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ITK Ki = 43 nM
LE = 0.397
LogD7.4 = 3.0 (ref. 9)
>50% inhibition against
18/75 kinases in kinase panel (ref.10)
> 85% inhibition against
6/75 kinases including JAK2
and FLT310
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Figure 1. Initial indazole high-throughput screening hit. (See above-m
references for further information).
Richard M. Pastor ⇑, Jason D. Burch, Steven Magnuson, Daniel F. Ortwine, Yuan Chen, Kelly De La Torre,
Xiao Ding, Charles Eigenbrot, Adam Johnson, Marya Liimatta, Yichin Liu, Steven Shia, Xiaolu Wang,
Lawren C. Wu, Zhonghua Pei
Genentech Inc., 1 DNA Way, South San Francisco, CA 94080, United States

a r t i c l e i n f o
Article history:
Received 20 February 2014
Revised 6 April 2014
Accepted 7 April 2014
Available online 16 April 2014

Keywords:
SBDD
ITK
Indazole
X-ray crystallography
p-stacking
a b s t r a c t

There is evidence that small molecule inhibitors of the non-receptor tyrosine kinase ITK, a component of
the T-cell receptor signaling cascade, could represent a novel asthma therapeutic class. Moreover, given
the expected chronic dosing regimen of any asthma treatment, highly selective as well as potent inhib-
itors would be strongly preferred in any potential therapeutic. Here we report hit-to-lead optimization of
a series of indazoles that demonstrate sub-nanomolar inhibitory potency against ITK with strong cellular
activity and good kinase selectivity. We also elucidate the binding mode of these inhibitors by solving the
X-ray crystal structures of the complexes.

� 2014 Elsevier Ltd. All rights reserved.
entioned
Interleukin-2 inducible T-cell kinase (ITK), a member of the Tec
kinase family of non-receptor tyrosine kinases, plays a major role
in T-cell signaling.1 Along with other T-cell specific tyrosine
kinases (including LCK and ZAP-70), ITK serves to amplify the sig-
nal associated with the T-cell receptor (TCR) cascade. Aberrant sig-
naling behavior in this cascade is known to lead to autoimmune
disorders and inflammation.2 In studies with ITK knockout mice,
levels of Th2 cytokines such as IL-4, IL-5, and IL-13 have been
reduced.3 Moreover, immunological symptoms of allergic asthma
were attenuated in these mice and lung inflammation, eosinophil
infiltration and mucous production were drastically reduced in
response to challenge with the allergen ovalbumin.4 These and
other reports suggest that selective inhibition of ITK could repre-
sent a novel therapy for the treatment of asthma.5

In order to identify novel ITK inhibitors, a high throughput
screen of our internal small molecule screening collection was con-
ducted.6 From this screen, 1 (Fig. 1) was identified as a suitable
starting point for chemistry optimization. This compound was syn-
thesized starting from methyl-1H-indazole-3-carboxylate (2) as
described in Scheme 1. SEM protection of indazole 2 and subse-
quent hydrolysis of the methyl ester gave SEM protected indazole
acid 3. In parallel, 3-nitropyrazole (4) was reacted with 3-cyanob-
enzyl alcohol under standard Mitsunobu conditions7 and thereaf-
ter reduced to obtain 3-amino pyrazole 5. Carboxylic acid 3 and
amino-pyrazole 5 were then coupled to give amide 6, which upon
SEM deprotection afforded indazole 1.

With 1 in hand, attempts to co-crystallize 1 with the kinase
domain of ITK were taken and proved to be successful (Fig. 2).
Examination of the structure revealed the central ligand-receptor
interaction to consist of 3 hydrogen bonds between the hinge of
the kinase domain and the indazole-carboxamide component of
1. This then positioned the pyrazole and cyanobenzyl moieties to
form p–p stacking interactions with Phe-437 in face to face and
edge to face manners, respectively.8 In addition to the interactions
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Scheme 2. Parallel synthesis of indazole C6 substituted analogs.
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Scheme 1. Synthesis of inhibitor 1.

Figure 2. X-ray crystal structure of 1 with the kinase domain of ITK (resolution
2.6 Å, PDB code 4PP9). Protein–ligand hydrogen bonds are denoted by dashed lines
with cylinders. Figure was generated using MOE (www.chemcomp.com).
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elucidated by the crystal structure, we were also encouraged by
the proximal location of the indazole-C6 to the gatekeeper Phe-
435 side chain. This orientation presented an opportunity for mak-
ing additional interactions with the protein in the form of p–p
stacking interactions with this residue.

Based on the crystal structure, exploration of substitution at the
indazole C6 position was undertaken. Desired analogs were syn-
thesized via parallel Suzuki couplings according to Scheme 2.11

Five and six-membered aromatic and heteroaromatic rings were
explored to examine the potential of forming face-to-face p stack-
ing interactions with the gatekeeper (Table 1). Appending a phenyl
group (7) resulted in a 10-fold loss in activity relative to 1. How-
ever, substitution with a 4-pyridyl moiety (8) led to an equipotent
analog, while a 3-pyridyl ring addition (9) resulted in a 4-fold
potency increase. Addition of an amine to give 4-amino-3-pyridine
10 resulted in a 6-fold increase in potency relative to 9. A pyrazole
was also appended to indazole C6 in both regioisomeric configura-
tions. 4-Pyrazolyl substitution (11) resulted in a Ki of 0.8 nM, while
the 3-pyrazolyl substituted analog (12) demonstrated a Ki of
7.8 nM. Upon obtaining a co-crystal structure of 11, two key inter-
actions involving the pyrazole were revealed (Fig. 3). In addition to
the expected face-to-face p-stacking interaction with Phe-435, an
H-bond with the sidechain of Lys-391 was also evident. In order
to optimize the p-stacking interaction, the pyrazole rotates 28�
out of plane with the indazole ring and calculations show this to
be a low energy torsion.12 Calculations also show regioisomer 12
would prefer a co-planar arrangement of the pyrazole and indazole
rings. Adopting a 28 degree out of plane orientation to maximize a
p-stacking interaction with Phe-435 would place 12 in a higher
energy conformation, consistent with an 8-fold loss in potency.13

Focus then turned to optimization of the cyanobenzyl-
substituted pyrazole moiety. Based on the existing crystal structures,
the pyrazole and cyanobenzyl components p stack with Phe-437

http://www.chemcomp.com


Figure 3. Co-crystal structure of 11 with the kinase domain of ITK (Resolution
2.7 Å, PDB code 4PPA). Protein–ligand hydrogen bonds and p–p stacking interac-
tions are denoted by dashed lines with cylinders.
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in face to face and edge to face manners, respectively. The methy-
lene group acts as the linker connecting these components,
enabling the requisite interaction geometries. In order to assess
the spatial and electronic details of these interactions, a variety
of heterocyclic replacements of the pyrazole were tested, with sig-
nificant decreases in potency observed in all cases (Table 2). The
2,5-disubstituted pyrazole 13 and 3,5-disubstituted thiazole 14
demonstrated roughly 100 fold losses in potency relative to 1. Even
larger reductions in potency were observed with thiazole 15 and
oxazole 16, both of which had Ki values of >4 lM. Among the more
potent compounds, an aromatic CH group is present at one of the
ring positions ortho to the amide substituent, while in the less
potent or inactive compounds, heteroatoms are present at both
ortho positions. Examination of the crystal structure of 1 reveals
that one of the ortho-amide positions on the pyrazole ring is direc-
ted towards the backbone carbonyl oxygen of Met-438. Thus,
Table 2
SAR of pyrazole heterocyclic replacements

N
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Example R Ki (nM)

13
N
N 3.4

14

N

S 1.7

15 N
S >4

16 N
O >4
analogs containing an aromatic CH with a partially positively
charged hydrogen atom at this position could participate in a
nontraditional H-bonding interaction with this carbonyl oxygen,
while compounds with an imino nitrogen or oxygen would incur
lone pair repulsions, driving this sidechain into an unfavorable
binding geometry. While a sulfur atom at this location might be
expected to exhibit a favorable interaction with the Met438
carbonyl oxygen, the longer bond length and shorter valence angle
of the sulfur would be expected to result in an altered bond vector
to the cyanobenzyl group, effectively moving it away from a close
edge-to-face stacking interaction with Phe437. Additionally, the
negatively charged imino ring nitrogen on 15 would be expected
to electrostatically clash with the neighboring amide carbonyl
oxygen in the amide linker if the molecule is placed in a similar
conformation as observed with 1, driving the inhibitor into a
conformation not tolerated by the protein active site.

Modifications of the cyanobenzyl moiety were then prepared
using Mitsunobu couplings as described in Scheme 3 (Table 3).14

Mono-substitution of the methylene carbon was well tolerated.
Potency was somewhat sensitive to chirality of the benzyl substi-
tuent, as the S enantiomer (19) proved 5-fold more potent than
the R (18). Disubstitution resulted in a 30-fold loss in potency
(compare 17 and 19). Changes on the cyanophenyl ring were well
tolerated. Removing the cyano moiety or moving it to the para
position proved to be potency neutral. Replacement with a chlorine
or dimethylaminomethyl moiety also resulted in equipotent ana-
logs. On one hand, this is not surprising given the projection of this
ring into a solvent accessible region of the protein. However, given
the apparent edge to face interaction of this ring with Phe-437
observed in the X-rays, sensitivity to electron density might have
been expected.8

Prompted by the high potency of 19, further exploration of
methylene substitution was initiated in the context of the
6-pyrazolo-indazole subseries (Table 4). While ethyl substitution
was well tolerated, polar substituents such as tertiary amines
and tertiary alcohols (27–30) were preferred, with the most potent
compound, S enantiomer 28, demonstrating a Ki of 0.1 nM. Potency
was again dependent on chirality as the R antipode 27 was 10-fold
less potent. Inspection of the crystal structures of 27 and 28 (Fig. 4)
shows that in both cases, the N,N-dimethylaminoethyl group
projected into solvent, consistent with the preference for polar
substituents at the benzylic position. For the S enantiomer 28, this
enforces the benzyl geometry required for edge to face p stacking
with Phe-437. However, for the R-enantiomer 27 to project the
dimethylaminoethyl group out to solvent, the pyrazole ring rotates
180� relative to the S-enantiomer, moving the benzyl moiety
beyond p stacking distance with Phe-437 into a hydrophobic pack-
ing interaction with Ile-369. The difference in potency between the
enantiomers is likely a result of the difference in free energy
between these two interactions.

Cellular potencies of selected compounds was measured using a
Jurkat line in which phosphorylated phospholipase C-c1 (PLC c-1)
levels were quantitated after treatment with compound (Table 5).14
N
N

O
HN

N
H

N

SEM
a,b N

H
N

O
HN

N N

R

Reagents and Conditions: a) ROH, PPh3, DEAD, DCM; b) TFA, DCM

Scheme 3. Parallel synthesis of cyanobenzyl modifications.



Table 4
SAR of benzylic substituents
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24 1.0
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Table 3
SAR of cyanobenzyl replacements
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Figure 4. Co-crystal structures of 27 (cyan, resolution 2.8 Å, PDB code 4PPC) and 28
(orange, resolution 2.9 Å, PDB code 4PPB) with the kinase domain of ITK. For clarity,
only residues from the co-crystal structure of 27 are shown. A solvent accessible
surface from this complex is included. Protein–ligand hydrogen bonds are denoted
by dashed lines with cylinders. Distances (Å) between the 30 methyl of Ile-369 and
the closest benzyl phenyl carbons of less potent enantiomer 27 are shown in green.

Table 5
Cellular potencies of selected indazoles

Example Ki (nM) pPLCc IC50 (lM) MDCK Papp (A:B/B:A) LogD 7.4

1 15 4.6 6.7/13.6 3.0
11 0.8 0.231 0.7/10 3.2
28 0.1 0.173 0.3/7 1.9
30 0.23 0.044 2.4/14 3.4
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In general, cell-based and biochemical potencies were well corre-
lated. For instance, the 20-fold increase in biochemical activity of
11 versus 1 translated to a 20-fold increase in cellular potency.
Comparison of 30 and 11 showed a similar effect, as a 4-fold differ-
ence in biochemical potency tracked with a 5-fold difference in cel-
lular potency. An exception was 28, which is effectively equipotent
to 11 in the cell assay despite being 8-fold more potent
biochemically.

As the series progressed, compounds were selected for kinase
selectivity assessment and in vivo pharmacokinetic studies. Selec-
tivity testing for 1 and 28 were conducted at Invitrogen10 by exam-
ining compounds at a single concentration corresponding to
roughly 100� ITK Ki against a panel of 75 kinases. The initial HTS
hit 1 showed >50% inhibition against 18 kinases and >85% inhibi-
tion against JAK2, FLT3, MSK, PAK4, RET, and TRK. Compound 28,
which was 100-fold more potent than 1 against ITK, demonstrated
>50% inhibition against 7 kinases and >85% inhibition against only
FLT3. Representative compounds were also screened against LCK, a
TEC kinase upstream of ITK in the T-cell receptor signaling path-
way. This series consistently demonstrated >100-fold selectivity
against LCK, increasing our confidence that cellular pathway inhi-
bition was being driven by ITK interference.

Pharmacokinetic measurements of 1, 11, 28, and 30 were taken
in rat (Table 6). Compound 1 displayed a high in vivo clearance of
115 mL/min/kg and no oral bioavailability. Both 11 and 28 had
much lower IV clearance relative to 1, but demonstrated no oral
bioavailability, presumably because of their low permeabilities.



Table 6
Pharmacokinetic parameters of selected indazoles

Example Route (dose) AUC (h lM) t1/2 (h) Cl (mL/min/kg) %F MDCK Papp (A:B/B:A)

1 IV (1 mg/kg) 0.42 0.26 115 — 6.7/13.6
PO (5 mg/kg) — — — 0

11 IV (1 mg/kg) 1.8 1.3 20 —
PO (5 mg/kg) — — — 0 0.7/10

28 IV (1 mg/kg) 0.837 5.7 44 —
PO (5 mg/kg) — — — 0 0.3/7

30 IV (1 mg/kg) 2.5 1.8 11 —
PO (5 mg/kg) — 2.6 — 9 2.4/14
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In contrast, 30 demonstrated moderate MDCK permeability and
this translated to low, but measureable, oral exposure.

By pursuing a structure-based design approach, an HTS-derived
indazole hit was evolved into an ITK inhibitor series that demon-
strated sub-nanomolar biochemical and low nanomolar cellular
potencies, with good kinase selectivity. However, optimized com-
pounds consistently demonstrated poor pharmacokinetic proper-
ties. Lead optimization efforts to improve pharmacokinetics will
be discussed in future communications.
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