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Abstract 
Chalcones are a group of naturally occurring or synthetic compounds which possess a wide 

range of biological activities. In this paper, a series of twenty-three 7-azaindole-chalcone hybrids 

(5a-w) were synthesised and evaluated as potential protein kinase inhibitors. Analyses of 

structure activity relationships (SAR) revealed that some of these compounds exhibit significant 

activity against Haspin kinase; with compound 5f, and 5q exhibiting IC50 values of 0.47 µM and 

0.41 µM respectively. Furthermore, 5f also inhibits cyclin-dependent kinase 9 (CDK9/ CyclinT) in 

a micromolar potency (IC50 = 2.26 µM). This novel dual-target inhibitor is a promising lead for the 

development of chemopreventive/chemotherapeutic agents. 

Keywords: 7-azaindole, chalcone, protein kinase, structure activity relationships, CDK9/CyclinT, 

Haspin, dual inhibitor.
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1. Introduction 

The protein kinase family is one of the super families of enzymes comprising of more than 

500 proteins which are known to be highly evolutionary conserved across numerous eukaryotic 

species (Saxena et al., 2017). These proteins regulate various cellular events, including cell 

survival, growth, differentiation and migration (London, 2013). They regulate these events by 

catalysing the transfer of phosphate(s) to serine, threonine, and, tyrosine residues of their 

substrate proteins (Drewry et al., 2017). According to Tong et al. (2013), the protein kinase 

structure is made of a structurally well-defined ATP binding site and a structurally variable 

substrate binding site. The ATP binding site comprises of approximately 25 residues, some of 

which are nearly fully conserved for all kinases. However, some residues, particularly the 

“gatekeeper”, exhibit higher variation.

Abnormal phosphorylation, hyperactivity or overexpression of protein kinases is implicated in 

a variety of human diseases; including cancer, diabetes and rheumatoid arthritis (Zhao & Bourne, 

2018; Roskoski, 2019). As a result, this enzyme family has become one of the most important 

drugs target. Recent studies reported that approximately 20-30% of drug discovery efforts 

worldwide are directed towards the protein kinase superfamily (Roskoski, 2019). Zhang et al. 

(2009) reported that small molecule inhibitors of protein function are the most common and 

effective agents for molecularly targeted therapy aimed at treating human diseases and 

malignancies.

The concept “one drug multiple targets”, coined as polypharmacology, is emerging as the 

next paradigm of drug discovery (Reddy & Zhang, 2013). According to Stankovic et al. (2018), 

inhibition of a single kinase often shows transient efficacy due to the development of resistance. 

To slow the onset of resistance, it has been suggested that multiple kinase inhibitors could be 

used as a therapeutic strategy for the treatment of human malignancies (Bhullar et al., 2018). 

Dual targeting agents are better at overcoming transient activity and drug resistance, they 

therefore provide optimal effects in cancer treatment (Stankovic et al., 2018). For example, a 

newly discovered drug candidate, fadraciclib (CYC065) (Figure 1), which is currently in phase I 

clinical trials has been found to potently inhibit CDK2 and CDK9, and it has shown promising 

activity against a variety of cancers including laryngeal tumours (Do et al., 2018). 

Several small molecule protein kinase inhibitors have been approved for clinical use or are 

currently in clinical trials (Griffith et al., 2006). According to Roskoski (2019), the US Food and 

Drug Administration (FDA) has to date approved 48 small molecule protein kinase inhibitors for 

malignancies such as breast and lung cancer. Among these, 25 drugs target receptor protein A
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tyrosine kinases, ten target non-receptor protein tyrosine kinases while 13 target serine/threonine 

protein kinases (Roskoski, 2019). 

The breakthrough in the discovery of imatinib (Figure 1) as the first small molecule kinase 

inhibitor approved for cancer treatment motivated scientists to design newer protein kinase 

inhibitors with improved activity (Gao et al., 2013; Bhullar et al., 2018; Roskoski, 2019). Despite 

this fact, target promiscuity has largely limited the rational design strategies of these inhibitors 

(Gao et al., 2013). Due to the high degree of conservation in the ATP binding pocket of a majority 

of protein kinases, specific inhibition remains a challenge (Hanson et al., 2019). Furthermore, 

development of drug resistance due to the emergence of kinase target mutations has also proved 

to be a great challenge (Arslan et al., 2006; Gross et al., 2015). Mutations in the essential 

gatekeeper of several receptor tyrosine kinases have previously been studied, and they were 

reportedly overcome by small molecule inhibitors which do not require the gatekeeper for binding 

(Arslan et al., 2006). These findings suggest that there is a need for the discovery of more novel 

and highly selective protein kinase inhibitors (Zhao & Bourne, 2018). 

Figure 1: Structures of fadraciclib (CYC065) and imatinib

Chalcones have attracted considerable attention because of their promising therapeutic 

effects. Natural and synthetic chalcones have demonstrated a broad spectrum of therapeutic 

effects including antibacterial, antifungal, antiviral, anti-inflammatory, antioxidant, and most 

importantly, anticancer activities (Sangpheak et al., 2019). According to Mphahlele et al. (2018), 

chalcone-based compounds have several mechanisms of action, among which are induction of 

apoptosis, DNA and mitochondrial damage, inhibition of angiogenesis and kinase inhibition. 

Mphahlele et al. (2018) synthesised a series of benzofuran-chalcone hybrids and evaluated their 

activity against several targets, including the epidermal growth factor receptor tyrosine kinase 

(EGFR-TK). The tested compounds inhibited EGFR-TK with sub micro molar IC50 values, and the 

most potent compound (1) exhibited an IC50 value of 0.09 ± 0.03 µM (Mphahlele et al., 2018).

The 7-azaindole scaffold has attracted a great deal of interest for the synthesis of a variety of 

therapeutic agents due to its pivotal role in lead identification and optimization (Mushtaq et al., 

2008). Different acylated azaindoles have been reported for analgesic and anti-inflammatory 

activities (Mushtaq et al., 2008). According to Mushtaq et al. (2008), azaindole analogues have 

been found to possess blood pressure lowering activities, and also act as effective coronary 

vasodilator, cardiovascular and hypotensive agents. Azaindole derivatives have also been found 

to be useful in treating disorders such as autoimmune disorders (Farina et al., 2008), cancer 

(Heinrich et al., 2015) and Alzheimer’s disease (Sreenivasachary et al., 2017). A
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Because of its outstanding ability to bind to the hinge region of multiple protein kinases, 7-

azaindole has been acknowledged as a privileged fragment against kinases, and therefore it has 

been incorporated into many kinase inhibitors (Irie & Sawa, 2018). In an attempt to study their 

pharmacokinetic properties and potentially improve their pharmacological activity, Giles et al. 

(2019) designed a series of 7-azaindole-chalcones and studied their docking interactions with B-

Raf kinase. It was interesting to discover that substituting positions -3 and -4 of 7-azaindole with 

hydroxyl and methyl groups (2), respectively, increased the inhibitor binding affinity for B-Raf 

(Giles et al., 2019). This study suggested that conjugating 7-azaindole and chalcone has potential 

to increase the inhibitor-kinase binding affinity, and this may be a useful starting point for the 

development of protein kinase inhibitors. To this effect, in the present study, we synthesized 

numerous compounds containing the 7-azaindole-chalcone core. The 7-azaindole scaffold was 

acetylated at position C3 (4), after which it was treated with different substituted and 

unsubstituted aromatic aldehydes to yield a variety of chalcone derivatives (5a-w) as shown in 

scheme 1.

Figure 2: Chalcone-based protein kinase inhibitors reported in previous studies (Mphahlele et al., 

2018; Giles et al., 2019).
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 Scheme 1: Synthesis of 7-azaindole derivativesa 

N N
H N N

H N N
H

O O
R

a

b

O

R

3 4 5a-w
aReagents and conditions: (a) AlCl3, DCM, AcCl, rt, 2h; (b) HCl/MeOH, 100 ˚C, 24h

1-(1H-pyrrolo[2,3-b]pyridin-3-yl)ethanone (4) was prepared in a yield of 77% and used as 

key intermediate. The intermediate was prepared by Friedel-Crafts acylation following a method 

previously described by Zhang et al. (2002), and it was used in the next step without further 

purification. The target compounds (5a-w) were synthesised in poor to excellent yields (10-92%) 

using an acid catalysed aldol condensation method shown in Scheme 1 (Nel et al., 2016; Amakali 

et al., 2018). Confirmation of synthesis of the target compounds was done by NMR spectroscopic 

analysis. The absence of a singlet resonating around 2.6 ppm on the proton NMR spectrum of 

compounds 5a-w confirmed the successful formation of target compounds. This peak is assigned 

to the -CH3 of the acetyl unit, which is characteristic of compound 4.

We screened a library of 23 synthetic 7-azaindole-chalcones against a panel of eight disease 

related protein kinases composed of cyclin-dependent kinases (CDKs): HsCDK2/CyclinA, 

HsCDK5/p25, HsCDK9/CyclinT; HsHaspin, human Proto-oncogene serine/threonine-protein 

kinase PIM1, porcine casein kinase 1 δ/ε (SscCK1δ/ε), LmCK1 (from the intracellular parasite 

Leishmania major) and porcine Glycogen Synthase Kinase 3 (SscGSK3α/β). These compounds 

were tested at initial concentrations of 1 µM (Table 1) and 10 µM (Table 2a in supplementary 

data). Compounds that showed less than 30% residual kinase activity at 1 µM inhibitor 

concentration, for either CDK9/CyclinT or Haspin were considered active and were further tested 

over a wide range of concentrations on both kinases. Sigmoidal curves of kinase activity versus 

inhibitor concentration were constructed and from them IC50 values were determined. Figure 3 

shows the dose-response curve of compound 5q, the most potent Haspin inhibitor. The IC50 

values are summarized in Table 2.
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Figure 3: Haspin kinase activity versus increasing concentration of compound 5q. Recombinant 

Haspin kinase was assayed in the presence of 10 µM ATP and increasing concentrations of 5q 

compound. Kinase activities are expressed in % of maximal activity, i.e., measured in the 

absence of inhibitor (mean ± SD = 2).

While most of the compounds screened did not inhibit the kinases studied here, 5f and 5q 

showed interesting activities against Haspin and/or CDK9/CyclinT. Compound 5q, bearing a 

phenolic substituent displayed a high degree of selectivity, and it is noteworthy as the most potent 

Haspin inhibitor (IC50 = 0.410 µM). Interestingly, the corresponding unsubstituted compound, 5a, 
showed no activity against Haspin. With the exception of 5q, introducing electron donating group 

to the para position of the styrene ring led to complete loss of activity against all the tested 

kinases, as exemplified by 5g, 5h, 5j and 5k. A similar trend was observed in their electron 

withdrawing counterparts; no activity was reported for compounds bearing nitro, halogen or 

carboxyl groups. For example, compounds 5g, 5e, 5i, 5l, 5m, 5n, 5o, 5p, 5v and 5w were 

inactive against all tested protein kinases. Docking study shows that 5q makes interactions with 

Hs_HASPIN through the NH of the 7-azaindole ring and Glu-165  and through the oxygen of the 

ketone moiety and H3O+ molecule in the enzyme. Replacing the OH group in 5q with H, F, CH3, 

OCH3 groups generates analogues wherein the interactions seen with 5q become weaker or lost 

completely. This observation suggests the OH as optimal substituent at this position.

Larger groups in the 4-position of the phenyl ring such as piperidinyl (compound 5d) 

resulted in a loss of activity, suggesting that bulky non-polar substituents may be undesirable. 

Furthermore, increasing the length of the linker between the 7-azaindole and the phenyl ring (5s) 

was accompanied by loss of activity. 

Most interestingly, replacing styrene as present in compound 5a with 2-vinylthiophene to 

give compound 5f, yielded a potent dual inhibitor for Haspin (IC50 = 0.470 µM) and CDK9/CyclinT 

(IC50 = 2.260 µM). It is notable that 5f and 5q exhibit similar potencies for Haspin (IC50 = 0.470 

and 0.410 µM respectively) even though they contain different substituents. Also of note is the 

fact that replacing the thiophene ring of 5f with an α-substituted nitrofuran (5u) led to decreased 

activity. These data led to an interesting observation that unsubstituted 5-membered heterocycles 

may be optimum substituents for the development of 7-azaindole derivatives as dual inhibitors of 

CDK9/CyclinT and Haspin. However, meaningful SARs could not be derived since most of the 

evaluated compounds did not inhibit the target kinases. It may therefore be concluded that 

compounds in this series constitute a promising starting point for the discovery on dual kinase 

inhibitors.A
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Table 1: Percentage of kinase inhibition of 4, and 5a-w. The table displays the residual activities detected after treatment with 1 µM of the tested 

compounds expressed in percentage. 100 % of residual activity is measured in the absence of inhibitor. ATP concentration used in the kinase 

assays was 10 µmol/L (values are means, n=2). Kinases are from human origin (Homo sapiens) unless specified: Ssc, Sus scrofa; Lm, Leishmania 

major.

N N
H

R

Residual kinase activity in the presence of 1 µM of tested compoundCompound R

CDK2/Cyclin 
A

CDK5/p25 CDK9/CyclinT HASPIN PIM1 Ssc_CK1δ/ε Ssc_GSK3α/β Lm_CK1

4 O ≥100 ≥100 66 63 ≥100 79 87 67

5a O ≥100 94 47 34 ≥100 74 65 61

5b O

Cl

76 86 80 66 ≥100 85 94 99
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5c

O

O O 93 75 90 79 50 67 63 94

5d O

N

≥100 ≥100 58 ≥100 ≥100 69 88 80

5e O

OH

O

85 78 51 88 81 72 91 66

5f

S

O ≥100 ≥100 30 42 80 68 70 68

5g O 91 92 63 56 90 72 91 55
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5h O 99 96 55 74 ≥100 70 88 62

5i O

NO2

≥100 ≥100 56 69 ≥100 76 86 76

5j O

O

≥100 98 56 57 ≥100 69 81 86

5k O

O

O

≥100 ≥100 74 69 94 81 72 77

5l O

F

≥100 96 79 63 91 80 83 82
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5m O

F

68 96 73 81 95 89 98 78

5n O

F

87 83 58 72 ≥100 81 78 75

5o O

Cl

84 94 52 53 93 63 92 47

5p O

Br

≥100 94 58 72 99 68 63 70

5q O

OH

≥100 ≥100 45 23 90 76 84 63
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5r O

O

≥100 84 65 48 ≥100 91 89 78

5s

O

82 94 55 54 80 60 97 60

5t O 96 ≥100 61 49 85 ≥100 84 87

5u

O

O

NO2

86 ≥100 62 42 76 90 84 68

5v O

NO2

≥100 95 94 63 96 ≥100 ≥100 98

5w O

O2N

91 88 90 95 ≥100 89 87 75
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Table 2: Structures and IC50 (µM) of compound 5f and 5q against human CDK9/CyclinT and 

Haspin protein kinases. 

IC50 a Compound Structure
Hs_CDK9/CyclinT Hs_HASPIN 

5f

N N
H

O S

2.260 0.470

5q

N N
H

O

OH NPb 0.410

aIC50 values are reported in µM. Kinase activities were measured using 10µM ATP. Values are 

means, n=2. 
bNot performed because of low activity at 1 µM (see Table 1).

The binding interactions of 5f and 5q with the crystal structure of Hs_HASPIN (PDB code: 

6G34), as well as the binding interactions of 5f with the crystal structure of Hs_CDK9/CyclinT 

(PDB code: 3TN8) were studied using Glide ligand docking as implemented in Maestro in the 

Schrödinger package. Enzyme crystal structures were obtained from protein data bank (PDB). 

The Protein-ligand interactions of 5f and 5q with Hs_HASPIN shows the presence of 

intermolecular hydrogen bonding between the NH of the 7-azaindole ring and Glu-165 (see entry 

A and B, Table 3). 5q also interacted with Hs_HASPIN through hydrogen bonding between the 

oxygen of the ketone moiety and H3O+ molecule in the enzyme. Both 5f and 5q seems to be 

making the same essential interactions with Hs_HASPIN, this is also evident in their equipotent 

activity against the enzyme. The docking scores of 5f and 5q against Hs_HASPIN are -8.5801 

and -6.9792, respectively. 5f interacted with Hs_CDK9/CyclinT through distance interactions 

above 2 Å (see entry C, Table 3). The docking scores of 5f against Hs_CDK9/CyclinT is -7.8810.
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Table 3: Binding interactions of 5q and 5f against CDK9/CyclinT and Haspin protein kinases. 

 

2. Conclusion 
In summary, we investigated a series of chalcone-based 7-azaindole derivatives as potential 

protein kinase inhibitors. Although most compounds were inactive, 2 compounds (5f and 5q) 

were identified as potent inhibitors of CDK9/CyclinT and Haspin kinase. 5f inhibited both 

CDK9/CyclinT and Haspin in high micro molar potencies. SAR analysis suggests that the 

presence of an unsubstituted 2-thienyl group on the 7-azaindole framework may be necessary for 

designing multiple protein kinase inhibitors. This study demonstrates that 7-azaindole-chalcone-

based compounds are good chemical scaffolds for the design of protein kinase inhibitors and 

have potential to be developed as anticancer drugs.
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Table 3: Binding interactions of 5q and 5f against CDK9/CyclinT and Haspin protein kinases.  

  

Entry Enzyme  
PDB code 

Binding 
affinity 

Protein-ligand interaction Docking pose 

A: 
5q 

6G34 -6.9792 

 

 

 

B: 
5f 

6G34 -8.5801 

 

 

 

C: 
5f 

3TN8 -7.8810 
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Figure 1: Structures of fadraciclib (CYC065) and imatinib 
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1 (EGFR-TK IC50 = 0.09 ± 0.03 µM)   2 

Figure 2: Chalcone-based protein kinase inhibitors reported in previous studies (Mphahlele et al., 

2018; Giles et al., 2019). 
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Figure 3: Haspin kinase activity versus increasing concentration of compound 5q. Recombinant 

Haspin kinase was assayed in the presence of 10 µM ATP and increasing concentrations of 5q 

compound. Kinase activities are expressed in % of maximal activity, i.e., measured in the absence 

of inhibitor (mean ± SD = 2). 
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