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Abstract. The indazole scaffold is frequently found in biologically active compounds. Due to the high 

potential of this heteroaromatic moiety we report in this review on the recent advances in the synthetic 

methods used to prepare non-fused indazole derivatives, as well as the kinase inhibitory potencies of non-

fused analogues reported in the non-patent literature from 2010 to the end of 2013. 

 

Contents 

1. Introduction 

2. Synthetic approaches to indazole scaffold 

2.1. Introduction 

2.2. [3+2] cycloadditions 

2.3. From carbonylated benzenes and their hydrazone/oxime/imine derivatives 

2.4. From ortho-halobenzonitriles 

2.5. From azobenzene derivatives 

2.6. From aryltriazenes 

2.7. From ortho-nitrobenzylamines 

2.8. Miscellaneous 

3. Kinase inhibitory potencies of various non-fused indazoles 

3.1. AGC group (protein kinases A, G and C containing families) 

3.2. CAMK group (calcium/calmodulin-dependent protein kinases) 

3.3. CMGC group (including CDKs, MAPK, GSK3 and CLK containing families) 

3.4. STE group (containing the homologs of yeast Sterile 7, 11 and 20 kinases) 

3.5. TK group (tyrosine kinases) 

3.6. Other kinases 

4. Conclusions 

References 

 

1. Introduction 

 The indazole moiety is clearly identified as a highly valuable heterocyclic scaffold for the development 

of new biologically active compounds. More particularly, like many other nitrogen-containing 

heteroaromatic derivatives, the indazole moiety could be considered as a surrogate of the adenine of ATP, 

the shared natural substrate of protein kinases and thus, be used for the identification of new ATP-
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competitive kinase inhibitors. Protein kinases belong to the transferase group and allow the phosphorylation 

of the hydroxyl group of serine, threonine or tyrosine residues of protein substrates. To date, the human 

kinome is composed of 518 protein kinases that are divided in eight main groups according to their structure 

and functions (AGC, CAMK, CK1, CMGC, STE, TK, TKL and others). Protein kinases, which are involved 

in many cellular processes, represent interesting targets for the development of new therapies for pathologies 

such as cancer, diabetes, obesity, neurodegenerative diseases, inflammatory diseases, atherosclerosis and 

stroke. In 2001, Imatinib/Gleevec® was the first protein kinase inhibitor to reach the market and thus 

constitute the proof of concept that targeting kinases could lead to new cancer therapies. Since this date, 

numerous research programs have focused on the discovery of kinase inhibitors useful to elaborate new 

targeted therapies. Numerous indazole derivatives have been described as kinase inhibitors and two of them, 

showing tyrosine kinase inhibitory potencies, are now on the market: Axitinib for the treatment of advance 

renal cell carcinoma (RCC) and Pazopanib for RCC and advance soft tissue carcinoma (Figure 1). Thus, as 

part of our ongoing studies concerning the identification of new heteroaromatic scaffolds as potent kinase 

inhibitors, we recently developed a research program focused on the synthesis and identification of new 

indazole derivatives showing Pim kinase inhibitory potencies (Figure 1).1–5 

 

 

Figure 1. Structure of Axitinib and Pazopanib and various indazole derivatives identified 
by our group as kinase inhibitors. 

 

Regarding the relevance of indazole derivatives as kinase inhibitors, these compounds could also be 

considered as useful molecular biological tools to study the cellular implication of identified cellular target 

and/or to allow the development of new drugs. In the following sections we will describe the recent 

advances in the synthetic approaches allowing the formation of the indazole ring system, and the structure 

and kinase inhibitory potencies of recently reported indazole-containing kinase inhibitors. 

 

2. Synthetic approaches to indazole scaffold 

2.1. Introduction 

A number of synthetic approaches leading to indazole derivatives have been reported so far and an 

account of the advances in the chemistry of indazoles was previously published.6 Synthetic methods for the 
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construction of the indazole ring system, mainly developed for 1H-indazoles, proved to be useful for the 

preparation of a number of diversely substituted indazole derivatives, finding applications in domains such 

as the synthesis of biologically active compounds. However, last years have seen the emergence of new 

strategies, for the construction of 1H-indazoles, as well as for the preparation of 2H-indazoles that 

previously remained limited. These novel synthetic methods provide additional opportunities for the 

preparation of diversely substituted indazoles at the pyrazole moiety (i.e. N1/N2 and C3 positions) or fused 

benzene ring (i.e. C4–C7 positions). The present review reports on the recent advances in the synthesis of 

non-fused indazole nucleus that have not been reported in the previous account. 

 

2.2. [3+2] Cycloadditions 

Following Yamamoto’s work on the 1,3-dipolar cycloaddition of arynes with diazomethane 

derivatives,7 Larock also reported the preparation of 1H-indazoles from benzynes under mild reaction 

conditions (Scheme 1).8 When monosubstituted alkyl diazoacetates 2 were studied, indazole N1 atom could 

be substituted either by a hydrogen atom (3, Eq. (1)) or by an aryl group in the presence of an excess of 

benzyne precursor 1 (4, Eq. (2)). Liu showed recently that the regioselectivity of the N-arylation reaction 

with the second benzyne intermediate can be modified in the presence of Ag(I) ions, leading to 2H-indazole 

derivatives.9 Larock and co-workers also carried out [3+2] cycloadditions with disubstituted diazo 

compounds 5 with a carbonyl group attached to the diazo carbon.8 The migration of the acyl group leading to 

1-acyl-1H-indazoles 6 was observed (Eq. (3)). Another recent example of preparation of 1H-indazoles from 

diazo compounds used 1,1-disubstituted-2-diazo-2-(trimethylsilyl)ethanol derivatives, leading to 3-(1-

hydroxyalkyl)-1H-indazoles.10 More recently, it was shown that the regioselectivity of the [3+2] 

cycloaddition between benzynes and diazo compounds can be controlled by the presence at the 3-position of 

the benzyne intermediates of boryl or silyl substituents.11 
 

 
Scheme 1 

 

Dipolar cycloaddition between arynes and in situ generated nitrile imines from hydrazonoyl chlorides 

7 also provided 1H-indazoles12 (Scheme 2, Eq. (4)). An additional approach from hydrazones and benzyne 



4 
 

 

precursors 1 was recently reported (Eq. (5) and (6)).13,14 
N-Tosylhydrazones 9 in the presence of CsF and 

phase transfer catalyst TEBAC, yielded 3-substituted 1H-indazole 10 (Eq. (5)), whereas hydrazones 11 led 

to 1,3-disubstituted 1H-indazoles (Eq. (6)). Depending on the reaction conditions used, different mechanistic 

pathways were proposed. The indazole synthesis from 1 and N-tosylhydrazones 9 probably involved a diazo 

intermediate whereas the mechanism leading to 12 remained unclear. The preparation of 1H-indazoles from 

9 using CsF and TEBAC could also be performed from o-trimethylsilylaryl imidazolylsulfonates benzyne 

precursors.15 
 

 
Scheme 2 

 

Larock and co-workers also found that the reaction of 1,1-dialkylhydrazones such as 13 with benzynes 

afforded 1-alkyl-1H-indazoles 14, employing two different procedures indicated in Scheme 3.16,17,18 In both 

cases the reaction involved the formation of a cyclic intermediate 15.  
 

 
Scheme 3 

 

Diversely substituted 2H-indazoles 17 can also be synthesized by [3+2] cycloaddition between 

benzynes and sydnones 16 as 1,3-dipoles and subsequent extrusion of CO2 (Scheme 4).19,20 More recently, 

thiazolidine-derived sydnones were used in dipolar cycloadditions with benzyne to generate 

benzodiazafulvenium methides.21 These intermediates further reacted in [4+2] cycloaddition with 

maleimides to give 1,3-disubstituted-1H-indazoles or yielded 2,3-disubstituted-2H-indazoles after 

sigmatropic [1,8]H shifts. 
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Scheme 4 

 

Finally, the synthesis of 4,7-dihydroxy-1H-indazoles has been reported from phenol derivatives and N-

tosylhydrazones.22 The reaction involved a [3+2] cycloaddition of a benzoquinone intermediate formed in 

the presence of PIDA with the diazo intermediate derived from the tosylhydrazone in the presence of a base.  

 

2.3. From carbonylated benzenes and their hydrazone/oxime/imine derivatives 

The preparation of indazole from ortho-carbonylated aryl halides and hydrazines is a general route that 

was previously explored. New reaction conditions involving copper-catalyzed N-arylation of hydrazines and 

a following cyclization/condensation have been recently developed. For example, a variety of 1-alkyl- and 1-

aryl-1H-indazoles 20 were prepared using CuO as a catalyst from ketone or carboxylic acid derivatives 18 

and hydrazines 19 (Scheme 5, Eq. (9)).23 3-Hydroxy-1H-indazoles were obtained when  

o-halobenzoic acids 18 were used in this synthesis. More recently, another one-pot process led to a series of 

diversely substituted 1-arylindazole products 22 from o-carbonylated aryl bromides in the presence of CuI 

and 4-hydroxy-L-proline as a ligand (Eq. (10)).24 Similar palladium-catalyzed indazole synthesis from  

o-chlorobenzaldehyde has also been developed.25 
 

 
Scheme 5 

 

Ortho-carbonylated aryl halides were also used as starting materials to prepare the corresponding 

hydrazones, which were further used to synthesize indazoles. Following the work performed by Inamoto26 

and Venkateswarlu27 under palladium catalysis, copper iodide was used as a catalyst to afford 1-tosyl-1H-

indazoles 24 from (Z)-tosylhydrazones of o-bromoacetophenone derivatives. Products 24 were substituted at 

the 3-position by either methyl28 or aminomethyl29 groups (Scheme 6).  

 

 

Scheme 6 
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Interestingly, Bolm and co-workers showed that the synthesis of indazoles from Z-o-

bromoacetophenone tosylhydrazones could be carried out under copper-free conditions using DMEDA or 

trans-N,N’-dimethylcyclohexane-1,2-diamine and potassium carbonate in toluene at room temperature.30 

Other reports described the cyclization of arylhydrazones obtained from ortho-carbonylated aryl halides 

under copper or iron catalysis.31,32 

Recent advances have been made in C–H functionalization reactions using various ortho-directing 

groups. More particularly, different synthetic approaches for C–H amination/amidation reactions of 

benzophenone hydrazones were reported.33,34,35 The reactions afforded 3-aryl-1H-indazoles and have been 

performed under Pd-, Cu-, or Fe-catalysis (Scheme 7, Eq. (12), (13), (14)). 
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Scheme 7 

 

Besides these metal catalyzed C–N bond formation reactions, a transition-metal-free aerobic oxidative 

C–N coupling was recently reported.36 Thus, diversely substituted 1H-indazoles 30 were obtained from 

phenylhydrazones 29 derived from carbonylated aryl compounds. The proposed mechanism involves the 

formation of a nitrenium radical intermediate which undergoes intramolecular C–N bond formation (Scheme 

8).  
 

 
Scheme 8 

 

Stambuli and co-workers reported the synthesis of 1H-indazoles starting from o-aminobenzoximes 31 

which were selectively activated by methanesulfonyl chloride in the presence of the amino group (Scheme 9, 

Eq. (16) and (17)).37,38 The synthesis of N-aryl-1H-indazoles (32, R3 = Ar, Eq. (17)) was promoted by the 

use of 2-aminopyridine as a base, whereas triethylamine favored the formation of benzimidazoles.38 A 
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related indazole synthesis was recently published in which the oxime was activated by the use of 

triphenylphosphine, I2 and imidazole.39 No activating agent was required in the case of indazolization 

involving a o-dialkylaminobenzoxime prepared from the corresponding aldehyde and hydroxylamine 

hydrochloride.40 
 

 
Scheme 9 

 

Ortho-nitrobenzaldehyde imine derivatives can undergo reductive heterocyclization to afford 2H-

indazoles (Scheme 10). For example, a molybdenum-catalyzed preparation of 3-unsubstituted-2-aryl-2H-

indazoles 34 under microwave irradiation was recently reported (Eq. (18)).41 Among other recent methods 

described, a rhodium-catalyzed reductive heterocyclization of imines 35 led to a series of 2H-indazoles 36 

diversely substituted at the 2-position (Eq. (19))42, and the use of indium and iodine in the presence of the 

parent aniline led to 2-aryl-3-arylamino-2H-indazoles 37 (Eq. (20)).43 This indium-mediated reductive 

reaction was also reported as a one-pot procedure directly starting from benzaldehyde derivatives.43 

 

 
Scheme 10 

 

A novel three-components method for the preparation of 2H-indazoles has been reported from 2-

bromobenzaldehydes 38, primary amines and sodium azide under copper catalysis (Scheme 11, Eq. (21)).44 
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The proposed mechanism involves the imine formation, copper-catalyzed substitution of the bromine atom 

by the azido group and indazole formation from the 2-azidobenzylidene amine intermediate with extrusion 

of N2. Recently, it was shown that this three-component synthesis could be performed from either 2-

bromobenzaldehyde or 2-chlorobenzaldehyde in the presence of copper(I) oxide nanoparticles in 

polyethylene glycol.45 Analogous indazole preparations were also reported by Rao et al. from 2-

azidobenzaldehydes in the presence of CuI46 and by Driver and co-workers from (E)-2-azidobenzylidene 

methoxyamines 40 under FeBr2 catalysis (Eq. (22)).47 
 

 
Scheme 11 

 

2.4. From ortho-halobenzonitriles 

The access to 3-amino-1H-indazole derivatives is an important goal due to the potential biological 

activity of this scaffold. A general route to 3-aminoindazoles involves the reaction between 2-

halobenzonitriles and hydrazine via nucleophilic aromatic substitution and cyclization. However, many 

efforts have been devoted to improve the access to 3-aminoindazole derivatives from the same substrates, 

more particularly by the use of transition metals to catalyze the initial C–N bond formation.  

 

 
Scheme 12 
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Thus, 3-amino-1H-indazole derivatives 44 were obtained via a palladium-catalyzed arylation of 

benzophenone hydrazone with o-bromobenzonitriles 42, and subsequent acidic deprotection/cyclization 

sequence (Scheme 12, Eq. (23)).48 The authors also showed that the selective preparation of 1-alkyl-3-

amino-1H-indazoles could be performed by the N-alkylation of intermediate 43 prior to pyrazole nucleus 

formation. Using a CuBr-catalyzed coupling/condensation process from 42 and hydrazine derivatives 45 or 

47, Ma and co-workers obtained 3-amino-1H-indazole carbamates 46 or N1-aryl analogs 48 (Eq. (24) and 

(25)).49 

 

2.5. From azobenzene derivatives 

Azobenzene derivatives are useful for the preparation of 2H-indazoles when an electrophilic carbon 

atom such as a carbonyl group is present at the ortho-position. Thus, the preparation of acylated azobenzenes 

is an important field that was developed recently, using palladium-catalyzed C–H functionalization of 

azobenzenes.50,51,52 Subsequent reduction, using Zn/NH4Cl50,51 or Cu2Cl2/NaBH4
52, afforded the target 2H-

indazole ring system. For example, acylated azobenzene derivatives 50, prepared from 49 and aromatic or 

aliphatic aldehydes, produced 2-aryl-2H-indazoles 51 in the presence of Zn/NH4Cl in methanol50 (Scheme 

13, Eq. (26)).  
 

 
Scheme 13 

 

Another recent example involving azobenzene derivatives was reported by Lavis and Ellman (Eq. 

(27)).53 The authors described a one-pot preparation of 2H-indazoles 54 via a rhodium(III)-catalyzed ortho-

C–H bond addition of azobenzenes 52 to aldehydes. This coupling led to the generation of an alcohol 

intermediate 53 which produced 2H-indazoles after intramolecular nucleophilic substitution and 
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aromatization. Indazoles 54 substituted at the 2-position by a 4-hydroxy-3,5-dimethylphenyl group were 

subjected to an oxidative cleavage in the presence of ceric ammonium nitrate to provide the corresponding 

1H-indazoles. Another preparation of 2-aryl-2H-indazoles via azobenzene intermediates was also reported 

by Knochel and co-workers (Eq. (28)).54 2-Chloromethylaryl zinc reagents were prepared from compounds 

55 and added to phenyldiazonium salts. The proposed mechanism involves the formation of an azobenzene 

intermediate 56, bearing a chloromethyl group at the ortho-position, that cyclizes by intramolecular 

nucleophilic substitution at the benzylic carbon atom to give 2H-indazoles 57. 

Finally, it has also been shown that the carbonyl electrophile generated under acidic conditions from 

the ethyleneglycol acetal 58 can be attacked by the azo group to afford 2H-indazole 59 and 2-phenyl-1,2-

dihydroindazol-3-one 60 (Scheme 14).55 
 

 
Scheme 14 

 

2.6. From aryltriazenes 

The cyclization of o-alkynylphenyltriazenes is another access to 2H-indazoles that was previously 

reported.6 An extension of the work performed by Haley and co-workers involved the cyclization of o-

alkynylphenyltriazenes 61.56 Cu(I) or Rh(II) mediated cyclization and trapping of the carbene intermediate 

in different conditions yielded various 2H-indazoles 62 and 63 (Scheme 15, Eq. (30) and (31)). Recently, Yu 

and Huang described the preparation from o-alkynylphenyltriazenes of a series of 3-acyl-2-(piperidin-1-yl)-

2H-indazoles 65 under Cu(II) catalysis (Eq. (32)), whereas indoles were obtained by the use of silver 

acetate.57 The authors suggested that this Cu(II)-mediated indazolization would not occur via a carbene 

intermediate. 3-Benzoyl-1H-indazole was also obtained after oxidative cleavage of the piperidinyl group of 

compound 65 (R1 = H, R2 = Ph) using ceric ammonium nitrate. 
 

 
Scheme 15 
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Triazenylphenyl allylic alcohols 66 were also reported as starting materials for the preparation of 3-

alkenyl-2H-indazoles 67 (Scheme 16).58 The reaction was performed in the presence of dodecyl 

benzenesulfonic acid (DBSA). This work was extended by the removal of the pyrrolidine protecting group 

using Zn/AcOH to afford the corresponding 3-alkenyl-1H-indazoles.  
 

 
Scheme 16 

 

2.7. From ortho-nitrobenzylamines 

The cyclization of 2-nitrobenzylamines is another route to substituted 2H-indazoles that has been 

described. As previously reported by Kurth and co-workers, treatment of secondary 2-nitrobenzylamines in 

alcoholic potassium hydroxide solution led to 3-alkoxy-2H-indazoles.59,60 It was next shown that this method 

could serve for the preparation of indazol-3-ones.61,62,63 It was also reported that the use of DBU in 

anhydrous THF led to some 3-amino-2H-indazoles.64 
 

 
Scheme 17 
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Other authors showed that primary 2-nitrobenzylamines 68 could also cyclize in methanolic sodium 

hydroxide solution to afford 1-hydroxyindazoles 69 (Scheme 17, Eq. (34)).65 Another method involved the 

preparation of 3-acyl-2-alkyl-2H-indazol-1-oxides 72 and 2H-indazoles 73 on solid phase from 2-

nitrobenzenesulfonamide derivatives 70 (Eq. (35) and (36)).66 This procedure involved the formation of a 2-

nitrobenzylamine intermediate 71. The use of reductive conditions from 2-nitrobenzylamine derivatives was 

also reported to produce 2H-indazole derivatives. Thus, stannous chloride or low-valence titanium reagent in 

the presence of triethylamine led to 2-aryl-2H-indazoles (Eq. (37), (38)).67,68 Similar conditions using low-

valence titanium reagent from o-nitrobenzanilide produced 2-arylindazol-3-ones.69 

 

2.8. Miscellaneous 

N’-(o-bromobenzyl)acetylhydrazines were also used for the preparation of 2H-indazoles via a Cu(I) 

catalyzed amidation (Scheme 18 Eq. (39)),70 leading to a dihydroindazole product 77. 2-Aryl-2H-indazoles 

78 were obtained after acetyl cleavage and aromatization. Copper(I)-catalysis was also recently used for the 

cyclization of ortho-halobenzhydrazides such as 79 to yield 1-substituted indazol-3-ones 80 (Eq. (40)).71,72 A 

series of 1,2-disubstituted indazol-3-ones was also prepared under copper or palladium catalysis from the 

same type of substrate obtained by an Ugi reaction.73 
 

 
Scheme 18 

 

Hydrazines are an important source of nitrogen atoms for the formation of 1H-indazoles. Isomeric 2H-

indazoles were also prepared using hydrazines as the nitrogen source, from 2-chlorophenylacetylenes 81 

under palladium catalysis (Scheme 19).74 The reaction proceeds via a domino sequence involving a 

regioselective coupling of the hydrazine to the 2-chloroacetylene, hydroamination and isomerization to 2H-

indazole 82. 
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Scheme 19 
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Recently, Ott et al. revisited the preparation of 3-acylaminoindazoles via an oxadiazole intermediate 

(Scheme 20).75 A range of products were prepared without substitution at the N1 position. An extension of 

this methodology directly produced the target compounds from 2-amino-N-hydroxybenzamidine and ethyl 

esters under microwave irradiation. 
 

 
Scheme 20 

 

Another strategy leading to 3-aminoindazoles 86 has been developed in the absence of metal catalysis 

from hydrazine o-fluoroarylthioamide derivatives 85 that were prepared from the corresponding o-

fluorobenzoic acids (Scheme 21).76 
 

 
Scheme 21 

 

As indicated above, hydrazones have been used as directing groups for C–H amination/amidation 

reactions (Schemes 7 and 8). Similarly, alkyl benzenecarboximidates 87 have also been used as directing 

groups for the Rh(III)-catalyzed C–H activation/amidation using arylsulfonylazides (Scheme 22).77 The 

generated 2-(arylsulfonylamino)benzenecarboximidate intermediate 88 could subsequently afford 3-alkoxy-

1H-indazole 89 by N–N bond formation under Cu(II) catalysis.  
 

 
Scheme 22 

 

Besides the methods mentioned above for the preparation of diversely substituted 1H- or 2H-indazoles, 

some authors reported the formation of indazoles through various pathways. For example, 2H-indazoles 

were obtained via Masamune-Bergman cycloaromatization from 3,4-dialkynylpyrazoles.78 1H-Indazole was 

obtained in 82% yield from 2-aminobenzylamine under oxidative conditions by using H2O2/Na2WO4.
79 

Others reported the construction of the indazole moiety through photochemical transformation of 1,2-

dimethyl-2-(2-nitrophenyl)-2,3-dihydro-1H-perimidine80, pyrolysis of 2-aryl-1,2,3,4-tetrazoles81 or 

tetrazolo[1,5-a]quinazoline82, or rearrangement of aryliminodiaziridines.83,84 
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3. Kinase inhibitory potencies of various non-fused indazoles 

Indazole derivatives have been described as inhibitors of nearly all groups of protein kinases. Most of 

them interact within the ATP-binding pocket with the indazole moiety being involved in the molecular 

interactions with the targeted kinase. One of the most difficult challenges to address in the development of 

kinase inhibitors is the selectivity in regards to the entire kinome, especially for ATP-competitive ones. 

However, as it will be developed in the following paragraphs, various indazole-containing compounds, 

identified either by rational approaches or high throughput screenings, showed interesting selectivity 

profiles. Due to the high number of articles in this field of interest, this review is limited to non-fused 

indazole derivatives reported in the non-patent literature, published from 2010 to 2013. 

 

3.1. Inhibitors of the AGC group 

Several groups have recently reported their effort to identify new potent and selective inhibitors of 

AKT (PKB), a serine/threonine kinase that is involved in a major cellular signalization pathway: PI3K/AKT 

(Figure 2). 
 

 
Figure 2. Structures of indazoles showing interesting inhibitory potencies toward protein kinases  

belonging to the AGC group. 
 

Based on the differences observed in the aminoacid sequence around the gatekeeper residue between 

two members of the AGC group, AKT and ROCK1, AKT selective inhibitors have been designed by 

GlaxoSmithKline researchers.85 The most active compound of the series (90, Figure 2) demonstrated an 

excellent activity toward AKT1 with an IC50 value of 0.0008 µM and an improved selectivity in regards to 

ROCK1. Compound 91, described by Amgen group was also identified as an AKT1 inhibitor with a 
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moderate selectivity showing an IC50 value of 6 nM, 108 nM and 24 nM toward AKT1, PKA and CDK2, 

respectively.86 Compound 92 (PrIDZ) coming from a chemical genetic approach exploring the conserved 

gatekeeper residue across the kinome showed an excellent selectivity when tested toward 191 human wild 

type kinases and disease mutants with IC50 values in the nM range for targeted AKT variants.87 

Phosphoinositide-dependent protein kinase-1 (PDK1) is an AGC member also involved in a cellular 

pathway (PI3K/AKT/mTOR) that is frequently deregulated in human cancer. Thus, numerous projects are 

devoted to the identification of PDK1 inhibitors. An aminoindazole derivative, compound 93 (GSK2334470, 

Figure 2), was reported as a potent and selective PDK1 inhibitor showing an IC50 value of 15 nM. The 

analysis of the X-ray co-crystal structure of 93 with PDK1 demonstrated that the aminoindazole moiety is 

directly involved in the binding interactions within the ATP-binding site.88,89 

Due to the relevance of the RHO/ROCK pathway as cellular target for various diseases (e.g. 

cardiovascular, cancer, diabetes, nervous system disorders…), an increasing effort was devoted to the 

identification of ROCK inhibitors. Some of them showing an indazole moiety were already reviewed in a 

recent paper90 and are not mentioned here. Compound 96 (DW1865, Figure 2) discovered by a rational 

strategy is a selective ROCK inhibitor with IC50 of 0.02 µM and 0.10 µM toward ROCK2 and ROCK1, 

respectively. Molecular modeling experiments showed that the indazole moiety participates in the interaction 

within ROCK ATP-binding site.91 Abbott laboratories also reported ROCK inhibitors. Compounds 97 and 

98 (Figure 2) can exemplify these series obtained by [2+3] cycloaddition reactions in a parallel synthesis 

approach. These compounds were multi-kinase inhibitors with 0.006 µM and 0.015 µM Ki values toward 

ROCK2, respectively, and also inhibited GSK3β (97 and 98) and Aurora 2 (98).92,93 

S6K1 (p70 S6 kinase-1) is also an interesting target due to its importance in obesity. Pfizer researchers 

have reported an indazole derivative (94, Figure 2) as a potent and selective S6K1 inhibitor (IC50 = 52 nM) 

showing reliable physicochemical properties. In the plausible pharmacophore model described, the indazole 

moiety was found to be involved in H-bonds formation with S6K1 hinge region.94 

To finish this part relative to the inhibition of the AGC kinases group, a new approach of fragment-

based ligand design targeting the development of a reversible covalent inhibitor was applied to the 

MSK/RSK kinase family. Compound 95 (Figure 2) was designed to allow the formation of a covalent bond 

with a RSK2 non-catalytic cysteine residue by 1,4-addition of the thiol group to the cyanoacrylamide part of 

the inhibitor.95 The indazole moiety was involved in the hydrogen bonding of 95 and RSK2. Compound 95 

found to be a reversible covalent inhibitor of RSK2 exhibited a high ligand efficiency (IC50< 2.5 nM) and a 

good selectivity toward a panel of 26 kinases. 
 

3.2. Inhibitors of the CAMK group 

CAMK group also contains kinases that constitute interesting cellular targets to identify new drugs for 

various pathologies. For example, due to the relevance of targeting serine/threonine Pim kinases in cancer, 

that unlike others are constitutively active,96 several groups reported indazole derivatives as PIM inhibitors. 

Compound 99 (Figure 3) is a potent and selective inhibitor of Pim kinases (IC50 PIM-1 = 3 nM, PIM-2 = 

1160 nM, PIM-3 = 13 nM) which was identified after a rational optimization strategy from an indolic 

analogue.97 Like previously mentioned for other kinase inhibitors containing an indazole ring system, this 

part of 99 is involved in the hydrogen-bonding with the targeted kinase ATP-binding site. Due to the 
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potential interest of 99, particularly toward PIM-1, a 11C-methoxy radiolabelled analogue was synthesized 

and described as a new positron emission tomography (PET) probe for Pim-1 kinase imaging.98 

 MK2, a serine/threonine kinase, is required for tumor necrosis factor-α production and thus is an 

interesting target for rheumatoid arthritis and related autoimmune diseases. The structure-based optimization 

of 2,4-diaminopyrimidines allowed the identification of compound 100 (Figure 3) as a potent MK2 inhibitor 

with an IC50 value of 19 nM. However, only a moderate selectivity was observed when 100 was evaluated 

toward a panel of 79 kinases.99 Finally, for this kinase group, Merck research laboratories showed that 

compound 101, identified from an automated ligand identification system (ALIS), is a potent inhibitor of 

CHK1 (IC50 = 3 nM) with a good selectivity for CHK1 over CDK2. Nevertheless, the replacement of the 

indazole moiety by a methoxyoxindole part led to a compound with a better selectivity profile.100 

 

 
Figure 3. Structures of indazoles showing interesting inhibitory potencies toward protein kinases  

belonging to the CAMK group. 
 

3.3. Inhibitors of the CMGC group 

A number of indazole derivatives have been reported as inhibitors of c-Jun N-terminal kinases (JNKs), 

CMGC group members that are implicated in various pathologies such as central nervous system, 

cardiovascular, metabolic and inflammatory disorders. In a review describing small molecules that inhibit 

JNK, compound 102, with an IC50 value of 3 nM, was introduced as a selective JNK3 inhibitor compared to 

JNK1 and p38α (Figure 4).101 A potent and selective JNK dual inhibitor was designed using a NMR 

fragment-based drug discovery and structure-based design approach combination. Bidentate derivative 103 

(Figure 4) potently inhibited both JNK kinase activity (IC50 = 18 nM) and JNK substrate binding (IC50 = 46 

nM). Moreover, compound 103 also inhibited JNK in various cell-based experiments and in vivo.102 Another 

successful example of bidentate dual inhibitor design strategy allowed the identification of 104 (Figure 4) as 

a non peptidic inhibitor of JNK3/LRRK2 with IC50 values of 12 nM and 99 nM, respectively, that targets 

ATP and protein interaction sites.103 Altogether, these results demonstrated that the development of dual-

kinase inhibitors targeting both ATP and substrate specific binding regions could lead to improved potency 

and selectivity. Thus, this rational approach will certainly find broad applications in the future. Roche Palo 

Alto laboratories also used a structure guided design approach to identify compound 105 (Figure 4) as a 

potent JNK1 and JNK2 inhibitor with IC50 values of 6 nM and 17 nM, respectively.104 However, 105 was not 

retained as the lead compound of the series due to lower physicochemical and pharmacokinetic properties 

when compared to its indolic analogue. Lastly, indazole 106 (Figure 4) was identified as a JNK3 inhibitor 

(IC50 = 40 nM) after optimization of a pyrazole derivative discovered by high throughput screening.105 
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CDKs are members of GMGC group that are involved in the regulation of cell cycle and transcription. 

A program aiming at identifying novel CDK inhibitor classes led to compound 107 (Figure 4) showing sub-

micromolar Ki values: 0.053 µM and 0.017 µM toward CDK1/CyclinB and CDK9/CyclinT1, respectively. 

Moreover, compound 107 reduced the level of Mcl-1 anti-apoptotic protein, activated caspases 3/7 and 

induced cancer cell apoptosis.106 
 

 
Figure 4. Structures of indazoles showing interesting inhibitory potencies toward protein kinases  

belonging to the CMGC group. 
 

As tau hyperphosphorylation has been identified as a major hallmark in Alzheimer’s disease and 

glycogen synthase 3β (GSK3β) is an enzyme that phosphorylates tau, the inhibition of GSK3β appeared as 

an interesting target to discover new therapies for this neurodegenerative disease. Thus, Sanofi-Aventis 

group identified indazole 108 (IC50 = 12 nM) as a potent and selective inhibitor of GSK3β after optimization 

of a compound coming from high throughput screening approach (Figure 4). Indazole moiety is directly 

involved in the hydrogen bonding of 108 7-fluoro analogue and GSK3β hinge region.107 

To end up with this group of kinases, deregulation of CK2 has been associated with cancer, 

inflammatory disorders, pain and viral infections indicating a wide domain of application for CK2 inhibitors. 

Therefore, Toray industries reported indazole derivative 109 (Figure 4) as a potent CK2 inhibitor with an 

IC50 value of 9.3 nM.108 

 

3.4. Inhibitors of the STE group 

The Ras/Raf/MEK/ERK (MAPK) signaling pathway is involved in the regulation of cell survival, 

growth, differentiation and proliferation. Mutation of B-Raf (B-RafV600E) has been reported as an important 
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feature in the development of cancer. Thus, the identification of B-Raf mutant inhibitors received 

considerable attention. Indazolylpyrazolopyrimidine 110 (Figure 5) was identified as a potent B-Raf 

inhibitor (IC50 = 0.16 nM) with in vivo activity against tumor driven by B-Raf mutation. Again, molecular 

modeling experiments showed that the indazole moiety is highly involved in the hydrogen bonding within B- 

Raf ATP-binding pocket.109 Another B-Raf inhibitor, 111 (IC50 = 4.2 nM, Figure 5), was identified by 

optimization of compounds in which indanone-oxime moieties were replaced by more metabolically stable 

groups like indazole.110 Compound 112 (G-894, Figure 5) was identified as a novel allosteric mitogen-

activated protein kinase (MEK) inhibitor (IC50 = 13 nM) using a computer-aided drug design approach. This 

compound is non-ATP competitive with its indazole ring system establishing a bidentate interaction with 

MEK1 Ser212 residue. Moreover, 112 is orally active in vivo in tumor xenograft models.111 

Tpl2 kinase is another STE member that has become an interesting target for the treatment of 

rheumatoid arthritis. A high throughput screening identified indazole 113 as a potent Tpl2 inhibitor (IC50 = 

0.047 µM) with good cellular potency. Molecular modeling studies indicated that the indazole ring system is 

hydrogen-bonded with the hinge region of Tpl2.112 

 

 
Figure 5. Structures of indazoles showing interesting inhibitory potencies toward protein kinases  

belonging to the STE group. 
 

3.5. Inhibitors of the TK group 

Tyrosine kinases are divided into two categories: the receptor tyrosine kinases (RTKs) that contain a 

transmembrane domain and the non-receptor tyrosine kinases. A number of indazoles have been identified as 

potent inhibitors of various RTKs. Members of the RTK family (e.g. VEGFR, PDGFR, EphB4 receptors) 

are involved in angiogenesis and thus are interesting targets to reduce cancer growth and metastasis. 

Compound 114 (ABT-869, Figure 6) is a multitarget RTK inhibitor (IC50 KDR = 4 nM, PDGFRβ = 2 nM, 

FLt3 = 4 nM, CSF-1R = 7 nM) that reduce tumor vascularization in preclinical models.113 The use of a de 

novo structure-based identification process allowed the identification of compound 115 (JK-P5, Figure 6) as 

the best in vitro multi-tyrosine kinase inhibitor of the JK-P series (IC50 VEGFR2 = 7.28 µM, FGFR1 = 11.4 

µM, FGFR3 = 3.21 µM). However, due to reduced cellular activities, when compared with a pyrazole 

analogue, 115 was not deeply studied.114 The in silico virtual screening of a library of 90 [1-(substituted)-

1H-[1,2,3]-triazol-4-yl]-methyl-3-[3’-(chloromethyl)phenyl]ureas led to compound 116 (VH02, Figure 6) as 

the most promising VEGFR2 inhibitor of the series (IC50 = 0.56 µM) showing antiangiogenic effect in 

cellular assays. The proposed binding mode showed the formation of two hydrogen bonds between 116 
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indazole moiety and VEGFR2 active site.115 AstraZeneca group characterized compound 117 (Figure 6) as a 

potent EphB4 inhibitor (IC50 = 0.0013 µM) with good cellular activity and pharmacokinetics. Thus 117 

could represent an interesting molecular tool to further study the scope of EphB4 inhibitors in vivo.116 

The resistances coming from frequent mutations observed in cancer cells are one of the main 

limitations for the use of kinase inhibitor in clinics. Thus, the development of inhibitors that are designed to 

avoid interaction with the residues that are known to be commonly mutated (e.g. the gatekeeper residue) 

could be of high interest. Consequently, a structure-based drug design approach was used to prepare 

aminoindazole derivatives 118 and 119 (Figure 6) that were found to highly inhibit FLT3 and PDGFRα-

T674M mutant (118, EC50 FLT3 = 0.005 µM, PDGFRα-T674M = 0.017 µM; 119, EC50 FLT3 = 0.002 µM, 

PDGFRα-T674M = 0.001 µM).117 

 

 
Figure 6. Structures of indazoles showing interesting inhibitory potencies toward protein kinases  

belonging to the TK group (RTK). 
 

EGFR are other growth factor receptors that are depicted as relevant cellular targets for cancer 

therapies. Several protein kinase inhibitors containing a quinazoline scaffold have already reached the 

market (e.g. Gefitinib, Erlotinib, Lapatinib). Thus, new quinazoline derivatives were synthesized to identify 

new EGFR inhibitors which could overcome the resistance to approved drugs that appeared recently. In this 

series, compound 120 (Figure 6) was the most potent one with an indazole moiety (IC50 = 0.12 µM).118 
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Compound 121 (Figure 6), obtained from a parallel synthesis program aiming at the identification of 5-

diversely substituted indazoles with kinase inhibitory potency was found to be a potent and selective EGFR 

inhibitor (Ki = 0.008 µM).92 Last compound of this section, focused on RTK inhibitors containing an 

indazole ring, is 122 that is active toward c-Met with an IC50 value of 0.17 µM.119 

As mentioned above, the second category of TK includes non-receptor tyrosine kinases. Some of them, 

like Janus protein tyrosine kinase family (JAK) that are involved in JAK/STAT signaling pathway or Spleen 

tyrosine kinase (SYK) are valuable targets for the treatment of inflammatory, myeloproliferative and 

autoimmune diseases. Using a structure-based drug design strategy, Abbott laboratories described  

3-aminoindazoles 123 and 124 (Figure 7) as low nanomolar ATP-competitive inhibitors of JAK family 

(TYK2, JAK1, JAK2, JAK3). Moreover, X-ray crystal structure of both compounds in complex with Tyk2 

demonstrated that indazole moiety is directly involved in the binding of 123 and 124 within TYK2 ATP-

binding site.120 Once more using a structure-based design approach, compound 125, whose carboxamido-

substituted indazole moiety is supposed to be involved in the binding with the hinge region, was identified as 

a potent JAK kinase inhibitor with JAK1 selectivity over other JAK isozymes, particularly over JAK2.121  
 

 
Figure 7. Structures of indazoles showing interesting inhibitory potencies toward protein kinases  

belonging to the non-receptor tyrosine kinase group. 
 

Starting from pyrrolopyrazine scaffolds previously identified as SYK/JAK kinase inhibitors, after 

rational design based on X-ray crystal structure analysis, compound 126 (Figure 7), a potent and selective 

SYK inhibitor was obtained (IC50 = 4 nM).122 

Finally, another non-receptor TK member, Interleukin-2 inducible T cell kinase (ITK) has been found 

to be inhibited by indazole containing compounds. ITK is considered as an interesting therapeutic target for 

T cell-mediated diseases. Thus, Herdemann and co-workers described 3-substituted indazole derivatives 

(e.g. compounds 127 and 128) with sub-micromolar potencies toward ITK. Moreover, in the putative 

binding model proposed and based on molecular modeling studies, indazole moieties are supposed to be 

directly hydrogen-bonded within ITK hinge region.123,124  

 

3.6. Inhibitors of other kinases 

This section is devoted to the kinases (protein kinase, hexose kinase, lipid kinase) that are either 

classified as atypical, other or non-classified. Phosphatidylinositol 3-kinase (PI3K) is involved in the 
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PI3K/AKT/mTOR signaling pathway that regulates various cellular functions such as survival, proliferation, 

cell motility and invasion. Uncontrolled activity of PI3K isoforms has been reported in various pathologies 

including cancer, autoimmune and cardiovascular diseases. Thus, the development of PI3K inhibitors is of 

high interest. Compound 129 (Figure 8) was identified as a multi-kinase inhibitor targeting 

PI3K/AKT/mTOR pathway with an IC50 of 0.36 µM toward PI3Kα. The results obtained by molecular 

modeling indicated that the indazole ring system participated in the hydrogen bonding interactions within 

PI3Kα ATP-binding site. Moreover 129 showed a good selectivity profile when tested against a panel of 314 

kinases.125 Another PI3K inhibitor, 130 (Figure 8, IC50 = 0.44 µM), was discovered using a rational design 

approach undertaken to optimize a potent pyridofuropyrimidine PI3K inhibitor that had low water solubility 

and was too rapidly cleared from plasma.126 Structure-based optimization of a hit compound identified by 

high throughput screening led to 131 (Figure 8) which exhibited a better bioavailability than the parent 

compound and an IC50 value of 0.0068 µM toward PI3Kα.  
 

 
Figure 8. Structures of indazoles showing interesting inhibitory potencies toward PI3K. 

 

Once again, the indazole part of 131 participated in the binding with the biological target.127 Finally, 

compound 132 (Figure 8) was designed as an isoform-selective targeted covalent PI3Kα inhibitor. This 

compound covalently binds a cysteine residue that is only present in α isoform and specifically inhibits 

signaling in PI3Kα-dependent cancer cell lines (EC50< 100 nM). N Therefore, 132 is an interesting 

molecular tool to further study PI3Kα cellular implications.128 

Ketohexokinase (KHK) is involved in the regulation of dietary sugar metabolism and thus, represents 

an interesting target to treat obesity and diabetes. Another rational approach using fragment-based drug 

design successfully conducted to 133 (IC50 = 330 nM, Figure 9) as a KHK inhibitor showing interesting 

selectivity and pharmacokinetic profiles.129 

Aurora kinase family is involved in cellular mitosis regulation. Moreover, Aurora A and B have been 

found over-expressed in many tumor types. Therefore, the inhibition of these kinases is interesting to 
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develop new antitumor therapies. However, Aurora B has been described as a more valuable target for 

cancer therapy. Thus, an optimization strategy was applied to an indazole scaffold with the aim to identify 

potent and selective Aurora B inhibitors. The most selective of the series was compound 134 (IC50 Aurora A 

= 1.9 µM, Aurora B = 0.099 µM, Figure 9) showing an almost 20-fold selectivity for Aurora B in 

comparison to Aurora A. Molecular modeling studies indicated that the indazole moiety is part of the 

hydrogen bonding interactions of 134 within Aurora B ATP-binding site.130 

 

 

Figure 9. Structures of indazoles showing interesting inhibitory potencies toward other protein kinases. 
 

Serine/threonine Polo-like kinases (PLK) are important regulators of the mitotic progression. PLK4, 

the most distinct and less studied member of the family, recently emerged as an attractive target for cancer 

therapies. Compound 135 (CFI-400437, Figure 9) was identified as a potent and fairly selective PLK4 

inhibitor by rational optimization of a phenolic analog identified from a virtual screening strategy. 

Moreover, when tested in a breast cancer cell mouse xenograft model, the optimized compound exhibited in 

vivo efficacy illustrating the relevance of PLK4 inhibitors in this field.131 

Monopolar spindle 1 (Mps1), also called TKK, is a dual kinase that phosphorylate both tyrosine and 

serine/threonine residues. Due to its essential role in centrosome duplication, mitotic checkpoint signaling 

and maintenance of chromosomal instability, Mps1 is a promising target for cancer therapeutics. A rational 

design optimization process based on a pan-kinase inhibitor showing a anthrapyrazolone scaffold allowed 

the identification of 136 (IC50 = 10.4 nM, Figure 9), a potent and selective Mps1 inhibitor with improved 

cellular potencies when compared with previous lead compound.132 

 

4. Conclusions 

Various heteroaromatic derivatives containing indazole scaffolds were identified as kinase inhibitors 

using both rational and large screening approaches. In most cases, the indazole moiety is strongly implicated 

in the hydrogen bonding interactions within the targeted protein kinase. Some of them represent druggable 
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kinase inhibitors with good pharmacokinetic profiles and therefore are useful molecular tools to further 

study the cellular implications of the inhibited kinase and/or offer new perspective for therapies. Therefore, 

in recent years, much effort have been devoted to the development of novel synthetic approaches to 

diversely substituted 1H- or 2H-indazoles. Thus, a diversity of indazole syntheses has now been reported, 

offering new opportunities to the preparation of novel biologically active indazole derivatives. 

In conclusion, the increasing number of papers that reported new indazole derivatives as kinase 

inhibitors demonstrated that this research field of great interest is still in full expansion, as attested for 

example by a recent article describing the preparation of new derivatives of Pazopanib in order to reduce the 

side-effects observed in clinics.133 As recently mentioned, the next challenges to get over in the discovery of 

new generation kinase inhibitors are the decrease of side effects, the overcoming of drug resistance and the 

development of kinase inhibitors useful in other diseases than cancer. Different ways are under consideration 

to solve these issues such as the improvement of kinase inhibitor selectivity, the development of irreversible 

inhibitors, the targeting of mutant kinases rather than wild type ones and the enlargement of the panel of 

kinases for which inhibitors are described (e.g. lipid kinases).134,135 Due to their great potential, indazole 

derivatives will certainly have an important role to play in the further developments coming in the field of 

kinase inhibitor discovery. 
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