Indazoles in Drug Discovery
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This may provide improved affinity to the target protein. Indazole is a
privileged scaffold for many kinase inhibitors, presumably forming pivotal
interactions with hinge residues.

Indazole is important in at least three major areas in medicinal chemistry.
a. Indazole is a good bioisostere for phenol. Generally speaking, phenol’s
heterocyclic bioisosteres, including indazole, tend to be more lipophilic and
less vulnerable to phase I and II metabolism in comparison to phenol. b.
Indazole is a privileged fragment in fragment-based drug discovery
(FBDD). c. Indazole has proven to be a privileged scaffold in scaffold
hopping exercises, especially for protein kinase inhibitors.

Indazole-containing Drugs
There are about six indazole-containing drugs on the market. Several azaindazole-containing drugs have also gained regulatory approval. 1HIndazole bendazac (1) is an old non-steroidal anti-inflammatory drug
(NSAID). Bendazac (1) and its main metabolite, the 5-hydroxyl derivative,
provide antioxidant effects as scavengers of oxygen-derived free radicals.
Bendazac lysine salt as an anti-denaturant is nowadays used as an eye
drop to treat cataracts. Benzyldamine (2), a bendazac (1) analog, is also
an NSAID used for treating cataracts. The third analog, lonidamine, has
only been explored at the preclinical stages. Roche’s granisetron (Kytril,
3), a serotonin 5-HT3 receptor antagonist used as an antiemetic to treat
nausea and vomiting following chemotherapy, has a 1H-indazole core
structure. Pfizer’s axitinib (Inlyta, 4), also a 1H-indazole, is a dual vascular
endothelial growth factor receptor (VEGFR) and platelet-derived growth
factor receptor (PDGFR) inhibitor.
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GSK’s pazopanib (Votrient, 5), a 2H-indazole, is a VEGFR and c-Kit
inhibitor. Tesaro’s poly(ADP-ribosyl) polymerase

(PARP) inhibitor

niraparib (Zejula, 6) is also a 2H-indazole

PBLJ4018
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Indazoles in Drug Discovery

Indazole has been used in at least three major areas in drug discovery:
(a) as the biostere for phenol and indole, (b) as a fragment for fragmentbased drug discovery (FBDD) in drug discovery, and (c) as a scaffold in
scaffold hopping.
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a. Indazole as a bioisostere of phenol

Back in the 1980s, Schering–Plough reported the discovery of the first
high-affinity and selective D1/D5 antagonist SCH 23390 (7). However,
benzazepine 7 was inactive in rhesus monkeys with a very short duration
of action. Pharmacokinetic (PK) evaluation revealed that extensive Oglucuronidation of the phenol and N-dealkylation of the N–Me group in
PBN20121458

vivo may have contributed to its poor PK profile. Schering–Plough chose
to replace the metabolically problematic phenol with indazole and other
heterocycles with hydrogen bond donating NH functionality. Generally
speaking, phenol’s heterocyclic bioisosteres tend to be more lipophilic and
less vulnerable to phase I and II metabolism in comparison to phenol itself.
Indeed, indazole analog 8 began to show improved PK profile although it
was tested about ten-fold less potent than SCH 23390 (7). As a testimony
to the importance of the hydrogen bond donating NH functionality,
methylated indazole 9 had significantly decreased (6x) affinity for the D1
receptor.1
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Lymphocyte-specific protein tyrosine kinase (Lck) is a member of the Src
family of tyrosine kinases and Lck inhibitors may offer an approach to treat
T cell-mediated inflammatory disorders. One of GSK’s Lck inhibitors,
phenol 10, was potent with an IC50 value of 8.5 nM in an Lck biochemical
assay. In the docking model, the oxygen of phenol 10’s 5-hydroxyl group is
2.3 Å away from the backbone NH of Lck’s Asp 382, indicating that the
oxygen here serves as a hydrogen bond acceptor. Meanwhile, the phenol’s
hydrogen is 2.7 Å away from the side-chain of Glu288, implying that either

PBLJ3576

Glu288 moves closer when the compound binds or that a water-mediated
interaction is present. Unfortunately, phenol 10 has a poor pharmacokinetic
profile, exhibiting high clearance, short half-life, and low oral bioavailability.
This is not all that surprising since phenols are prone to phase I and II
metabolism.2
Indazole as an isostere for phenol again proved to be fruitful here and
phenol 10’s indazole analog 11 was tested potent with an improved protein
kinase selectivity profile. Docking modeling indicated that their hydrogen
bonding vectors mimic each other very closely, maintaining the direct
interaction with Asp382 and the direct or water-mediated hydrogen bond to

PBGJ2055

Glu288. More importantly, indazole 11 demonstrated superior PK profile for
both IV and p.o. routes of administration with a 25% oral bioavailability,
(F %), whereas the value for phenol 10 was 0%.2
Phosphatidylinositol 3-kinases (PI3K) play a central role in a broad cellular
functions including cell growth, proliferation, differentiation, survival, and
intracellular trafficking. Gilead’s PI3Kδ selective inhibitor idelalisib (Zydelig)
was approved in 2014 and Bayer’s pan-PI3K inhibitor copanlisib (Aliqopa)
in 2017.
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Using Hayakawa’s 4-morpholino-2-phenylquinazoline PI3Kα p110αα
inhibitors as a starting point,3a Genentech arrived at phenol 12. But its
bioavailability was low in mouse and rat, even though it displayed
enhanced metabolic stability in human and mouse microsomes. Again, this
is mainly due to O-glucuronidation of the phenol group. The metabolic
liability was addressed once again by employing the indazole isostere. At
the end, indazole 13 (GDC-0941, pictilisib) was not only potent and
selective for PI3Kα over PI3Kβ, δ, and γ subtypes, but also exhibited
acceptable oral bioavailability in all species tested. The crystal structure of
13 bound to p110α revealed that the two nitrogen atoms on indazole are in
hydrogen bonding distance to the phenol oxygen of Tyr867 and the carbonyl
group of Asp841. Pictilisib (13) was advanced to phase I and II clinical trials
but is no longer progressing at the moment.3b
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The Ras-MAP kinase pathway has been implicated in tumor progression
for a variety of human cancers. The Raf kinases, which are components
of this cascade, are serine/threonine kinases that activate MEK1/2.
Mutant B-Raf containing a V600E substitution (where B-Raf protein’s
600th amino acid valine is replaced by glutamic acid) causes aberrant
constitutive activation of this pathway and has high occurrence in several
human cancers. Three B-Raf kinase inhibitors have been approved by the
FDA to treat cancer: vemurafenib (Zelboraf, 2011), dabrafenib (Tafinlar,
2013), and encorafenib (Braftovi), with vemurafenib (Zelboraf) being the
first marketed drug that was discovered employing fragment-based drug
discovery (FBDD) strategy.
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Phenol 14 is a B-raf inhibitor (IC50, 0.3 nM). Bioisosterism was deployed
PharmaBlock Products

to address the potential metabolic soft spot posed by the phenol. Although
replacing the phenol functional group with hydrogen bond acceptors, not
surprisingly, did not work (low potency), isosteric substitution with
hydrogen bond donors offered indole 15 (IC50, 36 nM) and indazole 16
(IC50, 2 nM), respectively, that were active. More important, 16 potently
inhibited cell proliferation at sub-micromolar concentrations in the B-Raf
V600E human melanoma cell lines A375 and WM266. Subsequent
docking suggested that the indazole N and NH form two hydrogen bonds

PB02051

with B-Raf’s Glu501 and Asp594, respectively. This exercise demonstrated
again that indazole is an effective isostere for phenol.4
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b. Indazole as a fragment in FBDD
PB05379
In the field of kinase inhibitors, indazoles and azaindoles, among many
heteroarenes, have been fruitful fragments in FBDD.
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Screening “lead-like” fragment library with an average molecular weight
160 provided fragment bromoaminoindazole 17 as a JAK-2 inhibitor with
an IC50 value of 40.9 μM. The co-crystal structure of indazole 17 and JAK2
revealed that they make two hydrogen-bonded contacts with the hinge
residues Glu930 and Leu932, respectively. Guided by X-ray co-crystal
structures, structureactivity relationship (SAR) investigations led to
aminoindazole 18 with an IC50 value of 78 nM while maintaining a 0.41
ligand efficiency (LE = RTlnIC50/HAC, HAC = heavy atom count) value.5

PBTQ8468

Also in the JAK arena, fragment hit 19 was obtained from screening a
kinase-targeted library of 500 fragments against JAK2 at a single
PB02053

concentration of 100 μM. Similar to that of bromoaminoindazole 17, the
co-crystal structure of indazole 19 and JAK2 revealed that they make two
hydrogen-bonded contacts with the hinge residues Glu930 and Leu932 as
well. Growing fragment hit 19 by installing a phenol moiety at the 6position afforded greatly improved potency. Fine-tuning the substituents
on the phenol and sulfonamide moieties gave rise to “lead-like” indazole
20.6
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It has been observed that subtle changes in the chemistry of a fragment
PharmaBlock Products

can induce a change in compound orientation in the crystal structure with
the target protein. The crystal structure of fragment 21 and heat shock
protein-90 (Hsp90) showed that they interact via hydrogen bonds of both
nitrogen atoms to Asp93 and the conserved water molecule. Interestingly,
an identical interaction pattern was found for the phenolic OH group of
fragment 22, but not its indazole NH! Similar phenomenon was observed
for hydroxyindazole fragments before.7 The reversed orientation might be
influenced by the substitution pattern of the hydroxyindazole core as the

PBLJ4102

cyclohexyl ring of fragment 22 is bound in the lipophilic pocket of the
helical form. In contrast, this lipophilic pocket is not addressed by fragment
21, but its phenolic substituent forms -interactions to Met98 toward the
solvent entrance of the ATP-site. In due course, SAR investigations via
fragment elaboration/decoration led to the discovery of a series of
hydroxy-indazole-carboxamides as potent Hsp90 inhibitors. Compound
23, for example, possessed significantly improved affinity and antiproliferative effects in different human cancer cell lines as demonstrated
by cell viability assays.8

PBLJ4077
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Fragment 24 was obtained from an Aurora kinase A inhibition assay.
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Docking studies indicated that the N1-H on 24 formed hydrogen bond with
the carbonyl of Glu211, whereas the N2 atom is hydrogen bonded to the
backbone of Ala213. Subsequent in silico FBDD approach identified aryloyl
analog 25 with the highest ligand efficiency (LE). Eventually, knowledgebased drug design provided inhibitor 26, which had 60-fold improvement
in potency over 25. Molecular docking analysis of 26’s binding information
revealed that its indazole core forms hydrogen bonds with the hinge
residues Glu211 and Ala213 as in the case for fragment 24.9
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Indazole 27 was generated via an in silico high throughput screen (HTS)
as an Unc-51-like kinase 1 (ULK1) inhibitor. Docking analysis indicated
that the indazole ring system makes two hydrogen bond interactions with
the amide backbone of the hinge region, specifically Glu 93 and Cys95.
Subsequent structure-guided rational drug design produced ULK1
inhibitor 28, which had not only increased activity against ULK1, but also
showed certain stability in human microsomes with negligible CYP
inhibition.10
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Indazole 30, as a covalent epidermal growth factor receptor (EGFR)
inhibitor was obtained employing hit compound pyrazole 29 as the
starting point. It showed a strikingly increased inhibitory effect on the
drug-resistant mutant of EGFR. Structurally, as a hinge-binding
element, the indazole scaffold provided suitable chemical and spatial
features to accommodate the space between the hinge region and
the gatekeeper residues, without suffering from steric clashes with the
methionine side chain. Additionally, the indazole moiety played a
prominent role in forming hydrogen bonds with the peptide backbone
of residues Glu339 and Met341. The phenyl part of the indazole

PBLJ3246

furnished a favorable hydrophobic gatekeeper interaction, resulting in
improved protein–ligand interactions.11
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c. Indazole in scaffold hopping
PharmaBlock Products
At least five non-nucleoside HIV reverse transcriptase inhibitors
(NNRTIs) are now on the market to combat HIV/AIDS. But HIV can
become resistant to any single antiretroviral drug so combination of
drugs is required. On the other hand, a single drug with features of two
drugs may offer advantages against the clinically relevant mutations of
reverse transcriptase, particularly K103N and Y181C. Using molecular
PB00574

hybridization based on crystallographic overlays of efavirenz (Sustiva,
31) and the second-generation NNRTI capravirine 32, a series of
indazoles, as represented by 33, were discovered as novel NNRTIs
with excellent metabolic stability and mutant resilience. 12

PB00644

Bridging Molecules for Innovative Medicines

13

Bi-phenyl 34 was a reasonably potent bradykinin B1 (BB1) receptor
PharmaBlock Products

antagonist, but it suffered from a high permeability glycoprotein (Pgp)
directional transporter ratio (it is considered high if the ratio is higher
than 2.5). Scaffold hopping gave rise to a series of phenyl-indazoles
as novel BB1 receptor antagonists. Compound 35 in the series showed
acceptable Pgp ratio and rat pharmacokinetic profile.13
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Bacterial DNA gyrase is a clinically validated target. Despite the
excellent Sa GyrB binding potency, gyrase inhibitor pyrazolopyridone
36 does not show whole cell antibacterial activity. The lack of minimal
inhibitory concentration (MIC) could be due to poor cell membrane
penetration resulted from polar functional groups therefore, a low logD.
In an effort to increase logD to improve cell penetration, a series of
indazoles were prepared. Indazole 37, in particular, possessed an
excellent Gram-positive MIC profile in addition to retaining enzymatic
activity.14

Bridging Molecules for Innovative Medicines

14

PharmaBlock Products

PB02008

Scaffold hopping has been a fruitful strategy to create novel intellectual
properties (IP). For instance, pyrazole 38, from the patent literature,
was a G-protein-coupled receptor GPR120 agonist. AstraZeneca
scientists speculated that rigidification of the ether side chain by
connecting from oxygen to the pyrazole through installation of an
indazole ring as in 39 would present a novel GPR120 agonists, and it
PBLJ0297

did. Indazole 39 was potent for GPR120 with good selectivity against
GPR40. It also had favorable pharmacokinetic profile and was tested
efficacious in an oral glucose tolerance test (OGTT) mouse model.15
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Synthesis of Some Indazole-containing Drugs
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In the synthesis of the nonsteroidal anti-inflammatory drug (NSAID)
bendazac (1), benzylaniline 40 was used as its starting material.
Nitrosylation was accomplished using nitrous acid. The resulting Nnitroso intermediate 41 was reduced with sodium thiosulfate to the
corresponding hydrazine, which simultaneously cyclized to the
indazolone 42. Subsequent alkylation with methyl chloroacetate was
PBN20120277

followed by hydrolysis to deliver bendazac (1).16

PBTQ7806

For the synthesis of Roche’s granisetron (Kytril, 3), 5-methoxyindazole
(43) was protected as its SEM derivative 44, which was then installed
in the ethyl ester on the 3-position to give 45. Switching the SEM group
with a methyl group was accomplished by acidic hydrolysis to afford
indazole 46 followed by methylation to produce 47. Basic hydrolysis of
47 provided the 5-methoxy-1-methyl-indazole-3-carboxylic acid (48).
Coupling 48 with the bicyclic amine 49 produced amide 50 and the
methyl ether was converted into the benzyl ether. The end result was
the benzyloxyl derivative of granisetron 51.17
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A synthesis of Merck’s PARP inhibitor niraparib (Zejula, 6) began with
amidation of acid 52 with t-butylamine to make 53. The C–N coupling
between indazole 53 and phenyl bromide 54 assembled adduct 55.
Finally, double deprotection delivered niraparib (6).18
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The synthesis Genentech’s GDC-0941 (pictilisib, 13) provides a good

 1,000+ SAR tool kits

opportunity to appreciate indazole’s isomerism during its preparation.
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Diazotization of 3-bromo-2-methylaniline (56) was followed by basic
cyclization to construct 4-chloroindazole (57). Carefully optimized

 Keep optimizing cost
effective route for better
price and sustainable
supply

conditions provided selective protection of 57 to give the desired isomer

 Fast delivery of custom
synthesis

59 and benzotriazolyl-piperazine chloride 60 was proven to be superior to

 Enabling technologies of
flow chemistry,
biocatalysis,
photochemistry,
electrosynthesis, and
fluorination, etc.

58b in 98% yield, which underwent a halogen–metal exchange followed
by borylation to afford boronic acid 59. Nickel-catalyzed coupling between
palladium catalysis to assemble adduct 61 since expensive scavenging
residue palladium was circumvented. Acidic removal of the THP
protection then delivered pictilisib (13).

 Commercial production
with GMP compliance
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In summary, indazole is important in at least three major areas in
medicinal chemistry. a. Indazole is a good bioisostere for phenol.
Generally

speaking,

phenol’s

heterocyclic

bioisosteres,

including

indazole, tend to be more lipophilic and less vulnerable to phase I and II
metabolism in comparison to phenol. b. Indazole is a privileged fragment
in FBDD. c. Indazole has proven to be a privileged scaffold in scaffold
hopping exercises, especially for protein kinase inhibitors.
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