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PREFACE  

This thesis is the pinnacle of an eventful journey into the world of protein kinases. It examines a 

space where chemistry meets biology, more specifically 7-azaindole and 7-deazapurine 

derivatives meet a panel of protein kinases relevant to disease. The thesis is completed in article 

format and includes two (2) articles. The first article is published in the Medical Chemistry 

Research journal and the permission of reproduction for this article can be found under Annexure 

B, while a sign letter from the co-authors follows the preface. The last article has been submitted 

for publication to Chemical Biology and Drug Design and the email confirmation of the submission 

can be found under Annexure E. All the synthesis, data analysis and preparation of scholarly 

documents pertaining to this thesis were performed by Ms. L. Pieterse. 
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ABSTRACT 

The bulk of the myriad cellular processes pertaining to normal cellular function in humans are 

governed by a superfamily of proteins known as protein kinases. Protein kinases account for 1.7% 

of all human genes and are vastly explored due to their involvement in various diseases. This 

study focused on a panel of disease-related protein kinases, namely: HsCDK2/Cyclin A, 

HsCDK5/p25, HsCDK9/Cyclin T, HsHaspin, HsPIM1, SscCK1δ/ε, SscGSK3α/β and LmCK1. The 

selected scaffold of interest, 7-azaindole, has been known to have a propensity for producing 

derivatives that inhibit protein kinases. Therefore, a total of thirty-five 7-azaindole derivatives were 

synthesised for in vitro assessment for protein kinase inhibition against the designated panel of 

kinases. The C4-substituted 7-azaindole derivatives exhibited the best inhibition activity against 

the Haspin and CDK9/Cyclin T kinases, in general. 4-(4-Methoxyphenyl)-1H-pyrrolo[2,3-

b]pyridine exhibited best Haspin activity of the 7-azaindole derivatives; IC50 value of 0.118 µM. 4-

(4-Fluorophenyl)-1H-pyrrolo[2,3-b]pyridine exhibited the best CDK9/Cyclin T activity; IC50 value 

of 0.063 µM. Prompted by the success of the 7-azaindole scaffold, 19 structurally related C4-

substituted 7H-pyrollo[2,3-d]pyrimidine (7-deazapurine) derivatives were synthesised and also 

evaluated against the designated kinase panel. The most potent 7-deazapurine derivatives were 

4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)phenol and 4-(4-methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine 

with IC50 values of 0.38 µM and 0.11 µM, against CDK9/CyclinT and Haspin, respectively. Both 

CDK9/Cyclin T and Haspin have been implicated in cancer, therefore, it may be concluded that 

the 7-azaindole and 7-deazapurine scaffolds are ideal for producing protein kinase inhibitors that 

may have potential benefit in cancer therapy in the future. 

Keywords: 7-azaindole; 7H-pyrollo[2,3-d]pyrimidine; protein kinase inhibitors; Haspin; 

CDK9/Cyclin T.  
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OPSOMMING 

Die meerderheid van die talle sellulêre prosesse, wat vir normale selfunksie in mense nodig is, is 

grootliks afhanklik van ‘n “superfamilie” van proteïene wat bekend staan as proteïenkinases. 

Proteïenkinases maak 1.7% van alle menslike gene uit en weens hulle betrokkenheid in verskeie 

siektetoestande word hulle breedvoerig ondersoek. In hierdie studie is daar van ‘n paneel van 

proteïenkinases gebruik gemaak. Die paneel het bestaan uit die volgende proteïenkinases: 

HsCDK2/Cyclin A, HsCDK5/p25, HsCDK9/Cyclin T, HsHaspin, HsPIM1, SscCK1δ/ε, 

SscGSK3α/β and LmCK1. 7-Asaïndool is as die uitverkore skelet verkies omdat die analoë van 

hierdie verbinding geneig is, om as belowende proteïenkinase-inhibeerders op te tree. Na 

aanleiding hiervan, is daar vyf-en-dertig 7-asaïndoolanaloë, met die oog op die in vitro analise 

teenoor die paneel van die proteïenkinases, gesintetiseer. In die geheel, is die beste resultate 

teenoor die Haspin en CDK9/Cyclin T kinases, met die C4-gesubstitueerde-7-asaïndoolanaloë, 

verkry. 4-(4-Metoksifeniel)-1H-pirollo[2,3-b]piridien is die verbinding wat die beste aktiwiteit 

teenoor Haspin vertoon het (IK50 waarde van 0.118 µM), terwyl 4-(4-fluorofeniel)-1H-pirollo[2,3-

b]piridien die verbinding is, wat die beste aktiwiteit teen oor CDK9/Cyclin T vertoon het (IK50 

waarde van 0.063 µM). Die sukses wat met die 7-asaïndoolreeks behaal is, het die sintese van 

19 struktureel-verwante C4-gesubstitueerde-7H-pirollo[2,3-d]pirimidienanaloë aangespoor. In 

hierdie reeks het die 4-(7H-pirollo[2,3-d]pirimidin-4-iel)fenol en die 4-(4-metoksifeniel)-7H-

pirollo[2,3-d]pirimidien die beste gevaar, met ‘n IK50 waarde van 0.38 µM en 0.11 µM teenoor die 

CDK9/Cyclin T en Haspin kinase, onderskeidelik. Beide die Haspin en CDK9/Cyclin T kinases 

word tans vir hulle waarde in kankerterapie ondersoek. Dus na aanleiding van hierdie studie, kan 

die gevolgtrekking gemaak word, dat die 7-asaïndool- en 7H-pirollo[2,3-d]pirimidienskelette 

moontlik van waarde in die stryd teen kanker mag wees. 

Sleutelterme: 7-asaïndool; 7H-pirollo[2,3-d]pirimidien; proteïenkinase-inhibeerders; Haspin; 

CDK9/Cyclin T. 
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CHAPTER 1: INTRODUCTION AND BACKGROUND 

1.1 General Introduction 

This chapter describes a journey into the realm of protein kinases (PKs), some of the diseases 

they are related to (like cancer, neurodegenerative diseases, diabetes (type 2) and leishmaniasis) 

and the scaffolds that will assessed for PK inhibition in this study. 

1.2 The function of protein kinases - an overview 

The quintessential eukaryote’s viability is dependent on a vast number of cellular processes, the 

majority of which are sustained by a process known as protein phosphorylation (Hanks & Hunter, 

1995; Hunter, 1995). Protein phosphorylation is an integral component of eukaryotic signal 

transduction pathways and it is mediated by a superfamily of homologous proteins known as PKs 

(Hanks & Hunter, 1995; Hunter, 1995). Recently, the nearly completed human genome 

sequencing project revealed the extent to which PKs permeate the human body. A total of 518 

PKs have been recorded to date, this accounts for 1.7% of all known human genes (Manning et 

al., 2002). 478 of these PKs belong to one superfamily, which can be further divided into groups, 

families and sub-families based on sequence similarity and biochemical function (Manning, 2019) 

(see Figure 1.1 that depicts the known eukaryotic protein kinase groups). They promote the 

transfer of a phosphoryl group from a phosphoryl donor, usually adenosine triphosphate (ATP), 

to receptor substrates, usually small molecule, lipid or protein substrates (Lawson et al., 2016). 

Furthermore, these PKs not only regulate signal transduction but also mediate other cellular 

processes like metabolism, cell cycle progression, cytoskeletal rearrangement and cell 

movement, apoptosis and differentiation (Manning et al., 2002). Regarding the magnitude of PK 

involvement in normal cellular processes, it is thus prudent to consider the possible implications 

of phosphorylation disruption. 
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Figure 1.1: A visual representation of the known eukaryotic protein kinase groups and 

examples of their members (Duong‐Ly & Peterson, 2013). 

1.2.1 The cell-division cycle and the role that protein kinases play 

The cell-division cycle (cell cycle) is critical to normal cellular function. It typically comprises of 

four systematic processes: cell growth, deoxyribonucleic acid (DNA) replication, distribution of the 

duplicated chromosomes to daughter cells and cell division (Cooper et al., 2000). These 

processes occur during two fundamental stages of cell cycle: mitosis and interphase. Mitosis 

(nuclear division or M phase) is considered the more distinctive stage of the two, it is equivalent 

to the parting of daughter chromosomes and is customarily divided into five stages: prophase, 

prometaphase, metaphase, anaphase and telophase that ordinarily culminates in cell-division 

(cytokinesis). Nevertheless, mitosis accounts for only approximately 10% of the cell cycle, while 

90% is spent in interphase between mitoses (Campbell et al., 2008). Interphase consists of three 

distinct phases: G1 phase (first gap), S phase (synthesis), G2 phase (second gap) (Underwood & 

Cross, 2009). G1 phase, is the gap that follows mitosis but precedes the initiation of DNA 

replication (Cooper et al., 2000). During G1 the cell remains metabolically active and cell growth 

is continued but DNA replication is presently halted. S follows the G1 phase, where DNA 

replication commences and upon completion of DNA synthesis, G2 phase is initiated. During G2 

cell growth is resumed and the appropriate proteins are synthesised in preparation for mitosis. 

Accordingly, the M phase ensues, thereby bringing the cell cycle to a close (Cooper et al., 2000). 

See Figure 1.2.  
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Figure 1.2: A basic illustration of the eukaryotic cell-division cycle 

During the cell cycle, DNA replication needs to be achieved with absolute integrity from one 

generation to the next. To ensure this integrity, the cell cycle is bound to regulatory events at 

specific times during the cell cycle (Underwood & Cross, 2009). Regulation of the eukaryotic cell 

cycle is achieved by a combination of external events and internal checkpoints. External events 

dictate whether a cell set for replication will experience inhibition or activation. These events range 

from uncomplicated events (apoptosis in close vicinity to the cell) to extensive events (release of 

growth promoting hormones, such as human growth hormone (HGH)) (Open Stax, 2012). 

Occurrences like the crowding of cells can inhibit division, whereas cell growth, to the point where 

the cell becomes less efficient, can trigger division. Once an external progression signal is 

received, the cell proceeds into interphase, if not, cell cycle progression is halted (Open Stax, 

2012). These parameters thus ensure that daughter cells are unequivocal duplicates of the parent 

cells because inaccurate duplication or distribution of the chromosomes can bring about 

mutations that could be passed on to every new cell produced. Hence, internal control 

mechanisms curtail the continuous transfer of possible mutations to new daughter cells. These 

mechanisms function at three main cell cycle checkpoints to halt any unfavourable division. They 

are located near the end of G1, at the G2 to M transition and during the metaphase of mitosis 

(Open Stax, 2012). 

PKs are prominent enzymes in the regulation of the cell cycle (Blagden & Bono, 2005). Examples 

of PKs involved in cell cycle regulation are the cyclin-dependent kinases (CDKs); they regulate 

the punctual production and activation of several different proteins involved in DNA replication 

and mitotic spindle formation, among other things (Underwood & Cross, 2009). Upon execution 

of their function(s), PKs are expected to undergo prompt termination or inactivation. 
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This forms part of the regulation of cell cycle progression through the different phases and is 

necessary for normal cell function (Blagden & Bono, 2005). Therefore, erroneous PK activity can 

exert devastating consequences on processes like cell growth, differentiation, cell development, 

normal cell function and cell death. As such, abnormal PK activity is often associated with cell 

mutation, cancer, neurodegenerative diseases like Alzheimer’s disease, inflammation and 

diabetes (Flight, 2013; Huse & Kuriyan, 2002; Noh & King, 2007).  

Therefore, PKs have garnered much attention as likely drug targets; with nearly 30 kinase 

inhibitors reaching Phase I clinical trials, the majority of which are being investigated for cancer. 

Furthermore, considering that PKs are involved in almost every signal transduction process in the 

human body, it is understood that inhibition of these kinases might exert valuable physiological 

responses in certain diseases (Zhang et al., 2009).  

1.3 The 7-azaindole scaffold and its relation to protein kinase inhibition 

PK inhibitors are ordinarily designed with the goal of binding to the ATP binding site in mind. The 

ATP binding site is usually positioned in the deep cleft situated between the N- and C-terminal 

lobes of the catalytic binding domain (Liao, 2007). The 1H-pyrrolo[2,3-b]pyridine (7-azaindole 

scaffold) exhibits a proclivity for PK inhibition, because the nitrogen (N) on the pyridine ring act 

as a hydrogen bond acceptor, whilst the secondary amine (-NH) on the pyrrole ring serves as a 

hydrogen bond donor, rendering bidentate hydrogen bonds with the hinge region of the ATP 

binding site, see Figure 1.3 (Irie & Sawa, 2018; Mérour et al., 2014; Zuccotto et al., 2009). 

 

Figure 1.3: The ATP binding site; adapted from (Le Corre et al., 2010) 

7-azaindole based compounds have been reported to inhibit several kinase, including anaplastic 

lymphoma kinase (ALK) (Gummadi et al., 2013), the aurora kinases (Bavetsias et al., 2013), cell 
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division kinase 7 (Cdc7) (Harrington et al., 2013), C-met kinase (Kim et al., 2008), DYRK1A 

(Gourdain et al., 2013), focal adhesion kinase (FAK) (Heinrich et al., 2013), IκK kinase (IKK) 

(Liddle et al., 2009), KIT/FMS dual kinase (Zhang et al., 2013), p38α mitogen activated protein 

kinase (p38α MAP) (Mavunkel et al., 2010), proto-oncogene serine/threonine kinase 1 (Pim-1) 

(Nakano et al., 2012), mammalian target of rapamycin kinase (m-TOR) (Tsou et al., 2010) and 

tropomyosin-related kinase A (TrKA) (Hong et al., 2012). See figure 1.4 for examples of the 

structures and their corresponding IC50 values. 

The 7H-pyrrolo[2,3-d]pyrimidine scaffold (7-deazapurine) is structurally related to 7-azaindole and 

has recently been deemed as a privileged scaffold in the design of antitumor and antiviral 

nucleosides (Perlíková & Hocek, 2017). It bears an additional nitrogen in the form of a pyrimidine 

ring instead of the pyridine ring on the 7-azaindole scaffold. In terms of PK inhibition, studies on 

7-deazapurines are limited. Nevertheless, the following are some examples of PK inhibition by 

the 7-deazapurine scaffold and closely related compounds: troponin I-interacting kinase (TNNI3K) 

(Lawhorn et al., 2015), phosphatidylinositol 4-kinase (PPI4K) (Nishioka et al., 1991) and 

epidermal growth factor receptor protein tyrosine kinase (EFG-R PTK) (Traxler et al., 1996). See 

figure 1.5 for examples of structures and their corresponding IC50. These examples suggest that 

compounds incorporating 7-azaindole and/or 7-deazapurine scaffolds could act as novel PK 

inhibitors. Consequently, a study focused on screening selected known and novel 7-azaindole 

derivatives and 7-deazapurine derivatives against a selected panel of PKs (discussed below), 

might identify novel and potent PK inhibitors, whilst also highlighting important SARs. This could 

lead to new treatment options in diseases like cancer, neurodegenerative diseases, diabetes and 

leishmaniases and will also enable future studies to use the knowledge generated by this study 

to streamline new PK studies. 
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Figure 1.4: A depiction of various 7-azaindole derivatives known to inhibit different PKs. 
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Figure 1.5: An illustration of the existing 7-deazapurine and related structures that inhibit 

different PKs. References: (13) (Lawhorn et al., 2015), (14) (Nishioka et 

al., 1991) and (Traxler et al., 1996). 

1.3.1 The proposed protein kinase panel 

The PKs listed below have been implicated in several diseases of humans and are regarded as 

potential drug targets  

CDK2/Cyclin A, CDK5/p25 and CDK9/Cyclin T 

The CDKs form a unique family of serine-threonine kinases within the larger superfamily of PKs. 

After careful consideration (of seeming contradictory evidence), there was decided upon a 

unifying notion that explains how CDKs control virtually all key transitions in the cell cycle (Nurse, 

1990). The G1 to S phase transition is believed to be reliant on activation of specific proteins 

essential for DNA replication. Activation, in turn, occurs by means of phosphorylation which is 

CDK dependent (Blow & Nurse, 1990; D'urso et al., 1990; Fang & Newport, 1991; Furukawa et 

al., 1990; Pagano et al., 1993; Tsai et al., 1993). Similarly, the G2 to M phase transition is 

dependent on CDK phosphorylation and activation of proteins but differs from G1 to S phase 

transition in that a different set of proteins are activated. In this case, the activated proteins enable 

mitosis and cytokinesis (Arion et al., 1988; Dunphy et al., 1988; Fang & Newport, 1991; Gautier 

et al., 1988; Labbe et al., 1988; Reed & Wittenberg, 1990; Riabowol et al., 1989) .Thus, CDK 

activation is deemed as one of the principal points of control for normal cell proliferation. In 

contrast, anomalous proliferation of cells, mediated by the disruption of the normal cell cycle 

mechanisms, is regarded as the tell-tale sign of nearly all cancer cells.  
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Therefore, compounds that inhibit the CDK-cyclin complexes, such as CDK2/Cyclin A, CDK5/ p25 

and CDK9/Cyclin T are auspicious anti-tumour agents or adjuvant therapy to existing therapies 

(Harper & Elledge, 1996; Pevarello et al., 2004). Furthermore, the CDK5/p25 complex has also 

been implicated in diseases like Alzheimer’s disease (AD), amyotrophic lateral sclerosis (ALS), 

Parkinson’s disease (PD) and Niemann-Pick type C disease (Bu et al., 2002; Lau & Ahlijanian, 

2003; Nguyen & Julien, 2003; Smith et al., 2003), whereas the CDK9/Cyclin T complex has been 

identified as a possible target against which to develop antiviral agents (Yamamoto et al., 2014). 

Haspin 

The protein kinase, Haploid germ cell-specific nuclear kinase or Haspin, is one of the recent 

additions to the kinome and belongs to the serine-threonine kinase family. It is specifically attuned 

for phosphorylation of histone 3 at threonine 3 (H3T3ph) and its function is of cardinal importance 

in mitosis, prompting chromosome cohesion, metaphase alignment and cell cycle progression 

(Dai et al., 2009; Dai et al., 2006; Dai et al., 2005). Haspin like other mitotic kinases is involved in 

cell proliferation, therefore, non-proliferating cells will not be affected by Haspin inhibition (Huertas 

et al., 2012b). In addition, Haspin inhibition might induce fewer adverse effects than other mitotic 

kinases as it is classified as an atypical kinase (belonging to a family that diverges from other 

human kinases) (Eswaran et al., 2009; Higgins, 2001a; Villa et al., 2009). Furthermore, it has only 

one known target in the human body (H3T3). Considering the above, it’s deducible that inhibitors 

of Haspin may be safe and effective anti-mitotic agents (Huertas et al., 2012b). 

Pim-1 

Pim-1 is a serine-threonine kinase was originally cloned to serve as a proviral insertion in murine 

T-cell lymphomas, hence known as Pim. (Selten et al., 1985). Later on, the Pim kinases were 

connected to the development of prostate cancer when DNA-microarrays brought to light that 

Pim-1 is overexpressed in human prostate cancer (Dhanasekaran et al., 2001). Now is it believed 

that the grade of overexpression is directly related to the grade of prostate cancer (Xu et al., 

2005), especially since moderate-to-strong cytoplasmic staining of Pim-1 illustrates the presence 

of Pim-1 kinases in 68% of the tumours of patients with a Gleason score of 7 or higher (Valdman 

et al., 2004). Nevertheless, there is still a limited amount of known Pim-inhibitors (Xia et al., 2008), 

but with the recent clarification of the Pim-1 crystal structure the possibility of discovering novel 

Pim-selective inhibitors exists (Jacobs et al., 2005; Kumar et al., 2005; Qian et al., 2005).  
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CK1δ/ε  

The two isoforms, casein kinase 1 delta (CK1δ) and casein kinase 1 epsilon (CK1ε) form part of 

a well-conserved family of serine-threonine protein kinases. CK1δ and CK1ε are expressed in 

multiple isoforms (α, β, γ1, γ2, γ3, δ, ε) in eukaryotes (Cozza et al., 2008). Despite the fact that 

all CK1 isoforms have highly conserved kinase domains, the N- and C- terminals differ in length 

and primary structure. (Knippschild et al., 2005). Moreover, the CK1 family is a constitutively 

active serine-threonine kinases which rely on prephosphorylation of the substrate by another 

kinase, such as glycogen synthase kinase 3β (GSK3β), in order to achieve basal activity (Flotow 

et al., 1990). Notwithstanding CK1’s constitutive activation, certain mechanisms that are 

controlled by CK1 activity have been acknowledged, such as inhibitory autophosphorylation, 

proteolytic cleavage of the C-terminal domain and subcellular localisation and 

compartmentalisation (Knippschild et al., 2005). The CK1 family are also parallel to the regulation 

of particular cellular events, namely transduction of the Wnt signalling pathway, circadian rhythm, 

DNA damage response and late cell cycle progression (Beyaert et al., 1995; Eide et al., 2002; 

McKay et al., 2001; Meek & Knippschild, 2003; Murakami et al., 1999; Sillibourne et al., 2002; 

Vielhaber et al., 2000). Accordingly, disturbance in CK1 homeostasis could cause disease such 

as neurodegenerative diseases, including Alzheimer’s and Parkinson’s disease (CK1δ), the 

familial advanced sleep phase syndrome (CK1δ and ε) and cancer (CK1δ and ε) (Meek & 

Knippschild, 2003; Singh et al., 1995; Takano et al., 2004) Consequently, the two isoforms, CK1δ 

and CK1ε, have generated interest as potential drug targets in treatment of neurodegenerative 

diseases, abnormal circadian behaviour, cancer and drug use disorders (Long et al., 2012). 

LmCK1 

The CK1 family is not restricted to humans but it is also found amongst the protozoan parasites 

of the genus Leishmania. This study will, however, focus on the Leishmania major (LmCK1) strain. 

In eukaryotes, protein phosphorylation plays a vital role in the regulation of cellular responses to 

environmental signal, including cell-cell interactions. The function of intracellular PKs in complex 

regulatory cascades, controlling processes like differentiation, metabolism, growth, gene 

expression and other cellular processes, has been well defined (Hunter, 1995). The functions 

concerning the externally located cell surface PKs (or ecto-PKs) of protozoan parasites, have not 

been clearly defined as of yet (Sacerdoti-Sierra & Jaffe, 1997). Regarding Leishmania, there are 

two constitutively shed ecto-PKs that have been biochemically characterised and recognised to 

have CK1-like activities (Sacerdoti-Sierra & Jaffe, 1997; Vieira et al., 2002).  
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It has been propounded that the aforementioned PKs impact parasite-host interaction by 

phosphorylating the host proteins in order to aid the infiltration of the parasite into host cells 

(Allocco et al., 2006). Thus, members of the leishmanial CK1 family (especially LmCK1) denote 

attractive therapeutic targets in combating leishmaniasis (Rachidi et al., 2014). Especially since 

the known CDK inhibitor purvalanol B, proved to be a more potent inhibitor of parasitic CK1 than 

its mammalian counterpart (Gray et al., 1998). This accentuated the possibility of selectively in 

targeting leishmanial CK1 by exploiting the parasite-host differences, thereby diminishing the 

probability of adverse effects in humans (Allocco et al., 2006). 

GSK3α/β  

Glycogen synthase kinase 3 (GSK3) was discovered in 1980 and its function in the human body 

was originally trivialised to mere glycogen metabolism. It was later determined that GSK3 is 

indispensable to numerous cell functions, including signalling by insulin, growth factors and 

nutrients, and the specification of cell fate during embryonic development (Cohen & Frame, 2001; 

Embi et al., 1980; Martinez et al., 2002). Furthermore, control of cell division, apoptosis and 

microtubule function have also been linked to GSK3 (Cohen & Frame, 2001). There are two 

known forms of the enzyme, GSK3α and GSK3β, and inhibitors of GSK3 are deemed potentially 

valuable in the treatment of neurodegenerative diseases like Alzheimer’s disease, Parkinson’s 

disease, and Huntington’s disease (Parr et al., 2012). Furthermore, GSK-3 has also been 

associated with diabetes type II, bipolar disorder, schizophrenia, stroke, cancer and chronic 

inflammatory disease (Martinez et al., 2002). 

Table 1.1: The protein kinase panel and the possible disease application 

Protein kinase Possible disease applications 

CDK2/Cyclin A Antitumor agents (Davies et al., 2001) . 

CDK5/p25 Alzheimer’s disease (Lau & Ahlijanian, 
2003). 

Amyotrophic lateral sclerosis (Nguyen & 
Julien, 2003). 

Parkinson’s disease (Smith et al., 2003). 

Niemann-Pick type C disease (Bu et al., 
2002). 

Prostate cancer (Lin et al., 2004). 

CDK9/Cyclin T Antitumor agents (Walsby et al., 2014). 

Antiviral agents (Yamamoto et al., 2014). 

Haspin Antitumor agents (Huertas et al., 2012b). 

Pim-1 Prostate cancer (Xu et al., 2005) 

Diverse leukaemias (Amson et al., 1989)  
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Protein kinase Possible disease applications 

CK1δ/ε Disrupted circadian behaviour (CK1δ)(Meng 
et al., 2010) 

Alzheimer’s disease (Singh et al., 1995) 

Cancer (Brockschmidt et al., 2008; Yang & 
Stockwell, 2008) 

GSK3α/β Alzheimer’s’ disease (Parr et al., 2012) 

Parkinson’s disease (Parr et al., 2012) 

Huntington’s disease (Parr et al., 2012) 

Type 2 diabtetes (Martinez et al., 2002) 

Cancer (Martinez et al., 2002) 

LmCK1 Leishmaniasis (Rachidi et al., 2014) 

 

1.4 Problem statement and research hypothesis 

PKs are ubiquitous throughout the human body and have been implicated in various important 

cellular functions. As such, disruption of normal PK activity elicits ill effects on processes like cell 

growth, differentiation, cell development and cell death, thus, disrupting normal cell function. 

Haphazard cell function is associated with disease development and consequently connects PK 

dysregulation with diseases such as cancer, neurodegenerative diseases (like Alzheimer’s and 

Parkinson’s disease), sleep disorders, inflammation and diabetes, to name a few (Flight, 2013; 

Huse & Kuriyan, 2002; Noh & King, 2007).  

Although research on PK inhibition exists (ample 7-azaindole and sparse 7-deazapurine in PK 

inhibition research), the current research has only begun to scratch the surface of how PK 

inhibitors could change the world of medicine and disease. Therefore, considering the burden 

diseases such as cancer, the neurodegenerative diseases, diabetes and leishmaniasis impose 

on their victims and families combined with the need for more knowledge on PK inhibition, a study 

aimed at finding novel solutions to old burdens, in the form of PK inhibitors, may prove to be of 

value. Not only will the knowledge contribute to the scientific community, but it could also improve 

the lives of the countless people affected by these diseases in future. Thus, screening a set of 

both selected known and novel 7-azaindole derivatives and structurally related compounds (7-

deazapurine derivatives) for inhibition against a panel of protein kinases, potent novel PK 

inhibitors can be discovered. The PK inhibitors may have future value as therapeutic options in 

at least one of the diseases applicable to this study. 
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1.5 Aim of the study 

The aim of this study is to synthesise and explore different 7-azaindole and structurally related 

compounds to find potent inhibitors of selected disease related PKs and to evaluate structure 

activity relationships (SARs) to determine which structural features of the derivatives are 

associated with potency against the selected PKs. 

1.6 Objectives of the study 

To achieve the aims of the study, the following objectives have been set: 

• The design, synthesis and characterisation (NMR, MS, melting points) of the proposed 7-

azaindole and 7-deazapurine derivatives, as well as the determination of the purities of 

the proposed 7-azaindole and 7-deazapurine derivatives HPLC (Pieterse et al., 2020)  

• The in vitro evaluation of the proposed 7-azaindole and 7-deazapurine derivatives against 

a panel of protein kinases. 

• Structure activity relationship analysis. 

1.7 Structure of the study 

In light of the previous successes with the 7-azaindole scaffold, this study will aim to deliver 

selected known and novel 7-azaindole derivatives, as well as structurally related 7-deazapurine 

derivatives, to allow for structure activity relationship comparison. These compounds are to be 

screened against the panel of PKs (HsCDK2/CyclinA, HsCDK5/p25, HsCDK9/CyclinT, 

HsHaspin, HsPim-1, SscCKδ/ε, SscGSK3α/β and LmCK1, discussed above) in an attempt to 

bring forth new compounds active in at least one of the diseases identified as applicable to this 

study (cancer, neurodegenerative diseases, diabetes and leishmaniasis, see Chapter 2).  

 

Figure 1.6: The structures of the 7-azaindole and 7-deazapurine scaffolds 
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The proposed compounds will be prepared in two phases. The first phase will entail the synthesis 

of 3 series of 7-azaindole derivatives: 1) C4-substituted 7-azaindole derivatives 2) C5-substituted 

7-azaindole derivatives and 3) C6-substituted 7-azaindole derivatives. Substitution on the 

different positions will lend insight as to how the position of substitution may hinder or improve 

binding to the relevant binding site. All the 7-azaindole derivatives will then undergo screening for 

biological activity against the panel of kinases and the series with the best performance will 

determine the position of substitution for second phase. Subsequently, the second phase will 

entail a series of selected 7-deazapurine derivatives using the optimal position for substitution, as 

determined in phase 1 (position 2 or 4 in the case of 7-deazapurine). In addition, a select few 7-

deazapurine derivatives, bearing identical substitution (bis-substitution) on the optimal position 

and the N of the pyrrole ring, will be synthesised. These compounds are included for their novelty 

as well as interesting SAR information that may be obtained.  

 

Figure 1.7: An illustration of the proposed structure for the study 
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1.7.1 Synthesis of proposed compounds 

The synthesis of the final mono-substituted products is based on synthesis by means of Suzuki 

coupling, while the bis-substituted compounds will be synthesised by a combination of Suzuki 

coupling and Chan-Lam coupling. Suzuki-coupling refers to a carbon-carbon cross coupling 

reaction between organoboron compounds and organic halides or triflates (Kim et al., 2002; Wolfe 

& Buchwald, 1999). In this case, the organic halide is the 7-azaindole and 7-deazapurine 

scaffolds, while a variety of boronic acids will act as organoboron compounds in the presence of 

tetrakis(triphenylphosphine)palldium(0) (Pd(PPh3)4) as catalyst. The Chan-Lam coupling 

represents the reaction between an aryl boronic acid and an alcohol or amine with a copper 

complex as catalyst (Qiao & Lam, 2011). Here the 7-deazapurine scaffold will play the role of 

amine in the presence of cupric acetate (Cu(OAc)2) and a collection of aryl boronic acids.  

1.8 Conclusion 

In conclusion, this study aims to synthesise 3 series of 7-azaindole derivatives (C4-, C5- and C6-

substituted compounds) and 1 series 7-deazapurine derivatives (substituted on the optimal 

position determined in the first phase of the study). These compounds will be screened against 

the proposed panel of PKs in order to determine their inhibitory activity against said PKs. Potent 

novel PK inhibitors could lead to novel therapies in various diseases. Cancer, neurodegenerative 

diseases, diabetes and leishmaniasis have been selected as diseases applicable to this study 

and will be briefly discussed in chapter 2, which will aim to highlight the necessity for new 

treatment options. The articles that form chapters 3 and 4 will give more insight into the synthesis 

and biological evaluation of each series. 
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CHAPTER 2: DISEASES RELATED TO THE PROPOSED PROTEIN 

KINASE PANEL 

2.1 Introduction 

Chapter 1 defined a proposed PK panel which consists of the following kinases: HsCDK2/Cyclin 

A, HsCDK5/p25, HsCDK9/Cyclin T, HsHaspin, HsPim-1, SscCKδ/ε, SscGSK3α/β and 

LmCK1. This chapter will take a glance at some of the diseases related to the activation of these 

PKs. Diseases such as cancer, neurodegenerative diseases (Alzheimer’s disease (AD), 

Parkinson’s disease (PD), Amyotrophic lateral sclerosis (ALS) and Huntington’s disease (HD)), 

type 2 diabetes and leishmaniasis (Leishmania major).  

Globally, cancer is the second leading cause of death, claiming an estimated 9.6 million lives in 

2018 alone; thus, the shadow of cancer pervades modern life. The most significant cancer-

induced deaths were: lung cancer (1.76 million), colorectal cancer (862 000), stomach cancer 

(783 000), liver cancer (782 000) and breast cancer (627 000) (WHO, 2018). Not discounting the 

social impact, cancer also inflicts an enormous economic burden on its victims and the caretakers 

of these victims. The World Cancer Report of 2020 states that the premature death and loss of 

productivity associated with cancer costs approximately US$ 1.16 trillion per year (Wild et al., 

2020). Consequently, cancer is a growing socio-economic burden that needs to be addressed. 

2.1.1 What is cancer? 

Cancer is a broad term that encompasses a group of more than 100 different disease states. It 

customarily refers to malignancies that originate due to the transformation of genetic material, 

followed by the continuous mutations that inevitably result in a state of uncontrolled proliferation 

of progeny cells (Balmain et al., 1993; Hanahan & Weinberg, 2000). The abovementioned process 

is known as carcinogenesis and is governed by six crucial alterations in cell physiology, namely: 

self-sufficiency in growth signals, insensitivity to growth-inhibitory (antigrowth) signals, avoidance 

of programmed cell-death (apoptosis), limitless replicative potential, sustained angiogenesis, as 

well as tissue invasion and metastasis (Hanahan & Weinberg, 2000). 
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2.1.2  How is it caused? 

Carcinogenesis is thought to occur as the result of an interaction between certain genetic factors 

and external carcinogens. These external carcinogens are divided into three categories: physical 

carcinogens (such as ultraviolet and ionising radiation), chemical carcinogens (such as asbestos, 

components of tobacco smoke, aflatoxin in food and arsenic in drinking water) and biological 

carcinogens (such as infection with certain viruses, bacteria or parasites). Furthermore, the 

natural process of ageing is also regarded as a key factor in the development of cancer (WHO, 

2018). 

2.1.3 Current treatment options 

Cancer therapy, at present, is mostly constrained to a series of invasive procedures. These 

procedures can include the insertion of catheters to allow the administration of chemotherapy to 

curtail existing cancer cells. It could also entail surgery to remove the tumour(s) where possible, 

followed by additional chemotherapy and radiation therapy (Brannon-Peppas & Blanchette, 

2012). Some other strategies beside chemotherapy, surgery and radiation therapy exist, such as 

targeted therapies, hormone therapy and immunotherapy (WebMD Medical Reference, 2018). 

2.1.3.1 Chemotherapy 

Upon confirmation of a cancer diagnosis, chemotherapy is the option most likely to form part of a 

treatment regime. It is generally used as an adjuvant to localised options, like surgery and 

radiation. It has been the breath of life for a multitude of cancer survivors diagnosed with a variety 

of malignancies, including breast and colorectal cancers (Hutchinson et al., 2012; Vardy & 

Tannock, 2007). The principle of chemotherapy rests on the administration of cytotoxic chemicals 

to kill the tumour cells, exploiting the cancer cells’ susceptibility to chemotherapeutics. This 

susceptibility is deemed as a side effect of their accelerated growth rate (Brannon-Peppas & 

Blanchette, 2012; Nygren, 2001).  

Regarding available chemotherapeutic agents, there are a myriad of options available for 

prescription. Naturally, not all chemotherapeutic agents fight cancer cells in the same manner, 

therefore, every chemotherapeutic drug is assigned to a class of drugs according to certain 

properties, such as their mechanism of action and chemical structure (Chabner et al., 2006). 

Current chemotherapeutic drug classes include alkylating agents, antimetabolites, anti-tumour 

antibiotics, topoisomerase inhibitors and mitotic inhibitors (Chabner et al., 2006; The American 

Cancer Society medical and editorial content team, 2016b). See Table 2.1 for more information 

on the chemotherapeutic agents.  
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Table 2.1: Current chemotherapeutic agents and their drug classes 

Chemotherapeutic Agents 

Drug class Subclass and examples 

Alkylating agents: 

Alkylation agents interfere with cell reproduction 
by damaging a cell’s DNA. They are active in all 
phases of the cell cycle and are employed in the 
treatment of various cancers (like lung, breast, 
ovarian, leukaemia, lymphoma, Hodgkin’s 
disease, multiple myeloma and sarcoma). It is 
important to note that the use of alkylation agents 
is accompanied by a dose-dependent risk of 
developing leukaemia in later years (highest risk 
5 to 10 years after treatment) (The American 
Cancer Society medical and editorial content 
team, 2016a). 

Nitrogen mustards:  

• mechlorethamine 

• cyclophosphamide 

• ifosfamide 

• chlorambucil 

Nitrosoureas: 

• chloroethyl diazohydroxide  

• isocyanate 

Platinum agents: 

• cisplatin 

• carboplatin 

• oxaliplatin 

Mitotic inhibitors: 

Mitotic inhibitors have two main mechanisms of 
action. They function by preventing proliferation 
of cancer cells and also have the ability to halt 
production of the proteins needed by cancer cells 
to survive (The American Cancer Society medical 
and editorial content team, 2016a) 

Mitotic inhibitors: 

• Docetaxel 

• Estramustine 

• Ixabepilone 

• Paclitaxel 

• Vinblastine 

• Vincristine 

• Vinorelbine 

Antimetabolites: 

This class of drugs represents molecules that 
mimic natural substances required for healthy 
DNA function. When consumed, they alter the 
function of enzymes requisite in cell metabolism 
and protein synthesis. In effect antimetabolites 
starve cancer cells to death. 

 

Antimetabolites are deemed as cell cycle specific 
and are most valuable during the S-phase of cell 
division because they essentially “target” cells 
undergoing synthesis of DNA for the formation of 
new cells (SEER Training Modules, 2019) 

Folic acid antagonist: 

• Methotrexate 

Pyrimidine antagonist:  

• 5-Fluorouracil 

• Foxuridine 

• Cytarabine 

• Capecitabine 

• Gemcitabine.  

Purine antagonist:  

• 6-Mercaptopurine 

• 6-Thioguanine.  

Adenosine deaminase inhibitor:  

• Cladribine 

• Fludarabine 

• Nelarabine 

• Pentostatin 
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Chemotherapeutic Agents (continued) 

Drug class Subclass and examples 

Antitumor antibiotics: 

Antitumor antibiotics are not to be confused with 
the antibiotics used in treating bacterial 
infections. This drug class’ mechanism of action 
is cell cycle non-specific. Antitumor antibiotics 
negatively impact cell survival by binding with 
DNA and thereby impede RNA synthesis. RNA 
synthesis is critical to protein synthesis and the 
loss thereof equates cell death (SEER Training 
Modules, 2019). 

 

Anthracyclines: 

• Doxorubicin 

• Daunorubicin 

• Epirubicin 

• Mitoxantrone 

• Idarubicin  

Chromomycins: 

• Dactinomycin 

• Plicamycin 

Miscellaneous:  

• Mitomycin 

• Bleomycin 

Topoisomerase inhibitors: 

Topoisomerase inhibitors are part of a 
therapeutic class that act by disrupting the 
function of the topoisomerase enzymes I and II. 
Topoisomerase enzymes are typically 
responsible for controlling the manipulation of the 
DNA structure necessary for replication 
(Chemocare, 2019) 

Topoisomerase I inhibitors: 

• Ironotecan 

• Topotecan 

Topoisomerase II inhibitors: 

• Amsacrine 

• Etoposide 

• Etoposide phosphate 

• Teniposide 

 

2.1.3.2 Surgery 

Surgery is the oldest type of cancer treatment. Surgical excision is regarded as the lynchpin in 

treatment of solid tumours; however, various additional types of surgery also play a role in the 

treatment of cancer (American Society of Clinical Oncology, 2019; Coffey et al., 2003). A surgeon 

may opt to implement one of several alternative surgical techniques, see Table 2.2.  

2.1.3.2.1 Diagnostic 

On the whole, most types of cancer are diagnosed by means of biopsy, where a surgeon removes 

some or all of the questionable tissue by making an incision into the skin. The sample is evaluated 

by a pathologist, reported to the oncologist and diagnosed accordingly (American Society of 

Clinical Oncology, 2019). 
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2.1.3.2.2 Staging 

Generally, staging surgery is employed in cases where it is necessary to determine the extent of 

a tumour and if or where the cancer has spread. This is achieved by removing lymph nodes in 

close proximity to the known cancer cells in order to establish if the cancer has spread (American 

Society of Clinical Oncology, 2019).  

2.1.3.2.3 Curative surgery or tumour removal  

In the case of curative surgery, the tumour and some of the adjacent healthy tissue that constitute 

the margins are removed. It is usually performed by large incisions through skin, muscle and 

sometimes bone, although, in some cases the surgery could be performed with less invasive 

techniques. Curative surgery may be performed as an exclusive treatment option or as adjuvant 

to chemotherapy and radiation therapy (American Society of Clinical Oncology, 2019). 

2.1.3.2.4 Debulking surgery 

Certain tumours cannot be removed in their entirety or the removal would cause too much 

damage to the surrounding tissues. These cases are dealt with by combining adjuvant therapies 

like radiation and chemotherapy with partial resection of the tumour in order to remove the 

greatest possible portion of the tumour (American Society of Clinical Oncology, 2019).  

2.1.3.2.5 Palliative surgery 

Palliative surgery aims to relieve some of the adverse effects caused by cancer; thereby 

improving the quality of life for patients in the advance stages of the disease. Reasons for 

palliative surgery include the relieve of pain, to stop bleeding, insert a feeding tube or prevent 

broken bones (American Society of Clinical Oncology, 2019) 

2.1.3.2.6 Reconstructive surgery 

In some cases, a patient may opt to have reconstructive surgery to restore the body to its pre-

cancer appearance and function. A typical example of reconstructive surgery is breast 

reconstruction after a mastectomy (American Society of Clinical Oncology, 2019). 

2.1.3.2.7 Preventative surgery 

This type of surgery is done in order to reduce the risk of developing cancer. Examples of 

preventative surgery includes removal of polyps in the colon to prevent colon cancer and 

mastectomy or oophorectomy in the case of high risk for breast or ovarian cancer, respectively 

(American Society of Clinical Oncology, 2019). 



 

20 

Table 2.2: The alternative surgical techniques in cancer treatment 

Alternative surgical techniques employed in the treatment of cancer 

Technique Application 

Cryosurgery: 

Cryosurgery is a procedure where extreme 
cold, generated by liquid nitrogen or argon 
gas, is employed to terminate abnormal 
tissue cells (National Cancer Institute, 2015). 

• Early-stage skin cancer 

• Retinoblastoma 

• Precancerous growths of the skin and 
cervix 

Laser therapy: 

Laser therapy refers to a treatment where 
cell tissue is destroyed by means of powerful 
beams of light. Laser beams allow for 
extreme accuracy and precision, making this 
treatment effective in tiny areas (National 
Cancer Institute, 2015) 

• Basal cell carcinoma 

• Cervical cancer 

• Vaginal cancer 

• Oesophageal cancer 

• Non-small cell lung cancer 

Hyperthermia: 

Hyperthermia is a treatment that implements 
high temperatures to small areas of the 
body. The high heat damages or kills the 
cancer cells or make them more sensitive to 
radiation and chemotherapy (National 
Cancer Institute, 2015) 

• At present hyperthermia is not widely 
available and is currently being 
studied in clinical trials 

Photodynamic therapy: 

Photodynamic therapy is based on using 
drugs that react to specific types of light. 
Once the drugs are administered and the 
cancer cells are exposed to light, the drugs 
become active and kill the nearest cells 
(National Cancer Institute, 2015) 

• To ameliorate the symptoms of skin 
cancer, mycosis fungoides and non-
small cell lung cancer 

 

2.1.3.3 Radiation therapy 

Radiation therapy (radiotherapy) is one of the principal therapies in the treatment of cancer and 

as the name suggests, it employs radiation (in high doses) to eliminate cancer cells and shrink 

tumours. Radiotherapy is a lengthy process; initially the onset of cell death is slow, ranging from 

days to weeks. Nonetheless, the cancer cells will continue to experience cell death for weeks to 

months after radiation was administered. There are two key types of radiation therapy, external 

beam therapy and brachytherapy. External beam therapy refers to the radiation therapy where 

high-energy beams are directed at the precise locations of the cancer from the outside, whereas 

brachytherapy relies on the implantation of a radiation source (seeds, ribbons or capsules) inside 

the body (Peschel & Colberg, 2003). The high doses of radiation impede the cellular growth of 

cancerous cells by damaging their DNA. Once the DNA is damaged beyond repair, the cells lose 
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their ability to proliferate and cell death follows. Subsequently, the cells are broken down and 

expelled from the body (Ling et al., 2010). The aim of radiotherapy is to harm as few healthy cells 

as possible but some damage to healthy cells can be expected. Fortunately, healthy cells tend to 

exhibit more resilience toward radiation and are able to repair themselves (Mayo Clinic Staff, 

2018) 

2.1.4 The shortcomings of current cancer treatment 

2.1.4.1 Chemotherapy 

Unfortunately, chemotherapy does not come without challenges, resistance to cytotoxic drugs 

and several adverse effects plague the use of chemotherapy. Adverse effects, such as 

myelosuppression, higher risk of infection, bleeding, fatigue as well as nausea and vomiting often 

accompany chemotherapy. It is also not uncommon for patients to suffer from changes in 

cognitive functions (as reported by 10-50% of cancer patients) (Hutchinson et al., 2012; Vardy & 

Tannock, 2007); but more worrying than the frequent adverse effects, is the fact that 

chemotherapy often exhibits an inadequate antitumour effect in the treatment of malignant 

tumours. Numerous tumour types (cancer of the lung, gastrointestinal tract and kidney) are 

resistant to most cytotoxic agents from the moment treatment commenced, while others react 

initially (cancer of the breast, ovaries and haematological malignancies) only to become resistant 

later on, even to drugs not part of the initial regime (Nygren, 2001; Yang & Warner, 1993).  

2.1.4.2 Surgery 

There is no discounting the fact that surgery is of paramount importance in the management of 

solid tumours. Especially as absolute resection can be wholly curative. Unfortunately, the 

metastatic recurrence of cancer cells after surgery is a great encumbrance, as it remains one of 

the main causes of morbidity and mortality. (Tavare et al., 2012). Furthermore, reports on surgery 

in lung cancer indicate that a substantial number of patients die within the first six months after 

the surgery and the surviving patients experience continued pain and impairment in functional 

health (Handy Jr et al., 2002). In breast cancer, surgery is accompanied by long-term persistent 

pain and sensory disturbances (Gärtner et al., 2009), while another study found that patients that 

undergo surgery for rectal cancer, both male and female, are prone to developing sexual 

dysfunction (Hendren et al., 2005). Regrettably, these findings eclipse some of the value of 

surgery in the treatment of cancer. 
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2.1.4.3 Radiation therapy 

Although radiation therapy is regarded as one of the model therapies in cancer, the rationale of 

radiotherapy is precariously balanced on the ledge of delivering a high dose to the tumour cells 

while preserving healthy tissue. Thus, normal tissue tolerance and susceptible organs limit the 

amount of radiation that can be safely administered, hampering the maximum efficacy (Njeh, 

2008). Additionally, failure of radiation therapy to eradicate tumour cells is a reality, as depicted 

by the following study: in patients receiving radiation therapy for unresectable non-oat cell 

carcinoma of the lung, the failure rate was determined to be 48 % with 4000 cGy continuously, 

38% with 4000 cGy split course or 5000 cGy continuously and 27% for patients receiving 6000 

cGy continuously. Among these patients the incidence of distant metastases was 70–80% (Perez 

et al., 1987). Another study reported an unexpected high rate of complications in patients 

undergoing radiation therapy for meningiomas (Mathiesen et al., 2003). Interestingly, radiation 

therapy can also temporarily or permanently damage patients’ pacemakers while undergoing the 

therapy (Souliman & Christie, 1994). 

2.1.4.4 Conclusion 

Although current treatment methods are generally effective in the treatment of different types of 

cancer, it is clear to see from their shortcomings that to remain complacent with the available 

treatment is not an option. Therefore, it is imperative to engage in the study of novel therapeutic 

options. The discovery of novel drugs, like CDK2/CyclinA, CDK5/p25, CDK9/CyclinT, Haspin, 

Pim-1, CK1δ/ε and GSK3α/β inhibitors, could in the future allow for a complete change of 

treatment, one that is safer and more effective.  

2.2 Neurodegenerative diseases 

Neurodegenerative diseases are disorders that, by large, give rise to progressive and 

incapacitating cognitive, behavioural and motor dysfunctions. At present, neurological disorders 

are collectively deemed as the dominant cause of disability globally (Feigin et al., 2019). During 

the initial stages of neurodegenerative diseases, misfolded proteins are inclined to selectively 

aggregate within small, vulnerable neuron populations of specific brain regions (Graveland et al., 

1985; Hyman et al., 1984; Seeley et al., 2006). Consequently, synapses cease to function as they 

should and the extent of damage spreads to envelope new regions; thus, initiating a progressive 

cycle of destruction followed by the worsening of clinical deficits (Selkoe, 2002). 
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2.2.1 Alzheimer’s disease 

AD is the embodiment of a progressive decline in cognitive function, more specifically, a 

progressive decline in memory, thinking and capacity for learning (Khachaturian, 1985). It is more 

prevalent among individuals aged 65 and above. It should be distinguished from the normal and 

expected age-induced decline in cognitive function, which occurs at a more gradual pace and is 

less debilitating. Customarily, AD originates with mild symptoms and ends in severe brain damage 

(Carr et al., 1997).  

This disease affects more than 30 million people worldwide and projections estimate that by 2050 

the current prevalence will have tripled (Alzheimer's Association, 2010; Hebert et al., 2003; 

Trojanowski, 2004; Weiner et al., 2010). The problem of AD is exacerbated by the fact that there 

is no available cure and existing treatment is at best, inadequate (Alzheimer's Association, 2019). 

Thus, new advances in the field of AD are urgently needed and novel PK inhibitors such as 

GSK3α/β, CDK5/p25 and CK1δ/ε inhibitors, could prove to be beneficial in the treatment of AD. 

See Table 2.3 for current available medicinal treatment in AD (Lau & Ahlijanian, 2003; Parr et al., 

2012; Singh et al., 1995).  

Table 2.3: The current available treatment options in Alzheimer's disease 

Drugs in Alzheimer’s disease 

Drug class Examples 

Cholinesterase inhibitors 

Cholinesterase inhibitors bring about symptomatic relief of the disease 
by enhancing the levels of cell-to-cell communication by preserving 
acetylcholinesterase in the brain (NIH, 2018). 

• Donepezil  

• Galantamine 

• Rivastigmine 

Memantine 

Memantine is an N-methyl-D-aspartate (NMDA) antagonist that 
combats the progression of symptoms in moderate to severe AD. Its 
effects are elicited by blocking the toxic adverse effects associated 
with excess glutamate and assists with glutamate regulation (NIH, 
2018). 

• Memantine  

 

2.2.2 Parkinson’s disease 

Parkinson’s disease (PD) is a neurodegenerative disease that hardly needs any introduction. The 

clinical syndrome of PD is primarily characterised by the degeneration of the substantia nigra pars 

compacta, resulting in dopamine depletion (Ehringer & Hornykiewicz, 1960; Jankovic, 2008; 

Parkinson, 2002). Roughly 200 years from being first addressed, PD is the second most prevalent 

neurodegenerative disease and is now considered the neurological disease with fastest growth 

rate regarding prevalence, disability and mortality (Feigin et al., 2017). In 2016, the incidence rate 
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of PD among people aged above 64 years was approximately 1% (a predicted 6.2 million people 

worldwide); this number is expected to double by 2040 (Dorsey & Bloem, 2018; Dorsey et al., 

2018).  

Physically, PD is associated with diminished quality of life. The disease encumbers its victims 

with the characteristic muscle rigidity, resting tremor, bradykinesia and postural instability 

(Jankovic, 2008). In addition to the physical symptoms, PD also exacts a toll on normal cognitive 

function (Lees & Smith, 1983). Treatment of the disease has remained more or less unchanged 

in the last few decades. Levodopa and other dopamine replacement therapies (DRTs) forms the 

foundation of PD treatment since the 1960s (Kalia & Lang, 2016). Even though a great deal of 

the motor dysfunction associated with PD can be partially reversed by current treatment therapies, 

these treatments are fraught with challenges, see Table 2.4 (Titova et al., 2017). Therefore, the 

discovery of novel CDK5/p25 and/or GSK3α/β inhibitors could serve to broaden the scope of 

current PD treatment (Parr et al., 2012; Smith et al., 2003). 

Table 2.4: The current treatment options in Parkinson’s disease and the challenges 

associated with each 

Drugs in Parkinson’s disease 

Drug class Challenges Examples 

Levodopa: 

Levodopa is a dopamine precursor 
and provides symptomatic relief of 
some PD symptoms such as 
bradykinesia and rigidity (Fahn, 2006) 

Levodopa use (long-term) 
has been linked to the 
development of 
dyskinesia and the 
likelihood of expediting 
neurodegeneration 
(Cotzias et al., 1969; 
Parkinson Study Group, 
2004). 

• Levodopa 

Dopamine agonists: 

The dopamine agonists stimulate the 
dopamine receptors to bring about 
positive motor effects (Stocchi, 1998). 

The use of these agents 
as monotherapy in PD is 
associated with a higher 
risk of inducing nausea, 
vomiting, hallucination, 
gastralgia and postural 
hypotension, especially in 
geriatric patients (Stocchi, 
1998). 

Ergot derivatives: 

• Bromocriptine 

• Pergolide 

• Lisuride 

• Cabergoline 

Non-ergot derivatives: 

• Apomorphine 

• Pramipexole 

• Ropinirole 
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Drugs in Parkinson’s disease (continued) 

Drug class Challenges Examples 

Dopa-decarboxylase (DDC) 
inhibitors: 

DDC inhibitors are 
administered in combination 
with levodopa to minimise the 
amount of levodopa that is 
peripherally metabolised by 
decarboxylase. This allows a 
higher concentration of 
levodopa to cross the blood-
brain barrier and reduces the 
amount of adverse effects 
(Kaakkola, 2000; Tarsy, 
2006). 

This class of drug is not 
suitable for monotherapy as it 
does not cross the blood-brain 
barrier and its use is restricted 
to combination therapy with 
levodopa (Tarsy, 2006). 

• Carbidopa 

• Benserazide 

Catechol-O-
methyltransferase (COMT) 
inhibitors: 

These agents are similar to 
the DDC inhibitors in the 
sense that they are also co-
administered with levodopa to 
reduce the peripheral 
metabolism thereof. The only 
exception is that they block 
the COMT enzyme instead of 
the decarboxylase enzyme 
(Kaakkola, 2000). 

The original derivatives in this 
class were non-selective, not 
very potent and worse of all, 
toxic. Hence, great care 
needs to be implemented 
when designing novel COMT-
inhibitors to ensure selectivity 
and safe therapeutic use 
(Kaakkola, 2000). 

• Tolcapone 

• Entacapone 

Monoamine oxidase (MAO) 
inhibitors: 

The MAO inhibitors function 
by hindering the degradation 
of biogenic amine 
neurotransmitters like 
dopamine, thereby increasing 
the concentration of 
dopamine available in the 
synaptic cleft (Riederer & 
Laux, 2011). 

Non-selective MAO inhibitors 
can cause severe 
hypertensive crisis and limits 
the drug class use to selective 
MAO-B inhibitors (Bernheimer 
et al., 1962; Victor & Waters, 
2003). 

• Selegiline 

• Rasagiline 

Muscarinic receptor 
antagonists: 

The mechanism of action of 
the anticholinergic agents in 
PD treatment is not 
completely understood. It is 
suggested that the drugs of 
this class affect the receptors 
that ordinarily mediate 
intrinsic cholinergic 
innervation in the neostriatum 

The drugs of this class are 
only somewhat active against 
PD and cause uncomfortable 
side effects such as, urinary 
retention, constipation, 
confusion, sedation and 
cycloplegia (Standaert & 
Roberson, 2011). 

• Trihexyphenidyl 

• Benztropine 

• Diphenhydramine 
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to have a positive effect in PD 
(Standaert & Roberson, 
2011). 

 

Drugs in Parkinson’s disease (continued) 

Drug class Challenges Examples 

Amantadine: 

This drug was originally 
designed as an anti-viral drug 
used in treatment of Influenza 
A virus and was discovered to 
have a moderate effect in PD. 
Amantadine has an effect on 
dopamine release in the 
striatum, possess 
anticholinergic properties and 
also blocks NMDA glutamate 
receptors. It has not been 
defined which of these play a 
role in ameliorating PD 
(Standaert & Roberson, 
2011). 

Effects of this drug are only 
modest and adverse effects 
include sleep disturbance, 
lethargy, dizziness and 
anticholinergic effects. 

• Amantadine 

 

2.2.3 Huntington’s disease  

Huntington’s disease (HD) is a fatal neurodegenerative disorder. It is characterised as an 

autosomal-dominant, progressive disorder with a striking phenotype that presents as dystonia, 

incoordination, behavioural complications, cognitive deficits and chorea (Ross & Tabrizi, 2011; 

Walker, 2007). The disease is thought to be the result of mutations of the HTT gene and is 

estimated to affect 3 – 7 individuals per 100 000 people of European descent. Individuals from 

Chinese, Japanese and African ancestry are less often affected (Genetics Home Reference, 

2020; Rawlins et al., 2016). At present, the disease is incurable and treatment focusses on 

symptomatic relief. Treatment includes tetrabenazine (depletes dopamine), antipsychotic drugs 

such as risperidone and haloperidol (to improve chorea, control hallucinations and delusions) and 

antidepressants like citalopram, sertraline and fluoxetine (Cunha, 2019). Regarding the severity 

of the disease and the fact that current treatment is limited, the discovery of novel PK inhibitors 

(GSK3α/β in this instance) might be of therapeutic value in HD (Parr et al., 2012).  
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2.2.4 Amyotrophic lateral sclerosis  

Amyotrophic lateral sclerosis (ALS), like PD, is an idiopathic neurodegenerative disorder and can 

also be classified as a fatal neurodegenerative disorder of the human motor system (Kiernan et 

al., 2011). ALS presents with clinical features that involve both the upper and lower motor neuron 

pathways (Mitchell & Borasio, 2007). Symptoms include fatigue and reduced exercise capability, 

dysphagia, weight loss, malnutrition, dyspnoea, orthopnoea and hypoventilation. Once the patient 

develops dyspnoea at rest, death is imminent (Kiernan et al., 2011; Leigh et al., 2003; Ramirez 

et al., 2008; Stambler et al., 1998). Incidence of ALS has been reported as an estimated 5.2 cases 

per 100 000 individuals in the United States with total cases amounting to 16583 in 2015 (Mehta 

et al., 2018). Like HD, ALS is incurable and the current treatment is only able to stall the inevitable 

disease progression. Drugs available for the treatment of ALS include edaravone and riluzole 

(Bhandari & Kuhad, 2018; Dharmadasa & Kiernan, 2018). Consequently, new PK inhibitors, 

specifically CDK5/p25 inhibitors, may broaden the number of option available in the treatment of 

ALS (Nguyen & Julien, 2003). 

2.3 Type 2 diabetes mellitus 

Type 2 diabetes mellitus (T2DM) is a metabolic disorder that is marked by a chronic increase in 

blood sugar and concomitant metabolic dysfunctions attributable to a lack of insulin or insulin 

resistance (Korsgren, 2020). T2DM is an encumbrance to more than 450 million people across 

the globe; a number that is expected to reach 650 million by 2040 (Khan et al., 2020). Poor control 

of the condition could result in a prognosis that includes complications such as nephropathy, 

retinopathy, neuropathy and cardiovascular disease (Zheng et al., 2018). The PK GSKα/β has 

been linked to T2DM and novel inhibitors thereof could augment the existing treatment options 

(Martinez et al., 2002). 

2.3.1 Current therapy for type 2 diabetes mellitus 

Treatment of T2DM is centred around mitigating the symptoms associated with hyperglycaemia 

and preventing or reducing the acute and chronic complications of T2DM (Powers & D'Alessio, 

2011). There are various pharmacological interventions that may be used in treatment of T2DM 

and will be briefly explored in Table 2.5. Notwithstanding the number of pharmacological options 

at hand, certain non-pharmacological interventions should always be considered in an attempt to 

modify the pathophysiological mechanisms of the disease. The combination of regular physical 

exercise and appropriate dietary interventions play a key role in the management of T2DM. These 

lifestyle changes have the power to not only augment glycaemic outcomes but also improve 
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outcomes of associated diseases such as dyslipidaemia, hypertension and other cardiovascular 

diseases (Raveendran et al., 2018). 

Table 2.5: The current pharmacological treatment in type 2 diabetes mellitus 

Treatment of Type 2 diabetes mellitus 

Drug class  Shortcomings Examples 

Insulin therapy: 

Insulin is an anchor in the 
treatment of T2DM and aids 
glycaemic control by activation of 
the insulin receptors (Inzucchi et 
al., 2015; Powers & D'Alessio, 
2011). 

Initiation of insulin therapy 
may be met with resistance 
by both patient and doctor. 
This is likely caused by the 
psychological impact of 
injection, the need for 
training, the patients 
perception that the disease 
has gotten worse and the 
possibility of hypoglycaemia 
(Collins, 2002; Inzucchi et al., 
2015). 

Short-acting: 

• Aspart 

• Glulisine 

• Lispro 

• Regular insulin 

Long-acting: 

• Detemir 

• Glargine 

• NPH 

Combination-
preparations: 

• 75/25 protamine 
lispro: lispro 

• 70/30 protamine 
aspart: aspart 

• 50/50 protamine 
lispro: lispro 

• 70/30 NPH: regular 
insulin 

Sulfonylureas 

The sulfonylureas work by 
binding to a specific cite on the β 
cell of the KATP channel complex, 
resulting in depolarisation of the 
membrane. Subsequently, a 
cascade of events causes insulin 
secretion (Powers & D'Alessio, 
2011). 

The agents of this class can 
cause significant weight gain. 
In addition, these agents 
(especially the longer-acting 
agents chlorpropamide and 
glyburide) have the ability to 
result in clinical 
hypoglycaemia that limits 
their use in T2DM (Collins, 
2002). 

First generation: 

• Chlorpropamide 

• Tolazamide 

• Tolbutamide 

Second-generation: 

• Glimepiride 

• Glipizide 

• Glyburide 

Meglitinides 

The meglitinides are structurally 
unrelated to the sulfonylureas 
but like the sulfonylureas, exact 
insulin secretion by blocking KATP 
channels in the pancreatic β 
cells (Inzucchi et al., 2015; 
Powers & D'Alessio, 2011). 

The meglitinides have also 
been associated with weight 
gain and hypoglycaemia but 
less pronounced than with 
sulfonylurea administration 
(Collins, 2002). 

• Repaglinide 

• Nateglinide 
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Treatment of Type 2 diabetes mellitus (continued) 

Drug class  Shortcomings Examples 

Biguanides 

The one drug in this class, 
metformin, acts as an AMP-
dependant protein kinase (AMPK) 
activator. The activation of AMPK 
promotes fatty acid oxidation, 
nonoxidative metabolism and 
glucose uptake, whilst reducing 
lipogenesis and gluconeogenesis. 
This ultimately means increased 
glucose storage in skeletal 
muscle, diminished hepatic 
glucose production, increased 
insulin sensitivity and finally, 
lower blood glucose levels 
(Powers & D'Alessio, 2011). 

Metformin is chiefly dependent on 
renal excretion and is therefore not 
advised in patients that suffer from 
renal impairment. It is also contra-
indicated in metabolic acidosis, 
hepatic impairment, dehydration, 
sepsis, diabetic ketoacidosis, 
cardiogenic shock, acute congestive 
heart failure and myocardial 
infarction. In rare cases, metformin 
can cause lactic acidosis, a 
potentially fatal adverse effect. 
Lastly, metformin is to be used with 
caution in patients over the age of 
75 (Collins, 2002). 

• Metformin 

Thiazolidinediones: 

These compounds work by 
activating the peroxisome 
proliferating activating receptor 

γ (PPARγ) to increase insulin 

sensitivity (Inzucchi et al., 2015). 

Thiazolidinediones have been linked 
to weight gain and fluid retention. 
Special care needs to be taken if the 
patient has heart failure; constant 
monitoring of the patient for signs 
and symptoms of worsening cardiac 
function (Collins, 2002). 

• Rosiglitazone 

• Pioglitazone 

GLP-1-Receptor agonists: 

Activates the incretin, GLP-1 
receptor and stimulates insulin 
secretion (Inzucchi et al., 2015; 
Powers & D'Alessio, 2011). 

The GLP-1 receptor agonists have 
been associated with 
gastrointestinal upset such as 
nausea and vomiting and also an 
increase in heart rate. These agents 
are injectable and thus the patient 
needs training in administering 
(Inzucchi et al., 2015). 

• Exenatide 

• Liraglutide 

Dipeptidyl Peptidase-4 (DDP-4) 
Inhibitors: 

DPP-4 is a serine protease that is 
essential in the inhibition of GLP-
1. Thus, inhibition of DPP-4 
allows for activation of GLP-1 
(Powers & D'Alessio, 2011). 

These agents may be associated 
with angioedema, urticaria and other 
dermatological side effects (Inzucchi 
et al., 2015) 

• Saxagliptin 

• Sitagliptin 

• Vildagliptin 

Alpha Glucosidase Inhibitors: 

These agents work by decreasing 
the amount of starch, dextrin and 
disaccharides that in absorbed 
from the intestine by inhibiting 
alpha-glucosidase in the intestinal 
brush border (Powers & 
D'Alessio, 2011).  

The use of alpha glucosidase 
inhibitors may result in 
gastrointestinal adverse effects such 
as abdominal discomfort, gas 
formation and loose stools 
(DeFronzo, 2000). These agents are 
rarely used as monotherapy in 
T2DM because their modest ability 
to reduce overall glucose levels 
(Collins, 2002). 

• Acarbose 
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2.3.2 Conclusion 

Although there is no shortage of drugs in the treatment of T2DM, the discovery of novel 

compounds active against T2DM could result in therapy that could rival insulin’s efficacy without 

having to be injected. It could also result in drugs that have little or no adverse effects. Therefore, 

exploring compounds to ascertain their value in GSK3α/β inhibition could lead to novel treatment 

options in T2DM.  

2.4 Leishmaniasis  

Leishmaniases refer to a collection of diseases originating from protozoan parasites from more 

than 20 Leishmania species (the PK relevant to Leishmania in this study, LmCK1, was extracted 

from the Leishmania major species). The parasites are transferred from vector to human by the 

bites of the infected female phlebotomine sandfly and can typically present in 3 different forms: 

visceral leishmaniasis (VL), cutaneous leishmaniasis (CL) and mucocutaneous leishmaniasis 

(MCL) (Khatami et al., 2020; WHO, 2020).  

VL is generally caused by the L. donovani and L. infantum species and is the most perilous of the 

three forms. In VL, the parasite infiltrates the internal organs (more so the liver, spleen and bone 

marrow) and when left untreated is fatal in more than 95% of cases (CDC, 2020; WHO, 2020). 

Individuals suffering from VL can present with sporadic spells of fever, weight loss (cachexia), 

enlargement of the liver and spleen (hepatosplenomegaly), pancytopenia (anaemia, leukaemia 

and thrombocytopaenia) and total high protein levels with low albumin and 

hypergammaglobulinemia (CDC, 2020; Chappuis et al., 2007; WHO, 2020). The World Health 

Organization (WHO) considers VL as a parasitic diseases with a high risk of outbreak and 

mortality; annual new cases are estimated at 50 000 – 90 000 worldwide (with only 25 – 45% 

reported to the WHO each year) (WHO, 2020). CL, as the term suggests, is a disease of the skin 

and typically exhibits as skin lesions (primarily ulcers) on the unsheltered parts of the body. These 

lesions tend to leave permanent scars and disability, leaving the victim open to stigma and 

discrimination (Bailey & Lockwood, 2007; Reithinger et al., 2007; WHO, 2020). CL is 

predominantly associated with L. major, L. aethiopica, L. tropica, L. donovani and L. infantum in 

the Eastern hemisphere (Old World), whereas the L. mexicana species complex (L. amazonensis, 

L. L. mexicana and L. venezuelensis) and the subgenus Viannia (L.[V.] braziliensis, L. [V.] 

guyanensis, L. [V.] peruviana and L. [V]. panamensis) mainly exist in in the Western hemisphere 

(New World) (CDC, 2020; Reithinger et al., 2007). The WHO reports that between 600 000 and 

a million new CL cases arise annually (WHO, 2020). The last leishmaniasis form, ML, refers to 

leishmaniasis of the face, where partial or complete destruction of the mucous membranes of the 
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nose can be observed and is mainly limited to Brazil, Bolivia, Peru and Ethiopia (Minodier & 

Parola, 2007; WHO, 2020).  

2.4.1 Treatment of Leishmaniasis 

Despite great advances in medicine, there is still no single effective therapy against all Leishmania 

species and syndromes. Treatment is greatly dependent on the unique host and parasitic factors 

of each case; VL and ML should always receive treatment, while the necessity for treatment of 

CL should be evaluated per case (CDC, 2020; Copeland & Aronson, 2015). 

2.4.1.1 Treatment of visceral leishmaniasis 

Treatment of VL rests on a combination of systemic therapy and supportive care. Systemic 

therapy consist of liposomal amphotericin B (drug of choice), conventional amphotericin B 

deoxycholate, miltefosine and pentavalent antimonial (SbV) therapy (CDC, 2020; Phillips & 

Stanley, 2006). Supportive care complements systemic therapy by addressing anaemia, 

malnutrition and intercurrent infections. Unfortunately, the available systemic treatment has some 

drawbacks. These drawbacks are limited treatment options, toxicity (conventional amphotericin B 

deoxycholate), contra-indicated in pregnancy and breastfeeding (miltefosine) and drug resistance 

(liposomal amphotericin B and the pentavalent antimonial (Sbv) therapy) (CDC, 2020; Copeland 

& Aronson, 2015; Hamill, 2013). Furthermore, because of the diverse nature of the disease, it is 

near impossible to standardise clinical guidelines (Copeland & Aronson, 2015).  

2.4.1.2 Treatment of cutaneous and mucocutaneous leishmaniasis 

Treatment of CL and ML often overlaps with treatment of VL. Parenteral preparations of 

conventional amphotericin B (rescue therapy), lipid amphotericin B, pentamidine isethionate and 

pentavalent antimonial (Sbv) are utilised in CL and ML therapy. Treatment may also include oral 

agents such as miltefosine, ketoconazole, itraconazole and fluconazole. In some cases, local 

therapy such as thermotherapy, cryotherapy, intralesional administration of SbV and topical 

paromomycin, may be indicated (CDC, 2020; Phillips & Stanley, 2006). 

2.4.2 Conclusion 

Treatment of VL is essential for a victim’s survival, while lack of CL treatment can cause severe 

disability. Even though treatment is considered as vital, limited treatment options and 

shortcomings hamper effective treatment of the disease. Considering that leishmaniasis generally 

affects some of the poorest people in the world, the development of novel antileishmanial therapy 

could be of great value to these communities.  
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CHAPTER 4: MANUSCRIPT SUBMITTED TO CHEMICAL BIOLOGY AND 

DRUG DESIGN 

4.1 Author Guidelines for submitting a manuscript to Chemical Biology and Drug 

Design 

The manuscript submitted to Chemical Biology and Drug Design was prepared in accordance 

with this journal’s Author Guidelines. These Author Guidelines can be found under Annexure F. 

4.2 Synthesis and biological evaluation of selected 7H-pyrrolo[2,3-d]pyrimidine 

derivatives as novel CDK9/CyclinT and Haspin inhibitors.  

Short running title: 7-Deazapurine derivatives as novel CDK9/CyclinT and Haspin inhibitors 
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Robert2,3, Sandrine Ruchaud2, Stéphane Bach1,2,3, Lesetja J. Legoabe1* 

1 Centre of Excellence for Pharmaceutical Sciences, North-West University, Private Bag X6001, Potchefstroom 2520, South Africa 

2 Sorbonne Université, CNRS, UMR8227, Integrative Biology of Marine Models Laboratory (LBI2M), Station Biologique de Roscoff, 

29680 Roscoff, France 

3 Sorbonne Université, CNRS, FR2424, Plateforme de criblage KISSf (Kinase Inhibitor Specialized Screening facility), Station 

Biologique de Roscoff, 29680 Roscoff Cedex, France 

4.2.1 Acknowledgements 

The authors are grateful to Dr. Otto and Dr. Jordaan of the SASOL Centre for Chemistry, North-

West University, for recording the NMR and MS spectra, respectively. The authors also thank the 

Cancéropôle Grand Ouest (3MC network - Marine Molecules, Metabolism and Cancer), GIS 

IBiSA (Infrastructures en Biologie Santé et Agronomie) and Biogenouest (Western France life 

science and environment core facility network) for supporting KISSf screening facility.  

4.2.2 Conflict of interest 

Stéphane Bach is a founder and member of the scientific advisory board of SeaBeLife Biotech, 

which is developing novel therapies for treating liver and kidney acute disorders. This work was 

conducted in the absence of any commercial or financial relationships that could be construed as 

a potential conflict of interest. 



 

47 

4.2.3 Abstract 

Protein kinases, including CDK9/CyclinT and Haspin, are regarded as potential drug targets in 

cancer therapy. Findings from a previous study suggested 7-azaindole as a privileged scaffold for 

producing inhibitors of CDK9/CyclinT and Haspin. Inspired by these findings, the current study 

synthesised and evaluated eleven (11) C6-substituted 7-azaindole and nineteen (19) C4-

substituted structurally related 7H-pyrrolo[2,3-d]pyrimidine derivatives against a panel of protein 

kinases, including CDK9/CyclinT and Haspin. Ten of the 7H-pyrrolo[2,3-d]pyrimidine derivatives 

exhibited activity toward CDK9/CyclinT, while 4 of compounds had activity against Haspin. The 

best CDK9/CyclinT (IC50 of 0.38 µM) and Haspin (IC50 of 0.11 µM) activities were achieved by 

compounds 7d and 7f, respectively. Hence, these compounds may be valuable starting points for 

development of new anti-cancer drugs.  

4.2.4 Keywords:  

Protein kinase; 7-deazapurine; CDK9/CylinT; Haspin; anticancer  

4.2.5 Introduction 

In 1955 Fischer and Krebs reported evidence that the conversion of phosphorylase b to a, as 

observed in cell-free muscle extracts, is dependent on nucleotides with high energy phosphates 

in the presence of high energy divalent metal ions (Fischer & Krebs, 1955). This opened a door 

into the world of protein kinases (PKs) as phosphorylase became the first known PK to be purified 

(Krebs et al., 1959). Since then, it has become apparent that the human kinome consists of 518 

PKs (equating to 1.7 % of all human genes) and is indispensable to normal cellular function 

(Manning et al., 2002). PKs play a key part in regulating signal transduction by promoting the 

transfer of phosphoryl groups from phosphate donors, like adenosine triphosphate (ATP), to 

receptor substrates (Lawson et al., 2016). The associated signal transduction pathways 

significantly influence biological systems as they determine cellular responses to environmental 

stimuli and modify gene expression (Pokholok et al., 2006). Erroneous signal transduction may 

lead to disruption of normal biological processes and could ultimately result in diseases such as, 

cancer, inflammation, diabetes and neurodegenerative disease (Flight, 2013; Huse & Kuriyan, 

2002; Noh & King, 2007; Sever & Brugge, 2015). Thus, the appeal of PK inhibitors as drug targets 

is rooted in the expectation that erroneous signal transduction can be halted by inhibition of the 

appropriate PK. Nowadays, 52 PK inhibitor-based drugs are approved by the US food and drugs 

administration, where 46 of the 52 is used in the treatment of neoplastic diseases. Examples 

include abemaciclib, palbociclib and ricociclib (CDK4/6 inhibitors) (Roskoski Jr, 2020). 
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Cyclin-dependant kinase CDK9/CyclinT complex is an example of such a therapeutic target. 

CDK9 is a member of CMGC family of kinases: for Cyclin-dependent kinase (CDK), Mitogen-

activated protein kinase (MAPK), Glycogen synthase kinase (GSK) and CDC-like kinase (CLK). 

CMGC kinases are key regulators involved in the regulation of DNA repair and cell fate (cell 

proliferation, differentiation, apoptosis) (Franco et al., 2018). CDK9 is indispensable in the 

governance of non-ribosomal transcription, which includes super-enhancers regulated gene 

expression. Super-enhancers are clusters of DNA regulatory components that guide transcription 

of genes of significance in cell-identity (Hnisz et al., 2013). As abnormalities in the regulation of 

CDK9 activity have been described in acute myeloid leukaemia (AML), other haematological 

malignancies and solid tumours, the chemical inhibition of CDK9 is considered as a promising 

strategy in cancer therapy (Franco et al., 2018).  

Another kinase of interest is the Haploid germ cell-specific nuclear protein kinase (Haspin). 

Haspin is one of the newer additions to the kinome and remains relatively underexplored as a 

drug target (Higgins, 2010). It is present across a variety of eukaryotic species (animal, fungi and 

plants) and was first detected in male germ cells (Amoussou et al., 2018; Tanaka et al., 1994). 

This Ser/Thr kinase is structurally unique as compared to other members of the PK family 

(Eswaran et al., 2009). It displays essential function during cell division and is involved in histone 

code printing (Dai & Higgins, 2005; Dai et al., 2006; Higgins, 2010). Haspin depletion by 

CRISPR/Cas9 in Breast cancer HeLa cells triggers severe mitotic defects and ultimately cell death 

by mitotic catastrophe (Huertas et al., 2012) 

In humans, Haspin mRNA expression has been marked in all proliferating cell-lines such as, 

thymus, bone marrow and foetal liver cell-lines. Haspin has also been found overexpressed in 

several highly proliferative malignant tumours such as melanomas, myelomas, pancreatic and 

bladder cancer (Chen et al., 2020; Han et al., 2017; Han et al., 2019; Melms et al., 2020) . The 

degree of Haspin expression in tissue correlates with the degree of cellular proliferation and 

differentiation each tissue experiences and often correlates with the most aggressive stages of 

the cancers (Dai et al., 2006; de Cárcer et al., 2007; Higgins, 2003; Higgins, 2001; Villa et al., 

2009). Furthermore, Haspin inhibition or knockdown has been shown to slow down the 

development of several cancers in animal models (Chen et al., 2020; Han et al., 2019; Tanaka et 

al., 2020; Yu et al., 2020). Consequently, Haspin could prove to be a valuable target in mitosis 

and thus cancer therapy. 

In a previous study (Pieterse et al., 2020), 7-azaindole derivatives were identified as dual-

inhibitors of CDK9/CyclinT and Haspin (see 1 and 2, Fig. 1). This illustrates the ability of the 7-

azaindole scaffold to produce potential novel CDK9/CyclinT and Haspin inhibitors. Prompted by 

the success of the previous study, a series of selected 6-substituted 7-azaindole derivatives and 
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a series of structurally related 7H-pyrrolo[2,3-d]pyrimidine (7-deazapurine) derivatives were 

synthesised. These compounds were evaluated in vitro against CDK9/CyclinT and Haspin 

kinases (see Tables 1–3). Additionally, these compounds were screened against other PKs: (i) 

CDK2/CyclinA, (ii) CDK5/p25, (iii) Pim-1, (iv) CK1ε, (v) GSK-3β, (vi) LmCK1 (from the parasite 

Leishmania major) and (vii) ABL1. As per the previous study, these compounds were singled out 

due to their simplicity, comparatively economical synthesis and concomitant novelty to the 

CDK9/CyclinT and Haspin kinase (Pieterse et al., 2020). The structures of the selected 7-

azaindole and 7-deazapurine derivatives were subjected to a SciFinder search in order to 

establish the novelty of each compound. The structure search for compounds 5b, 5c, 5f, 5g–k, 

7c–e, 7g, 7h, 7l–n, and 8a – c produced no former references and they were considered novel. 

Compounds 5a (Allegretti et al., 2001), 5d, 5e (Cincinelli et al., 2014), 7a, 7b, 7f (Li et al., 2019), 

7i, 7j, 7k (Sabat et al., 2016), 7o (Kashyap et al., 2014) and 7p (Bhagirath et al., 2015) had been 

referenced in previous literature works. Nevertheless, none of the compounds had previously 

been examined as CDK9/CyclinT or Haspin inhibitors. In this study, we described the inhibitory 

activity in the low micromolar range of six compounds against CDK9/CyclinT and five compounds 

against Haspin. Among these molecular hits, four compounds are dual-target inhibitors.  

4.2.6 Material and methods 

The selected 7-azaindole and 7-deazapurine derivatives were synthesised as described in the 

experimental section. Materials for synthesis were sourced from AK Scientific (for 5a–k, 7a, 7b, 

7e, 7f, 7g, 7l, 7m, 7n, 7o, 7p and 8a – c) and Ambeed (for 7c, 7d, 7h, 7i, 7j and 7k ), while CHR 

6494 and flavopiridol were purchased from Sigma Aldrich. All materials were used without further 

purification, unless otherwise specified. Proton (1H) and carbon (13C) nuclear magnetic resonance 

(NMR) spectra were recorded utilizing a Bruker Avance III 600 spectrometer at frequencies of 

600 MHz and 150 MHz, respectively. Deuterated dimethyl sulfoxide (DMSO-d6) served as the 

solvent for all NMR analysis. The chemical shifts (δ) are reported in parts per million (ppm) and 

internally referenced to the signal of tetramethyl saline (TMS). Spin multiplicities are indicated as 

follow: s (singlet), d (doublet), t (triplet), q (quartet), dd (doublet of doublets) and m (multiplet) and 

ddd (doublet of doublet of doublets). Coupling constants (J) are reported in Hz. High resolution 

mass spectra (HRMS) were recorded by means of a Bruker micrOTOF-Q II mass spectrometer 

in atmospheric pressure chemical ionisation (APCI) mode (positive ion polarity). High 

performance liquid chromatography (HPLC) analyses were performed to determine purity by 

means of an Agilent 1100 HPLC system, using a Venusil XBP C18(2) (4.6 mm x 150 mm) 5 µM 

column with mobile phase A (water + 0.1% formic acid) and mobile phase B (acetonitrile + 0.1% 

formic acid) against a gradient of 50% B (0–2min), 100% B (2–8min), 100% B (8–11min), 50% B 

(11.1–13min) at 22°C. Melting points (mp) were determined as part of the characterisation of the 
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synthesised compounds by a Buchi B545 melting point apparatus and are uncorrected. Thin layer 

chromatography (TLC) was performed using silica gel 60 TLC plates (Merck) and a UV254 

fluorescent indicator to determine retention factor (Rf), with petroleum ether: ethyl acetate (1:1) 

as eluent.  

4.2.7 Experimental 

4.2.7.1 Chemistry 

6-Chloro-7-azaindole and 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (6-Chloro-7-deazapurine) were 

reacted with a variety of commercially available boronic acids, by means of Suzuki-Miyaura 

coupling, to afford a series of C6-substituted 7-azaindole derivatives (5a–k) and a series of C4-

substituted-7H-pyrrolo[2,3-d]pyrimidine derivatives (7a–p), respectively. Furthermore, the 4,7-

bis-substituted-7H-pyrrolo[2,3-d]pyrimidine derivatives (8a–c) were derived from 4-chloro-7H-

pyrrolo[2,3-d]pyrimidine subjected to a combination of Suzuki-Miyaura coupling (at the 4-Cl) and 

Chan-Lam coupling (at the NH) with the appropriate boronic acids. Suzuki-Miyaura coupling 

promotes carbon-carbon cross coupling between organoborons and organic halides in the 

presence of a palladium catalyst (Kim et al., 2002; Wolfe & Buchwald, 1999); whereas Chan-Lam 

coupling refers to a reaction between aryl boronic acids and an alcohols or amines and is 

catalysed by copper complexes (Qiao & Lam, 2011). In the instance of compounds 5a–k and 7a–

p, tetrakis(triphenylphosphine)palladium(0) (Pd(PPh3)4), served as catalyst, while compounds 

8a–c, were synthesised by means of cupric acetate Cu(OAc)2 in addition to Pd(PPh3)4. 

Verification of the compounds were achieved by utilising NMR and HRMS analyses. In terms of 

HRMS, the MH+ for every compound was determined and compared to the predicted MH+. All the 

determined MH+ values corresponded to the predicted values, thus proving that each compound 

exhibits the correct molecular weight for its structure. Concomitantly, the 1H and 13C NMR spectra 

revealed the anticipated number of hydrogen and carbon atoms, respectively, for each 

compound. In general, the 1H NMR spectra of all the 7-azaindole derivatives depict a peak at 

approximately 6.40 that can be assigned to H3. In the case of the 7H-pyrrolo[2,3-d]pyrimidine 

derivatives, a similar peak is seen at approximately 6.80 and denotes the corresponding hydrogen 

H5. Furthermore, the 7H-pyrrolo[2,3-d]pyrimidine derivatives possess a very distinct H2 singlet at 

approximately 8.80 ppm. Additionally, the 7-azaindole and 7H-pyrrolo[2,3-d]pyrimidine derivatives 

produce a broad singlet at approximately 12.20 ppm, in most cases. The absence of this peak in 

the proton spectra of the 4,7-bissubstituted 7H-pyrrolo[2,3-d]pyrimidine derivatives, could suggest 

that the successful Chan-Lam coupling has been successful. All the characterization data can be 

found in the supporting info. 
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4.2.7.2 General synthetic procedure for the C6-substituted 7-azaindole derivatives (5a–

m) 

Compounds 5a–k were synthesised under nitrogen atmosphere, in accordance with required 

conditions for Suzuki-Miyaura coupling reaction. For each compound, a mixture of 6-chloro-7-

azaindole (1.523 mmol), Pd(PPh3)4 (0.0023mmol), 1.6 mL of a 2M K2CO3 aqueous solution and 

6.092 mmol of the appropriate boronic acid in 25 mL of a 3:1 toluene: ethanol mixture was 

prepared. The reaction mixture was stirred continuously under reflux at 120 °C for at least 24 

hours. TLC plates were used to monitor the progress of the reaction. Upon completion of the 

reaction, the reaction mixture was left to cool to room temperature before the solvent was 

removed in vacuo. This yielded a residue that was dissolved in dichloromethane and washed with 

distilled water (3 x 25 mL). The combined organic layers were dried over a suitable drying agent 

(MgSO4), filtered and evaporated in vacuo. The resulting product was recrystallised from suitable 

solvents.  

4.2.7.3 General synthetic procedure for the selected C4-substituted-7H-pyrrolo[2,3-

d]pyrimidine derivatives (7a–p) 

Compounds 7a–p were synthesised under inert nitrogen atmosphere. The preparation of each 

compound entailed mixing 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (6-Chloro-7-deazapurine) (1.95 

mmol), Pd(PPh3)4 (0.05 mmol), 1.6 mL of a 2M K2CO3 solution and 5.85 mmol of the appropriate 

boronic acid in 50 mL of a 3:1 toluene: ethanol mixture. The reaction mixture was stirred under 

reflux at 120 °C for a minimum period of 24 hours. Progress was monitored with TLC plates, using 

petroleum ether: ethyl acetate (1:1 v/v) mixture as mobile phase. Upon completion of the reaction, 

the solvent was removed under reduced pressure. This yielded a residue that was dissolved in 

dichloromethane and washed with distilled water (3 x 25 mL). The combined organic layers were 

dried with MgSO4, filtered and subjected to reduced pressure. The resulting residues were 

recrystallised from suitable solvents.  

4.2.7.4 General synthetic procedure for the selected 4,7-bis-substituted-7H-pyrrolo[2,3-

d]pyrimidine derivatives (8a–c) 

Compounds 8a–c were synthesised under inert nitrogen atmosphere. To prepare each of the bis-

substituted compounds, a mixture of 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (6-Chloro-7-

deazapurine) (3.26 mmol), Pd(PPh3)4 (0.10 mmol), Cu(OAc)2 (3.88 mmol), K2CO3 (17.37 mmol) 

and 16.3 mmol of the appropriate boronic acid in 50 mL of a 1:1 water: ethanol mixture was 

refluxed at 120 °C for a minimum of 24 h. Progress was monitored with TLC plates using 

petroleum ether: ethyl acetate (1:1 v/v) as mobile phase. Upon completion of the reaction, the 
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reaction mixture was filtered through Celite® and the filtrate concentrated under reduced 

pressure. The resulting residue was dissolved in dichloromethane and washed with distilled water 

(3 x 25 mL). The combined organic layers were dried with MgSO4 and evaporated in vacuo. The 

resulting product was recrystallised from a suitable solvent.  

6-Phenyl-1H-pyrrolo[2,3-b]pyridine (5a): 

Compound was synthesised from phenylboronic acid and 6-chloro-7-azaindole in a yield of 26%, 

recrystallised from acetonitrile, gold-coloured crystals, mp 189 °C, Rf = 0.71 (dichloromethane: 

ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.73 (1H, s, NH), 8.10 (2H, d, J = 7.8 Hz, 

Ar-H), 8.03 (1H, d, J = 8.2 Hz, Ar-H), 7.66 (1H, d, J = 8.2 Hz, Ar-H), 7.51 – 7.46 (3H, m, Ar-H), 

7.39 (1H, t, J = 7.3 Hz, Ar-H), 6.48 (1H, m, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 149.96, 149.06, 

140.37, 129.40, 129.13, 128.53, 127.24, 126.89, 119.28, 113.08, 100.36. APCI-HRMS m/z: calcd 

for C13H10N2 (MH+), 195.0917, found: 195.0913; Purity (HPLC): 99%. 

6-(4-Methylphenyl)-1H-pyrrolo[2,3-b]pyridine (5b): 

Compound was synthesised from 4-methylphenylboronic acid and 6-chloro-7-azaindole in a yield 

of 94%, recrystallised from acetonitrile, maroon coloured crystals, mp 218 °C, Rf = 0.67 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.66 (1H, s, NH), 8.01 – 

7.95 (Ar-H), 7.61 (1H, d, J = 8.2 Hz, Ar-H), 7.47 – 7.44 (1H, m, Ar-H), 7.28 (2H, d, J = 7.6 Hz, Ar-

H), 6.46 – 6.43 (1H, m, Ar-H), 2.35 (3H, s, Me-4’). 13C NMR (DMSO-d6, 150 MHz) δ 149.55, 

148.54, 137.36, 137.14, 129.23, 128.82, 126.46, 126.28, 118.54, 112.30, 99.83, 20.76. APCI-

HRMS m/z: calcd. for C14H12N2 (MH+), 209.1073, found 209.1077; Purity (HPLC): 99%. 

6-(3-Methoxyphenyl)-1H-pyrrolo[2,3-b]pyridine (5c): 

Compound was synthesised from 3-methoxyphenylboronic acid and 6-chloro-7-azaindole in a 

yield of 54%, recrystallised from acetonitrile, brown coloured crystals, mp 139 °C, Rf = 0.67 (4 

dichloromethane: 1 ethyl acetate). 1H NMR (DMSO-d6, 600 MHz) δ 11.69 (1H, s, NH), 7.97 (1H, 

d, J = 8.2 Hz, Ar-H), 7.62 – 7.60 (3H, m, Ar-H), 7.45 – 7.43 (1H, m, Ar-H), 7.35 – 7.32 (1H, m, Ar-

H), 6.90 (1H, ddd, J = 8.1, 2.5, 0.8 Hz, Ar-H), 6.42 – 6.41 (1H, m, Ar-H), 3.79 (3H, s, MeO-3’). 13C 

NMR (DMSO-d6, 150 MHz) δ 159.67, 149.25, 148.51, 141.43, 129.71, 128.88, 126.46, 126.85, 

118.96, 118.84, 113.90, 112.81, 111.55, 99.91, 55.12 (MeO-3’). APCI-HRMS m/z: calcd. for 

C14H12N2O (MH+), 225.1022, found 225.1020; Purity (HPLC): 92%.  
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6-(4-Methoxyphenyl)-1H-pyrrolo[2,3-b]pyridine (5d): 

Compound was synthesised from 4-methoxyphenylboronic acid and 6-chloro-7-azaindole in a 

yield of 72%, recrystallised from acetonitrile, dark yellow-coloured crystals, mp 185 °C, Rf = 0.62 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.61 (1H, s, NH), 8.03 

(2H, d, J = 8.0 Hz, Ar-H), 7.96 (1H, d, J = 8.2 Hz, Ar-H), 7.56 (1H, d, J = 8.2 Hz, Ar-H), 7.43 (1H, 

s, Ar-H), 7.02 (2H, d, J = 8.0 Hz, Ar-H), 6.42 (1H, s, Ar-H), 3.80 (3H, s, MeO-4’). 13C NMR (DMSO-

d6, 150 MHz) δ 159.41), 149.43, 148.54, 132.44, 128.83, 127.62, 126.16, 118.17, 114.02, 111.97, 

99.82, 55.16 (MeO-4’). APCI-HRMS m/z: calcd. for C14H12N2O (MH+), 225.1022, found 225.1035; 

Purity (HPLC): 97%. 

6-(4-Fluorophenyl)-1H-pyrrolo[2,3-b]pyridine (5e): 

Compound was synthesised from 4-fluorophenylboronic acid and 6-chloro-7-azaindole in a yield 

of 68%, recrystallised from acetonitrile, light brown coloured crystals, mp 217 °C, Rf = 0.89 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.69 (1H, s, NH), 8.16 – 

8.09 (2H, m, Ar-H), 8.01 (1H, d, J = 8.1 Hz, Ar-H), 7.62 (1H, d, J = 8.1 Hz, Ar-H), 7.47 (1H, s, Ar-

H), 7.28 (2H, d, J = 8.3 Hz, Ar-H),6.45 (1H, s, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 163.08, 

161.46 (s), 148.49 (d, J = 0.8 Hz), 136.38 (d, J = 3.0 Hz,), 128.98 (s), 128.38 (d, J = 8.3 Hz), 

126.77 (s), 118.73 (s), 115.42 (d, J = 21.4 Hz), 112.40 (s), 99.88 (s). APCI-HRMS m/z: calcd. for 

C13H9FN2 (MH+), 213.0823, found 213.0824; Purity (HPLC): 99%. 

6-(3,4-Difluorophenyl)-1H-pyrrolo[2,3-b]pyridine (5f): 

Compound was synthesised from 3,4-difluorophenylboronic acid and 6-chloro-7-azaindole in a 

yield of 13%, recrystallised from acetonitrile, dark green coloured crystals, mp 173 °C, Rf = 0.85 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.72 (1H, s, NH), 8.07 

(1H, ddd, J = 12.5, 8.0, 2.1 Hz, Ar-H), 7.99 (1H, d, J = 8.2 Hz, Ar-H), 7.92 (1H, ddd, J = 4.2, 3.5, 

2.0 Hz, Ar-H), 7.65 (1H, d, J = 8.2 Hz, Ar-H), 7.50 – 7.45 (2H, m, Ar-H), 6.44 – 6.42 (1H, m, Ar-

H). 13C NMR (DMSO-d6, 150 MHz) δ 150.45 (dd, J = 45.3, 12.9 Hz), 148.82 (dd, J = 47.5, 12.7 

Hz), 148.42 (s), 147.08 (s), 137.63 (dd, J = 5.7, 3.5 Hz), 130.15 (dd, J = 411.0, 10.8 Hz), 129.10 

(s), 127.32 (s), 123.00 (dd, J = 6.4, 3.1 Hz), 119.27 (s), 116.38 (dd, J = 398.9, 17.7 Hz), 112.57 

(s), 100.01 (s). APCI-HRMS m/z: calcd. C13H8F2N2 (MH+), 231.0728, found 231.0736; Purity 

(HPLC): 96%. 
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6-[4-(Trifluoromethyl)phenyl]-1H-pyrrolo[2,3-b]pyridine (5g): 

Compound was synthesised from 4-trifluoromethylphenylboronic acid and 6-chloro-7-azaindole 

in a yield of 50%, recrystallised from acetonitrile, gold-coloured crystals, mp 247 °C, Rf = 0.71 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.80 (1H, s, NH), 8.31 

(2H, d, J = 7.9 Hz, Ar-H), 8.07 (1H, d, J = 7.2 Hz, Ar-H), 7.82 (2H, d, J = 7.8 Hz, Ar-H), 7.74 (1H, 

d, J = 8.0 Hz, Ar-H), 7.55 (1H, s, Ar-H), 6.49 (1H, s, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 

148.56 (s), 147.58 (s), 143.73 (s), 129.07 (s128.15 (d, J = 31.8 Hz), 127.65 (s), 126.97 (s), 125.54 

(q, J = 3.6 Hz), 124.43 (q, J = 271.8 Hz), 119.63 (s), 113.05 (s), 100.01 (s). APCI-HRMS m/z: 

calcd. for C14H9F3N2 (MH+), 263.0791, found 263.0807; Purity (HPLC): 99%. 

4-(1H-Pyrrolo[2,3-b]pyridin-6-yl)benzonitrile (5h): 

Compound was synthesised from 4-cyanophenylboronic acid and 6-chloro-7-azaindole in a yield 

of 58%, recrystallised from acetonitrile, gold-coloured crystals, mp 216 °C, Rf = 0.65 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.80 (1H, s, NH), 8.27 – 

8.24 (2H, m, H-2’, H-6’), 8.04 (1H, d, J = 8.2 Hz, H-4), 7.90 – 7.87 (2H, m, Ar-H), 7.74 (1H, d, J = 

8.2 Hz, Ar-H), 7.54 (1H, d, J = 3.4 Hz, Ar-H), 6.47 (1H, d, J = 3.4 Hz, Ar-H). 13C NMR (DMSO-d6, 

150 MHz) δ 148.57, 147.16, 144.18, 132.67, 129.12, 128.02, 127.03, 119.89, 119.04, 113.27, 

110.31, 100.12. APCI-HRMS m/z: calcd. for C14H9N3 (MH+), 220.0869, found 220.0881; Purity 

(HPLC): 98%. 

6-(Pyridin-3-yl)-1H-pyrrolo[2,3-b]pyridine (5i): 

Compound was synthesised from 3-pyridinylboronic acid and 6-chloro-7-azaindole in a yield of 

32%, recrystallised from acetonitrile, pale orange coloured powder, mp 177 °C, Rf = 0.11 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.76 (1H, s, NH), 9.23 

(1H, d, J = 1.5 Hz, Ar-H), 8.52 (1H, d, J = 5.6 Hz, Ar-H), 8.38 – 8.36 (1H, m, Ar-H), 8.01 (1H, d, J 

= 8.14 Hz, Ar-H), 7.67 (1H, d, J = 8.2 Hz, Ar-H), 7.49 – 7.47 (1H, m, Ar-H), 7.44 (1H, dd, J = 7.8, 

4.7 Hz, Ar-H), 6.45 – 6.43 (1H, m, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 148.91, 148.65, 147.70, 

146.96, 135.24,133.69, 129.16, 127.32, 123.76, 119.39, 112.83, 100.04. APCI-HRMS m/z: calcd. 

for C12H9N3 (MH+), 196.0869, found 196.0886; Purity (HPLC): 91%. 

6-(Pyridin-4-yl)-1H-pyrrolo[2,3-b]pyridine (5j): 

Compound was synthesised from 4-pyridininylboronic acid and 6-chloro-7-azaindole in a yield of 

59%, recrystallised from acetonitrile, yellow coloured powder, mp 167 °C, Rf = 0.28 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.85 (1H, s, NH), 8.64 

(2H, dd, J = 4.5, 1.6 Hz, Ar-H), 8.08 (1H, d, J = 8.2 Hz, Ar-H), 8.05 (2H, dd, J = 4.5, 1.6 Hz, Ar-
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H), 7.79 (1H, d, J = 8.2 Hz, Ar-H), 7.57 (1H, d, J = 3.4 Hz, Ar-H), 6.50 (1H, d, J = 3.4 Hz, Ar-H). 

13C NMR (DMSO-d6, 150 MHz) δ 150.15, 148.55, 146.74, 146.42, 129.05, 128.11, 120.57, 

120.31, 113.03, 100.11. APCI-HRMS m/z: calcd. for C12H9N3 (MH+), 196.0869, found 196.0875, 

Purity (HPLC): 91%. 

 
6-(6-Fluoropyridin-3-yl)-1H-pyrrolo[2,3-b]pyridine (5k): 

Compound was synthesised from 6-fluoro-3-pyridinylboronic acid and 6-chloro-7-azaindole in a 

yield of 59%, recrystallised from acetonitrile, yellow coloured powder, mp 194 °C, Rf = 0.28 

(dichloromethane: ethyl acetate; 4:1). 1H NMR (DMSO-d6, 600 MHz) δ 11.79 (1H, s, NH), 8.91 

(1H, d, J = 2.5 Hz, Ar-H), 8.62 (1H, d, J = 8.3, 2.6 Hz, Ar-H), 8.06 (1H, d, J = 8.1 Hz, H-4), 7.71 

(1H, d, J = 8.2 Hz, H-5), 7.52 (1H, d, J = 3.4 Hz, H-2), 7.28 (1H, d, J = 8.6, 2.7 Hz, Ar-H), 6.48 

(1H, d, J = 3.4 Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 162.85 (d, J = 236.3 Hz), 148.51 (s), 

145.85 (s), 145.44 (d, J = 15.4 Hz), 139.86 (d, J = 8.1 Hz), 133.99 (d, J = 4.4 Hz), 129.18 (s), 

127.34 (s), 119.36 (s), 112.65 (s), 109.47 (d, J = 37.7 Hz), 100.01 (s. APCI-HRMS m/z: calcd. for 

C12H8FN3 (MH+), 214.0775, found 214.0781; Purity (HPLC): 93%. 

4-Phenyl-7H-pyrrolo[2,3-d]pyrimidine (7a): 

Compound was synthesised from phenylboronic acid and 6-chloro-7-deazapurine in a yield of 

53%, recrystallised from methanol, green coloured powder, mp 221 °C, Rf = 0.46 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.82 (1H, s, Ar-H), 8.18 – 8.15 (2H, m, Ar-H), 7.64 

(1H, d, J = 3.5 Hz, Ar-H), 7.57 (2H, m, Ar-H), 7.52 (1H, t, J = 7.2 Hz, Ar-H), 6.86 (1H, d, J = 3.5 

Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 155.47, 152.63, 150.88, 137.94, 129.95, 128.79, 

128.52, 127.75, 114.50, 99.90. APCI-HRMS m/z: calcd. for C12H9N3 (MH+), 196.0869 found 

196.0863; Purity (HPLC): 99%. 

4-(4-Methylphenyl)-7H-pyrrolo[2,3-d]pyrimidine (7b): 

Compound was synthesised from 4-methylphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 24%, recrystallised from methanol, pale yellow crystals, mp 207 °C, Rf = 0.61 (hexane: 

ethyl acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.21 (1H, s, NH), 8.80 (1H, s, Ar-H), 8.08 

(2H, d, J = 8.1 Hz, Ar-H), 7.63 (1H, d, J = 3.5 Hz, Ar-H), 7.38 (2H, d, J = 8.0 Hz, Ar-H), 6.87 (1H, 

d, J = 3.6 Hz, Ar-H), 6.87 (3H, s, Me-4’). 13C NMR (DMSO-d6, 150 MHz) δ 155.49, 152.52, 150.86, 

139.73, 135.19, 129.38, 128.45, 127.41, 114.24, 99.99, 20.96 (Me-4’). APCI-HRMS m/z: calcd. 

for C13H11N3 (MH+), 210.1026, found 210.1029; Purity (HPLC): 94%. 
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3-(7H-Pyrrolo[2,3-d]pyrimidin-4-yl)phenol (7c): 

Compound was synthesised from 3-hydroxyphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 35%, recrystallised from methanol, white crystals, mp 263 °C, Rf = 0.57 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.23 (1H, s, NH), 9.66 (1H, s, OH), 8.85 (1H, s, 

Ar-H), 7.69 – 7.67 (1H, m, Ar-H), 7.67 – 7.64 (2H, m, Ar-H), 7.42 (1H, t, J = 7.8 Hz, Ar-H), 6.98 

(1H, dd, J = 8.1, 1.7 Hz, Ar-H), 6.88 (1H, d, J = 3.5 Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 

157.70, 155.62, 152,66, 150.87, 139.28, 129.84, 127.56, 119.39, 117.10, 115.24, 114.51, 100.00. 

APCI-HRMS m/z: calcd. for C12H9N3O (MH+), 212.0818, found 212.0816; Purity (HPLC): 99%. 

4-(7H-Pyrrolo[2,3-d]pyrimidin-4-yl)phenol (7d): 

Compound was synthesised from 4-hydroxyphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 82%, recrystallised from methanol, gold crystals, mp > 300 °C, Rf = 0.61 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.13 (1H, s, NH), 9.98 (1H, s, OH), 8.74 (1H, s, 

Ar-H), 8.08 (2H, d, J = 8.3 Hz, Ar-H), 7.58 (1H, s, Ar-H), 6.95 (2H, d, J = 8.2 Hz, Ar-H), 6.87 (1H, 

s, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 159.45, 155.54, 152.44, 150.82, 130.20, 128.77, 

126.87, 115.61, 113.61, 100.18. APCI-HRMS m/z: calcd. for C12H9N3O (MH+), 212.0818, found 

212.0814; Purity (HPLC): 90%. 

4-(3-Methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine (7e): 

Compound was synthesised from 3-methoxyphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 62%, recrystallised from methanol, gold crystals, mp 220 °C, Rf = 0.48 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.27 (1H, s, NH), 8.84 (1H, s, Ar-H), 7.74 (1H, d, 

J = 7.8 Hz, Ar-H), 7.68 (1H, dd, J = 2.4, 1.6 Hz, Ar-H), 7.65 (1H, d, J = 3.5 Hz, Ar-H), 7.50 (1H, t, 

J = 7.9 Hz, Ar-H), 7.13 – 7.10 (1H, m, Ar-H), 6.68 (1H, d, J = 3.5 Hz, Ar-H), 3.86 (1H, s, MeO-3’). 

13C NMR (DMSO-d6, 150 MHz) δ 159.51, 155.31, 152.59, 150.84, 139.36, 129.90, 127.72, 

120.94, 115.98, 114.53, 113.25, 99.91, 55.18 (MeO-3’). APCI-HRMS m/z: calcd. for C13H11N3O 

(MH+), 226.0975, found 226.0981; Purity (HPLC): 99%. 
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4-(4-Methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine (7f): 

Compound was synthesised from 4-methoxyphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 39%, recrystallised from methanol, dark green crystals, mp 207 °C, Rf = 0.51 (hexane: 

ethyl acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.78 (1H, s, Ar-H), 8.20 – 8.17 (2H, m, Ar-H), 

7.61 (1H, d, J = 3.5 Hz, Ar-H), 7.15 – 7.11 (2H, m, Ar-H), 6.88 (1H, d, J = 3.6 Hz, Ar-H), 3.85 (1H, 

s, MeO-4’). 13C NMR (DMSO-d6, 150 MHz) δ 160.78, 155.11, 152.53, 150.80, 130.37, 130.05, 

127.27, 114.20, 113.84, 99.99, 55.30 (MeO-4’). APCI-HRMS m/z: calcd. for C13H11N3O (MH+), 

226.0975, found 226.0978; Purity (HPLC): 97%. 

4-(2,3-Dimethoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine (7g): 

Compound was synthesised from 2,3-dimethoxyphenylboronic acid and 6-chloro-7-deazapurine 

in a yield of 57%, recrystallised from methanol, yellow crystals, mp 142 °C, Rf = 0.52 (hexane: 

ethyl acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.11 (1H, s, NH), 8.81 (1H, s, Ar-H), 7.53 

(1H, d, J = 3.5 Hz, Ar-H), 7.20 (2H, d, J = 4.6 Hz, Ar-H), 7.09 (1H, d, J = 4.6 Hz, Ar-H), 6.36 (1H, 

d, J = 3.5 Hz, Ar-H), 3.89 (3H, s, Me-2’), 3.57 (3H, s, Me-3’). 13C NMR (DMSO-d6, 150 MHz) δ 

155.78, 152.72, 151.60, 150.58, 146.68, 132.35, 126.67, 123.84, 122.18, 116.75, 113.80, 100.25, 

60.83 (MeO-2’), 55.83 (MeO-3’). APCI-HRMS m/z: calcd. for C14H13N3O2(MH+), 256.1081, found 

256.1089; Purity (HPLC): 99%. 

4-(4-Phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine (7h): 

Compound was synthesised from 4-phenoxyphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 24%, recrystallised from methanol, white powder, mp 210 °C, Rf = 0.76 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.23 (1H, s, NH), 8.80 (1H, s, Ar-H), 8.23 (2H, d, 

J = 7.9 Hz, Ar-H), 7.64 (1H, s, Ar-H), 7.46 (2H, t, J = 7.1 Hz, Ar-H), 7.22 (1H, t, J = 6.9 Hz, Ar-H), 

7.15 (4H, t, J = 7.5 Hz, Ar-H), 6.90 (1H, s, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 158.67, 155.75, 

154.73, 152.58, 150.85, 132.73, 130.45, 130.25, 127.52, 124.23, 119.57, 118.04, 114.08, 99.98. 

APCI-HRMS m/z: calcd. for C18H13N3O (MH+), 288.1131, found 288.1129; Purity (HPLC): 97%. 
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4-(Furan-2-yl)-7H-pyrrolo[2,3-d]pyrimidine (7i): 

Compound was synthesised from 2-furanylboronic acid and 6-chloro-7-deazapurine in a yield of 

32%, recrystallised from methanol, green crystals, mp 205 °C, Rf = 0.61 (hexane: ethyl acetate: 

1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.19 (1H, s, NH), 8.71 (1H, s, Ar-H), 8.04 – 8.03 (1H, m, 

Ar-H), 7.62 (1H, d, J = 3.6 Hz, Ar-H), 7.43 (1H, d, J = 3.4 Hz, Ar-H), 6.95 (1H, d, J = 3.5 Hz, Ar-

H), 6.77 – 6.76 (1H, m, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 152.81, 152.66, 150.85, 146.00, 

145.92, 127.64, 112.64, 112.51, 111.77, 100.22. APCI-HRMS m/z: calcd. for C10H7N3O (MH+), 

186.0662, found 186.0655; Purity (HPLC): 93%. 

4-(1-Benzofuran-2-yl)-7H-pyrrolo[2,3-d]pyrimidine (7j): 

Compound was synthesised from 2-benzofuranylboronic acid and 6-chloro-7-deazapurine in a 

yield of 23%, recrystallised from methanol, white powder, mp 272 °C, Rf = 0.42 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.31 (1H, s, NH), 8.86 (1H, s, Ar-H), 7.91 (1H, s, 

Ar-H), 7.83 (2H, m, Ar-H), 7.75 (1H, d, J = 3.5 Hz, Ar-H), 7.49 (1H, d, J = 7.8 Hz, Ar-H), 7.39 (1H, 

t, J = 7.5 Hz, Ar-H), 7.20 (1H, d, J = 3.5 Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 155.42, 

154.69, 153.18, 151.10, 146.01, 128.58, 128.03, 126.40, 123.84, 122.46, 113.30, 111.96, 108.53, 

100.72. APCI-HRMS m/z: calcd. for C14H9N3O (MH+), 236.0818, found 236.0792; Purity (HPLC): 

97%. 

4-(Thiophen-2-yl)-7H-pyrrolo[2,3-d]pyrimidine (7k):  

Compound was synthesised from 2-thienylboronic acid and 6-chloro-7-deazapurine in a yield of 

44%, recrystallised from methanol, pale green powder, mp 266 °C, Rf = 0.64 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.25 (1H, s, NH), 8.74 (1H, s, Ar-H), 8.17 (1H, dd, 

J = 4.1, 1.3 Hz, Ar-H), 7.86 (1H, dd, J = 5.0, 06 Hz, Ar-H), 7.69 (1H, d, J = 3.6 Hz, Ar-H), 7.35 – 

7.32 (1H, m, Ar-H), 7.07 (1H, d, J = 3.6 Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 152.72, 

150.69, 149.67, 142.96, 130.23, 129.14, 128.92, 127.90, 112.17, 99.86. APCI-HRMS m/z: calcd. 

for C10H7N3S (MH+), 202.0433, found 202.0442; Purity (HPLC): 97%. 
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4-(1-Benzothiophen-2-yl)-7H-pyrrolo[2,3-d]pyrimidine (7l): 

Compound was synthesised from benzo[b]thien-2-ylboronic acid and 6-chloro-7-deazapurine in 

a yield of 44%, recrystallised from methanol, gold crystals, mp 287 – 289 °C, Rf = 0.31 (hexane: 

ethyl acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.33 (1H, s, NH), 8.79 (1H, s, Ar-H), 8.54 

(1H, s, Ar-H), 8.05 – 8.03 (1H, m, Ar-H), 8.03 – 8.01 (1H, m, Ar-H), 7.75 (1H, d, J = 3.6 Hz, Ar-

H), 7.46 – 7.44 (2H, m, Ar-H), 7.21 (1H, d, J = 3.6 Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 

152.50, 150.39, 149.29, 142.86, 140.21, 139.86, 128.30, 125.88, 125.75, 124.71, 124.54, 122.33, 

112.74, 99.68. APCI-HRMS m/z: calcd. C14H9N3S (MH+), 252.0590, found 252.0577; Purity 

(HPLC): 98%. 

4-(4-Fluorophenyl)-7H-pyrrolo[2,3-d]pyrimidine (7m): 

Compound was synthesised from 4-fluorophenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 23%, recrystallised from methanol, dark green coloured crystals, mp 243 °C, Rf = 0.36 

(hexane: ethyl acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.82 (1H, s, Ar-H), 8.25 (2H, dd, J 

= 8.6, 5.7 Hz, H-2’, H-6’), 7.66 (1H, d, J = 3.5 Hz, H-6), 7.40 (2H, m, H-3’, H-5’), 6.88 (1H, d, J = 

3.5 Hz, Ar-H13C NMR (DMSO-d6, 150 MHz) δ 163.21 (d, J = 247.8 Hz), 154.30 (s), 152.67 (s), 

150.82 (s), 134.41 (d, J = 2.9 Hz), 130.81 (d, J = 8.7 Hz), 127.94 (s), 115.78 (d, J = 21.6 Hz), 

114.29 (s), 99.81 (s). APCI-HRMS m/z: calcd. for C12H8FN3 (MH+), 214.0775, found 214.0776; 

Purity (HPLC):99% 

4-(3,4-Difluorophenyl)-7H-pyrrolo[2,3-d]pyrimidine (7n): 

Compound was synthesised from 3,4-difluorophenylboronic acid and 6-chloro-7-deazapurine in 

a yield of 23%, recrystallised from methanol, pale green crystals, mp 246 °C, Rf = 0.56 (hexane: 

ethyl acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.84 (1H, s, Ar-H), 8.19 – 8.13 (1H, m, H-Ar-

H), 8.10 – 8.05 (1H, m, H-2’), 7.70 (1H, d, J = 3.5 Hz, Ar-H), 7.64 (1H, dd, J = 18.9, 8.6 Hz, Ar-

H6.94 (1H, d, J = 3.6 Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 152.91 (d, J = 4.6 Hz), 152.78 

(s), 152.01 (dd, J = 197.7, 25.8 Hz), 150.74 (s), 149.35 (d, J = 220.0, 80.9 Hz,), 135.45 (dd, J = 

10.5, 7.0 Hz), 128.37 (s), 125.69 (dd, J = 6.8, 3.2 Hz), 118.00 (dd, J = 18.1, 4.9 Hz), 117.26 (dd, 

J = 18.9, 5.7 Hz), 114.34 (s), 99.72 (s). APCI-HRMS m/z: calcd. for C12H7F2N3 (MH+), 232.0681, 

found 232.0669; Purity (HPLC): 96%. 
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4-[4-(Trifluoromethyl)phenyl]-7H-pyrrolo[2,3-d]pyrimidine (7o): 

Compound was synthesised from 4-(trifluoromethyl)phenylboronic acid and 6-chloro-7-

deazapurine in a yield of 53%, recrystallised from methanol, yellow crystals, mp 218 °C, Rf = 0.64 

(hexane: ethyl acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.89 (1H, s, Ar-H), 8.38 (2H, d, J = 

8.1 Hz, Ar-H), 7.93 (2H, d, J = 8.3 Hz, Ar-H), 7.73 (1H, d, J = 3.6 Hz, Ar-H), 6.93 (1H, d, J = 3.6 

Hz, Ar-H).13C NMR (DMSO-d6, 150 MHz) δ 153.68 (s), 152.81 (s), 150.88 (s), 141.73 (s), 129.88 

(q, J = 31.9 Hz), 129.29 (s), 128.53 (s), 125.68 (q, J = 3.6 Hz), 124.15 (q, J = 272.3 Hz), 114.84 

(s), 99.65 (s). APCI-HRMS m/z: calcd. for C13H8F3N3 (MH+), 264.0743, found 264.0759; Purity 

(HPLC): 97%. 

4-(4-Chlorophenyl)-7H-pyrrolo[2,3-d]pyrimidine (7p): 

Compound was synthesised from 4-chlorophenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 23%, recrystallised from methanol, white powder, mp 255 °C, Rf = 0.42 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 12.27 (1H, s, NH), 8.84 (1H, s, Ar-H), 8.21 (2H, d, 

J = 8.5 Hz, Ar-H), 7.67 (1H, d, J = 3.5 Hz, Ar-H), 7.64 (2H, d, J = 8.5 Hz, Ar-H), 6.89 (1H, d, J = 

3.6 Hz, Ar-H). 13C NMR (DMSO-d6, 150 MHz) δ 154.04, 152.61, 150.77, 136.64, 134.72, 130.18, 

128.79, 127.89, 114.32, 99.71. APCI-HRMS m/z: calcd. for C12H8ClN3 (MH+), 230.0480, found 

230.0467; Purity (HPLC): 96%. 

4,7-Bis(4-methylphenyl)-7H-pyrrolo[2,3-d]pyrimidine (8a): 

Compound was synthesised from 4-methylphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 23%, recrystallised from methanol, white powder, mp 158 °C, Rf = 0.42 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.90 (1H, s, H-2), 8.11 (2H, d, J = 8.0 Hz, Ar-H), 

8.05 (1H, d, J = 3.7 Hz, Ar-H), 7.76 (2H, d, J = 8.2 Hz, Ar-H), 7.43 (2H, d, J = 7.9 Hz, Ar-H’), 7.39 

(2H, d, J = 8.1 Hz, Ar-H), 7.12 (1H, d, J = 3.7 Hz, Ar-H), 2.43 (3H, s, Me-4’), 2.40 (3H, s, Me-10’). 

13C NMR (DMSO-d6, 150 MHz) δ 156.54, 151.50, 151.02, 140.12, 136.29, 134.74, 134.66, 

129.95, 129.69, 129.50, 128.61, 123.71, 115.45, 101.46, 20.99 (Me-4’), 20.58 (Me-10’). APCI-

HRMS m/z: calcd. for C20H18N3 (MH+), 300.1495, found 300.1504; Purity (HPLC): 96%. 
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4,7-Bis(4-methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine (8b): 

Compound was synthesised from 4-methoxyphenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 23%, recrystallised from methanol, white powder, mp 175 °C, Rf = 0.42 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.85 (1H, s, Ar-H), 8.21 (2H, d, J = 8.7 Hz, H-2’, 

H-6’), 7.98 (1H, d, J = 3.7 Hz, H-6), 7.74 (2H, d, J = 8.8 Hz, H-8’, H-12’), 7.16 (2H, d, J = 8.7 Hz, 

Ar-H), 7.14 (2H, d, J = 8.8 Hz, Ar-H), 7.11 (1H, d, J = 3.7 Hz, Ar-H), 3.88 (3H, s, MeO-4’), 3.84 

(3H, s, MeO-10’). 13C NMR (DMSO-d6, 150 MHz) δ 161.13, 158.13, 156.20, 151.50, 151.12, 

138.72, 130.31, 130.24, 130.05, 125.52, 114.91, 114.53, 114.41, 101.28, 55.57 (MeO-4’), 55.44 

(MeO-10’). APCI-HRMS m/z: calcd. for C20H18N3O2 (MH+), 332.1394, found 332.1403; Purity 

(HPLC): 93%. 

4,7-Bis(4-fluorophenyl)-7H-pyrrolo[2,3-d]pyrimidine (8c): 

Compound was synthesised from 4-fluorophenylboronic acid and 6-chloro-7-deazapurine in a 

yield of 23%, recrystallised from methanol, white powder, mp 163 °C, Rf = 0.42 (hexane: ethyl 

acetate: 1:1). 1H NMR (DMSO-d6, 600 MHz) δ 8.94 (1H, s, Ar-H), 8.28 (2H, m, H-2’, Ar-H), 8.12 

(1H, d, J = 3.8 Hz, Ar-H), 7.92 (2H, m, Ar-H), 7.45 (4H, m, Ar-H), 7.17 (1H, d, J = 3.8 Hz, Ar-H). 

13C NMR (DMSO-d6, 150 MHz) δ 163.41 (d, J = 248.3,), 160.58 (d, J = 244.0 Hz,), 155.48 (s), 

151.57 (s), 151.14 (s), 133.61 (dd, J = 72.2, 2.7 Hz), 131.03 (d, J = 8.8 Hz), 130.37 (s), 130.09 

(dd, J = 411.9, 10.8 Hz), 126.06 (d, J = 8.6 Hz), 116.90 (d, J = 22.9 Hz), 115.93 (d, J = 21.7 Hz), 

115.43 (s), 101.51 (s). APCI-HRMS m/z: calcd. for C18H12F2N3 (MH+), 308.0994, found 308.0976; 

Purity (HPLC): 92%. 

4.2.7.5 Protein kinase assays 

All the PK assays were executed following methods described by Nguyen and co-workers, in 

duplicate (Nguyen et al., 2019), apart from: (i) LmCK1 (from Leishmania major, recombinant, 

expressed in bacteria) was assayed in buffer A with 170 µM of CK1-specific peptide substrate, 

RRKHAAIGSpAYSITA (where “Sp” represents phosphorylated serine); (ii) HsCK1ε (casein 

kinase 1ε, human, recombinant, expressed by baculovirus in Sf9 insect cells ) was assayed in 

buffer A with 170 µM of the CK1-specific peptide substrate; (iii) HsGSK-3β (glycogen synthase 

kinase-3, human, recombinant, expressed by baculovirus in Sf9 insect cells) isoforms were 

assayed in buffer A with 20 µM of GS-1 peptide, YRRAAVPPSPSLSRHSSPHQSpEDEEE, a 

GSK-3-selective substrate. Buffer A is composed of 10 mM MgCl2, 1mM EGTA, 1 mM DTT, 25 

mM Tris-HCl pH 7.5, 50 µg/mL heparin. The peptides were sourced from Proteogenix 

(Oberhausbergen, France). The kinase activities were measured by means of the ADP-GLO™ 

assay kit according to the manufacturer recommendations (Promega, Madison, WI). The assay 
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is a luminescent ADP detection assay that provides a homogeneous and high-throughput 

screening method to measure kinase activity by quantifying the amount of ADP produced during 

a kinase reaction. The kinase reactions were performed in 384-well plates in a final volume of 6 

µL (initially, the compounds were diluted in DMSO to obtain 10 mM stock solutions) for 30 min at 

30 °C in an appropriate kinase buffer, with either protein or peptide as substrate in the presence 

of 10 µM ATP. Subsequently, 6 µL of ADP-Glo™ kinase reagent was added to quench the kinase 

reaction, followed by a 50 min incubation time at room temperature (RT). Hereafter, 12 µL of 

Kinase Detection Reagent was added and the mixture was left for an hour at RT. The resulting 

signal was measured by the Envision microplate luminometer (PerkinElmer, Waltham, MA) and 

expressed in Relative Light Unit (RLU).  

The effect of the 7-azaindole and 7-deazapurine derivatives on kinase activity were evaluated as 

a two-step process: Step 1- served as the primary screening, where all the compounds were 

tested at 1 and 10 µM against a panel of eight disease-related kinases and the activities were 

expressed in % of maximal activity, i.e. measured with DMSO diluted at 1% v/v concentration; 

Step 2- The more active compounds (deemed “hits”) were then tested in duplicate over a wide 

range of concentrations (usually between 0.0003 and 10 µM) against the appropriate targets 

identified in step 1 (here Haspin and CDK9/Cyclin T).  

4.2.7.6 Cytotoxicity prediction 

The cytotoxicity of the most promising compounds were predicted by using a prediction tool 

known as, CLC-Pred: in silico prediction of cytotoxicity for tumour and non-tumour cell-lines 

(Lagunin et al., 2018). The tool was developed by making use of the existing Prediction of Activity 

Spectra for Substances (PASS) algorithm to create and validate the classification structure-

activity relationship (SAR) models for predicting cytotoxicity of structures against numerous types 

of human cell-lines using ChEMBL experimental data. The experimental data from ChEMBL (IG50, 

IC50 and % inhibition values) forms the foundation for a training set of 59882 structures of 

compounds and the average accuracy of predicting area-under-the-curve (AUC) is given as 0.930 

and 0.927 for 278 cancer cell-lines, when calculated by leave-one-out and 20-fold cross-validation 

procedure, respectively (Lagunin et al., 2018).  

4.2.7.7 SwissADME prediction 

In addition to the cytotoxicity, the most promising compounds were also evaluated using the 

SwissADME prediction tool (Daina et al., 2017). SwissADME is a free web tool that utilises a set 

of fast, but robust predictive models. These models enable the user to generate physiochemical 

properties, lipophilicity, water solubility, pharmacokinetic properties, druglikeness and qualities 
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useful in medicinal chemistry for the desired compounds. The complete results for compounds 

7a, 7b, 7c, 7d, 7e, 7f, 7k, 7m, 7n and 7p can be found in the supplementary information. 

4.2.8 Results and discussion 

Previously, it has been determined that derivatives of the 7-azaindole scaffold is likely to be PK 

inhibitors (Pieterse et al., 2020). In this study, eleven (11) 7-azaindole and nineteen (19) 7-

deazapurine derivatives were synthesised and screened against the CDK9/CyclinT and Haspin 

kinases. In addition, the compounds were also screened against HsCDK2/CyclinA, 

HsCDK5/p25, HsPim-1, HsCK1ε, HsGSK3β, LmCK1 and HsABL1. Screenings were performed 

at 10 and 1 µM concentrations (diluted in 1% DMSO v/v). The most promising compound were 

subjected to further testing at a wider range of concentrations. The IC50 values were determined 

from dose-response curves (Prism-GraphPad). The results of the screening and additional testing 

can be found in Table 4 and Table 5, respectively.  

In general, the results of this study echo those of a previous study. It was observed that the 

position of substituents on the pyridine ring of the 7-azaindole scaffold, greatly affects a 

compounds ability to exhibit PK inhibition. The 4-position was deemed optimal for CDK9/CyclinT 

and Haspin inhibition (Pieterse et al., 2020). Like the 5-substituted 7-azaindole derivatives in the 

previous study, the 6-substituted 7-azaindole derivatives display a lack of inhibitory activity 

towards PKs deployed in this study (at the concentrations tested). Additionally, the structurally 

related 4-substituted 7-deazapurines derivatives (substituted on the equivalent to the 4-position 

on the 7-azaindole scaffold) displayed a greater inclination toward PK inhibition.  

The screening against CDK9/CyclinT revealed 10 active compounds (7a–f, 7m, 7n, and 7p) and 

9 relatively inactive compounds (7g–7j, 7l, 7o and 8a–c). IC50 values for the active compounds 

ranged from 0.38 µM to 1.44 µM. The most active compound proved to be the C4-hydroxyphenyl 

substituted derivative (7d) exhibiting an IC50 value of 0.38 µM, followed by the C3-hydroxyphenyl 

substituted derivative (7c) with an IC50 value of 0.59 µM against CDK9/CyclinT. Interestingly, the 

C3-methoxyphenyl (7e) and the C4-methoxyphenyl substituted derivative (7f) performed 

equivalently, with 1.24 µM and 1.26 µM IC50 values, respectively. Additionally, the results show 

that the C4-hydroxyphenyl is preferred over the C4-methoxyphenyl and C4-methylphenyl 

substituted derivatives (IC50 values: 0.38 µM (7d) > 1.24 µM (7f) > 1.39 µM (7b). Considering the 

halogen-substituted compounds, compound 7m (4-fluorophenyl substituted derivative) was 2.32 

times more active than compound 7p (4-chlorophenyl substituted derivative), with a 1.44 µM IC50 

value. Furthermore, the C3,4-difluorophenyl substituted derivative (7n: IC50 value of 0.72) exhibits 

a slight decrease in activity when compared to the C4-fluorophenyl monosubstituted derivative 

(7m: IC50 value of 0.62), while the 4-trifluoromethylphenyl substituted derivative (7o) was deemed 
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relatively inactive. Noteworthy, compound 7k, which bears a 2-thiophene ring, is the only one of 

the compounds with an alternative ring structure to exhibit activity for CDK9/CyclinT, while the 

bis-substituted compounds (8a–c) were all deemed to be relatively inactive. 

Haspin screening data revealed four promising compounds (7c, 7d, 7f and 7k). Here the IC50 

values ranged from 0.11 µM to 0.42 µM. In contrast to the CDK9/CyclinT results, the 4-methoxy 

substituted 7-deazapurine derivative (7f) proved to be the most potent Haspin inhibitor (IC50 value 

of 0.11 µM), while the C4-hydroxy substituted 7-deazapurine derivative was 4-fold less potent 

(IC50 value of 0.42 µM). Additionally, the C3-hydroxy substituted 7-deazapurine derivative seems 

to be favoured over the C4-hydroxy substituted 7-deazapurine derivative (IC50 values of 0.19 and 

0.42, respectively). Once again, compound 7k is the only compound bearing an alternative ring 

that possessed activity toward Haspin, at the concentrations tested.  

Regarding the cytotoxicity, the prediction was achieved by using the CLC-Pred prediction platform 

(see the “Cytotoxicity prediction” of the material and methods section) and illustrated that most of 

the 7-deazapurine derivatives are expected to have a cytotoxicity score higher than at least 0.400 

for the given cell-lines (see Table 6). The score indicates the percentage of compounds in the 

training data set that will likely be less cytotoxic than the tested compound for the given cell-line. 

Based on the results, compound 7m exhibited the highest cytotoxicity score of all the derivatives 

for any given cell-line (cytotoxicity score of 0.672 against Hs 683 (Oligodendroglioma). Translated 

this means that compound 7m is 67.2 % more likely than the known compounds in the training 

data set to be cytotoxic against the Hs 683 cell line. In addition to the cytotoxicity prediction, the 

SwissADME tool revealed that these compounds are likely to cross the blood-brain barrier, thus 

highlighting their potential use in brain tumours (see Figure 2). The most promising compounds 

are also expected to have high gastrointestinal absorption. Unfortunately, the predicted 

bioavailability for these compounds is moderate (achieving a bioavailability score of 0.55) and 

could benefit from investigating options for increasing drug-likeness. The full set of properties and 

values predicted by the SwissADME tool can be found in the supplementary information.  

4.2.9 Conclusion 

This study evaluated the inhibitory potential of two structurally related chemical series against 

selected disease-related protein kinases. The first series consisted of C6-substituted 7-azaindole 

derivatives while second series is constituted by C4-substitued 7H-pyrrolo[2,3-d]pyrimidine 

derivatives. The kinase-based screening assays performed against several PKs, revealed that 

compounds belonging to the 7-deazapurine scaffold and substituted on the C4-position, exhibited 

activity toward the CDK9/CyclinT and Haspin kinases. On the other hand, the C6-substituted 7-

azaindole derivatives lacked activity at the concentrations tested. In conjunction with previous 
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results, it is postulated that the substituents at C4-position play a key role in activity against 

CDK9/CyclinT and Haspin. The most active compound against CDK9/CyclinT proved to be the 

C4-hydroxyphenyl substituted 7H-pyrrolo[2,3-d]pyrimidine derivative (7d) with an IC50 value of 

0.38 µM. On the other hand, the C4-methoxyphenyl substituted 7H-pyrrolo[2,3-d]pyrimidine 

derivative (7f) exhibited the best activity against Haspin (with IC50 value of 0.11 µM), making it the 

most potent hit compound of this study. 
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4.2.10 Tables 

Table 4.1: A table depicting the synthesis of C6-substituted 7-azaindole derivatives, target 

compounds and yields achieved 

 

 

Cpd Yield 
(%) 

Cpd  Yield 
(%) 

Cpd Yield 
(%) 

N NH

(5a)

 

26 

N NH

(5b)

 

94 

N NH
O

(5c)

 

54 

N NH

O

(5d)

 

72 

N NH

F

(5e)

 

68 

N NH

F

F

(5f)

 

13 

N NH

F

F

F

(5g)

 

50 

N NH

N

(5h)

 

30 

NN NH

(5i)

 

32 

N

N

NH

(5 j)

 

59 

NN NH

F

(5k)

 

83   
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Table 4.2: A table depicting the synthesis of the C4-substituted 7H-pyrrolo[2,3-

d]pyrimidine derivatives, target compounds and yields achieved 

 

Cpd 

Yield  

(%) Cpd 

Yield  

(%) Cpd 

Yield  

(%) Cpd 
Yield 
(%) 

 53  24  35  82 

 62  39  57  24 

 32  31  44  40 
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Table 4.2 Continued 

 23  23 
 

53  23 
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Table 4.3: A table depicting the synthesis of the C4, 7-bissubstituted 7H-pyrrolo[2,3-

d]pyrimidine derivatives, target compounds and yields achieved 

 

Cpd Yield (%) Cpd Yield (%) Cpd Yield (%) 

 11  17  7 
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Table 4.4: Percentage of residual activity for compounds 5a–m, 7a–q and 8a-c at 10 µM 

and 1µM using a representative kinase panel 

Cpd Hs CDK2/ 

CyclinA 

Hs CDK5/ 

p25 

Hs CDK9/ 

CyclinT 

Hs Haspin Hs PIM 1 Ssc  

CK1δ/ε 

Ssc  

GSK3α/β 

Lm 
CK1 

Hs ABL1 

5a 73 (88) ≥100 (95) 68 (67) 60 (88) 81 (95) 84 (80) 92 (71) 59 (84) NP 

5b 81 (92) 97 (82) 82 (≥100) 84 (81) ≥100 
(≥100) 

92 (90) 76 (84) 51 (62) NP 

5c 90 (≥100) ≥100 (≥100) 97 (98) 67 (72) 83 (93) 76 (80) 77 (82) ≥100 
(88) 

61 (61) 

5d 94 (94) 89 (≥100) 90 (≥100) 65 (69) 92 (93) 95 (79) ≥100 (87) ≥100 
(99) 

65 (64) 

5e 97 (≥100) ≥100 (≥100) 92 (84) 100 (93) 100 (93) 100 (83) 96 (93) ≥100 
(86) 

100 (88) 

5f ≥100 (96) ≥100 (≥100) 83 (96) 73 (78) 99 (93) 93 (88) 86 (96) 99 (96) 87 (73) 

5g 98 (94) ≥100 (≥100) ≥100 
(≥100) 

94 (87) 89 (≥100) ≥100 
(≥100) 

≥100 
(≥100) 

97 (85) 62 (78) 

5h ≥100 (90) ≥100 (98) 87 (≥100) 87 (79) 92 (93) ≥100 (99) 87 (≥100) 96 (95) 74 (80) 

5i 93 (96) ≥100 (≥100) 94 (≥100) 70 (68) 92 (92) ≥100 (91) 82 (≥100) ≥100 
(84) 

66 (65) 

5j ≥100 (81) ≥100 (≥100) 72 (≥100) 46 (70) 76 (≥100) 82 (≥100) 74 (≥100) ≥100 
(94) 

74 (62) 

5k 98 (≥100) ≥100 (≥100) ≥100 
(≥100) 

72 (68) 83 (96) 80 (79) 80 (81) 86 (97) 56 (63) 

7a 90 (≥100) ≥100 (≥100) 11 (40) 65 (92) 89 (≥100) 73 (92) ≥100 
(≥100) 

74 (92) 72 (70) 

7b 92 (≥100) ≥100 (≥100) 28 (73) 36 (74) 56 (98) 68 (94) 85 (89) 86 (94) 66 (74) 

7c 55 (≥100) 63 (≥100) 5 (40) 16 (60) 48 (≥100) 32 (93) 55 (77) 84 (93) 32 (72) 

7d 50 (95) 76 (≥100) 0 (22) 14 (38) 41 (91) 51 (77) 54 (86) 67 (89) 36 (74) 

7e 98 (99) ≥100 (≥100) 17 (55) 29 (44) 93 (≥100) 47 (76) 66 (76) 77 
(≥100) 

47 (56) 

7f 88 (87) ≥100 (≥100) 19 (60) 10 (24) 60 (≥100) 65 (76) 66 (90) 82 (69) 40 (56) 
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Table 4.4 Continued 

Cpd Hs CDK2/ 

CyclinA 

Hs CDK5/ 

p25 

Hs CDK9/ 

CyclinT 

Hs Haspin Hs PIM 1 Ssc  

CK1δ/ε 

Ssc  

GSK3α/β 

Lm 
CK1 

Hs ABL1 

7g ≥100 (99) ≥100 (88) 50 (83) 83 (≥100) 100 (89) 88 (97) 100 (93) 93 (71) 86 (67) 

7h ≥100 (93) 86 (85) 93 (86) 99 (98) 91 (89) 98 (95) 100 (81) 97 (88) 96 (93) 

7i 75 (96) ≥100 (≥100) 37 (82) 11 (62) 90 (94) 38 (97) 96 (89) 71 (82) 56 (67) 

7j 93 (92) ≥100 (≥100) 53 (86) 14 (21) 36 (≥100) 60 (76) 73 (87) 87 (89) 61 (59) 

7k 57 (≥100) 66 (≥100) 3 (53) 10 (57) 50 (≥100) 22 (88) 49 (76) 55 (85) 34 (57) 

7l 94 (≥100) ≥100 (≥100) 72 (76) 19 (56) 22 (≥100) 65 (86) 71 (79) 84 (86) 62 (70) 

7m 100 (≥100) ≥100 (≥100) 6 (33) 58 (58) 57 (94) 84 (84) 100 (85) 95 (90) 76 (76) 

7n ≥100 
(≥100) 

≥100 (≥100) 7 (40) 58 (67) 64 (≥100) 79 (79) 81 (80) 87 (94) 70 (56) 

7o 71 (≥100) ≥100 (≥100) 61 (72) 19 (74) 73 (≥100) 64 (88) 70 (≥100) 77 (74) 55 (55) 

7p 99 (≥100) 97 (≥100) 24 (72) 28 (67) 30 (≥100) 72 (78) 74 (76) 90 (81) 61 (76) 

8a 97 (99) ≥100 (≥100) ≥100 (100) 88 (83) ≥100 (92) 90 (99) (82 (87) 98 (85) 76 (82) 

8b 98 (77) 80 (≥100) ≥100 (100) 85 (69) 49 (49) 81 (88) ≥100 (89) 59 (81) 80 (≥100) 

8c 99 (97) 88 (≥100) ≥100 (100) 83 (87) ≥100 
(≥100) 

80 (94) 89 (82) 87 (98) 65 (74) 

Values represent the percentage of residual kinase activity for compounds used at 10µM and 1µM concentrations, respectively. The 

values in brackets signify the results obtained with 1µM. The most significant results are presented in bold italics. Activities were 

assessed in duplicate using 10µM ATP. NP not performed. 

  



 

77 

Table 4.5: Secondary screening of compounds reported as active against CDK9/CyclinT 

and Haspin (compounds inhibiting >70% of the kinase activity at 1 µM, 

see table 4.4). Activities were assessed in duplicate using 10 µM ATP 

Cpd Hs CDK9/ 

Cyclin T (µM) 

Hs Haspin (µM) 

7a 0.94 NP 

7b 1.39 NP 

7c 0.59 0.19 

7d 0.38 0.42 

7e 1.26 NP 

7f 1.24 0.11 

7k 0.67 0.21 

7m 0.62 NP 

7n 0.72 NP 

7p 1.44 NP 

Flavopiridol 0.015 NP 

CHR-6494 NP 0.055 

IC50 values (in µM) were determined from dose-response curves by using Prism-GraphPad (GraphPad software, San Diego, CA, 

USA). NP Not Performed. Results obtained for dual-target inhibitors are presented in bold. 
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Table 4.6: Predicted cytotoxicity of the most promising compounds (compounds 

inhibiting >70% of kinase activity at 1 µM) 

Compound Probability 
of activity 

(Pa) 

Cell-line 
code 

Cell-line full name 

7a 0.581 Hs 683 Oligodendroglioma 

 0.480 NCI-H295R Adrenal cortex carcinoma 

 0.468 A-375 Malignant melanoma 

7b 0.485 Hs 683 Oligodendroglioma 

 0.450 NCI-H295R Adrenal cortex carcinoma 

 0.430 A-375 Malignant melanoma 

7c 0.577 Hs 683 Oligodendroglioma 

 0.452 NCI-H295R Adrenal cortex carcinoma 

 0.410 NCI-H23 Non-small cell lung carcinoma 

7d 0.614 Hs 683 Oligodendroglioma 

 0.455 NCI-H295R Adrenal cortex carcinoma 

 0.418 NCI-H23 Non-small cell lung carcinoma 

7e 0.464 Hs 683 Oligodendroglioma 

 0.433 NCI-H295R Adrenal cortex carcinoma 

 0.406 DU-145 Prostate carcinoma 

7f 0.503 Hs 683 Oligodendroglioma 

 0.435 NCI-H295R Adrenal cortex carcinoma 

 0.415 A-375 Malignant melanoma 

7g 0.430 Hs 683 Oligodendroglioma 

 0.426 DMS-114 Lung carcinoma 

 0.408 DU-145 Prostate carcinoma 

7h 0.669 Hs 683 Oligodendroglioma 

 0.463 A-375 Malignant melanoma 

 0.426 NCI-H295R Adrenal cortex carcinoma 
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7i 0.499 NCI-H23 Non-small cell lung carcinoma 

 0.498 HeLa Cervical adenocarcinoma 

 0.485 ACHN Papillary renal carcinoma 

7j 0.460 HeLa Cervical adenocarcinoma 

 0.457 MOLT-4 Acute T-lymphoblastic leukeamia 

 0.433 ACHN Papillary renal carcinoma 

7k 0.523 NCI-H23 Non-small cell lung carcinoma 

 0.491 NCI-H295R Adrenal cortex carcinoma 

 0.438 HeLa Cervical adenocarcinoma 

7m 0.672 Hs 683 Oligodendroglioma 

 0.462 A-375 Malignant melanoma 

 0.438 Kasumi 1 Childhood acute myeloid leukaemia with maturation 

7n 0.596 Hs 683 Oligodendroglioma 

 0.485 Kasumi 1 Childhood acute myeloid leukaemia with maturation 

 0.451 A-375 Malignant melanoma 

7o 0.437 Hs 683 Oligodendroglioma 

 0.390 NCI-H295R Adrenal cortex carcinoma 

 0.359 NALM-6 Adult B acute lymphoblastic leukaemia 

7p 0.663 Hs 683 Oligodendroglioma 

 0.447 NCI-H23 Non-small cell lung carcinoma 

 0.414 A-375 Malignant melanoma 

8a 0.464 NCI-H295R Adrenal cortex carcinoma 

 0.421 DMS-114 Lung carcinoma 

 0.418 YAPC Pancreatic carcinoma 

8b 0.449 NCI-H23 Non-small cell lung carcinoma 

 0.427 PC-9 Lung carcinoma 

 0.390 HCT-15 Colon carcinoma 

8c 0.518 Hs 683 Oligodendroglioma 
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 0.447 NCI-H23 Non-small cell lung carcinoma 

 0.420 Kasumi 1 Childhood acute myeloid leukaemia with maturation 

 

4.2.11 Figures: 

 

Figure 4.1: A depiction of the 7-azaindole and the 7-deazapurine scaffolds  
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Figure 4.2: A BOILED-egg representation of SwissADME predictions for the most 

promising compounds  
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4.2.12 Graphical Table of Contents for Chemical Biology and Drug Design Manuscript 

 

Figure 4.3: Graphical Table of Content for Submission to Chemical Biology and Drug 

Design 

 
  



 

83 

CHAPTER 5: CONCLUSION 

Controlled protein kinase (PK) function is paramount to normal cellular function; when PK activity 

falters, processes like cell growth, differentiation, cell development and apoptosis go awry. 

Dysregulation of PK activity has been implicated in diseases such as diabetes, cancer and 

neurodegenerative disorders. In the instance of disease, inhibition of the relevant PK may be of 

therapeutic value (see Chapter 2). 

To execute the aims of this study (see Chapter 1), fifty-four compounds, thirty-five 7-azaindole 

derivatives and nineteen 7H-pyrrolo[2,3-d]pyrimidine (7-deazapurine) derivatives, were 

synthesised. Subsequently, these compounds were evaluated against a proposed protein kinase 

panel comprised of HsCDK2/CyclinA, HsCDK5/p25, HsCDK9/CyclinT, HsHaspin, HsPim-1, 

SscCKδ/ε, SscGSK3α/β and LmCK1 (see Chapters 3 and 4). This evaluation revealed sixteen 

CDK9/CyclinT and nine Haspin inhibitors in the high nanomolar to low micromolar range. Thus, 

the hypothesis that novel, potent PK inhibitors could be discovered by utilising the 7-azaindole 

and 7-deazapurine scaffolds, was fulfilled. 

The content of the study was divided into two original works, one a published article (see Chapter 

3) and the other a manuscript submitted for publication (see Chapter 4). The published article 

entailed the C4- and C5-substituted 7-azaindole series. The results of the article revealed that the 

7-azaindole scaffold is selective toward the CDK9/CyclinT and Haspin kinases. Comparison of 

the C4- and C5-substituted derivatives unveiled that only one C5-substituted 7-azaindole 

derivative exhibited activity (toward Haspin) at the concentrations tested. In turn, four of the C4-

substituted 7-azaindole derivatives exhibited activity toward both Haspin and CDK9/CyclinT. 

Additionally, two of the C4-substituted 7-azaindole derivatives displayed activity solely towards 

CDK9/CyclinT.  

The second work contains the results of the C6-substituted 7-azaindole and the C4-substituted 

7-deazapurine series. In this manuscript, a similar pattern was observed. The 7-deazapurine 

scaffold displayed selectivity toward the CDK9/CyclinT and Haspin kinases, while the C6-

substituted 7-azaindole derivatives, like the C5-substituted 7-azaindole derivatives in the 

published article, were void of activity at the concentrations tested. The C4-substituted 7-

deazapurine scaffold produced ten CDK9/CyclinT and four Haspin inhibitors in the high 

nanomolar to low micromolar range. Thus, it is likely that substitution of the C4-position is 

favourable for CDK9/CyclinT and Haspin activity on both the 7-azaindole and 7-deazapurine 

scaffolds.  
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The best 7-azaindole compounds were 4-(4-fluorophenyl)-1H-pyrrolo[2,3-b]pyridine and 4-(4-

methoxyphenyl)-1H-pyrrolo[2,3-b]pyridine with IC50 values of 0.063 µM and 0.118 µM for 

CDK9/CyclinT and Haspin, respectively. In turn, the best 7-deazapurine compounds resulted in 

IC50 values of 0.38 µM (4-(4-hydroxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine) for CDK9/CyclinT and 

0.11 µM (4-(4-methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine) for Haspin. Unfortunately, neither the 

C5-substituted or C6-substituted 7-azaindole derivatives, nor the 4,7-bis-substituted-7H-

pyrrolo[2,3-d]pyrimidine derivatives exhibited any PK inhibition activity at the concentrations 

tested, this is likely caused by impeded binding due to the position of the substituents. See 

Figures 5.1 and 5.2 for the compounds with best activity against CDK9/CyclinT and Haspin in 

relation to their corresponding counterparts across the other series. 

Considering the results as a whole, the C4-substituted 7-azaindole derivatives produced the best 

CDK9/CyclinT inhibitors, while the 7-deazapurine scaffold produced the best Haspin inhibitors. 4-

(4-Fluorophenyl)-1H-pyrrolo[2,3-b]pyridine achieved the best activity against CDK9/CyclinT with 

an IC50 of 0.063 µM, while 4-(4-methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine exhibited an IC50 of 

0.11 µM against Haspin. Interestingly, the additional N on the pyrimidine ring of the 7-deazapurine 

scaffold resulted in diminished CDK9/CyclinT when compared to their 7-azaindole counterparts 

(see Figures 5.3). 

Both CDK9/CyclinT and Haspin have been linked to cancer. Therefore, the most promising 7-

azaindole and 7-deazapurine derivatives were also subjected to cytotoxicity prediction via an in-

silico cytotoxicity prediction tool (CLC-Pred: prediction of cytotoxicity for tumour and non-tumour 

cell-lines). According to the prediction data, the active C4-substituted 7-azaindole derivatives are 

likely to be active against oligodendroglioma cells (see Chapter 3), while the active 7-deazapurine 

derivatives have a more modest likelihood of activity against oligodendroglioma, non-small cell 

lung carcinoma, cervical adenocarcinoma, acute T-lymphoblastic leukaemia, breast carcinoma 

and adrenal cortex carcinoma cells (see Chapter 4). In addition to the cytotoxicity prediction, the 

most promising compounds were screened using the SwissADME tool. This illustrated that the 

compounds used in this study are likely to cross the blood-brain barrier and have moderate 

bioavailability.  
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Figure 5.1: The best compound against CDK9/CyclinT in relation to its corresponding counterparts in each series 
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Figure 5.2: The compound with the best Haspin activity in relation to its corresponding counterpart in each series 
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Figure 5.3: The effect of the additional N on the pyrimidine ring of the 7-deazapurine 

scaffold on CDK9/CyclinT activity 

Thus, this study culminates in the conclusion that i) both the 7-azaindole and 7-deazapurine 

scaffolds are valuable in the search for PK inhibitors, especially for CDK9/CyclinT and Haspin 

inhibitors, ii) the substitution of the C4-position of the 7-azaindole scaffold may greatly affect the 

potency toward CDK9/CyclinT and Haspin; in future a greater library of C4-substituted 7-

azaindoles could deliver remarkable CDK9/CyclinT and Haspin inhibitors, iii) the 7-azaindole 

scaffold is likely to produce more potent CDK9/CyclinT inhibitors, while the 7-deazapurine scaffold 

may be better equipped for producing potent Haspin inhibitors, however, considering the relatively 

small difference in IC50 values between corresponding counterparts, a more in depth screening 
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of various equivalent 7-azaindole and 7-deazapurine derivatives may have to be performed to 

confirm and iv) the novel CDK9/CyclinT and Haspin inhibitors generated in this study may be 

beneficial in the fight against cancer and it is recommended that these compounds be examined 

against the appropriate cancer cell-lines.  
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