1.92 (br s, 2 H), 1.23 (d, J = 6.3 

Hz, 6 H). 
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7-(3,5-Dimethylisoxazol-4-yl)-4-({[6-(isopropylamino)pyridin-2-yl]methyl}amino)-6-

methoxyquinoline-3-carboxamide 

 

279d 

A mixture of 6-(aminomethyl)-N-isopropylpyridin-2-amine 278d (113 mg, 0.684 

mmol) and 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-carboxamide 239 

(229 mg, 0.690 mmol) was dissolved in anhydrous NMP (2 mL) and treated with DIPEA 

(0.143 mL, 0.821 mmol). The mixture was stirred at 100 ºC for 15 h under nitrogen. The 

reaction mixture was applied to a MeOH preconditioned 5 g SCX-2 cartridge which was 

then washed with MeOH (60 mL) followed by 2 M ammonia in MeOH solution (60 mL). 

The basic wash was evaporated in vacuo and the crude material purified on a 100 g silica 

cartridge using a gradient of 0–15% 2 M ammonia/MeOH in DCM over 10 column volumes. 

The appropriate fractions were combined and the solvent removed by rotary evaporation to 

give the title compound as a brown solid (102 mg). The crude material was used without 

further purification in the next step. 

LCMS (HpH): m/z 461 [(M + H)
+
]; Rt: 1.06 min; 79% purity by peak area. 

7-(3,5-Dimethylisoxazol-4-yl)-1-{[6-(isopropylamino)pyridin-2-yl]methyl}-8-methoxy-

1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

280d 

A solution of 7-(3,5-dimethylisoxazol-4-yl)-4-({[6-(isopropylamino)pyridin-2-

yl]methyl}amino)-6-methoxyquinoline-3-carboxamide 279d (102 mg, 0.221 mmol) in 

MeOH (4 mL) was treated with potassium hydroxide (20 mg, 0.356 mmol) and iodobenzene 

diacetate (96 mg, 0.298 mmol) and the mixture stirred at r.t. for 15 h in a stoppered flask. 
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The reaction mixture was evaporated by rotary evaporation and the residue was purified by 

MDAP using Method HpH. The appropriate fractions were combined and the solvent 

removed by rotary evaporation to give the title compound as a yellow solid (51 mg, 0.111 

mmol, 50%). 

m.p.: 180–182 ºC. 

IR (solid) ν (cm
-1

): 3527, 3326, 2963, 1712, 1601, 1577, 1518, 1475, 1225, 732. 

LCMS (HpH): m/z 459 [(M + H)
+
]; Rt: 1.04 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C25H27N6O3 459.2139, found 459.2134. 

1
H NMR (400 MHz, CDCl3): δ 10.10 (br s, 1 H), 8.67 (s, 1 H), 7.77 (s, 1 H), 7.30–7.24 (m, 2 

H), 6.36 (d, J = 7.3 Hz, 1 H), 6.19 (d, J = 8.1 Hz, 1 H), 5.45 (s, 2 H), 4.31 (d, J = 8.1 Hz, 1 

H), 3.78–3.68 (dsep, J = 8.1, 6.3 Hz, 1 H), 3.62 (s, 3 H), 2.25 (s, 3 H), 2.10 (s, 3 H), 1.09 (d, 

J = 6.3 Hz, 6 H). 

1
H NMR (400 MHz, DMSO-d6): δ 11.59 (br s, 1 H), 8.59 (s, 1 H), 7.81–7.76 (m, 1 H), 7.32 

(s, 1 H), 7.30–7.25 (m, 1 H), 6.34–6.27 (m, 3 H), 5.40 (s, 2 H), 3.74–3.64 (m, 4 H), 2.27 (s, 3 

H), 2.07 (s, 3 H), 0.91 (d, J = 6.4 Hz, 6 H). 

13
C NMR (100 MHz, DMSO-d6): δ 166.4, 159.5, 158.6, 155.0, 154.9, 154.6, 140.1, 137.9, 

132.9, 132.4, 129.6, 122.3, 120.9, 116.4, 112.7, 107.7, 107.5, 100.2, 55.9, 47.3, 41.9, 22.7 (2 

C), 11.7, 10.8. 

N-[(6-Methoxypyridin-2-yl)methyl]acetamide 

 

277e 

A mixture of 6-methoxypicolinonitrile 276 (500 mg, 3.73 mmol) in acetic anhydride 

(10 mL) was hydrogenated over 10% Pd/C (50 mg) at r.t. and atmospheric pressure for 3 h. 

The reaction mixture was filtered and the filtrate concentrated in vacuo. The residue was 

purified by silica gel chromatography (petroleum ether:EtOAc = 2:1) to obtain the title 

compound as a yellow oil (460 mg, 2.55 mmol, 68%). 

LCMS (formic B): m/z 181 [(M + H)
+
]; Rt: 1.15 min; 100% purity by peak area. 

1
H NMR (300 MHz, CDCl3): δ 7.55 (dd, J = 8.3, 7.3 Hz, 1 H), 6.83 (d, J = 7.3 Hz, 1 H), 6.64 

(d, J = 8.3 Hz, 1 H), 6.54 (br s, 1 H), 4.48 (d, J = 5.1 Hz, 2 H), 3.95 (s, 3 H), 2.07 (s, 3 H). 
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6-(Aminomethyl)pyridin-2-ol hydrochloride 

 

278e 

A mixture of N-[(6-methoxypyridin-2-yl)methyl]acetamide 277e (460 mg, 2.55 mmol) 

in 6 M HCl (aq) (30 mL) was stirred at reflux for 36 h. The solvent was removed under 

vacuum to give the title compound as a yellow solid (500 mg) which was used without 

further purification in the next step. 

LCMS (formic B): m/z 125 [(M + H)
+
]; Rt: 0.32 min; 100% purity by peak area. 

1
H NMR (300 MHz, DMSO-d6 + D2O): δ 7.53 (dd, J = 9.0, 7.0 Hz, 1 H), 6.46 (d, J = 7.0 Hz, 

1 H), 6.44 (d, J = 9.0 Hz, 1 H), 3.93 (s, 2 H). 

7-(3,5-Dimethylisoxazol-4-yl)-4-{[(6-hydroxypyridin-2-yl)methyl]amino}-6-

methoxyquinoline-3-carboxamide 

 

279e 

A mixture of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-

carboxamide 239 (50 mg, 0.151 mmol), 6-(aminomethyl)pyridin-2-ol hydrochloride 278e 

(40 mg) and DIPEA (0.054 mL, 0.302 mmol) in NMP (2 mL) was heated at 100 ºC for 5 h. 

The reaction mixture was purified by preparative TLC (DCM:MeOH = 5:1) to give the title 

compound as a yellow solid (40 mg, 0.095 mmol, 63%). 

LCMS (formic B): m/z 420 [(M + H)
+
]; Rt: 1.10 min; 100% purity by peak area. 

1
H NMR (300 MHz, CD3OD): δ 8.61 (s, 1 H), 7.73 (s, 1 H), 7.69 (s, 1 H), 7.55 (dd, J = 9.2, 

6.8 Hz, 1 H), 6.49–6.42 (m, 2 H), 4.81 (s, 2 H), 3.90 (s, 3 H), 2.36 (s, 3 H), 2.18 (s, 3 H). 
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7-(3,5-Dimethylisoxazol-4-yl)-1-[(6-hydroxypyridin-2-yl)methyl]-8-methoxy-1H-

imidazo[4,5-c]quinolin-2(3H)-one 

 

280e 

Batch 1: A mixture of 7-(3,5-dimethylisoxazol-4-yl)-4-{[(6-hydroxypyridin-2-

yl)methyl]amino}-6-methoxyquinoline-3-carboxamide 279e (16 mg, 0.038 mmol) and KOH 

(5 mg, 0.089 mmol) in MeOH (2 mL) was stirred at r.t. for 30 min and iodobenzene diacetate 

(13 mg, 0.040 mmol) added. The reaction was stirred at r.t. overnight. 

Batch 2: A mixture of 7-(3,5-dimethylisoxazol-4-yl)-4-{[(6-hydroxypyridin-2-

yl)methyl]amino}-6-methoxyquinoline-3-carboxamide 279e (20 mg, 0.048 mmol) and KOH 

(6 mg, 0.095 mmol) in MeOH (3 mL) was stirred at r.t. for 30 min and iodobenzene diacetate 

(16 mg, 0.049 mmol) added. The reaction was stirred at r.t. overnight. 

Both reaction mixture batches were combined and the solvent was removed in vacuo. 

The residue purified by preparative TLC (petroleum ether:EtOAc = 1:1) to give the title 

compound as a yellow solid (28 mg, 0.067 mmol, 78%) 

LCMS (formic B): m/z 418 [(M + H)
+
]; Rt: 1.14 min; 98% purity by peak area. 

1
H NMR (300 MHz, CD3OD): δ 8.65 (s, 1 H), 7.84 (s, 1 H), 7.48 (dd, J = 8.9, 6.9 Hz, 1 H), 

7.16 (s, 1 H), 6.48 (d, J = 8.9 Hz, 1 H), 6.13 (d, J = 6.9 Hz, 1 H), 5.53 (s, 2 H), 3.77 (s, 3 H), 

2.31 (s, 3 H), 2.14 (s, 3 H). 

cis-3-[(tert-Butoxycarbonyl)amino]cyclobutyl methanesulfonate 

 

283 

A solution of tert-butyl (cis-3-hydroxycyclobutyl)carbamate 282 (150 mg, 0.80 mmol) 

and triethylamine (0.167 mL, 1.20 mmol) in DCM (3 mL) under nitrogen was cooled to 0 ºC 

and methanesulfonyl chloride (0.075 mL, 0.96 mmol) added dropwise. The mixture was 

stirred at 0 ºC for 10 min, allowed to warm to r.t., and stirred for 3 h. Water (10 mL) was 
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added to the reaction mixture which was extracted with DCM (2 x 10 mL). The combined 

organic layers were passed through a hydrophobic frit and the solvent evaporated in vacuo. 

The crude material was purified on a 25 g silica cartridge using a gradient of 0–15% MeOH 

in DCM over 10 column volumes. The appropriate fractions were combined and the solvent 

removed by rotary evaporation to give the title compound as a white solid (205 mg, 0.77 

mmol, 96%). 

1
H NMR (400 MHz, CDCl3): δ 4.71 (quin, J = 7.1 Hz, 1 H), 4.69 (br s, 1 H), 3.82 (br s, 1 H), 

2.98 (s, 3 H), 2.95–2.86 (m, 2 H), 2.24–2.13 (m, 2 H), 1.44 (s, 9 H). 

The 
1
H NMR was in agreement with that reported in the literature.

146
 

tert-Butyl [trans-3-({7-(3,5-dimethyl-4-isoxazolyl)-3-methyl-2-oxo-1-[(1R)-1-(2-

pyridinyl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)cyclobutyl]carbamate 

 

284 

A mixture of cis-3-[(tert-butoxycarbonyl)amino]cyclobutyl methanesulfonate 283 (63 

mg, 0.24 mmol), potassium carbonate (36 mg, 0.26 mmol) and 7-(3,5-dimethylisoxazol-4-

yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

237 (90 mg, 0.22 mmol) was suspended in anhydrous DMF (1 mL) and stirred under 

nitrogen at r.t. overnight. The temperature was raised to 100 ºC and the reaction left to stir 

for 6 h. The reaction mixture was allowed to cool to r.t. and filtered. The filtrate was purified 

by MDAP using Method HpH. The appropriate fractions were combined and the solvent 

removed by rotary evaporation to give the title compound as a light brown gum (84 mg, 0.14 

mmol, 66%). 

LCMS (formic A): m/z 585 [(M + H)
+
]; Rt: 0.93 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.65 (d, J = 

4.8 Hz, 1 H), 7.81 (s, 1 H), 7.78–7.70 (m, 1 H), 7.39 (d, J = 7.8 Hz, 1 H), 7.30 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.80 (s, 1 H), 6.69 (d, J = 5.6 Hz, 1 H), 6.26 (q, J = 7.3 Hz, 1 H), 4.36–4.27 (m, 

1 H), 4.06–3.95 (m, 1 H), 3.57 (s, 3 H), 2.51–2.42 (m, 1 H), 2.27 (s, 3 H), 2.32–2.08 (m, 3 

H), 2.09 (s, 3 H), 2.05 (d, J = 7.3 Hz, 3 H), 1.41 (s, 9 H). 
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8-(trans-3-Aminocyclobutoxy)-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

285 

A solution of tert-butyl [trans-3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)cyclobutyl]carbamate 

284 (75 mg, 0.13 mmol) in DCM (1.5 mL) was treated with TFA (0.5 mL, 6.49 mmol). The 

mixture was allowed to stand in a stoppered vessel at r.t. for 2 h. The reaction mixture was 

evaporated under a stream of nitrogen and the crude material purified by MDAP using 

Method HpH. The appropriate fractions were combined and the solvent removed by rotary 

evaporation to give the title compound as an off-white solid (48 mg, 0.10 mmol, 77%). 

LCMS (formic A): m/z 485 [(M + H)
+
]; Rt: 0.52 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.76 (s, 1 H) 8.68 (d, J = 

4.8 Hz, 1 H), 7.80 (s, 1 H), 7.78–7.71 (m, 1 H), 7.40 (d, J = 7.8 Hz, 1 H), 7.31 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.81 (s, 1 H), 6.27 (q, J = 7.3 Hz, 1 H), 4.38–4.31 (m, 1 H), 3.58 (s, 3 H), 3.56–

3.49 (m, 1 H), 2.27 (s, 3 H), 2.18–2.13 (m, 2 H), 2.08 (s, 3 H), 2.06 (d, J = 7.3 Hz, 3 H), 

2.12–2.03 (m, 1 H), 1.99–1.91 (m, 1 H), 1.73 (br s, 2 H). 

trans-3-[(tert-Butoxycarbonyl)amino]cyclobutyl methanesulfonate 

 

287 

A solution of tert-butyl (trans-3-hydroxycyclobutyl)carbamate 286 (400 mg, 2.14 

mmol) in DCM (8 mL) was added triethylamine (0.234 mL, 1.69 mmol) and the mixture 

cooled to 0 ºC under a nitrogen atmosphere. Methanesulfonyl chloride (0.208 mL, 2.67 

mmol) was added dropwise and the mixture stirred 0 ºC for 10 min. The reaction was 

allowed to warm to r.t. and stirred for 3 h. Water (10 mL) was added and the mixture 

extracted with DCM (2 x 10 mL). The combined organic extracts were passed through a 

hydrophobic frit and the solvent evaporated in vacuo. The crude material was purified on a 
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25 g silica cartridge using a gradient of 0–15% MeOH in DCM over 10 column volumes. 

The appropriate fractions were combined and the solvent removed by rotary evaporation to 

give the title compound as a white solid (544 mg, 2.05 mmol, 96%). 

1
H NMR (400 MHz, CDCl3): δ 5.17 (m, 1 H), 4.69 (br s, 1 H), 4.26 (br s, 1 H), 2.99 (s, 3 H), 

2.73–2.62 (m, 2 H), 2.49–2.36 (m, 2 H), 1.44 (s, 9 H). 

tert-Butyl [cis-3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)cyclobutyl]carbamate 

 

288 

A mixture of trans-3-[(tert-butoxycarbonyl)amino]cyclobutyl methanesulfonate 287 

(281 mg, 1.06 mmol), potassium carbonate (160 mg, 1.16 mmol) and 7-(3,5-

dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 237 (400 mg, 0.96 mmol) was suspended in anhydrous DMF (4 mL) 

and stirred under nitrogen at 100 ºC for 6 h. The reaction mixture was allowed to cool to r.t. 

and diluted with brine (20 mL). The mixture was extracted with DCM (2 x 20 mL), the 

organic layers combined and passed through a hydrophobic frit. The solvent was removed in 

vacuo to give a brown oil. The oil was dissolved in MeOH (5 mL) and applied to a MeOH 

preconditioned 50 g SCX-2 cartridge. The cartridge was washed with MeOH (200 mL) 

followed by 2 M ammonia in MeOH solution (200 mL). The basic wash was evaporated in 

vacuo to give a brown gum. The crude material was purified by MDAP using Method 

Formic. The appropriate fractions were combined and the solvent removed by rotary 

evaporation to give the title compound as a white solid (233 mg, 0.40 mmol, 41%). 

LCMS (formic A): m/z 585 [(M + H)
+
]; Rt: 0.96 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.63 (d, J = 

4.8 Hz, 1 H), 7.80 (s, 1 H), 7.79–7.72 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.33 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.89 (s, 1 H), 6.64 (d, J = 6.3 Hz, 1 H), 6.27 (q, J = 7.2 Hz, 1 H), 3.92–3.83 (m, 

1 H), 3.70–3.60 (m, 1 H), 3.58 (s, 3 H), 2.82–2.72 (m, 1 H), 2.54–2.44 (m, 1 H), 2.27 (s, 3 

H), 2.09 (s, 3 H), 2.06 (d, J = 7.2 Hz, 3 H), 1.94–1.84 (m, 2 H), 1.40 (s, 9 H). 
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8-(cis-3-Aminocyclobutoxy)-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

289 

A solution of tert-butyl [cis-3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)cyclobutyl]carbamate 

288 (229 mg, 0.39 mmol) in DCM (6 mL) was treated with TFA (2 mL, 26.0 mmol). The 

mixture was allowed to stand in a stoppered vessel at r.t. for 2 h. The reaction mixture was 

evaporated under a stream of nitrogen and the residue dissolved in MeOH (2 mL). The 

solution was applied to a MeOH preconditioned 5 g SCX-2 cartridge. The cartridge was 

washed with MeOH (30 mL) followed by 2 M ammonia in MeOH solution (30 mL). The 

basic wash was evaporated under a stream of nitrogen to give the title compound as an off-

white solid (178 mg, 0.37 mmol, 94%). 

m.p.: 158–160 ºC. 

IR (solid) ν (cm
-1

): 3363, 2981, 2934, 1702, 1619, 1581, 1490, 1453, 1432, 1215, 1035, 772, 

748. 

LCMS (formic A): m/z 485 [(M + H)
+
]; Rt: 0.52 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C27H29N6O3 485.2301, found 485.2292. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.62 (d, J = 

4.8 Hz, 1 H), 7.80 (s, 1 H), 7.78–7.71 (m, 1 H), 7.41 (d, J = 7.8 Hz, 1 H), 7.32 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.87 (s, 1 H), 6.27 (q, J = 7.3 Hz, 1 H), 3.83–3.75 (m, 1 H), 3.58 (s, 3 H), 3.09–

3.00 (m, 1 H), 2.80–2.71 (m, 1 H), 2.52–2.44 (m, 1 H), 2.27 (s, 3 H), 2.09 (s, 3 H), 2.06 (d, J 

= 7.3 Hz, 3 H), 1.65–1.54 (m, 2 H). NH2 signal not resolved. 

13
C NMR (150 MHz, DMSO-d6): δ 166.0, 159.1, 158.9, 153.7, 152.4, 149.3, 140.1, 137.5, 

133.1, 131.6, 127.1, 124.0, 122.8, 120.8, 120.6, 115.2, 112.1, 101.6, 64.7, 52.7, 41.2, 40.4, 

39.7, 27.7, 17.5, 11.5, 10.5. 
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(S)-tert-Butyl 3-[(methylsulfonyl)oxy]pyrrolidine-1-carboxylate 

 

291 

A stirred solution of (S)-tert-butyl 3-hydroxypyrrolidine-1-carboxylate 290 (500 mg, 

2.67 mmol) and triethylamine (0.931 mL, 6.68 mmol) in DCM (6 mL) at 0 ºC was treated 

with methanesulfonyl chloride (0.250 mL, 3.20 mmol). The mixture was stirred under 

nitrogen for 10 min and allowed to warm to r.t. over 2 h. The reaction was diluted with DCM 

(10 mL) and washed with brine (15 mL). The aqueous layer was extracted with DCM (10 

mL), the organic layers combined and passed through a hydrophobic frit. The solvent was 

removed by rotary evaporation and the crude material purified on a 25 g silica cartridge 

using a gradient of 0–15% MeOH in DCM over 10 column volumes. The appropriate 

fractions were combined and the solvent was removed by rotary evaporation to give the title 

compound as a light yellow oil (691 mg, 2.60 mmol, 98%). 

1
H NMR (400 MHz, CDCl3): δ 5.28–5.23 (m, 1 H), 3.75–3.41 (m, 4 H), 3.04 (s, 3 H), 2.37–

2.08 (m, 2 H), 1.45 (s, 9 H). 

(3R)-tert-Butyl 3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[(R)-1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)pyrrolidine-1-carboxylate 

 

292 

To a vessel containing (S)-tert-butyl 3-[(methylsulfonyl)oxy]pyrrolidine-1-carboxylate 

291 (89 mg, 0.34 mmol) was added potassium carbonate (47 mg, 0.34 mmol) and 7-(3,5-

dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 237 (103 mg, 0.25 mmol). DMF (2 mL) was added and the mixture 

stirred under nitrogen at 100 ºC for 4 h. EtOAc (10 mL) was added to the reaction mixture 

which was then washed with brine (10 mL). The aqueous layer was extracted with EtOAc 

(10 mL), the organic layers combined and passed through a hydrophobic frit. The solvent 

was removed by rotary evaporation and the crude material purified on a 25 g silica cartridge 
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using a gradient of 0–15% MeOH in DCM over 10 column volumes. The appropriate 

fractions were combined and the solvent removed by rotary evaporation. The sample was 

dissolved in EtOH (3 mL) and heptane (3 mL). Fifteen injections were made onto a 

Chiralpak
®
 IA column (250 mm x 30 mm, 5 µm packing diameter). An isocratic system of 

15% EtOH in heptane with a flow rate of 40 mL/min was used at r.t. The UV detection was 

performed at 215 nm. The appropriate fractions were combined and evaporated in vacuo to 

give the title compound (49 mg, 0.08 mmol, 34%). 

LCMS (HpH): m/z 585 [(M + H)
+
]; Rt: 1.11 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.79 (s, 1 H), 8.60 (d, J = 

4.8 Hz, 1 H), 7.81 (s, 1 H), 7.78–7.72 (m, 1 H), 7.44 (d, J = 7.8 Hz, 1 H), 7.30 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.09 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 4.55–4.50 (m, 1 H), 3.58 (s, 3 H), 3.38–

3.29 (m, 2 H), 3.19–3.11 (m, 2 H), 2.22 (s, 3 H), 2.17–2.08 (m, 1 H), 2.06 (d, J = 7.3 Hz, 3 

H), 2.02 (s, 3 H), 1.98–1.89 (m, 1 H), 1.39 (s, 9 H). Only a single diasteroisomer was 

observed. 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-8-[(R)-pyrrolidin-

3-yloxy]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

293 

A solution of (3R)-tert-butyl 3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)pyrrolidine-1-

carboxylate 292 (45 mg, 0.08 mmol) in 1,4-dioxane (0.5 mL) was treated with 4 M HCl in 

1,4-dioxane solution (0.5 mL, 16.46 mmol). The mixture was left to stir at r.t. for 2 h. The 

reaction mixture was evaporated under a stream of nitrogen and the solid dissolved in 

MeOH. The solution was applied to a MeOH preconditioned 2 g SCX-2 cartridge which was 

then washed with MeOH (12 mL) followed by 2 M ammonia in MeOH solution (12 mL). 

The basic wash was evaporated by rotary evaporation to give the title compound as a light 

brown solid (31 mg, 0.06 mmol, 83%). 

LCMS (HpH): m/z 485 [(M + H)
+
]; Rt: 0.75 min; 100% purity by peak area. 
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1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.60 (d, J = 

4.8 Hz, 1 H), 7.80 (s, 1 H), 7.78–7.72 (m, 1 H), 7.41 (d, J = 7.8 Hz, 1 H), 7.30 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.04 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 4.42–4.35 (m, 1 H), 3.58 (s, 3 H), 2.98–

2.92 (m, 2 H), 2.68–2.62 (m, 1 H), 2.24 (s, 3 H), 2.07 (d, J = 7.3 Hz, 3 H), 2.05 (s, 3 H), 

2.05–1.99 (m, 1 H), 1.72–1.64 (m, 1 H). One pyrrolidine proton signal obscured by water. 

NH signal not resolved. Only a single diasteroisomer was observed. 

(R)-tert-Butyl 3-[(methylsulfonyl)oxy]pyrrolidine-1-carboxylate 

 

295 

A stirred solution of (R)-tert-butyl 3-hydroxypyrrolidine-1-carboxylate 294 (481 mg, 

2.57 mmol) and triethylamine (0.931 mL, 6.68 mmol) in DCM (6 mL) at 0 ºC was treated 

with methanesulfonyl chloride (0.250 mL, 3.20 mmol). The mixture was stirred under 

nitrogen for 10 min and allowed to warm to r.t. over 1 h. The reaction was diluted with DCM 

(10 mL) and washed with water (10 mL). The aqueous layer was extracted with DCM (10 

mL), the organic layers combined and passed through a hydrophobic frit. The solvent was 

removed by rotary evaporation and the crude material purified on a 25 g silica cartridge 

using a gradient of 0–15% MeOH in DCM over 10 column volumes. The appropriate 

fractions were combined and the solvent was removed by rotary evaporation to give the title 

compound as a light yellow oil (651 mg, 2.45 mmol, 96%). 

1
H NMR (400 MHz, CDCl3): δ 5.28–5.23 (m, 1 H), 3.75–3.41 (m, 4 H), 3.04 (s, 3 H), 2.37–

2.08 (m, 2 H), 1.45 (s, 9 H). 
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(3S)-tert-Butyl 3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)pyrrolidine-1-carboxylate 

 

296 

To a vessel containing (R)-tert-butyl 3-[(methylsulfonyl)oxy]pyrrolidine-1-

carboxylate 295 (82 mg, 0.31 mmol) was added potassium carbonate (43 mg, 0.31 mmol) 

and 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-

imidazo[4,5-c]quinolin-2(3H)-one 237 (100 mg, 0.24 mmol). DMF (2 mL) was added and 

the mixture stirred under nitrogen and at 100 ºC for 5 h. EtOAc (10 mL) was added to the 

reaction mixture which was then washed with brine (10 mL). The aqueous layer was 

extracted with EtOAc, the organic layers combined and passed through a hydrophobic frit. 

The solvent was removed by rotary evaporation and the crude product dissolved in DCM (4 

mL) and purified on a 25 g silica cartridge using a gradient of 0–15% MeOH in DCM over 

10 column volumes. The appropriate fractions were combined and the solvent removed by 

rotary evaporation. The crude material was purified by MDAP using Method Formic. The 

appropriate fractions were combined and the solvent removed by rotary evaporation to give 

the title compound as an off-white solid (99 mg, 0.17 mmol, 70%). 

LCMS (formic A): m/z 585 [(M + H)
+
]; Rt: 0.96 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.80 (s, 1 H), 8.60 (d, J = 

4.8 Hz, 1 H), 7.82 (s, 1 H), 7.79–7.73 (m, 1 H), 7.45 (d, J = 7.3 Hz, 1 H), 7.31 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.06 (s, 1 H), 6.30 (q, J = 7.3 Hz, 1 H), 4.47 (m, 1 H), 3.59 (s, 3 H), 3.58–3.52 

(m, 1 H), 3.39–3.30 (m, 2 H), 3.19–3.11 (m, 1 H), 2.22 (s, 3 H), 2.06 (d, J = 7.3 Hz, 3 H), 

2.02 (s, 3 H), 2.01–1.94 (m, 1 H), 1.82–1.73 (m, 1 H), 1.42 (s, 1.3 H), 1.39 (s, 7.7 H). A 

85:15 mixture of diastereoisomers present. 
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7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-8-[(S)-pyrrolidin-3-

yloxy]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

297 

A solution of (3S)-tert-butyl 3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)pyrrolidine-1-

carboxylate 296 (103 mg, 0.18 mmol) in anhydrous 1,4-dioxane (0.5 mL) was treated with 4 

M HCl in 1,4-dioxane solution (0.5 mL, 16.46 mmol) and the mixture allowed to stand in a 

stoppered vessel for 2 h. The reaction mixture was evaporated under a stream of nitrogen and 

the solid dissolved in MeOH. The solution was applied to a MeOH preconditioned 2 g SCX-

2 cartridge. The cartridge was washed with MeOH (20 mL) followed by 2 M ammonia in 

MeOH solution (20 mL). The basic wash was evaporated by rotary evaporation. Starting 

material still remained so the residue was dissolved in anhydrous 1,4-dioxane (0.5 mL) and 4 

M HCl in 1,4-dioxane solution (0.5 mL, 16.46 mmol) and the mixture left to stir overnight in 

a stoppered vessel. The reaction mixture was evaporated under a stream of nitrogen and the 

solid was dissolved in the minimum volume of MeOH. The solution was applied to a MeOH 

preconditioned 2 g SCX-2 cartridge which was then washed with MeOH (20 mL) followed 

by 2 M ammonia in MeOH solution (20 mL). The basic wash was evaporated by rotary 

evaporation and the crude material purified by MDAP conducted on an Xbridge BEH Shield 

RP18 column (150 mm x 19 mm, 5 µm packing diameter) at 20 mL/min flow rate. Gradient 

elution was carried out at ambient temperature, with the mobile phases as (A) water 

containing 0.1% (v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic acid. 

The UV detection was a summed signal from wavelength of 210 nm to 400 nm. The 

appropriate fractions were combined and dried under a stream of nitrogen and the crude 

material purified on a 10 g silica cartridge using a gradient of 0–20% 2 M ammonia/MeOH 

in DCM over 15 column volumes. The appropriate fractions were combined and evaporated 

in vacuo to give the title compound as a colourless oil (10 mg, 0.02 mmol, 12%). 

LCMS (formic A): m/z 485 [(M + H)
+
]; Rt: 0.52 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.60 (d, J = 

4.8 Hz, 1 H), 7.79 (s, 1 H), 7.77–7.71 (m, 1 H), 7.41 (d, J = 7.3 Hz, 1 H), 7.31 (dd, J = 7.3, 
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4.8 Hz, 1 H), 7.01 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 4.37 (m, 1 H), 3.58 (s, 3 H), 3.21–3.15 

(m, 0.15 H), 3.13–3.07 (m, 0.85 H), 2.80–2.62 (m, 3 H), 2.24 (s, 2.6 H), 2.19 (s, 0.4 H), 

2.10–2.02 (m, 5.1 H), 2.01 (s, 0.9 H), 1.82–1.71 (m, 1 H), 1.55–1.47 (m, 1 H). A 85:15 

mixture of diastereoisomers present. 

(R)-tert-Butyl 2-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

 

299 

A stirred solution of (R)-tert-butyl 2-(hydroxymethyl)pyrrolidine-1-carboxylate 298 

(496 mg, 2.46 mmol) and triethylamine (0.86 mL, 6.16 mmol) in DCM (6 mL) at 0 ºC was 

treated with 4-methylbenzene-1-sulfonyl chloride (564 mg, 2.96 mmol) followed by 4-

dimethylpyridine (DMAP) (33 mg, 0.27 mmol). The mixture was stirred under nitrogen for 

10 min and allowed to warm to r.t. over 4 h. Further 4-methylbenzene-1-sulfonyl chloride 

(55 mg, 0.29 mmol) was added to the vessel and the mixture stirred for 1 h. The reaction was 

diluted with DCM (10 mL) and washed with water (10 mL). The aqueous layer was 

extracted with DCM (10 mL), the organic layers combined and passed through a 

hydrophobic frit. The solvent was removed by rotary evaporation and the crude material 

purified on a 25 g silica cartridge using a gradient of 0–15% MeOH in DCM over 10 column 

volumes. The appropriate fractions were combined and the solvent removed by rotary 

evaporation to give the title compound as a light yellow oil (759 mg, 2.14 mmol, 87%). 

LCMS (formic A): m/z 356 [(M + H)
+
]; Rt: 1.22 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 8.1 Hz, 2 H), 7.34 (d, J = 8.1 Hz, 2 H), 4.11–3.87 

(m, 3 H), 3.29 (d, J = 6.3 Hz, 2 H), 2.44 (s, 3 H), 2.03–1.72 (m, 4 H), 1.38 (s, 9 H). 

The 
1
H NMR was in agreement with that reported in the literature.

147
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 (2R)-tert-Butyl 2-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[(R)-1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 

 

300 

To a vessel containing (R)-tert-butyl 2-[(tosyloxy)methyl]pyrrolidine-1-carboxylate 

299 (116 mg, 0.33 mmol) in DMF (4 mL) was added potassium carbonate (43 mg, 0.31 

mmol) followed by 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (103 mg, 0.25 mmol). The mixture was 

stirred under nitrogen at 100 ºC for 20 h. EtOAc (10 mL) was added to the reaction mixture 

which was then washed with brine (10 mL). The aqueous layer was extracted with EtOAc 

(10 mL), the organic layers were combined then passed through a hydrophobic frit. The 

solvent was removed by rotary evaporation and the residue dissolved in the minimum 

volume of MeOH. The solution was applied to a MeOH preconditioned 5 g SCX-2 cartridge 

which was then washed with MeOH (45 mL) followed by 2 M ammonia in MeOH solution 

(45 mL). The basic wash was evaporated in vacuo and the crude material purified on a 25 g 

silica cartridge using a gradient of 0–15% MeOH in DCM over 10 column volumes. The 

appropriate fractions were combined and the solvent removed by rotary evaporation. The 

crude material was purified by MDAP using Method Formic. The appropriate fractions were 

combined and the solvent removed by rotary evaporation. The sample was dissolved in 

EtOH (1 mL) and heptane (1 mL). One injection was made onto a Chiralcel
®
 OD-H column 

(250 mm x 30 mm, 5 µm packing diameter). An isocratic system of 10% EtOH in heptane 

with a flow rate of 40 mL/min was used at r.t. The UV detection was performed at 240 nm. 

The appropriate fractions were combined and evaporated in vacuo to give the title compound 

(22 mg, 0.03 mmol, 15%). 

LCMS (formic A): m/z 599 [(M + H)
+
]; Rt: 1.00 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.56 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.76–7.70 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.27 (dd, J = 7.8, 

4.8 Hz, 1 H), 7.05 (s, 1 H), 6.30 (q, J = 7.3 Hz, 1 H), 3.97–3.90 (m, 2 H), 3.58 (s, 3 H), 3.57–

3.48 (m, 1 H), 3.32–3.24 (m, 1 H), 3.11–3.03 (m, 1 H), 2.22 (s, 3 H), 2.04 (d, J = 7.3 Hz, 3 
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H), 2.02 (s, 3 H), 1.98–1.84 (m, 1 H), 1.71–1.57 (m, 3 H), 1.38 (s, 9 H). Only a single 

diasteroisomer was observed. 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-8-[(R)-pyrrolidin-

2-ylmethoxy]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

301 

A solution of (2R)-tert-butyl 2-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 300 (17 mg, 0.03 mmol) in 1,4-dioxane (0.3 mL) was treated with 4 M HCl in 

1,4-dioxane solution (0.2 mL, 6.58 mmol) and the mixture left to stir at r.t. for 2 h. The 

solvent was evaporated under a stream of nitrogen and the residue dissolved in MeOH (0.5 

mL). The solution was applied to a MeOH preconditioned 2 g SCX-2 cartridge which was 

washed with MeOH (10 mL) followed by 2 M ammonia in MeOH solution (10 mL). The 

basic washes were combined and the solvent was removed by rotary evaporation to give the 

title compound as a colourless gum (11 mg, 0.02 mmol, 78%). 

LCMS (HpH): m/z 499 [(M + H)
+
]; Rt: 0.86 min; 95% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.59 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.78–7.72 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.30 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.03 (s, 1 H), 6.29 (q, J = 7.1 Hz, 1 H), 3.74–3.68 (m, 1 H), 3.58 (s, 3 H), 3.47–

3.41 (m, 1 H), 3.41–3.33 (m, 1 H), 2.84–2.79 (m, 2 H), 2.25 (s, 3 H), 2.06 (s, 3 H), 2.05 (d, J 

= 7.1 Hz, 3 H), 1.87–1.77 (m, 1 H), 1.71–1.62 (m, 2 H), 1.43–1.34 (m, 1 H). NH signal not 

resolved. Only a single diasteroisomer was observed. 
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(S)-tert-Butyl 2-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

 

303 

A solution of (S)-tert-butyl 2-(hydroxymethyl)pyrrolidine-1-carboxylate 302 (163 mg, 

0.81 mmol) and triethylamine (0.140 mL, 1.01 mmol) in DCM (3 mL) under nitrogen was 

cooled to 0 ºC and methanesulfonyl chloride (0.082 mL, 1.05 mmol) added. The mixture was 

stirred at 0 ºC for 10 min, allowed to warm to r.t., and then stirred for 2 h. Water (10 mL) 

was added to the reaction mixture which was then extracted with DCM (2 x 10 mL). The 

combined organic extracts were passed through a hydrophobic frit and the solvent 

evaporated in vacuo. The crude material was purified on a 25 g silica cartridge using a 

gradient of 0–10% MeOH in DCM over 10 column volumes. The appropriate fractions were 

combined and the solvent removed by rotary evaporation to give the title compound as a 

colourless oil (155 mg, 0.56 mmol, 69%). 

1
H NMR (400 MHz, CDCl3): δ 4.38–3.95 (m, 3 H), 3.49–3.27 (m, 2 H), 3.00 (s, 3 H), 2.12–

1.73 (m, 4 H), 1.48 (s, 9 H). 

(2S)-tert-Butyl 2-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 

 

304 

A mixture of (S)-tert-butyl 2-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

303 (37 mg, 0.13 mmol), potassium carbonate (20 mg, 0.15 mmol) and 7-(3,5-

dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 237 (50 mg, 0.12 mmol) was suspended in anhydrous DMF (0.5 mL) 

and stirred under nitrogen at 100 ºC for 2 h. The temperature was raised to 120 ºC and the 

reaction stirred for 1.5 h. Potassium carbonate (20 mg, 0.15 mmol) and a solution of (S)-tert-
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butyl 2-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate (37 mg, 0.13 mmol) in 

anhydrous DMF (0.4 mL) was added and the reaction stirred at 120 ºC for 15 h. The reaction 

mixture was allowed to cool to r.t. and diluted with MeOH (0.1 mL). The mixture was 

filtered and purified by MDAP using Method HpH. The appropriate fractions were combined 

and the solvent removed by rotary evaporation to give the title compound as an off-white 

solid (26 mg, 0.04 mmol, 36%). 

LCMS (formic A): m/z 599 [(M + H)
+
]; Rt: 1.01 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.56 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.76–7.68 (m, 1 H), 7.43 (d, J = 7.8 Hz, 0.13 H), 7.40 (d, J = 7.8 

Hz, 0.87 H), 7.28 (dd, J = 7.3, 4.8 Hz, 1 H), 7.05 (s, 0.13 H), 7.02 (s, 0.87 H), 6.30 (q, J = 

7.1 Hz, 1 H), 3.99–3.87 (m, 2 H), 3.58 (s, 3 H), 3.55–3.52 (m, 0.13 H), 3.49–3.41 (m, 0.87 

H), 3.33–3.24 (m, 1 H), 3.16–3.09 (m, 0.87 H), 3.09–3.03 (m, 0.13 H), 2.24 (s, 0.36 H), 2.22 

(s, 2.64 H), 2.06–2.02 (m, 6 H), 1.95–1.83 (m, 1 H), 1.74–1.53 (m, 3 H), 1.41 (s, 9 H). A 

87:13 mixture of diastereoisomers present. 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-8-[(S)-pyrrolidin-2-

ylmethoxy]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

305 

A solution of (2S)-tert-butyl 2-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 304 (22 mg, 0.04 mmol) was dissolved in DCM (0.5 mL) and treated with TFA 

(0.5 mL, 6.49 mmol). The mixture was allowed to stand in a stoppered vessel at r.t. for 1.5 h. 

The reaction mixture was evaporated under a stream of nitrogen and the resulting gum 

dissolved in MeOH (0.5 mL). The solution was applied to a MeOH preconditioned 1 g SCX-

2 cartridge which was then washed with MeOH (6 mL) followed by 2 M ammonia in MeOH 

solution (6 mL). The basic wash was evaporated under a stream of nitrogen and the crude 

material purified by MDAP conducted on an Atlantis T3 C18 column (150 mm x 19 mm, 5 

µm packing diameter) at 20 mL/min flow rate. Gradient elution was carried out at ambient 

temperature, with the mobile phases as (A) water containing 0.1% (v/v) formic acid and (B) 

MeOH. The UV detection was a summed signal from wavelength of 210 nm to 400 nm. The 
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appropriate fractions were combined and dried under a stream of nitrogen. The crude 

material was purified on a 10 g silica cartridge using a gradient of 0–10% 2 M 

ammonia/MeOH in DCM over 10 column volumes. The appropriate fractions were 

combined and evaporated in vacuo to give the title compound as a white solid (8 mg, 0.02 

mmol, 44%). A 87:13 mixture of diastereoisomers present. 

LCMS (formic A): m/z 499 [(M + H)
+
]; Rt: 0.56 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.61 (d, J = 

4.8 Hz, 1 H), 7.80 (s, 1 H), 7.78–7.72 (m, 1 H), 7.44 (d, J = 7.8 Hz, 1 H), 7.31 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.08 (s, 0.87 H), 7.03 (s, 0.13 H), 6.32 (q, J = 7.1 Hz, 1 H), 3.76–3.66 (m, 1 H), 

3.60 (s, 3 H), 3.49–3.45 (m, 0.13 H), 3.45–3.36 (m, 0.87 H), 3.36–3.24 (m, 1 H), 2.86–2.81 

(m, 2 H), 2.26 (s, 3 H), 2.09 (s, 3 H), 2.08 (d, J = 7.1 Hz, 3 H), 1.84–1.71 (m, 1 H), 1.71–

1.60 (m, 2 H), 1.42–1.27 (m, 1 H). NH signal not resolved. 

 (R)-tert-Butyl 3-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

 

307 

A solution of (R)-tert-butyl 3-(hydroxymethyl)pyrrolidine-1-carboxylate 306 (162 mg, 

0.81 mmol) and triethylamine (0.14 mL, 1.01 mmol) in DCM (3 mL) under nitrogen was 

cooled to 0 ºC and methanesulfonyl chloride (0.08 mL, 1.03 mmol) added dropwise. The 

mixture was stirred at 0 ºC for 10 min, allowed to warm to r.t., and then stirred for 2 h. Water 

(10 mL) was added to the reaction mixture which was then extracted with DCM (2 x 10 mL). 

The combined organic extracts were passed through a hydrophobic frit and the solvent 

evaporated in vacuo. The crude material was purified on a 25 g silica cartridge using a 

gradient of 0–10% MeOH in DCM over 10 column volumes. The appropriate fractions were 

combined and the solvent removed by rotary evaporation to give the title compound as a 

colourless oil (204 mg, 0.73 mmol, 91%). 

1
H NMR (400 MHz, CDCl3): δ 4.28–4.11 (m, 2 H), 3.62–3.09 (m, 4 H), 3.03 (s, 3 H), 2.70–

2.56 (m, 1 H), 2.11–1.99 (m, 1 H), 1.73 (br s, 1 H), 1.46 (s, 9 H). 

The 
1
H NMR was in agreement with that reported in the literature.

148
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(3R)-tert-Butyl 3-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 

 

308 

A mixture of (R)-tert-butyl 3-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

307 (52 mg, 0.19 mmol), potassium carbonate (28 mg, 0.20 mmol) and 7-(3,5-

dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 237 (70 mg, 0.17 mmol) was suspended in anhydrous DMF (0.8 mL) 

and stirred under nitrogen at 45 ºC for 16 h. The reaction temperature was raised to 100 ºC 

and left to stir for 3.5 h. The reaction mixture was allowed to cool to r.t. and diluted with 

MeOH (0.2 mL). The mixture was filtered and purified by MDAP using Method Formic. 

The appropriate fractions were combined and the solvent removed by rotary evaporation to 

give the title compound as a dark brown gum (79 mg, 0.13 mmol, 78%). 

LCMS (formic A): m/z 599 [(M + H)
+
]; Rt: 0.98 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.81 (s, 1 H), 8.59 (d, J = 

4.8 Hz, 1 H), 7.82 (s, 1 H), 7.80–7.73 (m, 1 H), 7.46 (d, J = 7.8 Hz, 1 H), 7.32 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.03 (s, 0.15 H), 7.01 (s, 0.85 H), 6.32 (q, J = 7.1 Hz, 1 H), 3.81 (dd, J = 9.6, 

6.1 Hz, 0.15 H), 3.76 (dd, J = 9.5, 7.2 Hz, 0.85 H), 3.62 (s, 3 H), 3.51–3.42 (m, 1 H), 3.42–

3.35 (m, 1 H), 3.35–3.22 (m, 2 H), 3.03–2.98 (m, 1 H), 2.55–2.47 (m, 1 H), 2.26 (s, 3 H), 

2.07 (s, 3 H), 2.07 (d, J = 7.1 Hz, 3 H), 1.99–1.88 (m, 1 H), 1.64–1.53 (m, 1 H), 1.45 (s, 9 

H). A 85:15 mixture of diastereoisomers present.  
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7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-yl)ethyl]-8-[(R)-pyrrolidin-3-

ylmethoxy]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

309 

A solution of (3R)-tert-butyl 3-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 308 (73 mg, 0.12 mmol) was dissolved in DCM (1.5 mL) and treated with TFA 

(0.5 mL, 6.49 mmol). The mixture was allowed to stand in a stoppered vessel at r.t. for 2 h. 

The reaction mixture was evaporated in vacuo and the crude material purified by MDAP 

using Method HpH. The appropriate fractions were combined and the solvent removed by 

rotary evaporation to give the title compound as a white solid (44 mg, 0.09 mmol, 72%). 

LCMS (formic A): m/z 499 [(M + H)
+
]; Rt: 0.53 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.58 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.77–7.72 (m, 1 H), 7.42 (d, J = 7.3 Hz, 1 H), 7.30 (dd, J = 7.3, 

4.8 Hz, 1 H), 6.99 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 3.74 (dd, J = 9.8, 3.2 Hz, 0.15 H), 3.69 

(dd, J = 9.6, 6.3 Hz, 0.85 H), 3.59 (s, 3 H), 3.46–3.37 (m, 1 H), 2.84–2.78 (m, 2 H), 2.53–

2.49 (m, 1 H), 2.38–2.27 (m, 1 H), 2.24 (s, 3 H), 2.04 (s, 3 H), 2.05 (d, J = 7.3 Hz, 3 H), 

1.84–1.74 (m, 1 H), 1.40–1.28 (m, 1 H). One pyrrolidine proton signal obscured by water. 

NH signal not resolved. A 85:15 mixture of diastereoisomers present. 

 (S)-tert-Butyl 3-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

 

311 

A solution of (S)-tert-butyl 3-(hydroxymethyl)pyrrolidine-1-carboxylate 310 (174 mg, 

0.87 mmol) and triethylamine (0.150 mL, 1.08 mmol) in DCM (3 mL) under nitrogen was 

cooled to 0 ºC and methanesulfonyl chloride (0.086 mL, 1.10 mmol) added dropwise. The 

mixture was stirred at 0 ºC for 10 min, allowed to warm to r.t., and then stirred for 2 h. Water 
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(10 mL) was added to the reaction mixture which was then extracted with DCM (2 x 10 mL). 

The combined organic extracts were passed through a hydrophobic frit and the solvent 

evaporated in vacuo. The crude material was purified on a 25 g silica cartridge using a 

gradient of 0–10% MeOH in DCM over 10 column volumes. The appropriate fractions were 

combined and the solvent removed by rotary evaporation to give the title compound as a 

colourless oil (219 mg, 0.78 mmol, 91%). 

1
H NMR (400 MHz, CDCl3): δ 4.28–4.11 (m, 2 H), 3.62–3.09 (m, 4 H), 3.03 (s, 3 H), 2.70–

2.56 (m, 1 H), 2.11–1.99 (m, 1 H), 1.73 (br s, 1 H), 1.46 (s, 9 H). 

(3S)-tert-Butyl 3-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 

 

312 

A mixture of (S)-tert-butyl 3-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

311 (37 mg, 0.13 mmol), potassium carbonate (20 mg, 0.14 mmol) and 7-(3,5-

dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 237 (50 mg, 0.12 mmol) was suspended in anhydrous DMF (0.5 mL) 

and stirred under nitrogen at 100 ºC for 4 h. The reaction mixture was allowed to cool to r.t. 

and diluted with MeOH (0.5 mL). The mixture was filtered and was purified by MDAP 

using Method HpH. The appropriate fractions were combined and the solvent removed by 

rotary evaporation to give the title compound as a colourless gum (49 mg, 0.08 mmol, 68%). 

LCMS (formic A): m/z 599 [(M + H)
+
]; Rt: 0.94 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.57 (d, J = 

4.8 Hz, 1 H), 7.79 (s, 1 H), 7.76–7.70 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.29 (dd, J = 7.3, 

4.8 Hz, 1 H), 7.02 (s, 0.85 H), 7.00 (s, 0.15 H), 6.29 (q, J = 7.1 Hz, 1 H), 3.79 (dd, J = 9.6, 

6.3 Hz, 0.85 H), 3.73 (dd, J = 9.6, 7.0 Hz, 0.15 H), 3.59 (s, 3 H), 3.45–3.39 (m, 1 H), 3.37–

3.28 (m, 2 H), 3.26–3.19 (m, 1 H), 2.94 (dd, J = 10.9, 6.8 Hz, 1 H), 2.52–2.44 (m, 1 H), 2.23 
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(s, 3 H), 2.05 (d, J = 7.1 Hz, 3 H), 2.04 (s, 3 H), 1.98–1.87 (m, 1 H), 1.62–1.52 (m, 1 H), 

1.41 (s, 9 H). A 85:15 mixture of diastereoisomers present. 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-1-[1-(pyridin-2-yl)ethyl)]-8-[(S)-pyrrolidin-3-

ylmethoxy]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

313 

A solution of (3S)-tert-butyl 3-[({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-

carboxylate 312 (39 mg, 0.07 mmol) was dissolved in DCM (0.6 mL) and treated with TFA 

(0.3 mL, 3.89 mmol). The mixture was allowed to stand in a stoppered vessel at r.t. for 2 h. 

The reaction mixture was evaporated under a stream of nitrogen and the gum dissolved in 

MeOH (0.5 mL). The solution was applied to a MeOH preconditioned 1 g SCX-2 cartridge 

which was then washed with MeOH (6 mL) followed by 2 M ammonia in MeOH solution (6 

mL). The basic wash was evaporated under a stream of nitrogen to give the title compound 

as a white solid (28 mg, 0.06 mmol, 86%). 

LCMS (formic A): m/z 499 [(M + H)
+
]; Rt: 0.53 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.58 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.77–7.71 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.30 (dd, J = 7.3, 

4.8 Hz, 1 H), 6.98 (s, 1 H), 6.29 (q, J = 7.1 Hz, 1 H), 3.74–3.65 (m, 1 H), 3.59 (s, 3 H), 3.40–

3.34 (m, 1 H), 2.79–2.70 (m, 4 H), 2.42 (dd, J = 10.6, 6.3 Hz, 1 H), 2.34–2.25 (m, 1 H), 2.24 

(s, 3 H), 2.04 (s, 3 H), 2.05 (d, J = 7.1 Hz, 3 H), 1.82–1.71 (m, 1 H), 1.36–1.26 (m, 1 H). 

One pyrrolidine proton signal obscured by water. NH signal not resolved. A estimated 85:15 

mixture of diastereoisomers present; signal overlap prevented accurate ratio determination. 
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tert-Butyl [cis-3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-

yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-

yl}oxy)cyclobutyl](methyl)carbamate 

 

315 

A slurry of sodium hydride (60% dispersion in mineral oil, 20 mg, 0.500 mmol) in 

anhydrous THF (0.5 mL) under nitrogen was cooled in an ice-water bath and iodomethane 

(30 µL, 0.482 mmol) added. A solution of trans-3-[(tert-butoxycarbonyl)amino]cyclobutyl 

methanesulfonate 287 (100 mg, 0.377 mmol) in anhydrous THF (1.5 mL) was added and the 

mixture stirred in the ice-water bath for 5 min then at r.t. for 18 h. The reaction mixture was 

quenched by the addition of water and the mixture extracted with EtOAc (2 x 5 mL). The 

organic extracts were combined, passed through a hydrophobic frit and the solvent 

evaporated under vacuum. The gum was loaded in DCM (2 mL) and purified on a 25 g silica 

cartridge using a gradient of 0–15% MeOH in DCM over 10 column volumes. The 

appropriate fractions were combined and the solvent removed by rotary evaporation to give 

crude cis-3-[(tert-butoxycarbonyl)(methyl)amino]cyclobutyl methanesulfonate as a clear 

gum (70 mg) which was used without further purification in the next step. 

A mixture of crude trans-3-[(tert-butoxycarbonyl)(methyl)amino]cyclobutyl 

methanesulfonate (70 mg), potassium carbonate (40 mg, 0.289 mmol) and 7-(3,5-

dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 237 (100 mg, 0.241 mmol) was suspended in anhydrous DMF (0.8 

mL) and stirred under nitrogen at 100 ºC for 6 h. The reaction mixture was diluted with 

MeOH (0.2 mL), filtered, and purified by MDAP using Method Formic. The appropriate 

fractions were combined and the solvent removed by rotary evaporation. The residue was 

dissolved in MeOH (0.5 mL) and applied to a MeOH preconditioned 1 g SCX-2 cartridge. 

The cartridge was washed with MeOH (6 mL) followed by 2 M ammonia in MeOH solution 

(6 mL) and the basic wash was evaporated under a stream of nitrogen. The sample was 

purified on a Chiralcel
®
 OD-H column (250 mm x 30 mm, 5 µm packing diameter). An 

isocratic system of 25% IPA in EtOH with a flow rate of 40 mL/min was used at r.t. The UV 

detection was performed at 240 nm. The appropriate fractions were combined and 

evaporated in vacuo to give the title compound as a white solid (22 mg, 0.037 mmol, 10%). 
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LCMS (formic A): m/z 599 [(M + H)
+
]; Rt: 1.01 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.65 (d, J = 

4.8 Hz, 1 H), 7.82 (s, 1 H), 7.80–7.73 (m, 1 H), 7.43 (d, J = 7.8 Hz, 1 H), 7.33 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.92 (s, 1 H), 6.27 (q, J = 7.2 Hz, 1 H), 4.05–3.95 (m, 1 H), 3.95–3.86 (m, 1 

H), 3.58 (s, 3 H), 2.70 (s, 3 H), 2.77–2.68 (m, 1 H), 2.47–2.40 (m, 1 H), 2.27 (s, 3 H), 2.09 

(s, 3 H), 2.06 (d, J = 7.2 Hz, 3 H), 2.04–1.97 (m, 2 H), 1.42 (s, 9 H). 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-8-[cis-3-(methylamino)cyclobutoxy]-1-[1-

(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

316 

A solution of tert-butyl [cis-3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)cyclobutyl](methyl)-

carbamate 315 (19 mg, 0.032 mmol) in DCM (0.75 mL) was treated with TFA (0.25 mL, 

3.24 mmol). The mixture was allowed to stand in a stoppered vessel at r.t. for 2 h and then 

evaporated under a stream of nitrogen. The residue was dissolved in MeOH (0.5 mL) and 

applied to a MeOH preconditioned 0.5 g SCX-2 cartridge. The cartridge was washed with 

MeOH (5 mL) followed by 2 M ammonia in MeOH solution (5 mL). The basic wash was 

evaporated under a stream of nitrogen to give the title compound as a white solid (11 mg, 

0.022 mmol, 70%). 

LCMS (formic A): m/z 499 [(M + H)
+
]; Rt: 0.53 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.63 (d, J = 

4.8 Hz, 1 H), 7.80 (s, 1 H), 7.78–7.72 (m, 1 H), 7.41 (d, J = 7.8 Hz, 1 H), 7.32 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.88 (s, 1 H), 6.27 (q, J = 7.2 Hz, 1 H), 3.96–3.84 (m, 1 H), 3.58 (s, 3 H), 2.75–

2.65 (m, 1 H), 2.45–2.35 (m, 1 H), 2.27 (s, 3 H), 2.22 (s, 3 H), 2.08 (s, 3 H), 2.06 (d, J = 7.2 

Hz, 3 H), 1.64–1.55 (m, 2 H). NH signal not resolved. 1 x Cyclobutyl signal obscured by 

DMSO. 
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N-[cis-3-({7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-

dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)cyclobutyl]acetamide 

 

317 

A solution of 8-(cis-3-aminocyclobutoxy)-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-

[1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 289 (20 mg, 0.041 mmol) was 

dissolved in DCM (0.4 mL) and treated with triethylamine (9 µL, 0.065 mmol) in DCM (0.1 

mL). A solution of acetyl chloride (4 µL, 0.056 mmol) in DCM (0.1 mL) was then added and 

the mixture allowed to stand at r.t. for 3 h. The reaction mixture was diluted with DCM (1 

mL) washed with water (2 x 2 mL) then passed through a hydrophobic frit. The solvent was 

evaporated under a stream of nitrogen and the residue dissolved in DCM (0.5 mL). The 

solution was applied to a 10 g silica cartridge and purified using a gradient of 0–20% MeOH 

in DCM over 10 column volumes. The appropriate fractions were combined and the solvent 

removed by rotary evaporation to give the title compound as an off-white solid (17 mg, 

0.031 mmol, 76%). 

LCMS (formic A): m/z 527 [(M + H)
+
]; Rt: 0.65 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.64 (d, J = 

4.8 Hz, 1 H), 7.81 (s, 1 H), 7.79–7.73 (m, 1 H), 7.67 (br s, 1 H), 7.43 (d, J = 7.8 Hz, 1 H), 

7.33 (dd, J = 7.8, 4.8 Hz, 1 H), 6.90 (s, 1 H), 6.27 (q, J = 7.1 Hz, 1 H), 3.98–3.85 (m, 2 H), 

3.58 (s, 3 H), 2.85–2.75 (m, 1 H), 2.58–2.50 (m, 1 H), 2.27 (s, 3 H), 2.09 (s, 3 H), 2.06 (d, J 

= 7.1 Hz, 3 H), 1.91–1.81 (m, 2 H), 1.78 (s, 3 H). 

tert-Butyl 4-{[(methylsulfonyl)oxy]methyl}piperidine-1-carboxylate 

 

321 

A stirred solution of tert-butyl 4-(hydroxymethyl)piperidine-1-carboxylate 320 (310 

mg, 1.440 mmol) and triethylamine (0.26 mL, 1.865 mmol) in DCM (3 mL) at 0 ºC was 
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treated with methanesulfonyl chloride (0.13 mL, 1.668 mmol). The mixture was stirred for 1 

h under nitrogen and then sat. NaHCO3 (aq) (10 mL) was added. The aqueous layer was 

separated and extracted with DCM (10 mL). The organic layers were combined and washed 

with sat. NaHCO3 (aq) (10 mL). The organic layer was separated, passed through a 

hydrophobic frit and the solvent evaporated under vacuum to give the title compound as a 

yellow oil (386 mg, 1.316 mmol, 91%).  

1
H NMR (400 MHz, CDCl3): δ 4.23–4.10 (m, 2 H), 4.10–4.04 (m, 2 H), 3.01 (s, 3 H), 2.78–

2.65 (m, 2 H), 1.98–1.86 (m, 1 H), 1.79–1.69 (m, 2 H), 1.46 (br s, 9 H), 1.31–1.15 (m, 2 H). 

The 
1
H NMR was in agreement with that reported in the literature.

149
 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-8-(piperidin-4-ylmethoxy)-1-[1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

322 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (63 mg, 0.152 mmol), tert-butyl 4-

{[(methylsulfonyl)oxy]methyl}piperidine-1-carboxylate 321 (59 mg, 0.201 mmol) and 

potassium carbonate (34 mg, 0.246 mmol) in DMF (1.5 mL) was stirred under nitrogen at 

100 ºC and for 2.5 h. The reaction mixture was allowed to cool to r.t., diluted with EtOAc (8 

mL) and washed with brine (8 mL). The aqueous layer was separated and extracted with 

EtOAc (8 mL), the organic layers combined and passed through a hydrophobic frit. The 

solvent was removed by rotary evaporation and the residue dissolved in MeOH (1 mL). The 

solution was applied to a MeOH preconditioned 2 g SCX-2 cartridge. The cartridge was 

washed with MeOH (10 mL) followed by 2 M ammonia in MeOH solution (10 mL). The 

basic wash was evaporated in vacuo and the residue dissolved in 1,4-dioxane (0.7 mL). To 

the solution was added 4 M HCl in 1,4-dioxane solution (0.5 mL, 0.152 mmol) and the 

mixture left to stir at r.t. for 1 h. The reaction was concentrated under a stream of nitrogen 

and the residue purified by MDAP using Method HpH. The appropriate fractions were 

combined and the solvent removed by rotary evaporation to give the title compound as a 

green solid (53 mg, 0.103 mmol, 68%). 
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LCMS (HpH): m/z 513 [(M + H)
+
]; Rt: 0.78 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.58 (d, J = 

4.8 Hz, 1 H), 7.77 (s, 1 H), 7.77–7.71 (m, 1 H), 7.41 (d, J = 7.8 Hz, 1 H), 7.31 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.97 (s, 1 H), 6.29 (q, J = 7.3 Hz, 1 H), 3.64–3.60 (m, 1 H), 3.59 (s, 3 H), 3.28 

(dd, J = 9.4, 6.8 Hz, 1 H), 2.96–2.89 (m, 2 H), 2.46–2.41 (m, 1 H), 2.23 (s, 3 H), 2.05 (d, J = 

7.3 Hz, 3 H), 2.03 (s, 3 H), 1.77–1.65 (m, 1 H), 1.57–1.47 (m, 2 H), 1.13–0.99 (m, 2 H). One 

piperidine proton signal obscured by DMSO. NH signal not resolved. 

tert-Butyl 4-(2-bromoethyl)piperazine-1-carboxylate 

 

324 

tert-Butyl 4-(2-hydroxyethyl)piperazine-1-carboxylate 323 (1.15 g, 4.99 mmol) was 

dissolved in anhydrous THF (20 mL) and carbon tetrabromide (1.82 g, 5.49 mmol) added. A 

solution of triphenylphosphine (1.44 g, 5.49 mmol) in anhydrous THF (5 mL) was added 

dropwise over 1 h. The mixture was stirred at r.t. for 4 h, then left to stand for 56 h. 

Isohexane (10 mL) was added to the mixture, which was then washed sequentially with sat. 

NaHCO3 (aq) (2 x 5 mL), water (5 mL), and brine (5 mL). The organic phase was passed 

through a hydrophobic frit and evaporated in vacuo. The resulting oil was dissolved in DCM 

(5 mL) and purified on a 100 g silica cartridge using a gradient of 0–100% EtOAc in 

cyclohexane over 10 column volumes. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give the title compound as an off-white solid (954 

mg, 3.25 mmol, 65%). 

1
H NMR (400 MHz, CDCl3): δ 3.47–3.39 (m, 6 H), 2.79 (t, J = 7.2 Hz, 2 H), 2.45 (t, J = 5.2 

Hz, 4 H), 1.46 (s, 9 H). 

The 
1
H NMR was in agreement with that reported in the literature.

150
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tert-Butyl 4-[2-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-

2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)ethyl]piperazine-1-carboxylate 

 

325 

A mixture of tert-butyl 4-(2-bromoethyl)piperazine-1-carboxylate 324 (50 mg, 0.171 

mmol), potassium carbonate (25 mg, 0.181 mmol) and 7-(3,5-dimethylisoxazol-4-yl)-8-

hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 

(60 mg, 0.144 mmol) was suspended in anhydrous DMF (0.8 mL) and stirred under nitrogen 

at 75 ºC for 16 h. The reaction mixture was allowed to cool to r.t., diluted with MeOH (0.2 

mL) and purified by MDAP using Method Formic. The appropriate fractions were combined 

and the solvent removed by rotary evaporation to give the title compound as a white foam 

(63 mg, 0.100 mmol, 70%). 

LCMS (formic A): m/z 628 [(M + H)
+
]; Rt: 0.69 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.59 (d, J = 

4.8 Hz, 1 H), 7.79 (s, 1 H), 7.77–7.69 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.30 (dd, J = 7.8, 

4.8 Hz, 1 H), 7.02 (s, 1 H), 6.30 (q, J = 7.2 Hz, 1 H), 3.94–3.86 (m, 1 H), 3.66–3.59 (m, 1 

H), 3.59 (s, 3 H), 3.28 (t, J = 5.1 Hz, 4 H), 2.63 (t, J = 5.7 Hz, 2 H), 2.35–2.30 (m, 4 H), 2.25 

(s, 3 H), 2.06 (s, 3 H), 2.05 (d, J = 7.2 Hz, 3 H), 1.40 (s, 9 H). 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-8-[2-(piperazin-1-yl)ethoxy]-1-[1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

  

326 

A solution of tert-butyl 4-[2-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-

(pyridin-2-yl)ethyl]-2,3-dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)ethyl]piperazine-1-



Confidential – Property of GSK – Do Not Copy 

 

247 

carboxylate 325 (53 mg, 0.084 mmol) in DCM (0.7 mL) was treated with TFA (0.3 mL, 3.89 

mmol). The mixture was allowed to stand in a stoppered vessel at r.t. for 1.5 h. The reaction 

mixture was evaporated under a stream of nitrogen and the residue dissolved in MeOH (0.5 

mL). The solution was applied to a MeOH preconditioned 1 g SCX-2 cartridge. The 

cartridge was washed with MeOH (5 mL) followed by 2 M ammonia in MeOH solution (5 

mL). The basic wash was evaporated under a stream of nitrogen to give the title compound 

as an off-white solid (37 mg, 0.070 mmol, 83%). 

LCMS (HpH): m/z 528 [(M + H)
+
]; Rt: 0.76 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K), δ 8.76 (s, 1 H), 8.59 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.77–7.71 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.29 (dd, J = 7.8, 

4.8 Hz, 1 H), 7.01 (s, 1 H), 6.30 (q, J = 7.2 Hz, 1 H), 3.91–3.84 (m, 1 H), 3.65–3.58 (m, 1 

H), 3.59 (s, 3 H), 2.72–2.65 (m, 4 H), 2.56 (t, J = 5.8 Hz, 2 H), 2.33–2.27 (m, 4 H), 2.25 (s, 3 

H), 2.07 (s, 3 H), 2.05 (d, J = 7.2 Hz, 3 H). NH signal not resolved. 

N-[cis-3-({7-(3,5-dimethylisoxazol-4-yl)-3-methyl-2-oxo-1-[1-(pyridin-2-yl)ethyl]-2,3-

dihydro-1H-imidazo[4,5-c]quinolin-8-yl}oxy)cyclobutyl]methanesulfonamide 

 

327 

A solution of 8-(cis-3-aminocyclobutoxy)-7-(3,5-dimethylisoxazol-4-yl)-3-methyl-1-

[1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 289 (30 mg, 0.062 mmol) and 

DIPEA (11 µL, 0.062 mmol) in DCM (1 mL) was treated with methanesulfonyl chloride (5 

µL, 0.068 mmol) and the mixture stirred at r.t. for 3 h. The solvent was evaporated under a 

stream of nitrogen and the residue purified by MDAP using Method Formic. The appropriate 

fractions were combined and the solvent evaporated in vacuo to give the title compound as a 

white solid (29 mg, 0.051 mmol, 82%). 

LCMS (formic A): m/z 563 [(M + H)
+
]; Rt: 0.71 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.83 (s, 1 H), 8.67 (d, J = 

4.8 Hz, 1 H), 7.86 (s, 1 H), 7.83–7.76 (m, 1 H), 7.47 (d, J = 7.8 Hz, 1 H), 7.36 (dd, J = 7.8, 

4.8 Hz, 1 H), 7.12 (br s, 1 H), 6.95 (s, 1 H), 6.31 (q, J = 7.1 Hz, 1 H), 4.03–3.95 (m, 1 H), 
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3.61 (s, 3 H), 3.58–3.50 (m, 1 H), 3.23 (s, 3 H), 2.93–2.84 (m, 1 H), 2.66–2.57 (m, 1 H), 2.31 

(s, 3 H), 2.12 (s, 3 H), 2.10 (d, J = 7.1 Hz, 3 H), 2.02–1.94 (m, 2 H). 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-8-{[1-(methylsulfonyl)piperidin-4-yl]methoxy}-

1-[1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

328 

A solution of 7-(3,5-dimethylisoxazol-4-yl)-3-methyl-8-(piperidin-4-ylmethoxy)-1-[1-

(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 322 (27 mg, 0.053 mmol) in 

anhydrous DCM (0.25 mL) and pyridine (0.125 mL) was treated with methanesulfonyl 

chloride (5 µL, 0.064 mmol) and the mixture allowed to stir at r.t. in a stoppered vessel for 1 

h. Further methanesulfonyl chloride (5 µL, 0.064 mmol) was added and left for 1 h. Further 

methanesulfonyl chloride (25 µL, 0.32 mmol) was added and left for 5 h. The reaction 

mixture was evaporated under a stream of nitrogen and the residue dissolved in DCM (1 

mL). The organic layer was washed with water (1 mL), passed through a hydrophobic frit 

and the solvent removed under a stream of nitrogen. The residue was purified by MDAP 

using Method Formic. The appropriate fraction was evaporated in vacuo and the residue 

dissolved in MeOH (0.5 mL). The solution was applied to a MeOH preconditioned 0.5 g 

NH2 cartridge which was then washed with MeOH (3 mL). The solvent was evaporated 

under a stream of nitrogen to give the title compound as a white solid (23 mg, 0.039 mmol, 

74%). 

m.p.: 151 ºC. 

IR (solid) ν (cm
-1

): 2926, 1703, 1621, 1581, 1453, 1326, 1215, 1144, 1037, 774. 

LCMS (formic A): m/z 591 [(M + H)
+
]; Rt: 0.76 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C30H35N6O5S 591.2384, found 591.2375. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.78 (s, 1 H), 8.59 (d, J = 

4.8 Hz, 1 H), 7.78 (s, 1 H), 7.78–7.72 (m, 1 H), 7.43 (d, J = 7.8 Hz, 1 H), 7.32 (dd, J = 7.8, 

4.8 Hz, 1 H), 6.99 (s, 1 H), 6.29 (q, J = 7.2 Hz, 1 H), 3.69 (dd, J = 9.6, 6.3 Hz, 1 H), 3.59 (s, 

3 H), 3.63–3.56 (m, 2 H), 3.35 (dd, J = 9.6, 6.3 Hz, 1 H), 2.80 (s, 3 H), 2.77–2.69 (m, 2 H), 

2.24 (s, 3 H), 2.05 (d, J = 7.2 Hz, 3 H), 2.04 (s, 3 H), 1.86–1.74 (m, 1 H), 1.74–1.64 (m, 2 

H), 1.31–1.17 (m, 2 H). 
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13
C NMR (150 MHz, DMSO-d6): δ 166.1, 159.6 (2 C), 154.6, 154.5, 149.4, 141.0, 137.3, 

133.6, 130.7 (2 C), 124.0, 122.7, 121.8, 121.5, 115.9, 112.5, 102.0, 72.7, 45.7, 45.7, 35.5, 

34.9, 28.8, 28.6, 27.9, 17.8, 11.6, 10.8. Benzylic 
13

C signal not observed. 

7-(3,5-Dimethylisoxazol-4-yl)-3-methyl-8-{2-[4-(methylsulfonyl)piperazin-1-yl]ethoxy}-

1-[1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 

 

329 

A solution of 7-(3,5-dimethylisoxazol-4-yl)-3-methyl-8-[2-(piperazin-1-yl)ethoxy]-1-

[1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 326 (20 mg, 0.038 mmol) in 

anhydrous DCM (0.25 mL) and pyridine (0.125 mL) was treated with methanesulfonyl 

chloride (3.5 µL, 0.05 mmol) and the mixture allowed to stir at r.t. in a stoppered vessel for 1 

h. The reaction mixture was evaporated under a stream of nitrogen and the residue dissolved 

in DCM (1 mL). The organic layer was washed with water (1 mL), passed through a 

hydrophobic frit and the solvent removed under a stream of nitrogen. The residue was 

purified by MDAP using Method Formic. The appropriate fraction was evaporated in vacuo 

and the residue dissolved in MeOH (0.5 mL). The solution was applied to a MeOH 

preconditioned 0.5 g NH2 cartridge which was then washed with MeOH (3 mL). The solvent 

was evaporated under a stream of nitrogen to give the title compound as a colourless gum 

(13 mg, 0.02 mmol, 57%). 

LCMS (formic A): m/z 606 [(M + H)
+
]; Rt: 0.57 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 8.77 (s, 1 H), 8.60 (d, J = 

4.8 Hz, 1 H), 7.79 (s, 1 H), 7.78–7.72 (m, 1 H), 7.42 (d, J = 7.8 Hz, 1 H), 7.31 (dd, J = 7.8, 

4.8 Hz, 1 H), 7.02 (s, 1 H), 6.30 (q, J = 7.2 Hz, 1 H), 3.94–3.86 (m, 1 H), 3.66–3.60 (m, 1 

H), 3.59 (s, 3 H), 3.13–3.06 (m, 4 H), 2.82 (s, 3 H), 2.68 (t, J = 5.7 Hz, 2 H), 2.25 (s, 3 H), 

2.07 (s, 3 H), 2.06 (d, J = 7.2 Hz, 3 H). 4 x piperazine signals obscured by DMSO. 
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(3,5-Dimethylisoxazol-4-yl)-1-[(R)-1-methoxypropan-2-yl]-2-(tetrahydro-2H-pyran-4-

yl)-1H-imidazo[4,5-c]quinolin-8-ol and (R)-1-[1-(1-methoxypropan-2-yl)-8-methyl-2-

(tetrahydro-2H-pyran-4-yl)-1H-furo[2,3-g]imidazo[4,5-c]quinolin-7-yl]ethanone 

   

332     364 

A solution of 4-{8-(benzyloxy)-1-[(R)-1-methoxypropan-2-yl]-2-(tetrahydro-2H-

pyran-4-yl)-1H-imidazo[4,5-c]quinolin-7-yl}-3,5-dimethylisoxazole 356 (1.17 g, 2.22 mmol) 

in EtOH (5 mL) was hydrogenated over 5% Pd/C (100 mg) at r.t. and atmospheric pressure 

for 24 h. The reaction mixture was filtered through Celite, which was then washed with 

EtOH (30 mL) and the filtrate evaporated in vacuo. The resulting gum was dissolved in 

DCM (5 mL) and purified on a 100 g silica cartridge using a gradient of 0–20% MeOH in 

DCM over 12 column volumes. The appropriate fractions were combined and the solvent 

removed by rotary evaporation to give: 

7-(3,5-dimethylisoxazol-4-yl)-1-[(R)-1-methoxypropan-2-yl]-2-(tetrahydro-2H-pyran-4-yl)-

1H-imidazo[4,5-c]quinolin-8-ol 332 as a light yellow gum (891 mg, 2.041 mmol, 92%). 

LCMS (formic A): m/z 437 [(M + H)
+
]; Rt: 0.60 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.83 (br s, 1 H), 8.92 (s, 1 

H), 7.89 (s, 1 H), 7.80 (s, 1 H), 5.38–5.24 (m, 1 H), 4.12–4.04 (m, 1 H), 4.03–3.92 (m, 2 H), 

3.63–3.52 (m, 3 H), 3.40 (tt, J = 10.9, 4.0 Hz, 1 H), 3.23 (s, 3 H), 2.33 (s, 3 H), 2.17 (s, 3 H), 

2.11–1.97 (m, 2 H), 1.96–1.81 (m, 2 H), 1.77 (d, J = 7.3 Hz, 3 H). 

 

and a crude by-product which was purified twice by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent evaporated under a stream of nitrogen 

to give (R)-1-[1-(1-methoxypropan-2-yl)-8-methyl-2-(tetrahydro-2H-pyran-4-yl)-1H-

furo[2,3-g]imidazo[4,5-c]quinolin-7-yl]ethanone 364 as a light brown solid (39 mg, 0.093 

mmol, 4%). 

[α]D
21

 +2.2 (c 0.5, CHCl3). 

m.p.: 180–182 ºC. 
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IR (solid)  (cm
-1

): 3379, 2951, 2837, 1655, 1570, 1524, 1370, 1106. 

LCMS (formic A): m/z 422 [(M + H)
+
]; Rt: 0.66 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C24H28N3O4 422.2074, found 422.2075. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.11 (s, 1 H), 8.73 (s, 1 H), 

8.42 (s, 1 H), 5.56–5.43 (m, 1 H), 4.13–4.04 (m, 1 H), 4.04–3.94 (m, 3 H), 3.64–3.52 (m, 2 

H), 3.44 (tt, J = 11.0, 3.9 Hz, 1 H), 3.21 (s, 3 H), 2.86 (s, 3 H), 2.69 (s, 3 H), 2.12–2.00 (m, 2 

H), 1.95–1.83 (m, 2 H), 1.77 (d, J = 7.1 Hz, 3 H). 

13
C NMR (100 MHz, DMSO-d6): δ 192.6, 164.8, 158.1, 150.9, 143.5, 141.7, 135.6, 132.7, 

125.6, 122.1, 116.3, 114.5, 100.9, 73.9, 66.1 (2 C), 57.9, 51.8, 33.8, 31.9, 31.7, 30.0, 16.9, 

14.5. 

7-(3,5-Dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-[(R)-1-phenylethyl]-1H-

imidazo[4,5-c]quinolin-8-ol and (R)-1-{2-(methoxymethyl)-8-methyl-1-(1-phenylethyl)-

1H-furo[2,3-g]imidazo[4,5-c]quinolin-7-yl}ethanone 

    

333     379 

A solution of 4-{8-(benzyloxy)-2-(methoxymethyl)-1-[(R)-1-phenylethyl]-1H-

imidazo[4,5-c]quinolin-7-yl}-3,5-dimethylisoxazole 378 (1.81 g, 3.49 mmol) in EtOH (20 

mL) was hydrogenated over 5% Pd/C (180 mg) at r.t. and atmospheric pressure for 15 h. The 

reaction mixture was filtered through Celite and the cake washed with EtOH (50 mL). The 

filtrate was evaporated under vacuum and the residue dissolved in EtOH (40 mL). The 

solution was hydrogenated over 5% Pd/C (360 mg) at r.t. and atmospheric pressure for 20 h. 

The reaction mixture was filtered through Celite and the cake washed with EtOH (50 mL). 

The filtrate was evaporated under vacuum and the residue dissolved in DCM (8 mL). The 

solution was loaded onto a 220 g silica cartridge and purified using a gradient of 0–15% 

MeOH in DCM over 10 column volumes. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give an off-white solid which was purified by 

MDAP using Method HpH. The appropriate fractions were combined and the solvent 

removed by rotary evaporation to give 7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-

[(R)-1-phenylethyl]-1H-imidazo[4,5-c]quinolin-8-ol 333 as a light yellow solid (923 mg, 

2.154 mmol, 62%). 
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LCMS (formic A): m/z 429 [(M + H)
+
]; Rt: 0.72 min; 96% purity by peak area.  

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.50 (br s, 1 H), 9.04 (s, 1 

H), 7.89 (s, 1 H), 7.45–7.23 (m, 6 H), 6.51 (q, J = 7.1 Hz, 1 H), 4.69 (d, J = 12.9 Hz, 1 H), 

4.62 (d, J = 12.9 Hz, 1 H), 3.33 (s, 3 H), 2.31 (s, 3 H), 2.17 (d, J = 7.1 Hz, 3 H), 2.14 (s, 3 

H). 

The appropriate fractions were combined and the solvent removed by rotary evaporation to 

give (R)-1-{2-(methoxymethyl)-8-methyl-1-(1-phenylethyl)-1H-furo[2,3-g]imidazo[4,5-c]-

quinolin-7-yl}ethanone 379 as a light yellow foam (129 mg, 0.312 mmol, 9%). 

LCMS (formic A): m/z 414 [(M + H)
+
]; Rt: 0.81 min; 96% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.24 (s, 1 H), 8.71 (s, 1 H), 

7.70 (s, 1 H), 7.44–7.36 (m, 2 H), 7.36–7.25 (m, 3 H), 6.57 (q, J = 7.1 Hz, 1 H), 4.82 (s, 2 

H), 3.38 (s, 3 H), 2.79 (s, 3 H), 2.67 (s, 3 H), 2.13 (d, J = 7.1 Hz, 3 H). 

4-[6-Methoxy-4-(2-methyl-1H-imidazol-1-yl)-3-nitroquinolin-7-yl]-3,5-

dimethylisoxazole 

 
337 

A mixture of 4-(4-chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 334 

(250 mg, 0.749 mmol) and 2-methyl-1H-imidazole (154 mg, 1.873 mmol) in anhydrous 1,4-

dioxane (3.0 mL) was heated in a 0.5–2.0 mL sealed vessel in a Biotage I60 microwave at 

120 ºC for 30 min (absorbance: normal; FHT: on; cooling: off). The reaction mixture was 

diluted with EtOAc (15 mL) and washed with water (15 mL). The aqueous layer was 

extracted with EtOAc (15 mL), the organic layers combined and passed through a 

hydrophobic frit. The solvent was removed under vacuum and the residue loaded in DCM (5 

mL) and purified on a 50 g silica cartridge using a gradient of 0–10% MeOH in DCM over 

10 column volumes. The appropriate fractions were combined and the solvent removed by 

rotary evaporation to give the title compound as a yellow foam (284 mg, 0.749 mmol, 

100%). 

LCMS (formic A): m/z 380 [(M + H)
+
]; Rt: 0.68 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.36 (s, 1 H), 8.07 (s, 1 H), 7.27 (d, J = 1.5 Hz, 1 H), 7.04 (s, 

J = 1.5 Hz, 1 H), 6.60 (s, 1 H), 3.79 (s, 3 H), 2.39 (s, 3 H), 2.23 (s, 3 H), 2.22 (s, 3 H). 
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4-[6-(Benzyloxy)-4-chloro-3-nitroquinolin-7-yl]-3,5-dimethylisoxazole 

 

343 

To 6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-3-nitroquinolin-4(1H)-one 352 (3.53 

g, 9.02 mmol) was added phosphorus oxychloride (20 mL, 215 mmol) and the suspension 

stirred at 100 ºC under nitrogen for 1 h. The reaction mixture was allowed to cool to r.t. and 

evaporated under vacuum. Toluene (20 mL) was added and the mixture evaporated. The 

residue was dissolved in DCM (25 mL) and sat. NaHCO3 (aq) (25 mL) was added. The 

mixture was stirred vigorously for 30 min and the organic layer separated. The aqueous layer 

was extracted with DCM (25 mL), the organics combined and passed through a hydrophobic 

frit. The solvent was removed under vacuum and the resulting solid triturated with 

cyclohexane:diethylether (8:2) (40 mL). The solid was dried in vacuo to give the title 

compound as a light brown solid (3.54 g, 8.64 mmol, 96%). 

m.p.: 230–232 ºC. 

IR (solid) ν (cm
-1

): 3130, 1619, 1556, 1526, 1420, 1381, 1331, 1227, 1023, 739. 

LCMS (formic A): m/z 410, 412 [(M + H)
+
]; Rt: 1.32 min; 98% purity by peak area. 

HRMS (ESI): M + H calcd for C21H17
35

ClN3O4 410.0902, found 410.0897. 

1
H NMR (400 MHz, CDCl3): δ 9.16 (s, 1 H), 8.01 (s, 1 H), 7.82 (s, 1 H), 7.47–7.33 (m, 5 H), 

5.32 (s, 2 H), 2.37 (s, 3 H), 2.23 (s, 3 H). 

13
C NMR (100 MHz, CDCl3): δ 167.1, 159.3, 157.3, 144.9, 142.6, 141.7, 135.0, 134.2, 

133.0, 129.2, 128.9 (2 C), 128.7, 127.4 (2 C), 126.7, 111.7, 104.7, 71.3, 12.0, 10.9. 

6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)quinolin-4(1H)-one 

 

344 

Diphenyl ether (70 mL) was heated with stirring to 260 ºC (internal) using an 

isomantle (set to level 10, then maintained at level 8). Solid 6-(benzyloxy)-7-(3,5-

dimethylisoxazol-4-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 351 (7.2 g, 18.44 
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mmol) was added in one portion followed by diphenyl ether (10 mL). The mixture stirred for 

20 min. The reaction was allowed to cool to r.t. and the solution applied to a 330 g silica 

cartridge with DCM (20 mL). The mixture was purified using a gradient of 0–20% MeOH in 

DCM over 10 column volumes. The appropriate fractions were combined and the solvent 

removed by rotary evaporation to give the title compound as a brown solid (5.7 g, 16.46 

mmol, 89%). 

LCMS (formic A): m/z 347 [(M + H)
+
]; Rt: 0.83 min; 89% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 11.72 (br s, 1 H), 7.92–7.86 (m, 1 H), 7.75 (s, 1 H), 7.44 

(s, 1 H), 7.41–7.29 (m, 5 H), 6.03 (d, J = 7.2 Hz, 1 H), 5.21 (s, 2 H), 2.29 (s, 3 H), 2.11 (s, 3 

H). 

Ethyl 6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-oxo-1,4-dihydroquinoline-3-

carboxylate 

 

345 

Diphenyl ether (75 mL) was heated with stirring to 260 ºC (internal) using an 

isomantle (set to level 10, then maintained at level 8). Solid diethyl 2-({[4-(benzyloxy)-3-

(3,5-dimethylisoxazol-4-yl)phenyl]amino}methylene)malonate 350 (9.6 g, 20.67 mmol) was 

added in portions, followed by diphenyl ether (10 mL). The mixture was stirred for 20 min. 

The mixture was allowed to cool to r.t. and diluted with DCM (20 mL). The solution was 

loaded onto a 330 g silica cartridge and purified using a gradient of 0–20% MeOH in DCM 

over 10 column volumes. The appropriate fractions were combined and the solvent removed 

by rotary evaporation to give the title compound as a light brown solid (7.8 g, 18.64 mmol, 

90%). 

LCMS (formic A): m/z 419 [(M + H)
+
]; Rt: 0.93 min; 85% purity by peak area. 9% 

Decarboxylated material present. 

1
H NMR (400 MHz, DMSO-d6): δ 12.27 (br s, 1 H), 8.55 (s, 1 H), 7.82 (s, 1 H), 7.53 (s, 1 

H), 7.40–7.29 (m, 5 H), 5.24 (s, 2 H), 4.22 (q, J = 7.1 Hz, 2 H), 2.30 (s, 3 H), 2.10 (s, 3 H), 

1.29 (t, J = 7.1 Hz, 3 H). 
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4-(Benzyloxy)-3-(3,5-dimethylisoxazol-4-yl)aniline 

 

346 

A mixture of 4-[2-(benzyloxy)-5-nitrophenyl]-3,5-dimethylisoxazole 349 (9.2 g, 28.4 

mmol), iron powder (6.0 g, 107 mmol) and ammonium chloride (12 g, 224 mmol) was 

suspended in EtOH (400 mL) and water (100 mL) and stirred at r.t for 15 h. The reaction 

mixture was filtered through a pad of Celite and the cake washed with EtOH. The filtrate 

was evaporated under vacuum and the residue partitioned between EtOAc (150 mL) and 

water (150 mL). The organic layer was separated, washed with further water (100 mL) and 

dried over MgSO4. The solvent was removed under vacuum to give the title compound as a 

dark brown oil (8.2 g, 27.9 mmol, 98%). 

LCMS (formic A): m/z 295 [(M + H)
+
]; Rt: 0.75 min; 85% purity by peak area. 10% starting 

material remains. 

1
H NMR (400 MHz, CDCl3): δ 7.37–7.25 (m, 3 H), 7.25–7.20 (m, 2 H), 6.91 (d, J = 8.6 Hz, 

1 H), 6.69 (dd, J = 8.6, 2.9 Hz, 1 H), 6.51 (d, J = 2.9 Hz, 1 H), 4.92 (s, 2 H), 3.53 (br s, 2 H), 

2.29 (s, 3 H), 2.18 (s, 3 H). 

1-(Benzyloxy)-2-bromo-4-nitrobenzene 

 

348 

To a slurry of sodium hydride (60% dispersion in mineral oil, 2.8 g, 70.0 mmol) and 

DMA (60 mL) was added benzyl alcohol (4.75 mL, 45.7 mmol) dropwise with stirring under 

nitrogen. The mixture was stirred for 2 h at r.t. and then cooled to 0 °C. 2-Bromo-1-fluoro-4-

nitrobenzene 347 (11 g, 50.0 mmol) was added to the cooled solution and stirred for 1 h. The 

reaction mixture was poured onto sat. NH4Cl (aq) (80 mL) and stirred for 10 min, filtered 

and washed with water. The solid was triturated with diethyl ether (25 mL) and filtered to 

give the title compound as a tan solid (11.25 g, 36.5 mmol, 73%). 

LCMS (formic A): poor ionisation; Rt: 1.30 min; 100% purity by peak area. 
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1
H NMR (400 MHz, DMSO-d6): δ 8.45 (d, J = 2.8 Hz, 1 H), 8.28 (dd, J = 9.1, 2.8 Hz, 1 H), 

7.53–7.47 (m, 2 H), 7.47–7.40 (m, 3 H), 7.40–7.34 (m, 1 H), 5.39 (s, 2 H). 

4-[2-(Benzyloxy)-5-nitrophenyl]-3,5-dimethylisoxazole 

 

349 

Nitrogen was bubbled through a mixture of 1-(benzyloxy)-2-bromo-4-nitrobenzene 

348 (10.73 g, 34.8 mmol), cesium carbonate (23 g, 70.6 mmol), DME (100 mL) and water 

(40 mL) for 30 min. (3,5-Dimethylisoxazol-4-yl)boronic acid (9.75 g, 69.2 mmol) and 

PEPPSI
TM

-IPr catalyst (0.6 g, 0.883 mmol) was added and the mixture stirred at 90 °C for 5 

h under nitrogen. The reaction was allowed to cool to r.t. then EtOAc (150 mL) and water 

(75 mL) added. The layers were separated and the organic layer washed with 10% Na2SO3 

(aq) (75 mL) followed by brine (75 mL). The organic layer was dried over MgSO4, filtered 

and concentrated under reduced pressure. The resulting solid was triturated with diethyl ether 

(50 mL), filtered and washed with cyclohexane (100 mL). The solid was dried in a vacuum 

oven to give the title compound as a light brown solid (9.72 g, 30.0 mmol, 86%). 

LCMS (formic A): m/z 325 [(M + H)
+
]; Rt: 1.19 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.26 (dd, J = 9.1, 2.8 Hz, 1 H), 8.07 (d, J = 2.8 Hz, 1 H), 

7.41–7.31 (m, 3 H), 7.30–7.25 (m, 2 H), 7.13 (d, J = 9.1 Hz, 1 H), 5.19 (s, 2 H), 2.30 (s, 3 

H), 2.16 (s, 3 H). 

Diethyl 2-({[4-(benzyloxy)-3-(3,5-dimethylisoxazol-4-

yl)phenyl]amino}methylene)malonate 

 

350 

A mixture of 4-(benzyloxy)-3-(3,5-dimethylisoxazol-4-yl)aniline 346 (8.2 g, 27.9 

mmol) and diethyl 2-(ethoxymethylene)malonate (5.6 mL, 28.0 mmol) was stirred at 130 ºC 

for 1 h. The brown oil was concentrated under reduced pressure. The residue was loaded in 
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DCM (20 mL) and purified on a 330 g silica cartridge using a gradient of 0–100% EtOAc in 

DCM over 10 column volumes. The appropriate fractions were combined and the solvent 

removed by rotary evaporation. The resulting solid was triturated with cyclohexane, filtered 

and dried in a vacuum oven to give the title compound as a light brown solid (9.6 g, 20.67 

mmol, 74%). 

LCMS (formic A): m/z 465 [(M + H)
+
]; Rt: 1.30 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 11.02 (d, J = 13.5 Hz, 1 H), 8.44 (d, J = 13.5 Hz, 1 H), 7.40–

7.24 (m, 5 H), 7.15 (dd, J = 8.8, 2.9 Hz, 1 H), 7.07 (d, J = 8.8 Hz, 1 H), 6.94 (d, J = 2.9 Hz, 1 

H), 5.06 (s, 2 H), 4.32 (q, J = 7.1 Hz, 2 H), 4.26 (q, J = 7.1 Hz, 2 H), 2.31 (s, 3 H), 2.18 (s, 3 

H), 1.40 (t, J = 7.1 Hz, 3 H), 1.34 (t, J = 7.1 Hz, 3 H). 

6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic 

acid 

 

351 

To ethyl 6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-oxo-1,4-dihydroquinoline-3-

carboxylate 345 (7.8 g, 18.64 mmol) was added EtOH (50 mL) and 2 M NaOH (aq) (30 mL, 

60.0 mmol) and the mixture stirred at 95 ºC for 3 h. The reaction was allowed to cool to r.t. 

and the volatiles evaporated under vacuum. The remaining mixture was acidified to pH = 1 

with 12.5% HCl (aq) (~30 mL) and the resulting precipitate isolated by vacuum filtration. 

The solid was washed with water (200 mL) and diethylether (50 mL), and then dried in a 

vacuum oven overnight to give the title compound as an off-white solid (7.2 g, 18.44 mmol, 

99%). 

LCMS (formic A): m/z 391 [(M + H)
+
]; Rt: 1.00 min; 82% purity by peak area. 10% 

Decarboxylated material present. 

1
H NMR (400 MHz, DMSO-d6): δ 15.64 (br s, 1 H), 8.85 (s, 1 H), 7.90 (s, 1 H), 7.76 (s, 1 

H), 7.43–7.30 (m, 5 H), 5.31 (s, 2 H), 2.31 (s, 3 H), 2.12 (s, 3 H). 
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6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-3-nitroquinolin-4(1H)-one 

 

352 

To a 500 mL round bottomed flask containing 6-(benzyloxy)-7-(3,5-dimethylisoxazol-

4-yl)quinolin-4(1H)-one 344 (5.7 g, 16.46 mmol) was added propionic acid (75 mL, 1002 

mmol) followed by 70% nitric acid (1.6 mL, 35.8 mmol). A suspension formed which was 

stirred at 100 ºC for 1.5 h. The reaction mixture was allowed to cool to r.t., filtered under 

vacuum and washed with cyclohexane (100 mL). The solid was dried in a vacuum oven to 

give the title compound as a tan solid (3.7 g, 9.45 mmol, 57%). 

LCMS (formic A): m/z 392 [(M + H)
+
]; Rt: 0.94 min; 98% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): δ 12.97 (br s, 1 H), 9.18 (s, 1 H), 7.91 (s, 1 H), 7.63 (s, 1 

H), 7.42–7.29 (m, 5 H), 5.29 (s, 2 H), 2.30 (s, 3 H), 2.11 (s, 3 H). 

6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-N-[(R)-1-methoxypropan-2-yl]-3-

nitroquinolin-4-amine 

 

353 

A solution of 4-[6-(benzyloxy)-4-chloro-3-nitroquinolin-7-yl]-3,5-dimethylisoxazole 

343 (1.75 g, 4.27 mmol) in anhydrous NMP (10 mL) was treated with DIPEA (2.2 mL, 

12.60 mmol) followed by (R)-1-methoxypropan-2-amine hydrochloride (0.60 g, 4.78 mmol). 

The mixture was stirred at r.t. for 3 h then diluted with water (25 mL) and extracted with 

EtOAc (2 x 30 mL). The combined organic extracts were washed with brine (30 mL), passed 

through a hydrophobic frit and evaporated in vacuo. The gum was loaded in DCM (5 mL) 

and purified on a 100 g silica cartridge using a gradient of 0–100% EtOAc in DCM over 12 

column volumes. The appropriate fractions were combined and the solvent removed by 

rotary evaporation. A mixture of cyclohexane (8:2) (10 mL) was added to the gum and 

evaporated, and the process repeated. The resulting bright yellow foam was dried under high 

vacuum to give the title compound (1.73 g, 3.74 mmol, 88%). 
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LCMS (formic A): m/z 463 [(M + H)
+
]; Rt: 1.18 min; 97% purity by peak area. 

 1
H NMR (400 MHz, CDCl3): δ 9.30 (s, 1 H), 8.93 (d, J = 9.5 Hz, 1 H), 7.86 (s, 1 H), 7.83 (s, 

1 H), 7.43–7.30 (m, 5 H), 5.30–5.17 (m, 2 H), 4.37–4.24 (m, 1 H), 3.54–3.44 (m, 2 H), 3.43 

(s, 3 H), 2.38 (s, 3 H), 2.26 (s, 3 H), 1.32 (d, J = 6.6 Hz, 3 H). 

6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-N
4
-[(R)-1-methoxypropan-2-yl]quinoline-

3,4-diamine 

 

354 

Iron powder (1.93 g, 34.6 mmol) was added to a solution of 6-(benzyloxy)-7-(3,5-

dimethylisoxazol-4-yl)-N-[(R)-1-methoxypropan-2-yl]-3-nitroquinolin-4-amine 353 (1.60 g, 

3.46 mmol) in acetic acid (12 mL) and the mixture stirred at r.t. for 6 h. Further iron powder 

(1.93 g, 34.6 mmol) was added, and the reaction stirred for 2 h. The mixture was diluted with 

EtOAc (100 mL) and stirred for 30 min. The mixture was filtered through Celite and the 

filtrate diluted with 5 M NaOH (aq) (100 mL). The organic layer was separated, washed with 

sat. NaHCO3 (aq) (100 mL), passed through a hydrophobic frit and evaporated in vacuo. The 

residue was loaded in DCM (5 mL) and purified on a 100 g silica cartridge using a gradient 

of 0–10% 2 M ammonia/MeOH in DCM over 10 column volumes. The appropriate fractions 

were combined and the solvent removed by rotary evaporation to give the title compound as 

a light brown solid (1.16 g, 2.68 mmol, 78%). 

LCMS (formic A): m/z 433 [(M + H)
+
]; Rt: 0.87 min; 95% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.40 (s, 1 H), 7.74 (s, 1 H), 7.42–7.30 (m, 6 H), 5.26–5.17 

(m, 2 H), 4.11 (s, 2 H), 3.59–3.50 (m, 1 H), 3.46 (s, 3 H), 3.40 (dd, J = 9.3, 2.0 Hz, 1 H), 

3.29 (dd, J = 9.3, 4.2 Hz, 1 H), 2.36 (s, 3 H), 2.23 (s, 3 H), 1.26 (d, J = 6.4 Hz, 3 H). NH 

signal not resolved. 
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N-[6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-{[(R)-1-methoxypropan-2-

yl]amino}quinolin-3-yl]tetrahydro-2H-pyran-4-carboxamide 

 

355 

6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-N
4
-[(R)-1-methoxypropan-2-

yl]quinoline-3,4-diamine 354 (1.13 g, 2.61 mmol) was dissolved in a mixture of DCM (10 

mL) and pyridine (0.50 mL, 6.18 mmol) and stirred for 10 min at r.t. The solution was 

cooled to 0 ºC then tetrahydro-2H-pyran-4-carbonyl chloride (0.43 g, 2.89 mmol) was added. 

The solution was stirred at 0 ºC for 10 min then allowed to warm to r.t. over 2 h. Further 

tetrahydro-2H-pyran-4-carbonyl chloride (0.05 g, 0.337 mmol) was added and the mixture 

stirred for 1 h. The reaction mixture was diluted with DCM (15 mL) and washed with water 

(2 x 25 mL). The organic layer was passed through a hydrophobic frit and the solvent 

evaporated in vacuo. The foam was loaded in DCM (5 mL) and purified on a 100 g silica 

cartridge using a gradient of 0–15% MeOH in DCM over 10 column volumes. The 

appropriate fractions were combined and the solvent removed by rotary evaporation. The 

residue was dissolved in MeOH (5 mL) and was applied to a MeOH preconditioned 20 g 

SCX-2 cartridge. The cartridge was washed with MeOH (60 mL) followed by 2 M ammonia 

in MeOH solution (60 mL). The basic wash was evaporated in vacuo to give the title 

compound as a light brown foam (1.40 g, 2.57 mmol, 98%). 

LCMS (formic A): m/z 545 [(M + H)
+
]; Rt: 0.85 min; 96% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.30 (s, 1 H), 8.34 (s, 1 H), 7.87–7.83 (m, 1 H), 7.42–7.30 

(m, 7 H), 5.28–5.17 (m, 2 H), 4.13 (d, J = 10.8 Hz, 2 H), 3.50 (s, 3 H), 3.58–3.43 (m, 4 H), 

3.29 (dd, J = 9.5, 5.9 Hz, 1 H), 2.64 (s, 1 H), 2.36 (s, 3 H), 2.24 (s, 3 H), 2.08–1.89 (m, 4 H), 

1.22 (d, J = 6.6 Hz, 3 H). 
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4-{8-(Benzyloxy)-1-[(R)-1-methoxypropan-2-yl]-2-(tetrahydro-2H-pyran-4-yl)-1H-

imidazo[4,5-c]quinolin-7-yl}-3,5-dimethylisoxazole 

 

356 

A solution of N-[6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-{[(R)-1-

methoxypropan-2-yl]amino}quinolin-3-yl]tetrahydro-2H-pyran-4-carboxamide 355 (1.36 g, 

2.497 mmol) in propionic acid (7 mL, 94 mmol) was stirred at 140 ºC for 3 h. The reaction 

mixture was allowed to cool to r.t. and evaporated in vacuo. The oil was dissolved in DCM 

(25 mL) and washed with 1 M NaOH (aq) (25 mL). The aqueous layer was extracted with 

DCM (25 mL), the organic layers combined and dried over MgSO4 to give the title 

compound as a yellow gum (1.24 g, 2.36 mmol, 94%).  

LCMS (formic A): m/z 527 [(M + H)
+
]; Rt: 0.90 min; 97% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.00 (s, 1 H), 7.98 (s, 1 H), 

7.72 (s, 1 H), 7.42–7.34 (m, 4 H), 7.34–7.27 (m, 1 H), 5.32 (s, 2 H), 5.31–5.23 (m, 1 H), 

4.03–3.95 (m, 2 H), 3.93 (d, J = 9.6 Hz, 1 H), 3.79 (dd, J = 10.4, 4.3 Hz, 1 H), 3.61–3.50 (m, 

2 H), 3.44–3.32 (m, 1 H), 3.17 (s, 3 H), 2.31 (s, 3 H), 2.14 (s, 3 H), 2.12–1.95 (m, 2 H), 

1.94–1.79 (m, 2 H), 1.65 (d, J = 7.3 Hz, 3 H). 

(3S)-tert-Butyl 3-({[7-(3,5-dimethylisoxazol-4-yl)-1-[(R)-1-methoxypropan-2-yl]-2-

(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-c]quinolin-8-yl]oxy}methyl)pyrrolidine-1-

carboxylate 

 

357 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-1-[(R)-1-methoxypropan-2-yl]-2-

(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-c]quinolin-8-ol 332 (100 mg, 0.229 mmol), 

potassium carbonate (45 mg, 0.326 mmol) and (S)-tert-butyl 3-{[(methylsulfonyl)-

oxy]methyl}pyrrolidine-1-carboxylate 311 (72 mg, 0.258 mmol) was stirred at 100 ºC under 
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nitrogen for 3 h. The reaction mixture was allowed to cool to r.t. and diluted with MeOH (0.2 

mL). The mixture was filtered and purified by MDAP using Method HpH. The appropriate 

fractions were combined and the solvent evaporated under a stream of nitrogen and the 

brown gum freeze dried from 1,4-dioxane to give the title compound as an off white solid 

(81 mg, 0.131 mmol, 57%). 

LCMS (formic A): m/z 620 [(M + H)
+
]; Rt: 0.93 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable Temperature (393 K) δ 9.01 (s, 1 H), 7.96 (s, 1 H), 

7.74 (s, 1 H), 5.47–5.33 (m, 1 H), 4.20–3.96 (m, 6 H), 3.58–3.55 (m, 2 H), 3.49–3.39 (m, 2 

H), 3.37–3.29 (m, 1 H), 3.26 (s, 3 H), 3.28–3.19 (m, 1 H), 3.07 (dd, J = 10.9, 7.1 Hz, 1 H), 

2.69–2.58 (m, 1 H), 2.31 (s, 3 H), 2.13 (s, 3 H), 2.11–1.82 (m, 5 H), 1.78 (d, J = 7.3 Hz, 3 

H), 1.73–1.62 (m, 1 H), 1.40 (s, 9 H). 

4-{1-[(R)-1-Methoxypropan-2-yl]-8-[(S)-pyrrolidin-3-ylmethoxy]-2-(tetrahydro-2H-

pyran-4-yl)-1H-imidazo[4,5-c]quinolin-7-yl}-3,5-dimethylisoxazole 

 

358 

A solution of (3S)-tert-butyl 3-({[7-(3,5-dimethylisoxazol-4-yl)-1-[(R)-1-

methoxypropan-2-yl]-2-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-c]quinolin-8-

yl]oxy}methyl)pyrrolidine-1-carboxylate 357 (76 mg, 0.123 mmol) was dissolved in DCM 

(1 mL) and treated with TFA (0.25 mL, 3.24 mmol). The mixture was allowed to stand in a 

stoppered vessel at r.t. for 1.5 h. The reaction mixture was evaporated under a stream of 

nitrogen and the residue dissolved in MeOH. The solution was applied to a MeOH 

preconditioned 1 g SCX-2 cartridge. The cartridge was washed with MeOH (5 mL) followed 

by 2 M ammonia in MeOH solution (5 mL). The basic wash was evaporated under a stream 

of nitrogen to give the title compound as a off-white solid (50 mg, 0.096 mmol, 78%). 

[α]D
23

 −7.5 (c 0.5, CHCl3). 

m.p.: 94 ºC. 

IR (solid)  (cm
-1

): 3383, 2931, 1619, 1505, 1418, 1367, 1212, 1106. 

LCMS (formic A): m/z 520 [(M + H)
+
]; Rt: 0.51 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C29H38N5O4 520.2918, found 520.2900. 
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1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.00 (s, 1 H), 7.95 (s, 1 H), 

7.73 (s, 1 H), 5.47–5.33 (m, 1 H), 4.12–4.05 (m, 3 H), 4.04–3.95 (m, 3 H), 3.65–3.53 (m, 2 

H), 3.43 (tt, J = 11.0, 3.9 Hz, 1 H), 3.26 (s, 3 H), 2.62–2.53 (m, 1 H), 2.47–2.41 (m, 1 H), 

2.31 (s, 3 H), 2.13 (s, 3 H), 2.12–1.97 (m, 2 H), 1.97–1.80 (m, 3 H), 1.78 (d, J = 7.3 Hz, 3 

H), 1.46–1.35 (m, 1 H). 3 x alkyl protons obscured by water. NH signal not resolved. 

13
C NMR (100 MHz, CDCl3): δ 166.2, 159.7, 158.3, 154.7, 143.9, 140.4, 138.1, 134.3, 

132.7, 120.8, 117.9, 112.5, 103.5, 74.9, 71.8, 67.7, 67.5, 59.3, 52.0, 50.2, 46.7, 38.6, 34.6, 

32.0, 31.5, 29.3, 18.0, 11.7, 10.8. 

tert-Butyl 4-({[7-(3,5-dimethylisoxazol-4-yl)-1-[(R)-1-methoxypropan-2-yl]-2-

(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-c]quinolin-8-yl]oxy}methyl)piperidine-1-

carboxylate 

 

359 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-1-[(R)-1-methoxypropan-2-yl]-2-

(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-c]quinolin-8-ol 332 (100 mg, 0.229 mmol), 

potassium carbonate (45 mg, 0.326 mmol) and tert-butyl 4-{[(methylsulfonyl)oxy]-

methyl}piperidine-1-carboxylate 321 (75 mg, 0.256 mmol) was stirred at 100 ºC under 

nitrogen for 5.5 h. The reaction mixture was allowed to cool to r.t. and diluted with MeOH 

(0.2 mL). The mixture was filtered and purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent evaporated under a stream of nitrogen 

and the brown gum freeze dried from 1,4-dioxane to give the title compound as an off white 

solid (70 mg, 0.110 mmol, 48%). 

LCMS (formic A): m/z 634 [(M + H)
+
]; Rt: 0.99 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable Temperature (393 K) δ 9.01 (s, 1 H), 7.95 (s, 1 H), 

7.73 (s, 1 H), 5.46–5.35 (m, 1 H), 4.14–3.88 (m, 8 H), 3.64–3.53 (m, 2 H), 3.43 (tt, J = 11.0, 

3.9 Hz, 1 H), 3.26 (s, 3 H), 2.81–2.69 (m, 2 H), 2.31 (s, 3 H), 2.12 (s, 3 H), 2.11–1.82 (m, 5 

H), 1.78 (d, J = 7.3 Hz, 3 H), 1.71–1.63 (m, 2 H), 1.40 (s, 9 H), 1.26–1.13 (m, 2 H). 
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4-{1-[(R)-1-Methoxypropan-2-yl]-8-(piperidin-4-ylmethoxy)-2-(tetrahydro-2H-pyran-4-

yl)-1H-imidazo[4,5-c]quinolin-7-yl}-3,5-dimethylisoxazole 

 

360 

A solution of tert-butyl 4-({[7-(3,5-dimethylisoxazol-4-yl)-1-[(R)-1-methoxypropan-

2-yl]-2-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-c]quinolin-8-yl]oxy}methyl)piperidine-

1-carboxylate 359 (65 mg, 0.103 mmol) was dissolved in DCM (1 mL) and treated with TFA 

(0.25 mL, 3.24 mmol). The mixture was allowed to stand in a stoppered vessel at r.t. for 1.5 

h. The reaction mixture was evaporated under a stream of nitrogen and the residue dissolved 

in MeOH. The solution was applied to a MeOH preconditioned 1 g SCX-2 cartridge. The 

cartridge was washed with MeOH (5 mL) followed by 2 M ammonia in MeOH solution (5 

mL). The basic wash was evaporated under a stream of nitrogen to give the title compound 

as a off white solid (44 mg, 0.082 mmol, 80%). 

LCMS (formic A): m/z 534 [(M + H)
+
]; Rt: 0.52 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.00 (s, 1 H), 7.94 (s, 1 H), 

7.73 (s, 1 H), 5.46–5.32 (m, 1 H), 4.11–4.05 (m, 1 H), 4.04–3.95 (m, 5 H), 3.63–3.53 (m, 2 

H), 3.43 (tt, J = 11.0, 3.9 Hz, 1 H), 3.26 (s, 3 H), 2.97–2.91 (m, 2 H), 2.52–2.44 (m, 2 H), 

2.30 (s, 3 H), 2.12 (s, 3 H), 2.10–1.98 (m, 2 H), 1.95–1.83 (m, 3 H), 1.78 (d, J = 7.3 Hz, 3 

H), 1.65–1.57 (m, 2 H), 1.25–1.08 (m, 2 H). NH signal not resolved. 

R)-1-[1-(1-Methoxypropan-2-yl)-8-methyl-2-(tetrahydro-2H-pyran-4-yl)-1H-furo[2,3-

g]imidazo[4,5-c]quinolin-7-yl]ethanone 

 

364 

(R)-1-[1-(1-Methoxypropan-2-yl)-8-methyl-2-(tetrahydro-2H-pyran-4-yl)-1H-

furo[2,3-g]imidazo[4,5-c]quinolin-7-yl]ethanone 364 was isolated as a by-product in the 
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synthesis of 332. Please refer to the experimental relating to the preparation of 332 for 

characterisation data of 364. 

(±)-6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-3-nitro-N-(1-phenylethyl)quinolin-4-

amine 

 

365 

A solution of 4-[6-(benzyloxy)-4-chloro-3-nitroquinolin-7-yl]-3,5-dimethylisoxazole 

343 (1.628 g, 3.97 mmol) in anhydrous NMP (10 mL) was treated with DIPEA (1.73 mL, 

9.91 mmol) followed by (±)-1-phenylethanamine (0.564 mL, 4.37 mmol). The reaction 

mixture was stirred under nitrogen at r.t. for 3.5 h. The reaction was diluted with water (20 

mL) and brine (5 mL) and extracted with EtOAc (40 mL). A yellow precipitate formed 

between the layers and was retained in the separating funnel. The aqueous layer was 

extracted once more with EtOAc (40 mL) and the organic layers were combined then passed 

through a hydrophobic frit. The solvent was removed by rotary evaporation. The precipitate 

from the separating funnel was dissolved in DCM (50 mL) and combined with the residue 

from the evaporated EtOAc extractions. The solution was washed with brine (20 mL) and the 

organic layer passed through a hydrophobic frit. The solvent was removed by rotary 

evaporation and the resulting oil solidified upon standing. EtOAc was added and the 

suspension filtered to give batch 1 of the title compound as a yellow solid (843 mg, 1.705 

mmol, 43%). 

 LCMS (formic A): m/z 495 [(M + H)
+
]; Rt: 1.34 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.61 (d, J = 7.8 Hz, 1 H), 9.34 (s, 1 H), 7.77 (s, 1 H), 7.58–

7.54 (m, 2 H), 7.51–7.45 (m, 3 H), 7.42–7.36 (m, 1 H), 7.35–7.28 (m, 3 H), 7.06–7.02 (m, 2 

H), 5.38 (dq, J = 7.8, 6.7, Hz, 1 H), 4.53 (d, J = 11.8 Hz, 1 H), 4.14 (d, J = 11.8 Hz, 1 H), 

2.27 (s, 3 H), 2.14 (s, 3 H), 1.76 (d, J = 6.7 Hz, 3 H). 

 

The filtrate was diluted with EtOAc (50 mL) and washed with water (45 mL). The aqueous 

layer was extracted with EtOAc (2 x 50 mL), the organic layers combined and passed 

through a hydrophobic frit. The solvent was removed by rotary evaporation, leaving a gum. 
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The gum was azeotroped with cyclohexane and the resulting solid dried in a vacuum oven to 

give batch 2 of the title compound as a brown solid (794 mg, 1.606 mmol, 40%). 

LCMS (formic A): m/z 495 [(M + H)
+
]; Rt: 1.34 min; 91% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.61 (d, J = 7.6 Hz, 1 H), 9.34 (s, 1 H), 7.77 (s, 1 H), 7.58–

7.54 (m, 2 H), 7.51–7.45 (m, 3 H), 7.42–7.36 (m, 1 H), 7.36–7.27 (m, 3 H), 7.06–7.02 (m, 2 

H), 5.39 (dq, J = 7.8, 6.7 Hz, 1 H), 4.53 (d, J = 11.8 Hz, 1 H), 4.14 (d, J = 11.8 Hz, 1 H), 

2.27 (s, 3 H), 2.14 (s, 3 H), 1.76 (d, J = 6.7 Hz, 3 H). 

(±)-6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-N
4
-(1-phenylethyl)quinoline-3,4-

diamine 

 

366 

Iron powder (1.88 g, 33.7 mmol) was added to a solution of (±)-6-(benzyloxy)-7-(3,5-

dimethylisoxazol-4-yl)-3-nitro-N-(1-phenylethyl)quinolin-4-amine 365 (1.63 g, 3.30 mmol) 

in acetic acid (15 mL). The mixture was stirred at r.t. for 1.5 h. EtOAc (100 mL) was added 

to the flask and the mixture was left to stir for 1 h. The mixture was filtered through Celite 

and washed with 5 M NaOH (aq) (100 mL). The organic layer was separated and washed 

with a mixture of sat. NaHCO3 (aq) (100 mL) and brine (20 mL), and passed through a 

hydrophobic frit. The solvent was removed by rotary evaporation to give the title compound 

as a light brown foam (1.41 g, 3.04 mmol, 92%). 

LCMS (formic A): m/z 465 [(M + H)
+
]; Rt: 0.96 min; 95% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.36 (s, 1 H), 7.71 (s, 1 H), 7.39–7.21 (m, 10 H), 6.97 (s, 1 

H), 5.00–4.90 (m, 2 H), 4.49 (q, J = 6.7 Hz, 1 H), 3.67 (br s, 2 H), 3.53 (br s, 1 H), 2.31 (s, 3 

H), 2.19 (s, 3 H), 1.59 (d, J = 6.7 Hz, 3 H). 
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(±)-N-{6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-[(1-phenylethyl)amino]quinolin-3-

yl}-2-methoxyacetamide 

 

367 

A solution of (±)-6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-N
4
-(1-

phenylethyl)quinoline-3,4-diamine 366 (1.41 g, 3.04 mmol) and pyridine (0.540 mL, 6.68 

mmol) in DCM (15 mL) under nitrogen at r.t. was stirred for 10 min. 2-Methoxyacetyl 

chloride (0.32 mL, 3.50 mmol) was added and the reaction mixture stirred for 1.5 h. The 

mixture was washed with water (2 x 10 mL) and the organic layer passed through a 

hydrophobic frit. The solvent was removed by rotary evaporation to give the title compound 

as a light brown foam (1.53 g, 2.84 mmol, 94%). 

LCMS (formic A): m/z 537 [(M + H)
+
]; Rt: 0.91 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.77 (s, 1 H), 8.23 (s, 1 H), 7.80 (s, 1 H), 7.38–7.27 (m, 9 H), 

7.25–7.18 (m, 3 H), 4.90–4.82 (m, 2 H), 4.61 (q, J = 6.8 Hz, 1 H), 4.08 (s, 2 H), 3.52 (s, 3 

H), 2.32 (s, 3 H), 2.19 (s, 3 H), 1.59 (d, J = 6.8 Hz, 3 H). 

(±)-4-[8-(Benzyloxy)-2-(methoxymethyl)-1-(1-phenylethyl)-1H-imidazo[4,5-c]quinolin-

7-yl]-3,5-dimethylisoxazole 

 

368 

A solution of (±)-N-{6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-[(1-

phenylethyl)amino]quinolin-3-yl}-2-methoxyacetamide 367 (1.5 g, 2.80 mmol) in propionic 

acid (4 mL, 53.5 mmol) was heated at 140 ºC under nitrogen for 3 h. The solvent was 

removed in vacuo, the residue dissolved in DCM (15 mL) and washed with 1 M NaOH (aq) 

(15 mL). The aqueous layer was extracted with DCM (15 mL), the organic layers combined 

and passed through a hydrophobic frit. The solvent was removed by rotary evaporation, the 

foam loaded in DCM and purified on a 100 g silica cartridge using a gradient of 0–15% 
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MeOH in DCM over 12 column volumes. The appropriate fractions were combined and the 

solvent removed by rotary evaporation to give the title compound as a light brown foam 

(1.33 g, 2.56 mmol, 92%). 

LCMS (formic A): m/z 519 [(M + H)
+
]; Rt: 1.06 min; 96% purity by peak area.

 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.12 (s, 1 H), 7.93 (s, 1 H), 

7.43–7.27 (m, 8 H), 7.21–7.17 (m, 2 H), 7.05 (s, 1 H), 6.44 (q, J = 7.1 Hz, 1 H), 4.84–4.82 

(m, 2 H), 4.77 (d, J = 11.9 Hz, 1 H), 4.38 (d, J = 11.9 Hz, 1 H), 3.37 (s, 3 H), 2.21 (s, 3 H), 

2.04–2.00 (m, 6 H). 

(±)-7-(3,5-Dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-(1-phenylethyl)-1H-imidazo[4,5-

c]quinolin-8-ol 

 
369 

Starting material (±)-4-[8-(benzyloxy)-2-(methoxymethyl)-1-(1-phenylethyl)-1H-

imidazo[4,5-c]quinolin-7-yl]-3,5-dimethylisoxazole 368 (1.2 g, 2.31 mmol) was split into 

two batches (batch 1 and batch 2). 

Batch 1 : A solution of (±)-4-[8-(benzyloxy)-2-(methoxymethyl)-1-(1-phenylethyl)-1H-

imidazo[4,5-c]quinolin-7-yl]-3,5-dimethylisoxazole 368 (600 mg, 1.157 mmol) in EtOH (15 

mL) and (DCM) (9 mL) was hydrogenated over 5% Pd/C (CatCart 30) at 25 °C using an H-

cube (full H2 mode, 1 mL/min flow rate). The eluent was evaporated in vacuo and the 

residue was dissolved in a mixture of EtOH (15 mL) and DCM (9 mL). The solution was 

hydrogenated over 5% Pd/C (CatCart 30) at 25 °C using an H-cube (full H2 mode, 1 mL/min 

flow rate). The eluent was evaporated in vacuo and the residue loaded in DCM and purified 

on a 100 g silica cartridge using a gradient of 0–15% MeOH in DCM over 12 column 

volumes. The appropriate fractions were combined and the solvent was removed by rotary 

evaporation to give the title compound as a white solid (105 mg, 0.245 mmol, 11%). 

LCMS (formic A): m/z 429 [(M + H)
+
]; Rt: 0.73 min; 97% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.47 (br s, 1 H), 9.00 (s, 1 

H), 7.86 (s, 1 H), 7.41–7.20 (m, 6 H), 6.48 (q, J = 7.1 Hz, 1 H), 4.66 (d, J = 12.9 Hz, 1 H), 
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4.58 (d, J = 12.9 Hz, 1 H), 3.30 (s, 3 H), 2.28 (s, 3 H), 2.14 (d, J = 7.1 Hz, 3 H), 2.10 (s, 3 

H). 

Starting material 368 was recovered (217 mg) and used in the batch 2 reaction. 

Batch 2: The second batch of (±)-4-[8-(benzyloxy)-2-(methoxymethyl)-1-(1-

phenylethyl)-1H-imidazo[4,5-c]quinolin-7-yl]-3,5-dimethylisoxazole 368 (600 mg, 1.157 

mmol) was combined with the recovered starting material 368 from the batch 1 reaction (217 

mg) and dissolved in a mixture of EtOH (20 mL) and DCM (10 mL). The solution was 

hydrogenated over 5% Pd/C (CatCart 30) at 25 °C using an H-cube (full H2 mode, 1 mL/min 

flow rate). The eluent was subjected to a second pass through an H-Cube at 30 °C. The 

eluent was evaporated in vacuo leaving a light yellow foam (615 mg) as a mixture of SM and 

product (~2:3). This was split into two batches (batch 2A and batch 2B). 

Batch 2A was purified by MDAP using Method HpH. The appropriate fractions were 

combined and the solvent was removed by rotary evaporation to give the title compound as 

an orange solid (43 mg, 0.100 mmol, 9%).  

LCMS (formic A): m/z 429 [(M + H)
+
]; Rt: 0.73 min; 95% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.52 (br s, 1 H), 9.07 (s, 1 

H), 7.90 (s, 1 H), 7.46–7.23 (m, 6 H), 6.52 (q, J = 7.1 Hz, 1 H), 4.69 (d, J = 12.9 Hz, 1 H), 

4.62 (d, J = 12.9 Hz, 1 H), 3.33 (s, 3 H), 2.31 (s, 3 H), 2.17 (d, J = 7.1 Hz, 3 H), 2.13 (s, 3 

H). 

 

Batch 2B was dissolved in a mixture of EtOH (30 mL) and DCM (3 mL) and was 

hydrogenated over 5% Pd/C (40 mg) at r.t. and atmospheric pressure for 7 d. The reaction 

mixture was filtered through Celite, which was then washed with EtOH and the filtrate 

evaporated in vacuo. The residue was dissolved in a mixture of EtOH (30 mL) and DCM (3 

mL) and was hydrogenated over 5% Pd/C (40 mg) at r.t. and atmospheric pressure for 24 h. 

The reaction mixture was filtered through Celite, which was then washed with EtOH and the 

filtrate evaporated in vacuo. The residue was purified by MDAP using Method HpH. The 

appropriate fractions were combined and the solvent evaporated in vacuo to give the title 

compound as a beige solid (92 mg, 0.215 mmol, 9%). 

LCMS (formic A): m/z 429 [(M + H)
+
]; Rt: 0.72 min; 96% purity by peak area. 
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1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.46 (br s, 1 H), 9.00 (s, 1 

H), 7.86 (s, 1 H), 7.39–7.21 (m, 6 H), 6.48 (q, J = 7.1 Hz, 1 H), 4.66 (d, J = 12.9 Hz, 1 H), 

4.58 (d, J = 12.9 Hz, 1 H), 3.30 (s, 3 H), 2.28 (s, 3 H), 2.14 (d, J = 7.1 Hz, 3 H), 2.11 (s, 3 

H). 

(3S)-tert-Butyl 3-({[7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-(1-phenylethyl)-

1H-imidazo[4,5-c]quinolin-8-yl]oxy}methyl)pyrrolidine-1-carboxylate (Diastereomeric 

Mixture) 

 

370 

A mixture of (±)-7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-(1-phenylethyl)-

1H-imidazo[4,5-c]quinolin-8-ol 369 (100 mg, 0.233 mmol), (S)-tert-butyl 3-

{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 310 (82 mg, 0.294 mmol) and 

potassium carbonate (46 mg, 0.333 mmol) in anhydrous DMF (2 mL) was heated under 

nitrogen at 100 ºC for 1.5 h. The reaction mixture was allowed to cool, diluted with EtOAc 

(10 mL) and washed with 10% LiCl (aq) (10 mL) followed by water (10 mL). The organic 

layer was passed through a hydrophobic frit and the solvent was removed by rotary 

evaporation. The residue was purified by MDAP using Method HpH. The appropriate 

fractions were combined and the solvent removed by rotary evaporation to give the title 

compound (a mixture of diastereoisomers) as an off-white foam (98 mg, 0.160 mmol, 69%). 

49:51 d.r. by HPLC analysis on a Chiralpak
®
 AD (250 mm x 4.6 mm, 10 µm packing 

diameter) column. An isocratic system of 15% EtOH (containing 0.2% isopropylamine) in 

heptane with a flow rate of 1 mL/min was used at r.t. The UV detection was performed at 

215 nm. Peak 1 Rt: 13.94 min, 49% peak area; Peak 2 Rt: 17.14 min, 51% peak area. 

LCMS (HpH): m/z 612 [(M + H)
+
]; Rt: 1.24 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.11 (s, 1 H), 7.89 (s, 1 H), 

7.40–7.34 (m, 2 H), 7.34–7.27 (m, 3 H), 6.89 (s, 0.5 H), 6.88 (s, 0.5 H), 6.45 (q, J = 7.1 Hz, 

1 H), 4.91–4.82 (m, 2 H), 3.67 (dd, J = 9.3, 6.4 Hz, 0.5 H), 3.63 (dd, J = 9.3, 7.1 Hz, 0.5 H), 

3.37 (s, 3 H), 3.35–3.27 (m, 2 H), 3.27–3.18 (m, 1 H), 3.13–3.05 (m, 1 H), 2.99–2.87 (m, 1 
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H), 2.45–2.36 (m, 1 H), 2.23 (s, 3 H), 2.07 (d, J = 7.1 Hz, 3 H), 2.04 (s, 3 H), 1.95–1.82 (m, 

1 H), 1.60–1.47 (m, 1 H), 1.43 (s, 4.5 H), 1.42 (s, 4.5 H). 

4-{2-(Methoxymethyl)-1-(1-phenylethyl)-8-[(S)-pyrrolidin-3-ylmethoxy]-1H-

imidazo[4,5-c]quinolin-7-yl}-3,5-dimethylisoxazole (Diastereomeric Mixture) 

 

371 

A solution of (3S)-tert-butyl 3-({[7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-

(1-phenylethyl)-1H-imidazo[4,5-c]quinolin-8-yl]oxy}methyl)pyrrolidine-1-carboxylate (a 

mixture of diastereoisomers) 370 (30 mg, 0.049 mmol) in DCM (0.3 mL) was treated with 

TFA (0.2 mL, 2.60 mmol). The solution was allowed to stand in a stoppered vessel at r.t. for 

2 h then concentrated under a stream of nitrogen. The residue was purified by MDAP using 

Method HpH. The appropriate fractions were combined and the solvent was removed by 

rotary evaporation to give the title compound (a mixture of diastereoisomers) as a white 

foam (18 mg, 0.035 mmol, 72%). 

2% d.e. determined by HPLC analysis on a Chiralpak
®
 AD column (250 mm x 4.6 mm, 10 

µm packing diameter), elution with 20% EtOH in heptane containing 0.1% isopropylamine, 

flow rate 1 mL/min, UV detection at 235 nm. Peak 1 Rt: 9.77 min, 49% peak area; Peak 2 

Rt: 12.59 min, 51% peak area.  

LCMS (HpH): m/z 512 [(M + H)
+
]; Rt: 0.83 min; 100% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.14 (s, 1 H), 7.93 (s, 1 H), 

7.45–7.38 (m, 2 H), 7.38–7.30 (m, 3 H), 6.95 (s, 1 H), 6.49 (q, J = 7.1 Hz, 1 H), 4.92–4.84 

(m, 2 H), 3.74 (dd, J = 9.3, 6.3 Hz, 0.5 H), 3.69 (dd, J = 9.3, 7.8 Hz, 0.5 H), 3.41 (s, 3 H), 

3.27–3.04 (m, 4 H), 2.75–2.62 (m, 1 H), 2.49–2.42 (m, 1 H), 2.27 (s, 3 H), 2.11 (d, J = 7.1 

Hz, 3 H), 2.07 (s, 3 H), 2.03–1.90 (m, 1 H), 1.59–1.47 (m, 1 H). NH signal not resolved. 
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(±)-tert-Butyl 4-({[7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-(1-phenylethyl)-

1H-imidazo[4,5-c]quinolin-8-yl]oxy}methyl)piperidine-1-carboxylate 

 

372 

A mixture of (±)-7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-(1-phenylethyl)-

1H-imidazo[4,5-c]quinolin-8-ol 369 (30 mg, 0.070 mmol), tert-butyl 4-{[(methylsulfonyl)-

oxy]methyl}piperidine-1-carboxylate 321 (26 mg, 0.089 mmol) and potassium carbonate (14 

mg, 0.101 mmol) in anhydrous DMF (1.5 mL) was heated at 100 ºC under nitrogen for 16 h. 

The reaction mixture was diluted with EtOAc (10 mL) and washed with 10% LiCl (aq) (10 

mL) followed by water (10 mL). The organic layer was passed through a hydrophobic frit 

and the solvent removed by rotary evaporation. The residue was purified by MDAP using 

Method HpH. The appropriate fractions were combined and the solvent removed by rotary 

evaporation to give the title compound as an off-white foam (21 mg, 0.034 mmol, 48%). 

LCMS (HpH): m/z 626 [(M + H)
+
]; Rt: 1.30 min; 95% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.13 (s, 1 H), 7.91 (s, 1 H), 

7.44–7.37 (m, 2 H), 7.37–7.29 (m, 3 H), 6.92 (s, 1 H), 6.47 (q, J = 7.1 Hz, 1 H), 4.94–4.84 

(m, 2 H), 3.98–3.88 (m, 2 H), 3.58 (dd, J = 9.2, 6.4 Hz, 1 H), 3.40 (s, 3 H), 3.06 (dd, J = 9.2, 

6.4 Hz, 1 H), 2.80–2.71 (m, 2 H), 2.26 (s, 3 H), 2.11 (d, J = 7.1 Hz, 3 H), 2.06 (s, 3 H), 1.85–

1.74 (m, 1 H), 1.62–1.51 (m, 2 H), 1.45 (s, 9 H), 1.15–1.00 (m, 2 H). 

(±)-4-[2-(Methoxymethyl)-1-(1-phenylethyl)-8-(piperidin-4-ylmethoxy)-1H-imidazo[4,5-

c]quinolin-7-yl]-3,5-dimethylisoxazole 

 

373 

A solution of (±)-tert-butyl 4-({[7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-

(1-phenylethyl)-1H-imidazo[4,5-c]quinolin-8-yl]oxy}methyl)piperidine-1-carboxylate 372 

(18 mg, 0.029 mmol) in DCM (0.3 mL) was treated with TFA (0.2 mL, 2.60 mmol). The 
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solution was allowed to stand at r.t. in a stoppered vessel for 1.5 h. The reaction mixture was 

concentrated under a stream of nitrogen and the residue dissolved in MeOH. The solution 

was applied to a MeOH preconditioned 1 g SCX-2 cartridge which was then washed with 

MeOH (10 mL) followed by 2 M ammonia in MeOH solution (10 mL). The basic wash was 

evaporated in vacuo to give the title compound as an off-white solid (15 mg, 0.029 mmol, 

99%). 

LCMS (HpH): m/z 526 [(M + H)
+
]; Rt: 0.85 min; 97% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.13 (s, 1 H), 7.91 (s, 1 H), 

7.44–7.38 (m, 2 H), 7.38–7.29 (m, 3 H), 6.92 (s, 1 H), 6.48 (q, J = 7.1 Hz, 1 H), 4.94–4.85 

(m, 2 H), 3.59–3.52 (m, 1 H), 3.41 (s, 3 H), 3.09–2.96 (m, 3 H), 2.62–2.53 (m, 2 H), 2.26 (s, 

3 H), 2.11 (d, J = 7.1 Hz, 3 H), 2.08–2.05 (m, 3 H), 1.79–1.66 (m, 1 H), 1.62–1.51 (m, 2 H), 

1.22–1.07 (m, 2 H). 

6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-3-nitro-N-[(R)-1-phenylethyl]quinolin-4-

amine 

 

375 

(R)-1-Phenylethanamine was purchased from Sigma Aldrich and >99% e.e. 

determined by HPLC analysis on a Chiralcel
®
 OD-H (250 mm x 4.6 mm, 5 µm packing 

diameter) column. An isocratic system of 2% EtOH (containing 0.1% isopropylamine) in 

heptane with a flow rate of 1 mL/min was used at r.t. The UV detection was performed at 

254 nm. Rt: 9.65 min, 100% peak area. 

(±)-1-Phenylethanamine was purchased from Sigma Aldrich and used as the chiral 

HPLC standard. Peak 1 Rt: 9.90 min, 50% peak area; Peak 2 Rt: 11.24 min, 50% peak area. 

A solution of 4-[6-(benzyloxy)-4-chloro-3-nitroquinolin-7-yl]-3,5-dimethylisoxazole 

343 (5 g, 12.20 mmol) in anhydrous NMP (25 mL) was treated with DIPEA (4.26 mL, 24.40 

mmol) followed by (R)-1-phenylethanamine (1.712 mL, 13.42 mmol). The solution was 

stirred under nitrogen at r.t. for 2.5 h. The reaction mixture was diluted with water (50 mL) 

and extracted with EtOAc (75 mL). The organic layer was washed with 10% LiCl (aq) (2 x 

50 mL) followed by water (50 mL) and passed through a hydrophobic frit. The solvent was 
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removed in vacuo and dried in the vacuum oven to give the title compound as a yellow foam 

(5.96 g, 12.05 mmol, 99%). 

LCMS (formic A): m/z 495 [(M + H)
+
]; Rt: 1.31 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 9.54 (d, J = 7.8 Hz, 1 H), 9.27 (s, 1 H), 7.70 (s, 1 H), 7.53–

7.46 (m, 2 H), 7.44–7.37 (m, 3 H), 7.36–7.29 (m, 1 H), 7.28–7.21 (m, 3 H), 7.00–6.95 (m, 2 

H), 5.32 (dq, J = 7.8, 6.7 Hz, 1 H), 4.46 (d, J = 11.8 Hz, 1 H), 4.07 (d, J = 11.8 Hz, 1 H), 

2.20 (s, 3 H), 2.07 (s, 3 H), 1.69 (d, J = 6.7 Hz, 3 H). 

6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-N
4
-[(R)-1-phenylethyl]quinoline-3,4-

diamine  

 

376 

Iron powder (5.36 g, 96 mmol) was added to a solution of 6-(benzyloxy)-7-(3,5-

dimethylisoxazol-4-yl)-3-nitro-N-[(R)-1-phenylethyl]quinolin-4-amine 375 (5.93 g, 11.99 

mmol) in acetic acid (50 mL). The mixture was stirred in an open vessel at r.t. for 1 h. 

EtOAc (50 mL) was added to the flask and the mixture stirred for 1 h. The mixture was 

filtered through a Celite cartridge which was washed with further EtOAc (100 mL). The 

filtrate was washed with 0.5 M NaOH (aq) (2 x 100 mL) and water (100 mL). The organic 

layer was separated and passed through a hydrophobic frit. The solvent was removed by 

rotary evaporation to give a light brown foam (5.9 g). The foam was dissolved in MeOH (10 

mL) and applied to a MeOH preconditioned 50 g NH2 cartridge. The cartridge was washed 

with MeOH (160 mL) and the solvent evaporated under vacuum to give the title compound 

as a light brown foam (4.62 g, 9.94 mmol, 83%). 

LCMS (formic A): m/z 465 [(M + H)
+
]; Rt: 0.99 min; 95% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.38 (s, 1 H), 7.73 (s, 1 H), 7.41–7.25 (m, 10 H), 6.99 (s, 1 

H), 5.02–4.93 (m, 2 H), 4.52 (q, J = 6.7 Hz, 1 H), 3.69 (br s, 2 H), 3.56 (br s, 1 H), 2.34 (s, 3 

H), 2.21 (s, 3 H), 1.61 (d, J = 6.7 Hz, 3 H).  
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N-[6-(Benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-{[(R)-1-phenylethyl]amino}quinolin-3-

yl]-2-methoxyacetamide 

 

377 

A solution of 6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-N
4
-[(R)-1-

phenylethyl]quinoline-3,4-diamine 376 (1.89 g, 4.07 mmol) and pyridine (0.50 mL, 6.18 

mmol) in DCM (20 mL) was cooled to 0 ºC and 2-methoxyacetyl chloride (0.41 mL, 4.48 

mmol) added. The mixture was stirred under nitrogen at 0 ºC for 10 min and allowed to 

warm to r.t. over 3.5 h. The reaction mixture was washed sequentially with 0.5 M HCl (aq) 

(20 mL) and water (2 x 20 mL). The organic layer was separated, passed through a 

hydrophobic frit and the solvent removed by rotary evaporation to give the title compound as 

a light brown foam (2.14 g, 3.99 mmol, 98%). 

LCMS (formic A): m/z 537 [(M + H)
+
]; Rt: 0.91 min; 100% purity by peak area. 

1
H NMR (400 MHz, CDCl3): δ 8.80 (s, 1 H), 8.25 (s, 1 H), 7.82 (s, 1 H), 7.40–7.29 (m, 8 H), 

7.26–7.21 (m, 3 H), 4.92–4.85 (m, 2 H), 4.62 (dq, J = 8.6, 6.8 Hz, 1 H), 4.27 (d, J = 8.6 Hz, 

1 H), 4.10 (s, 2H), 3.53 (s, 3 H), 2.34 (s, 3 H), 2.21 (s, 3 H), 1.61 (d, J = 6.8 Hz, 3 H). 

4-{8-(Benzyloxy)-2-(methoxymethyl)-1-[(R)-1-phenylethyl]-1H-imidazo[4,5-c]quinolin-

7-yl}-3,5-dimethylisoxazole 

 

378 

A solution of N-(6-(benzyloxy)-7-(3,5-dimethylisoxazol-4-yl)-4-{[(R)-1-

phenylethyl]amino}quinolin-3-yl)-2-methoxyacetamide 377 (2.14 g, 3.99 mmol) in 

propionic acid (6.0 mL, 80 mmol) was stirred at 140 ºC under nitrogen for 2 h. The reaction 

mixture was allowed to cool to r.t. and the solvent removed in vacuo. The residue was 

dissolved in DCM (25 mL) and washed with 1 M NaOH (aq) (25 mL). The aqueous layer 

was extracted with DCM (25 mL), the organic layers combined and passed through a 
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hydrophobic frit. The solvent was removed by rotary evaporation, the foam dissolved in 

DCM (5 mL) and purified on a 100 g silica cartridge using a gradient of 0–15% MeOH in 

DCM over 12 column volumes. The appropriate fractions were combined and the solvent 

was removed by rotary evaporation to give the title compound as a light brown foam (1.87 g, 

3.61 mmol, 90%). 

LCMS (formic A): m/z 519 [(M + H)
+
]; Rt: 1.08 min; 96% purity by peak area. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.15 (s, 1 H), 7.96 (s, 1 H), 

7.46–7.30 (m, 8 H), 7.24–7.20 (m, 2 H), 7.09 (s, 1 H), 6.47 (q, J = 7.1 Hz, 1 H), 4.88–4.85 

(m, 2 H), 4.80 (d, J = 11.9 Hz, 1 H), 4.41 (d, J = 11.9 Hz, 1 H), 3.40 (s, 3 H), 2.24 (s, 3 H), 

2.07–2.03 (m, 6 H). 

(R)-1-{2-(Methoxymethyl)-8-methyl-1-(1-phenylethyl)-1H-furo[2,3-g]imidazo[4,5-

c]quinolin-7-yl}ethanone 

  

379 

 (R)-1-{2-(methoxymethyl)-8-methyl-1-(1-phenylethyl)-1H-furo[2,3-g]imidazo[4,5-

c]quinolin-7-yl}ethanone 379 was isolated as a by-product in the synthesis of 333. Please 

refer to the experimental relating to the preparation of 333 for characterisation data of 379. 

(3S)-tert-Butyl 3-[({7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-[(R)-1-

phenylethyl]-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-carboxylate 

 

380 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-[(R)-1-phenylethyl)-

1H-imidazo[4,5-c]quinolin-8-ol 333 (233 mg, 0.544 mmol), potassium carbonate (107 mg, 

0.778 mmol) and (S)-tert-butyl 3-{[(methylsulfonyl)oxy]methyl}pyrrolidine-1-carboxylate 

311 (190 mg, 0.680 mmol) was stirred at 100 ºC under nitrogen for 3 h. The reaction mixture 
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was allowed to cool to r.t., diluted with 10% LiCl (aq) (10 mL) and extracted with EtOAc (3 

x 10 mL). The organic extracts were combined and passed through a hydrophobic frit. The 

solvent was removed by rotary evaporation and the residue purified by MDAP using Method 

HpH. The appropriate fractions were combined and the solvent evaporated in vacuo to give 

the title compound as an off-white solid (191 mg, 0.312 mmol, 57%). 

LCMS (formic A): m/z 612 [(M + H)
+
]; Rt: 1.08 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for calcd for C35H42N5O5 612.3181, found 612.3170. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (373 K) δ 9.15 (s, 1 H), 7.93 (s, 1 H), 

7.44–7.38 (m, 2 H), 7.37–7.31 (m, 3 H), 6.92 (s, 1 H), 6.49 (q, J = 7.0 Hz, 1 H), 4.91 (ABq, 

ΔδAB = 0.04, JAB = 12.9 Hz, 2 H), 3.71 (dd, J = 9.4, 6.4 Hz, 1 H), 3.41 (s, 3 H), 3.39–3.25 

(m, 3 H), 3.13–3.07 (m, 1 H), 2.93–2.91 (m, 1 H), 2.49–2.41 (m, 1 H), 2.27 (s, 3 H), 2.11 (d, 

J = 7.0 Hz, 3 H), 2.08 (s, 3 H), 2.00–1.89 (m, 1 H), 1.65–1.54 (m, 1 H), 1.46 (s, 9 H). 

4-{2-(Methoxymethyl)-1-[(R)-1-phenylethyl]-8-[(S)-pyrrolidin-3-ylmethoxy]-1H-

imidazo[4,5-c]quinolin-7-yl}-3,5-dimethylisoxazole 

 

381 

A solution of (3S)-tert-butyl 3-[({7-(3,5-dimethylisoxazol-4-yl)-2-(methoxymethyl)-1-

[(R)-1-phenylethyl]-1H-imidazo[4,5-c]quinolin-8-yl}oxy)methyl]pyrrolidine-1-carboxylate 

380 (186 mg, 0.304 mmol) in anhydrous 1,4-dioxane (2 mL) was treated with 4 M HCl in 

1,4-dioxane (2 mL, 8.00 mmol) and the mixture allowed to stand in a stoppered vessel for 1 

h. The reaction mixture was evaporated in vacuo and the solid dissolved in MeOH (2 mL). 

The solution was applied to a MeOH preconditioned 5 g SCX-2 cartridge which was then 

washed with MeOH (30 mL) followed by 2 M ammonia in MeOH solution (30 mL). The 

basic wash was evaporated in vacuo to give the title compound as an off-white solid (150 

mg, 0.293 mmol, 96% yield). 

>99% d.e. determined by HPLC analysis on a Chiralpak
®
 AD column (250 mm x 4.6 mm, 

10 µm packing diameter), elution with 20% EtOH in heptane containing 0.1% 

isopropylamine, flow rate 1 mL/min, UV detection at 235 nm. Rt: 12.08 min, 100% peak 

area. 
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[α]D
21

 −27 (c 0.5, CHCl3). 

IR (solid)  (cm
-1

): 2929, 1618, 1495, 1444, 1393, 1367, 1215, 1095. 

m.p.: 130–132 ºC. 

LCMS (formic A): m/z 512 [(M + H)
+
]; Rt: 0.59 min; 100% purity by peak area. 

HRMS (ESI): M + H calcd for C30H34N5O3 512.2656, found 512.2650. 

1
H NMR (400 MHz, DMSO-d6): Variable temperature (393 K) δ 9.13 (s, 1 H), 7.92 (s, 1 H), 

7.44–7.37 (m, 2 H), 7.37–7.29 (m, 3 H), 6.95 (s, 1 H), 6.48 (q, J = 7.0 Hz, 1 H), 4.89 (ABq, 

2 H, ΔδAB = 0.03, JAB = 13.0 Hz), 3.65 (dd, J = 9.3, 6.3 Hz, 1 H), 3.41 (s, 3 H), 3.19–3.12 

(m, 1 H), 2.92–2.81 (m, 3 H), 2.44 (dd, J = 10.6, 6.0 Hz, 1 H), 2.34–2.22 (m, 4 H), 2.11 (d, J 

= 7.0 Hz, 3 H), 2.07 (s, 3 H), 1.85–1.74 (m, 1 H), 1.40–1.29 (m, 1 H), NH not resolved. 

13
C NMR (100 MHz, DMSO-d6, 393 K): δ 165.2, 158.3, 153.9, 151.8, 142.7, 139.7, 139.6, 

137.1, 132.5, 132.4, 128.6 (2C), 127.0, 125.1 (2C), 120.2, 117.4, 111.8, 104.1, 71.3, 66.8, 

57.5, 54.1, 49.4, 45.6, 38.1, 28.5, 18.7, 10.6, 9.5. 

 

4.4. Racemisation Study 

A mixture of 7-(3,5-dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-

yl)ethyl]-1H-imidazo[4,5-c]quinolin-2(3H)-one 237 (76% e.e., 10 mg, 0.024 mmol) and 

potassium carbonate (5 mg, 0.036 mmol) was suspended in anhydrous DMF (0.25 mL) and 

stirred under nitrogen at 100 ºC for 24 h. The reaction mixture was allowed to cool to r.t. and 

filtered. The filtrate was evaporated under a stream of nitrogen to give 7-(3,5-

dimethylisoxazol-4-yl)-8-hydroxy-3-methyl-1-[(R)-1-(pyridin-2-yl)ethyl]-1H-imidazo[4,5-

c]quinolin-2(3H)-one 237 (10 mg, 0.024 mmol, 100% recovery). 

An enantiomeric composition of 74% e.e. was determined by HPLC analysis on a 

Chiralpak
®
 ID (250 mm x 4.6 mm, 5 µm packing diameter) column. An isocratic system of 

50% EtOH in heptane with a flow rate of 1 mL/min was used at r.t. The UV detection was 

performed at 215 nm. 

LCMS (formic A): m/z 416 [(M + H)
+
]; Rt: 0.60 min; 92% purity by peak area. 

 

4.5. Computational Procedures 

Dihedral scan of 3,5-dimethyl-4-(quinolin-7-yl)isoxazole and 4-(6-methoxyquinolin-7-yl)-

3,5-dimethylisoxazole 

A conformational analysis of was carried out in MacroModel (version 9.8) in 

Schrodinger Suite 2010 from Schrodinger LLC. The structures were first minimised and 
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coordinate scans performed on the dihedral angle between the dimethylisoxazole and 

quinoline rings. The OPLS2005 force field was used with water as solvent with a PRCG 

minimisation procedure. The maximum iterations option was set to 5000 with a convergence 

threshold of 0.005. The relative energies in kcal/mol of each minimised conformer were 

plotted against the dihedral angle for each structure. 
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5. Appendix 

5.1. Structures of Histone Peptides 
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5.2. BET WT FP Assays 

Assay Principle 

Biochemical FP assays previously reported by our laboratories,
44

 were used during the 

lead optimisation research programme detailed in Section 2 of this thesis. These assays 

utilised a derivative of I-BET762 383 as the fluorescent ligand which binds to the BET 

proteins (Figure 91). 

 

Figure 91. Fluorophore-tagged BzD 383. 

When excited with polarized light, unbound ligand emits largely depolarized light during the 

fluorescence lifetime due to rapid rotation of the molecule in solution. Bound ligand is 

immobilised enough to emit more of the light in the same plane in which it was excited. The 

increase in FP is calculated from a weighted average of fluorescence intensity in the parallel 

and perpendicular planes. BET inhibitors will compete with the fluorescent ligand and cause 

a decrease in FP signal. By using solutions of compound in DMSO at different 

concentrations, dose-response curves were generated and the concentration of compound 

inducing 50% inhibition of fluoro-ligand binding resulted in IC50 values. These assays 

utilised WT protein constructs containing both BD1 and BD2 of BRD2, 3 and 4, and this 

methodology was used as a primary screen to generate SAR in the first programme of work 

in this thesis. The FP assays were discontinued nearing the end of the research conducted in 

Section 2 and were replaced with HTRF assays which are described on the next page. 

 

Assay Procedure 

All components were dissolved in buffer composition of 50 mM HEPES pH 7.4, 150 

mM NaCl and 0.5 mM CHAPS with final concentrations of 75 nM BET protein (BRD2 (1–

473), BRD3 (1–435) or BRD4 (1–477)) and 5 nM fluorescent ligand 383. 10 μL of this 

mixture was added using a micro multidrop to wells containing 100 nL of various 

concentrations of test compound or DMSO vehicle (1% final) in a Greiner 384 well Black 
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low volume microtitre plate and equilibrated in dark for 60 min at r.t. Fluorescence 

polarisation was read using an Envision plate reader (excitation = 485 nm, emission = 530 

nm; dichroic = 505 nM). All data was normalized to the mean of 16 high and 16 low control 

wells on each plate. A four parameter curve fit of the following form was then applied: y = a 

+ (( b – a) / ( 1 + ( 10 ^ x / 10 ^ c ) ^ d ) Where ‘a’ is the minimum, ‘b’ is the Hill slope, ‘c’ 

is the pIC50 and ‘d’ is the maximum.  

 

5.3. BET WT HTRF Assays 

Assay Principle 

HTRF was used to measure binding of a biotinylated tetraacetylated histone H4 

peptide to BET protein. The protein:protein interaction is detected through binding of the 

allophycocyanin (APC)-labelled anti-6His antibody to 6His-tagged protein. Europium 

cryptate labelled streptavidin binds the biotin in the H4 peptide resulting in FRET between 

the two fluorophores when in close proximity upon excitation at 317 nm. Fluorescent 

emission by APC at 665 nm correlates with the amount of protein:protein binding. BET 

inhibitors will compete with the peptide ligand and cause a decrease in fluorescence signal. 

By using solutions of compound in DMSO at different concentrations, dose-response curves 

were generated and the concentration of compound inducing 50% inhibition of peptide 

binding resulted in IC50 values. 

For only dimethylisoxazole quinoline 228, was HTRF data reported and, through 

using the line of best fit for compounds tested in both BRD4 HTRF and WT FP assays (y = 

−0.31 + (0.92x) where y = WT FP and x = HTRF, r
2
 value = 0.79), the expected HTRF pIC50 

was calculated as 5.9. 

 

Assay Procedure 

BET protein was diluted to a concentration sufficient to yield a robust signal of at least 

3:1 signal:background (~100 nM FAC), into an aliquot of assay buffer (50 mM HEPES, 50 

mM NaCl, 0.5 mM CHAPs, pH 7.4, r.t.). The addition of 2x Kd of an H4 peptide (~300 nM 

FAC) was made and the mixture left in the dark for 1 h at r.t. The protein-H4 solution was 

dispensed (8 μL/well, medium speed) using a Multidrop combi, to a black low volume 

Greiner 384-well plate containing concentration response curves of compound (50 nL/well). 

This was then left to incubate for 1 h, in the dark at r.t. Detection reagents were prepared 15 

min prior to use by diluting the Streptavidin-Eu (10 nM FAC) and XL-665 (50 nM FAC) 

into detection buffer (50 mM HEPES, 50 mM NaCl, 0.5 mM CHAPs, 150 mM KF, pH 7.4, 
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r.t.) then added to the assay plate (2 μL/well), followed by a further 1 h incubation. The 

plates were read on the Envision reader and the donor and acceptor counts were determined. 

From this, the ratio of acceptor/donor was calculated (excitation = 317 nm, emission donor = 

615 nm, emission acceptor = 665 nm) and used for data analysis. All data was normalized to 

the robust mean of 16 high (DMSO) and 16 low control wells on each plate. y = ((a – d) / (1 

+ (x / c) ^ b)) + d where ‘a’ is the minimum, ‘b’ is the Hill slope, ‘c’ is the pIC50 and ‘d’ is 

the maximum. 

 

5.4. Solubility Measurements by CLND 

Assay Principle 

In the programme of work detailed in Section 2, aqueous solubility was approximated 

from a high throughput DMSO precipitative solubility assay method. After filtration of a 

precipitate, CLND was used to determine the solution concentration from which the 

solubility was derived. In general, values of <50 μg/mL were considered poor, values in the 

range 50–100 μg/mL moderate, and those >100 μg/mL good. The CLND assay was used to 

filter compounds for progression into solubility measurements from solid. 

 

Assay Procedure 

A 5 µL aliquot of a 10 mM solution of compound in DMSO was added to 95 µL 

aqueous phosphate buffer (pH 7.4) and equilibrated at r.t. for 1 h. The mixture was filtered 

through a Millipore Multiscreen HTS-PCF filter plate and the filtrate analysed by suitably 

calibrated flow injection CLND. The standard error of the CLND solubility determination is 

30 μM, the upper limit of the solubility is 500 μM. 

 

5.5. Solubility Measurements from Solid 

Assay Principle 

A lower throughput solubility screen using compound from solid was used to more 

accurately determine aqueous solubility and suitability of compounds for i.v. administration 

in Section 2 of this thesis. Solubility was determined at both pH 5.0 and 7.0 using visual 

inspection and HPLC analysis.  

 

Assay Procedure 

Britton–Robinson aqueous buffer (pH 5.0 and/or 7.0, 0.1 mL) was added to 1 mg solid 

compound and after agitation and sonication, the sample was visually inspected to determine 
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a solubility >10,000 μg/mL. If undissolved compound remained, the sample was diluted with 

0.1 mL buffer and, after agitation and sonication, the sample was visually inspected to 

determine a solubility >5000 μg/mL. If undissolved compound remained, the sample was 

diluted with 0.8 mL buffer and after agitation and sonication, the sample was visually 

inspected to determine a solubility >1000 μg/mL. If undissolved compound remained, 0.1 

mL of the sample was diluted with 0.9 mL 50% acetonitrile in water and the solution 

analysed by HPLC (with comparison to a standard) to determine a solubility in the range of 

0–1000 μg/mL. Note that instead of a 10 mg/mL starting concentration, a 5 mg/mL starting 

concentration was sometimes used. 

 

5.6. hERG Inhibition 

Assay Principle 

Inhibition of hERG activity was determined using patch clamp electrophysiology 

assays. An individual cell of a cell line expressing the hERG ion channel is sealed, or 

‘clamped’, by a hollow glass micropipette containing an electrode and electrolyte. The area 

of cell surface, or ‘patch’, sealed by the pipette often contains a single hERG ion channel and 

after addition of test compound to the electrolyte, inhibition of current measured. A hERG 

IonWorks Quattro electrophysiology assay was used in Section 2 of this thesis but this assay 

was discontinued towards the latter end of this research and replaced with a hERG Ionworks 

Barracuda assay – only compound 228 was tested in the latter assay. Data between the two 

assays were considered interchangeable. 

 

Assay Procedure (hERG Quattro) 

Chinese hamster ovary cells stably expressing hERG were cultured in M1 DMEM 

Hams with F12, supplemented with 10% FBS and 400 μg/mL geneticin. Cells were thawed 

in T175 flasks at 6–8 million cells per T175 flask, maintained at 37 ºC in a humidified 

environment containing 5% CO2 for 3–4 h and transferred to a 30 ºC incubator containing 

5% CO2 and incubated for another 72 h before assaying. On day of assay, cells which were 

over 80% confluence were used. Media were removed and cells were washed with warm 

PBS (without magnesium and calcium) two times. 5 mL pre-warmed Versene was added for 

6 min, followed by addition of 10 mL of warm M1 media. The suspension was placed into a 

15 mL centrifuge tube and spun for 2 min at 1K rpm. The supernatant was removed and cells 

were re-suspended in 5 mL of warm M1 media and incubated for 5 min for the cells to 

recover. After 5 min the cells the suspension was centrifuged at 1K rpm for 2 min, the pellet 
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re-suspended to a cell concentration of 4–5 million cells/mL and that solution was added to 

the IonWorks. 

All currents were recorded before and after the addition of compound using a 

Molecular Devices IonWorks Quattro automated electrophysiology instrument in Population 

Patch-Clamp mode. The KCl intracellular solution contained the following: 140 mM KCI, 1 

mM MgCl2, 1 mM CaCl2, 20 mM HEPES, pH 7.3 with KOH. Amphotericin-B solution was 

prepared as 50 mg/mL stock solution in DMSO and diluted to a final working concentration 

of 0.1 mg/mL in intracellular solution. The external solution was D-PBS (-). The voltage 

pulse protocol applied pre- and post- compound addition was as follows: hERG currents 

were activated by 4 sec depolarising pulse to +40 mV from a holding potential of −80 mV. 

The cells were then repolarised to −50 mV to generate large outward tail currents for 5 sec. 

Ionworks recordings are population patch measurements in which the average of the 

current across many cells is determined. Hence the word observation is used for a single 

concentration response curve. There could be several observations on a certain day. Data 

were normalised to the high and low controls. Low controls were wells in which 50 μM 

Quinidine was added for the hERG blocker assay. High controls were wells in which only 

1% DMSO was added for the hERG assay. The normalised data were analysed by using 

ActivityBase software. The amount of tonic block is calculated from peak (maximum tail 

current value). This value is amplitude of the peak tail current minus the steady state average 

value obtained at −50 mV holding potential before the first voltage step to +40 mV. For all 

channels: Concentration response data were derived using a four parameter concentration 

effect curve fitting procedure. pIC50 values and Hill coefficients were determined from these 

inhibition curves. 

 

Assay Procedure (hERG Barracuda) 

Chinese hamster ovary cells stably expressing hERG were cultured in DMEM F12 

Hams medium, supplemented with 10% FBS and 400 μg/ml Geneticin. Frozen cells were 

thawed in T175 asks at 6–8 x 106 cells per ask, maintained at 37 ºC in a humidified 

environment containing 5% CO2 for 3–4 h and then transferred to a 30 ºC incubator 

containing 5% CO2 and incubated for a further 72 h prior to assay. Cells with a confluence of 

over 80% were harvested by washing twice with warm PBS (without magnesium and 

calcium) and incubating at 37 ºC with 5 mL pre-warmed Versene for 6 min, followed by 

addition of 10 mL of warm culture medium. The resulting suspension was transferred to a 15 

mL centrifuge tube and spun for 2 min at 1300 rpm. The supernatant was removed and cells 

were re-suspended in 5 mL of warm culture medium and incubated at 37 ºC for a further 5 
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min. The suspension was then centrifuged for 2 min at 1300 rpm, the supernatant discarded 

and the pellet re-suspended to a cell concentration of 4–5x106 cells/ml. This suspension was 

transferred to the IonWorks Barracuda. 

hERG currents were recorded before and after the addition of compound using a 

Molecular Devices IonWorks Barracuda automated electrophysiology instrument in 

Population Patch-Clamp mode. The KCl intracellular solution contained the following: 140 

mM KCI, 1 mM MgCl2, 1 mM CaCl2, 20 mM HEPES, pH 7.3 with KOH. Amphotericin-B 

solution was prepared as 50 mg/mL stock solution in DMSO and diluted to a final working 

concentration of 0.1 mg/mL in intracellular solution. The external solution was D-PBS(-). 

The voltage pulse protocol applied pre- and post- compound addition was as follows: hERG 

currents were activated by a 5500 msec depolarising pulse to +20 mV from a holding 

potential of −80 mV. The cells were then repolarised to −50 mV for 1000 msec to generate 

large outward tail currents. 

Recordings are population patch measurements in which the average of the current 

across many cells is determined. Hence the word `observation' is used for a single 

concentration response curve. There could be several observations on a certain day. 

Data were normalised to high and low controls. Low control wells contained 50 μM 

Quinidine and high control wells contained equivalent quantities of DMSO. The normalised 

data were analysed by using ActivityBase software. The amount of tonic block was 

calculated from the peak tail current (the maximum amplitude of the tail current obtained 

after the voltage step to −50 mV). Concentration response data were derived using a four 

parameter logistic fitting procedure. pIC50 values were determined from these inhibition 

curves. 

 

5.7. ChromLogD and ChromLogP Measurements 

Assay Principle 

An important parameter discussed in the programme of research contained within 

Section 3 of this thesis is lipophilicity. Measurements of lipophilicity were conducted using a 

LCMS method termed chromLogD. Values were derived from chromatographic 

hydrophobicity index (CHI) LogD
151

 obtained from the retention time of a compound on 

three C18 columns using an increasing gradient of acetonitrile in three different aqueous 

mobile phases (pH 2.0, 7.4 and 10.5). This allowed determination of chromLogP 

(hydrophobicity of the neutral form) which was taken as the highest chromLogD value in 
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any of the three buffers. In general, chromLogD values at pH 7.4 were reported throughout 

Section 2 of this thesis to best approximate physiological conditions. 

 

Assay Procedure 

LCMS was performed on a Waters early candidate profiling (ECP) four-way MUX 

system equipped with a Luna C18(2) column (50 mm x 3 mm). Gradient elution was carried 

out with the mobile phases as (A) aqueous solution and (B) acetonitrile. Aqueous phases 

used were pH 2.0 phosphoric acid/or formic acid solution, ammonium acetate solution 

adjusted to pH 7.4 and ammonium acetate solution adjusted to pH 10.5 with ammonia 

solution. The conditions for the gradient elution were initially 0% B, increasing linearly to 

100% B over 2.5 min, remaining at 100% B for 3.0 min then decreasing to 0% B over 0.2 

min. The flow rate was 1 mL/min. CHI values were derived directly from retention time by 

using a calibration line obtained for standard compounds. The CHI value approximates to the 

volume % organic concentration when the compound elutes and is linearly transformed into 

chromlogD by least-squares fitting experimental CHI values to calculated logP values for 

over 20K research compounds using the following formula: chromlogD = 0.0857 CHI − 

2.00. 

 

5.8. Inhibition of IL-6 Production in LPS-Stimulated Human WB 

Assay Principle 

A human whole blood assay was conducted in the first research programme contained 

within this thesis and, unlike isolated PBMCs, provided a model to study compounds in a 

system where cell-cell or cell-protein interactions occur – effects that may take place in vivo. 

Stimulation of blood with LPS elicited an immune response through the release of pro-

inflammatory cytokines and upon treatment with compound at different concentrations, 

MesoScale Discovery (MSD) plates coated with a labelled antibody were used to capture  

IL-6. Electrochemiluminescence detection determined cytokine levels and IC50 values were 

determined. 

 

Assay Procedure 

Whole blood was taken from healthy volunteers. All donors provided written informed 

consent for use of their samples and the collection, and use of the samples received 

Institutional Review Board approval. Blood/well (140 μL) were added to 96 well plates 

containing prediluted test compounds to achieve a range of final assay concentrations (1.69 
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nM–30 μM) in 0.7% DMSO. 0.7% DMSO was also tested as a vehicle control, along with an 

assay positive standard. Test compounds were incubated for 30 min before the addition of 10 

µL of 2.8 µg/mL LPS (Sigma). Assay plates were then incubated at 37 °C, 5% CO2 

overnight. 

140 µL of Dulbecco’s PBS (Invitrogen) was added to each well, mixed and the plates 

centrifuged for 10 min at 2500 rpm.  100 μL of cell supernatants were then removed from the 

assay plate and analysed for IL-6 using MSD single plex plates in accordance with the 

manufacturer’s instructions. Plates were read on an MSD Sector Imager 6000 and pg/ml 

values were back-calculated to standard curves using MSD Discovery Workbench software 

v4.0.11. IL-6 data were then normalised to the assay positive and negative controls using 

curve fitting packages within Microsoft Excel. 

 

5.9. Mutant FRET Assays 

Assay Principle 

To determine the domain selectivity of a probe molecule in Section 3 of this thesis, 

assays allowing measurement of compound binding to a single bromodomains of the BET 

proteins were used. In previous studies with the bromodomain of PCAF, site-directed 

mutagenesis of the conserved tyrosine residue with an alanine residue was shown to abrogate 

acetylated histone peptide binding.
12

 Coupled with the crystallographic information 

discussed in the introduction of this thesis, mutation of the key tyrosine amino acids would 

disrupt the interactions essential for KAc recognition and in this programme of study, these 

findings were extended to prevent small molecule binding. Thus, BET protein constructs 

containing tyrosine/alanine substitutions were generated
152

 to distinguish selective binding of 

a compound to either BD1 or BD2 (Table 42). 

 Mutant Protein Shorthand Description 

BRD2 (1–473) Y386A BRD2 BD1 

BRD2 (1–473) Y113A BRD2 BD2 

BRD3 (1–435) Y348 BRD3 BD1 

BRD3 (1–435) Y73A BRD3 BD2 

BRD4 (1–477) Y390A BRD4 BD1 

BRD4 (1–477) Y97A BRD4 BD2 

BRDT (1–397) Y309A BRDT BD1 

BRDT (1–397) Y66A BRDT BD2 

 

Table 42. Details of mutant constructs used for BET BD1 and BD2 FRET assays. 
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As an example, the BRD4 Y390A mutant abrogated binding at the KAc recognition 

site at BD2 while the BRD4 Y97A mutant prevented binding at the KAc recognition site at 

BD1. 

FP technology was first employed in all the BET mutant assays and this data was used 

for SAR determination and optimisation.
153

 Midway through the programme, the assays were 

reconfigured in FRET format
153

to increase the tight binding limit compared to the FP assays, 

allowing IC50 determination up to 5 nM and this data was reported throughout Section 3 of 

the thesis. For only imidazoquinolinone 281a, was FP data reported and through using the 

line of best fit for compounds tested in both BRD4 BD1 assays (y = −1.20 + (1.19x) where y 

= FRET and x = FP, r
2
 value = 0.76), the expected FRET pIC50 was calculated as 5.6. For 

cyclobutylamine 289, the first two test occasions in the BRD4 FP assays resulted in 100-fold 

selectivity (BD1 and BD2 pIC50s = 6.7 and 4.7, respectively) but this narrowed upon 

subsequent retesting to a mean selectivity of 50-fold (BD1 pIC50 = 6.5, BD2 pIC50 = 4.8) – 

data obtained in BRD4 FRET assays were in close accordance (BD1 pIC50 = 6.6 and BD2 

pIC50 =5.0, selectivity = 40-fold). 

In the mutant FRET assays, an Alexa Fluor 647 tagged derivative of I-BET762 (384, 

Figure 92) functioned as the ligand and FRET acceptor. This ligand bound to the 

bromodomain of each mutant construct, and with wild type protein, with similarly high 

affinities while significantly lowered affinities were measured for double mutant constructs 

and, therefore, confirmed that this approach was suitable for selectivity measurements.
153

 

 

Figure 92. Fluorophore tagged derivative of I-BET762 384 used in the mutant FRET assays. 

A 6His purification tag at the N-terminal of the protein acted as the epitope for an anti-

6His Europium chelate, which functioned as a donor in the FRET pair. Binding of the 

fluoroligand to a bromodomain was detected by laser excitation of the Eu chelate at 337 nm. 
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This caused energy transfer to the Alexa Fluor tag and the resulting emission at 665 nm was 

measured. Displacement of the fluorescent ligand by small molecules reduced the FRET 

signal to varying extents depending on their affinity. When conducted at different 

concentrations of small molecule, a dose-response curve was generated and an IC50 value 

determined.  

The BRD4 mutant assays were conducted regularly and were used for SAR screening 

and compound profiling. The other BET mutant assays were used only for periodic 

assessment as these were expected to show similar potency and selectivity due to the high 

homology between each of the BET proteins and the similar residue variations between BD1 

and BD2. 

 

Assay Procedure 

Compounds were screened against N-terminal 6His-tagged single mutant tandem 

bromodomain proteins in a dose-response format using an Alexa Fluor 647 derivative of  

I-BET762 (384). Compounds were titrated from 10 mM in 100% DMSO and 100 nL 

transferred to a low volume black 384 well micro titre plate using a Labcyte Echo 555. A 

Thermo Scientific Multidrop Micro were used to dispense 5 µL of 10 nM protein in 50 mM 

HEPES, 50 mM NaCl and 1 mM CHAPS, pH 7.4, in the presence of 50 nM compound 384 

(~Kd concentration for the interaction between all BET single mutant tandem bromodomain 

proteins and 384, with the exception of BRDT Y66A, which used 200 nM). After 

equilibrating for 1 h in the dark at r.t., the bromodomain protein:fluorescent ligand 

interaction was detected using TR-FRET following a 5 µL addition of 1.5 nM europium 

chelate labelled anti-6His antibody (Perkin Elmer, W1024, AD0111) in assay buffer.  Time 

resolved fluorescence (TRF) was then detected on a TRF laser equipped Perkin Elmer 

Envision multimode plate reader (excitation = 337 nm; emission 1 = 615 nm; emission 2 = 

665 nm; dual wavelength bias dichroic = 400 nm, 630 nm). TR-FRET ratio was calculated 

using the following equation: Ratio = ((Acceptor fluorescence at 665 nm) / (Donor 

fluorescence at 615 nm)) * 1000. TR-FRET ratio data was normalised to a mean of 16 

replicates per micro titre plate of both 10 μM I-BET151 and 1% DMSO controls and IC50 

values determined for each of the compounds tested by fitting the fluorescence ratio data to a 

four parameter model:  y = a + (( b – a) / ( 1 + ( 10 ^ x / 10 ^ c ) ^ d ) where ‘a’ is the 

minimum, ‘b’ is the Hill slope, ‘c’ is the IC50 and ‘d’ is the maximum. 
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5.10. AMP Assay 

Assay Principle 

The ability of a compound to permeate a cell membrane was estimated using an 

artificial membrane assay. An artificial lipid membrane comprised of egg-lecthicin is formed 

on a filter plate and test compound in buffer applied to the donor side of the plate. After 3 h, 

the concentration of the compound in the donor and the acceptor compartments is measured 

and the rate of permeation calculated. 

 

Assay Procedure 

An artificial membrane was prepared by addition of 1.8% phosphatydilcholine and 1% 

cholesterol decane solution (3.5 μL) to a polycarbonate filter plate and evaporation. The 

membrane was hydrated by addition of pH 7.4 phosphate buffer containing 0.5% 

hydroxypropylcyclodextrin to the donor side (250 μL) and receiver side (100 μL) and the 

plate shaken for 45 min. A 10 mM solution of test compound in DMSO (2.5 μL) was added 

to the donor side and the plate incubated at r.t. for 3 h. The sample concentration in both the 

donor and acceptor compartments was determined by HPLC and rate of permeation 

calculated. Values >200 nm/sec were considered high, values in the range 50–200 nm/sec 

were considered moderate and values <50 nm/sec were considered low. 

 

5.11. qPCR Bromodomain Binding Assay Panel 

Assay Principle 

Bromodomain selectivity profiling was conducted using BROMOscan technology by 

DiscoveRx Corp. BROMOscan uses the same assay technology as KINOMEscan a detailed 

description of which has been previously reported.
154

 Here, binding of compound to a 

particular bromodomain displaced an immobilised ligand and reduced the amount of DNA-

tagged bromodomain captured on the solid support. When compared to a solvent control, the 

precise quantity of bromodomain captured was determined using ultra-sensitive quantitative 

polymerase chain reaction (qPCR), which detected the DNA tag on the bromodomain. 

Dissociation constants for 34 different bromodomain constructs were calculated after 

measuring the quantity of captured bromodomain at different compound concentrations. 

 

Assay Procedure 

T7 phage strains displaying bromodomains were grown in parallel in 24-well blocks in 

an E. coli host derived from the BL21 strain. E. coli were grown to log-phase and infected 
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with T7 phage from a frozen stock (multiplicity of infection = 0.4) and incubated with 

shaking at 32 °C until lysis (90–150 min). The lysates were centrifuged (5,000 x g) and 

filtered (0.2 μm) to remove cell debris. Streptavidin-coated magnetic beads were treated with 

biotinylated small molecule or acetylated peptide ligands for 30 min at r.t. to generate 

affinity resins for bromodomain assays. The liganded beads were blocked with excess biotin 

and washed with blocking buffer (SeaBlock (Pierce), 1% BSA, 0.05% Tween 20, 1 mM 

DTT) to remove unbound ligand and to reduce non-specific phage binding. Binding 

reactions were assembled by combining bromodomains, liganded affinity beads, and test 

compounds in 1 x binding buffer (17% SeaBlock, 0.33x PBS, 0.04% Tween 20, 0.02% BSA, 

0.004% Sodium azide, 7.4 mM DTT). Test compounds were prepared as 1000X stocks in 

100% DMSO and subsequently diluted 1:10 in monoethylene glycol (MEG) to create stocks 

at 100X the screening concentration (resulting stock solution is 10% DMSO/90% MEG). 

The compounds were then diluted directly into the assays such that the final concentration of 

DMSO and MEG were 0.1% and 0.9%, respectively. All reactions were performed in 

polystyrene 96-well plates in a final volume of 0.135 mL. The assay plates were incubated at 

room temperature with shaking for 1 h and the affinity beads were washed with wash buffer 

(1x PBS, 0.05% Tween 20). The beads were then re-suspended in elution buffer (1x PBS, 

0.05% Tween 20, 2 μM nonbiotinylated affinity ligand) and incubated at room temperature 

with shaking for 30 min. The bromodomain concentration in the eluates was measured by 

qPCR. 

An 11-point 3-fold serial dilution of each test compound was prepared in 100% 

DMSO at 1000x final test concentration. This serial is then diluted to 100x in ethylene glycol 

and subsequently diluted to 1x in the assay (final DMSO concentration = 0.1%, Ethylene 

glycol concentration = 0.9%). Most Kds were determined using a compound top 

concentration = 10,000 nM. If the initial Kd determined was <0.169 nM (the lowest 

concentration tested), the measurement was repeated with a serial dilution starting at a lower 

top concentration. A Kd value reported as 40,000 nM indicates that the Kd was determined 

to be >10,000 nM. 

Binding constants (Kds) were calculated with a standard dose-response curve using 

the Hill equation: 

                        
                   

                                   
  

The Hill Slope was set to −1. Curves were fitted using a non-linear least square fit 

with the Levenberg-Marquardt algorithm. 
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5.12. Inhibition of IL-6 Production in LPS-Stimulated Human PBMCs 

Assay Principle 

PBMCs are blood cells important in the immune system and assays using PBMCs 

were conducted in the second research programme contained within this thesis. Stimulation 

of human PBMCs with LPS elicited an immune response through the release of pro-

inflammatory cytokines and upon treatment with compound at different concentrations, 

MSD plates coated with a labelled antibody were used to capture IL-6 and MCP-1. 

Electrochemiluminescence detection determined cytokine levels and IC50 values were 

determined. 

 

Assay Procedure (IL-6) 

Blood containing 15% v/v ACD-A anticoagulant (Baxter Healthcare) was collected 

and 30 mL poured into 50 mL Leucosep tubes (Greiner Bio-one) pre-filled with Ficoll. The 

tubes were centrifuged for 15 min at 800 x g at r.t. The enriched cell fractions from each 

Leucosep tube were pooled in a 500 mL centrifuge tube. The pooled fractions were 

centrifuged at room temperature for 10 min at 400 x g, and the supernatant discarded. The 

cell pellet was resuspended in 40 mL PBS and the cells counted on a haematology analyser 

(Sysmex). The cells were centrifuged at 300 x g for 10 min at r.t., the supernatant discarded, 

and the cell pellet resuspended in freezing medium (90% heat-inactivated FBS, 10% DMSO) 

to make a final concentration of 4 x 107 cells/mL. The cells were aliquoted and 

cryopreserved. Compound plates containing 0.5 µL test sample in 1% DMSO were prepared 

(two replicates on account of PBMC donor variability). PBMCs were thawed from frozen 

stocks and resuspended in warm media (500 mL DMEM, 50 mL Heat Inactivated Australian 

Foetal Bovine Serum, 5 mL Penicillin/Streptomycin, 5 mL Glutamax) at a concentration of 2 

x 105 cells/mL. 1 ng/mL LPS was added then 50 µL added to each well of the compound 

plates. The seeded plates were then lidded and placed in the humidified primary cell 

incubator for 18–24 hours at 37 °C, 5% CO2. 

10 µL of cell supernatant was placed in a low-profile 384-well MSD plate pre-coated 

with human IL-6 capture antibody. The plates were sealed and placed on a shaker at 600 rpm 

for 2 h at r.t. A 1% solution of MSD Blocker A (MesoScale Discovery, USA) was prepared 

by dissolving solid Blocker A in Phosphate buffered saline (Invitrogen, UK). This was used 

to dilute the anti-human IL-6 antibody labelled with MSD SULFO-TAGTM reagent to 1 

µg/mL. 10 µL of the antibody solution was then added to each well of the MSD plates. The 

plates were then re-sealed and shaken for another 2 h before washing 3 times with PBS. 35 



Confidential – Property of GSK – Do Not Copy 

 

295 

µL of 2X MSD Read Buffer T (stock 4X MSD Read Buffer T was diluted 50:50 with de-

ionised water) was then added to each well and the plates read on the MSD Sector Imager 

6000. 

 

Assay Procedure (MCP-1) 

Blood containing 15% v/v ACD-A anticoagulant (Baxter Healthcare) was collected 

and 30 mL poured into 50 mL Leucosep tubes (Greiner Bio-one) pre-filled with Ficoll. The 

tubes were centrifuged for 15 min at 800 x g (r.t.). The enriched cell fractions from each 

Leucosep tube were pooled in a 500 mL centrifuge tube. The pooled fractions were 

centrifuged at room temperature for 10 min at 400 x g, and the supernatant discarded. The 

cell pellet was resuspended in 40 mL PBS and the cells counted on a Nucleocounter 

(Chemometec). The cells were centrifuged at 300 x g for 10 min at r.t., the supernatant 

discarded, and the cell pellet resuspended in freezing medium (90% heat-inactivated FBS, 

10% DMSO) to make a final concentration of 4 x 107 cells/mL. The cells were aliquoted and 

cryopreserved using a controlled-rate freezer (Planer). Compound plates containing 0.5 µL 

test sample in 100% DMSO were prepared (two replicates on account of PBMC donor 

variability). PBMCs were thawed from frozen stocks and resuspended in warm media (500 

mL RPMI, 50 mL Heat Inactivated Australian Foetal Bovine Serum, 5 mL 

Penicillin/Streptomycin, 5 mL Glutamax) at a concentration of 0.32 x 106 cells/mL. 10 µL 

of lipopolysaccharide (1ng/mL final assay concentration) was added to each well of the 

compound plates. The seeded plates were then lidded and placed in the humidified primary 

cell incubator for 18–24 h at 37 °C, 5% CO2. 

20 µL of cell supernatant was placed in a 96-well MSD plate pre-coated with human 

MCP-1 capture antibody. The plates were sealed and placed on a shaker at 600 rpm for 2 h at 

r.t.  20 µL of Anti-human MCP-1 antibody labelled with MSD SULFO-TAGTM reagent is 

added to each well of the MSD plate (stock 50X was diluted 1:50 with Diluent 100, final 

assay concentration is 1 µg/mL). The plates were then re-sealed and shaken for 1 h before 

washing with PBS. 150 µL of 2X MSD Read Buffer T (stock 4X MSD Read Buffer T was 

diluted 50:50 with de-ionised water) was then added to each well and the plates read on the 

MSD Sector Imager 6000. 
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5.13. MV-4-11 Growth Inhibition Assay 

Assay Principle 

MV-4-11 cells are an AML cell line and the ability of compounds to suppress their growth as 

a model for leukemia treatment was assessed in Section 3 of this thesis. After treatment of 

these cells with compound, the the number of viable cells were determined by addition of a 

reagent (Cell Titre Glo solution) which induces cell lysis and generates a luminescent signal 

that is proportional to the amount of ATP present – a marker for the presence of 

metabolically active cells. 

 

Assay Procedure 

MV-4-11 cells were maintained in IMDM media (Invitrogen) supplemented with 10% 

(v/v) FCS (Hyclone) and 5 mM glutamine (Invitrogen).  Cells were plated in a volume of 90 

μL (10,000 cells per well) into 96-well plates (Greiner Microclear) in growth media 

containing penicillin/streptomycin solution (Invitrogen) and cultured overnight at 37 °C, 5% 

CO2. Prior to addition of compounds, one plate of each cell type was removed from the 

incubator and equilibrated at r.t. for 1 h before assaying for ATP content by the addition of 

an equal volume of Cell Titre Glo solution (Promega). Luminescence was then measured 

using a Perkin Elmer Envision 2104 Multilabel reader in order to determine the zero time-

point value. 

10 μL of 10x final assay concentrations of test compounds were added to the cell 

plates. A range of final compound concentrations (1.52 nM – 30 μM) containing 0.5% 

DMSO in an assay medium were used. Plates were cultured for a further 72 h at 37 °C, 5% 

CO2, and ATP levels were assayed, as described above. Cell titre glo data at 72 h were 

expressed as the percentage of the zero time point value, and then further normalized using 

GraphPadPrism (v5). IC50 values were generated by nonlinear regression of the normalized 

t=0 data from three independent experiments using GraphPadPrism (v5).  
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