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A novel series of potent covalent ITK inhibitor were developed based on the indolylindazole scaffold.
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Abstract

Interleukin-2 inducible T-cell kinase (ITK), a meethof the Tec family of tyrosine kinases, playsi@portant
role in T cell signaling downstream of the T-cateptor (TCR). Herein we report the discovery of @eseof
indolylindazole based covalent ITK inhibitors wittrenomolar inhibitory potency against ITK, good lsea
selectivity and potent inhibition of the phosphatidn of PLG1 and ERK1/2 in living cells. A computational
study provided insight into the interactions betwéehibitors and Phe437 at the ATP binding pockietTd,
suggesting that both edge-to-faget interaction and the dihedral torsion angle contebto inhibitors’ potency.
Compound#3 and55 stood out as selective covalent inhibitors withepo cellular activity, which could be used

as chemical tools for further study of ITK functsn

1. Introduction

Interleukin-2 inducible T-cell kinase (ITK) is a meer of the Tec family of nonreceptor protein tynes
kinases. This family consists of five members: Brigdgrosine kinase (BTK), ITK, resting lymphocytinkse
(RLK), tyrosine kinase expressed in hepatocellularciocoma (TEC) and bone marrow tyrosine kinase in
chromosome x (BMX) [1]. Only ITK, RLK and TEC are egpsed in T cells, and ITK has a predominant nole i
the T-cell receptor (TCR) signaling pathway [2]/Ti knock-out cells, phospholipase/@ (PLCy1) activation is
decreased, leading to diminished®C#ux and reduced mitogen-associated protein kirf#&PK) activation,
resulting in defective activation of downstreamnsiling molecules including the nuclear factor fotivaated T
cells (NFAT) and activator protein-1 (AP-1) [3, 4[TK also plays an important role in the secretioh
pro-inflammatory cytokines, such as IL-2, IL-4, ILaBd IL-13 [5]. Due to its critical role in T cadignaling, ITK
is an appealing therapeutic target for allergitpmemune, inflammatory, infectious and neoplastgedses [6, 7].
Studies have shown that ITK-deficient mice are meunerable to drastically reduced lung inflammatio
eosinophil infiltration and mucous production irspense to ovalbumin-induced allergic asthma [8K Eould
affect the infection and replication of HIV [9, 10dnd ITK mutations have been reported in patievith
EBV-associated lymphoproliferative diseases that imyelated to an impaired cytotoxic CDB cell response
[11]. In addition, CD28-ITK signals specifically nelgte self-reactive T cell migration in tissues.almmolecule
inhibitors of ITK have been reported to reduce T icdiltration and destroy islet cells in mouse dads of type |
diabetes [12]. Moreover, ITK is a critical signgircomponent in acute lymphoblastic T-cell leukeraiad
cutaneous T-cell lymphoma due to its aberrant atitim and upregulated expression [13, 14].

During the past few decades, a number of ITK irtbilsi have been disclosed (Fig. 1), most of whieh ar
reversible ATP-competitive inhibitors binding inethactive conformation of ITK. For example, Bristoltdts
Squibb early reported a potent aminothiazole ITKibitor BMS-509744 1) [15, 16]. Subsequently, more ITK
inhibitors based on a variety of chemical scaffo(@s8) were discovered by pharmaceutical companies and

academic research groups [10, 16-29]. It is woréntining that Japan Tobacco has progressed JTEADS1



phase Il clinical trials for the treatment of rheatoid arthritis (NCT02919475), but the chemical stive and
discovery of JTE-051 itself have not been discloseckversible ITK inhibitors $-11) [19-21] have been
developed through covalent bonding with a noncttalyysteine residue (Cys442) located in the ATRdinig
pocket of the kinase. There are only ten otherdgsan the human kinome that possess a cysteiitieest the
same position as Cys442 in ITK, including TEC fan{ilEC, ITK, BTK, RLK), EGFR family (EGFR, HER2,
HER4), BLK, JAK3 and MAP2K7. Due to the conserveduna of the ATP-binding site, developing highly
selective ATP-competitive kinase inhibitors is @archallenge. Targeting a rare amino acid restdwekinase
with covalent inhibitors is an innovative approdchachieving selective kinase inhibitors [22, 28bvalent ITK
inhibitors also have the potential to overcome cetitipn from the high ATP concentration in the matcellular
environment and prolong the inhibition effect o€ thCR pathway [19]. Despite years of efforts, theas been
little active progress for ITK inhibitors in cliret trials, especially given that no covalent ITHiinitor has entered
a clinical trial. Thus, more efforts in developifitk inhibitors are in much need. Our research grbap recently
disclosed our efforts in developingd#fyrrolo[2,3d]pyrimidine based ITK inhibitorsl@) [24]. Herein, we report
the design, synthesis and structure-activity retesihip (SAR) studies of another novel class of motevalent

ITK inhibitors based on an indolylindazole scaffold
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Fig. 1. Representative ITK inhibitors. Atoms participatimydirect hydrogen bonding to the hinge regiorthef ATP site are
highlighted in orange and the electrophilic warteeact highlighted in blue.

2. Chemistry

The synthetic route for preparing indolylindazokridatives is described in Scheme 1 [25]. Starfiogn
commercially available H-indol-4-ol 13, boronic acidl5 was prepared by sequential protection steps with Bo
and TIPS groups, followed by a borylation reactimulo-compound.7 was prepared by regioselective iodination
of indazolel6 followed by Boc protection. The key intermedid&was produced via Suzuki coupling 15 and
17, which went through subsequent deprotection pra@sdto furnish compountd. Then an g reaction with
2-(Boc-amino)ethyl bromide followed by deprotectioh the Boc group produced compouf@. The final
compound®21-31, 35-40were obtained by acylation of their correspondingre precursors with acyl chlorides



or carboxylic acids. The derivativ82-34, 41-55were synthesized in a similar fashion.
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16a Ry=H |
16b R4=CHg3
16c R;=Br /@\/\\'N _%e _ /@\/\%
16d R =cyclopropyl R N Ri N
16e R, = CHF, w 7 5%
16f Ry=CF3
16g R; = 1H-pyrazol-4-yl
21 Ry =H, Ry =acryloyl 30 R;=CFj3, R, = propionyl RzHN
22 R;=H, Ry = propionyl 31 Ry = 1H-pyrazol-4-yl, R, = acryloyl
23 Ry =CHj, Ry = acryloyl 35 Ry = CHF,, Ry = 2-fluoroacetyl
24 Ry = CHj, Ry = propionyl 36 Ry = CHF;, Ry =2-chloroacetyl
25 R4 =Br, Ry = acryloyl 37 R =CHF;, R; = but-2-enoyl
26 Ry = Cyclopropyl, Ry = acryloyl 38 R;=CHF;, R, = 4,4 4-trifluorobut-2-enoyl
27 R4 =CHFy, Ry = acryloyl 39 R = CHF,, Ry = 4-(dimethylamino)but-2-enoyl
28 Ry = CHFy, R, = propionyl 40 R = CHF;, Ry = but-2-ynoyl

21-31, 35-40 20

29 R4 =CFj3 R; = acryloy

Scheme 1Synthesis of indolylindazole derivatives: (a) TIRS@idazole, DMF, r.t., 1 h; (b) (Bog), EtN, DMAP, dioxane,
r.t., 1 h; (c) LDA, triisopropyl borate, THF, -76, 30 min; (d) 4, K2COs, DMF, r.t., 3 h; (e) (Boep, E&N, DMAP, dioxane, r.t.,
1 h; (f) CsCOs Pd(dppf)C}, dioxane/HO, microwave, 100C, 20 min; (g) TBAF, THF, r.t., 2 h; (h) TFA, DCM}., 10 min; (i)
2-(Boc-amino)ethyl bromide, @80s, DMF, r.t., 4 h; (j) TFA, DCM, r.t., 10 min; (k)cgl chlorides, NgCOs, DCM/H,0, 0°C, 20
min. (I) carboxylic acids, HATU, DIEA, DMF, r.t., B.

3. Results and discussion
3.1 Design strategy

It is noticeable that the three inhibitors in Fig.indolylthienopyrazolet [26], indolylindazole5 [27] and
indolyltetrahydroindazol@ [28], showed nanomolar inhibitory activity,(ICso= 10.9 nM;5, IC5,= 11 nM; 8,
IC50= 4 nM) against ITK, with their binding modes hayiclear similarities. The crystal structure of caupd4
complexed with ITK is shown in Fig. 2A (PDB code 3)pwhere the indole NH forms hydrogen bonds with t
Met438 backbone oxygen, the pyrazole NH bondinylés438 backbone nitrogen and the pyrazole NH baods
the backbone oxygen of Glu436. Thealkyl ether side chain of extends into a channel formed by 1le369,
Val377 and Cys442. The morpholine group on this stu@in reaches out to the solvent, and the nitragem
locates in the vicinity of the sulfur atom of Cy24é.7 A). Hence, th@©-alkyl ether side chain is an appropriate

site for modification with different electrophilisarheads to form covalent bonds with Cys442 (Fig- 2B)

| R g e

Warfead
HH

A

Linker

Fig. 2. (A) Cocrystal structure of complexed with the kinase domain of ITK (PDB c@éJ). The potential hydrogen bonds
are depicted by yellow dashed lines. The distamteden the sulfur atom of Cys442 and the nitrogemadf morpholine o#
(4.7 A) is shown as a red dashed line. (B) Desigriegy for the current series of covalent ITK bitors.

3.21In vitro activity against ITK



Inhibitory activities of compoundg0-31against ITK were evaluated via a well-establishechbgeneous
time-resolved fluorescence (HTRF) assay as showrable 1. PRN6949) was used as the reference compound,

which showed an 1§ value of 3.2 nM consistent with the data repontette literature [20].

Table 1 SAR at the indazole moiety.

|$1
HN
1 R,
o
0
N  N-NH
H
Compound# R: R, ICs50* [NM] | Cpd# R: R, IC5¢ [nM]
20a H H 102 26 *g/\ A 111
21 ﬁg/\ H 64 27 ﬁg/\ CHF, 5.6
22 ﬁg/\ H 552 28 *g/\ CHF, 162
23 ﬁg/\ CHs 23 29 *g/\ CF, 156
24 ﬁg/\ CH, 428 30 ﬁg/\ CF; 2001
N,
25 ﬁg/\ Br 40 31 *g/\ ;{L/NH 6.1

@ The values are the mean of two independent expatsn

As shown in Table 1, noncovalent compo@ih inhibited ITK with moderate activity (I§ = 102 nM). It
was docked into the ATP-binding site of ITK as agdl in Fig. 3A. As expected, compouz@awas able to bind
with ITK in a similar way to compound, and conserved hydrogen bonds were observed het®@zeand the
hinge region of ITK. The amino group located withineasonable distance (4.1 A) from the sulfur atb@ys442
could be potentially targeted with an electrophikarhead to form a covalent bond. Then a mild acnyde
reactive group was introduced and the resultingpmmd21 showed improved ITK inhibitory activity (kg = 64
nM). A reversible analo@2 bearing a propionamide group was also synthesiabi;h showed 8-fold lower
inhibitory activity compared t&81.
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Fig. 3. Docking results fo20aand31in the ATP-binding site of ITK. (A) Overlay df0a (carbon atoms in green) and the lead
compound4 (carbon atoms in yellow) bound in the ATP-bindjmacket of ITK (PDB code 3V5J). The distance betwten
nitrogen atom in th@-alkyl ether side chain d?0a and the sulfur atom in Cys442 (4.1 A) is showraasd dashed line. (B)
Docking result fronB1 (carbon atoms in blue) within the ATP-binding pac&EITK. The distance between tRecarbon in the
acylamide group o81 and the sulfur in Cys442 (4.0 A) is shown as adashed line.

A specific hydrophobic pocket was formed by theesathains of Phe435, Lys391, Val377 and Ala389, as
showed in Fig. 3A, which was not occupied by compu®# and20a Introduction of substituents through the
C6-position of the indazole moiety to occupy thigltophobic pocket might improve inhibitory activiagainst
ITK. Introduction of a methyl group resulted in @derate improvement in activit3 vs 21, 24 vs 22), while Br
or a cyclopropyl group26, 26) did not improve the potency. Fluorinated methigdups were also introduced at
this position. The difluoromethyl groug®) exhibited significant potency improvement 4G 5.6 nM) compared
to 21, and the reversible analog8 also showed an over 3-fold higher potency tih However, the
trifluoromethyl group 29, 30) exhibited a much-reduced potency likely due te lulky size of the GFgroup.
Compound31 bearing a pyrazolyl substituent G- 6.1 nM) showed equal potency2@ possibly attributed to a
face-to-facer-n stacking interaction between the pyrazolyl grood the side chain of the gatekeeper Phe435 as
well as a hydrogen bond between the pyrazolyl Ndi lars391 (Fig. 3B).

Table 2. SAR of the linker and electrophilic warhead.

ICsq" [NM] Ratio of activities
Compound# R
ITK BTK [BTK/TK]
. N
27 Fo~Nyrs 5.6 25 [4.5x]
o

H
32 ﬁo/x"\n/\ 11 45 [4.1x]



33 N 58 71 [1.2x]
s

. N
34 é{oD S 226 1339 [5.9x]
H
35 Fo Ny e 915 NT NT
o
H
36 Fo™Ny 9 8.9 [1x]
o
H
37 Fio/\/N\n/\/ 84 907 [10.8x]
o
H
38 Fo AR 31 15 [0.5%]
o
£ PN
39 o N~ 286 1000 [3.5%]
\g/\/\l
H 2
40 ?fo/\/N\,/ 90 340 [3.8x]
o

@ The values are the mean of two independent expatsn

With the difluoromethyl group substituted to thelazole fragment, modifications of tiazalkyl ether side
chain were explored. Compouf@ showed 2-fold reduction in potency. A rigid fo@83) or five-membered ring
(34) resulted in significantly reduced potency. Theebr alkyl-chain seems flexible enough to faciitdbe
warhead reaching Cys442. Next, a panel of electliopivarheads 35-4Q was examined, and none of them
showed higher activity and selectivity thai except for compound?, which showed an 11-fold selectivity over
BTK but remarkably decreased activity against ITK.

To improve the selectivity of the current seriedT inhibitors, the residues around the ATP-birglppocket
were examined. Two phenylalanine residues (theetgaper” Phe435 and Phe437) are found nearby, vidigh
relatively rare arrangement in the whole human kieolt was reported that ther interaction between Phe437
and a substituent of inhibitor could improve thkestvity of ITK inhibitors over LCK and Aurora A kiases [29,
30]. We hypothesized that the introduction of ayl group at the 5-position of the indole moietyauar inhibitors
would also benefit from this-x interaction to gain selectivity improvement. Agim in Table 3, an increased
selectivity over BTK was indeed observed in compautidto 43; especially, the I value of43 was 4 nM with
a 33-fold selectivity over BTK. The tetrahydrétyran-4-yl and but-3-yn-1-yl substituen#4( 45) were also
tolerated for potency, but the selectivity was a®tgood ad3, and the 2-(methylsulfonyl)ethyl substitution gpou

(46) yielded a decreased potency for ITK.

Table 3. SAR at the indole moiety.



IC 50 [NM] Ratio of activities
Compound# Ry R>
ITK BTK [BTK/ATK]

phy

a1 \{/hﬁ CHR 25 676 [27x]
OH

Ph
42 ﬁ CHF 36 34 [9.4x]
43 Ph % CHR 4.0 133 [33x]

44 O\O CHR 6.2 24 [3.9x]
(o}

Ph
0
45 j\ CHR 8.5 91 [11x]
S
Ph\r’sz'
46 O\L CHR 65 70 [1.1x]
0
//
<

47 & CHF, 78 287 [3.7x]
Cl
O\;{ CHR 58 256 [4.4x]
F3C

48

49 CHR 34 235 [6.9x]

!



50 CHR, 32 187 [5.8%]

51 CHR 9.0 138 [15x%]
53

CHR, 25 331 [13x]

54 CHR, 62 445 [7.2%]

OMe
Meo/@\){
MeO.
52 \©\;{ CHR 5.0 79 [16x]
OMe

55 Ph % ~ NH 5.8 186 [32x]
S

@ The values are the mean of two independent expatsn

To gain insight into the protein-ligand interacsortompoundt3 was docked into the ATP-binding site of
ITK and BTK. It showed that compount3 formed three hydrogen bonds with the hinge reg@briTK as
compound4 did (Fig. 4A). It is noticeable that the benzyl gpoof43is approximately perpendicular to the phenyl
ring of the Phe473 residue. This kind of edge-tefarrangement of aromatic rings increases thdlistadf the
complex and is frequently found in chemical anddgial systems [31, 32]. However, a similar int¢ien was
not observed betweet8 and Tyr476 in BTK (Fig. 4B), which may explain tmegroved selectivity ofi3 favoring
ITK over BTK.

GLU-4T

fom

5—/'}—‘&12474

TYR-A76 ;;——
L7
\\

-391

CYs-442
.

Fig. 4. Docking results for43 (carbon atoms in pinkin the ATP-binding site of ITK and BTK. (A%3 dockedinto the
ATP-binding pocket of ITK (PDB code 3V5J). (B3 docked into the ATP-binding pocket of BTK (PDB ed8GEN).

It was reported that a change of substituents enathl ring may affect the edge-to-face interac{idgj.



Introduction of electron-withdrawing groups suchCGig47) and Ck (48) yielded inhibitors with weaker potency.
And the electron-donating substituents such as MielMe group 49-54 did not substantially improve either the
potency or the selectivity. Since the dihedralitorsangle between the substituted benzyl groupchviextends
into the solvent region and the indole fragment map play an important role in the activities miibitors [34], a
computational study was employed to explore thatimiship between the substituents and the ITKbiidry
activity. The binding energy of ther interaction with Phe437 and the relative energyhef dihedral torsion
angle between the substituted benzyl and the infilatgment were calculated. The binding energyAEginding)
improved with the change of electron-withdrawingetectron-donating substituents, ranging from k&&l/mol
(3-Cl) to -1.14 kcal/mol (2,4,6-triMe) as shown iigF5, following the order 3-Cl < 3-GK H < 2-OMe < 3-Me <
3-OMe < 2,6-diOMe < 4-OMe < 2,4,6-triMe. Benzyl gpmsuwith either electron-withdrawing or donating
substituents showed higher rotational energy bar®Epi..q2) than the unsubstituted benzyl group. Although
neither ther-t interaction binding energyAQ@Eginging) NOr the relative energy of the dihedral torsiamgla
(AAEpinedra) @lone can explain the observed trend for thebibdry activity of the compounds, the sum of these
two types of energiesA\AEg,,) can shed some light on the matter. T¢Eg,,,, of the benzyl substituted indoles
followed the order of 3-Cl < 3-GK 2,4,6-triMe< 3-Me < 2,6-diOMe < 2-OMe < 3-OMe < 4-OMe < H, whi
reasonably reflects the order of the inhibitor pote Overall, the unsubstituted benzyl group wasesred at this
substitution point. Compourib with a pyrazolyl group at the indazole fragmesbgbresented an igof 5.8 nM

and a 32-fold selectivity over BTK. Therefore, campds43 and55 were chosen for further evaluation.

Fig. 5. Calculated energies of edge-to-face aromaticaot@ns and rotational energy barrfers

AAE Binding AAE pihedral
>
& R T
Phed3? g N
_.H ] Bioactive
N = ¥ conformation
2y :
H o -
Dihedral angle ¥

AAEg,, s
R AAEginging  AAEpincaral (AAFN"“’"3+
A‘AE‘I)ﬂlrﬂlll) %1 —
3-Cl 0.17 051 0.68 £ ‘\
P i So :
3-CF, 0.09 0.53 0.62 g
H 0.00 0.00 0.00 w | AAE Dihedral
2-0Me 0.09 037 0.28 < -1| [ AAE Binding
3-Me 021 0.51 0.30 —e— AAE §yum
3-OMe -0.46 058 0.12 B I s g 3 238
9 ) 5 Qu == === =
2,6-diOMe -0.52 0.81 0.29 m O 045 000E
i P t=1
4.0Me 087 0.92 0.05 = & @ 2 <+ &
2.4,6-triMe -1.14 1.63 0.49 o :—

& Interaction energies were calculated with the B88Eection. The relative interaction energies irtevavere
obtained using PCM. The conformation optimizatior aalative energies were performed using M06-2X-D3
methods. Energies are expressed in kilocaloriesrde. TheAAE values in the table are values relative to the

unsubstituted benzyl group.

3.3 Evidences for covalent bindiagd kinectic properties of selected compounds

The alkynyl compoundt5, a close analog o3, was used as a probe to label and visualize ITKr afte



Cu(l)-catalyzed click reaction with BODIPY3;NThe recombinant ITK was successfully labeled abderved
under a fluorescence scan (Fig. 6A), suggesting) dhaovalent bond was formed betweés and ITK. In
competition experiments, labeling of ITK by prodé was completely blocked by pretreatment of ITK with
compound#3, 550r a known covalent ITK inhibito® (Fig. 6B), suggesting thd3 and55 irreversibly bind with
ITK and they engage Cys442 in ITK in the same wayg@mpound. In contrast, labeling ITK wit45 was not
blocked by the reversible inhibitor BMS509744. (

A Probe 45 +BODIPY-N, B Compound (50 uM)

c = = =E =
2] = 3 = 3
= o ot on =
a = =

~I 1 DMSO
+ * F % + Probe 45 (10 uM)+BODIPY-N;

I e 1'GS b [GS
SEENsNs—- 1K ITK

30 uM
F o
w
on

Fig. 6.(A) Labeling ITK with the fluorescent probe precard5. (B) Compound!3 and55 blocked the labeling of ITK with the
fluorescent probe, while BMS50974%) @did not.

We also performed a time-dependent inhibition assgrobe the possibility of irreversible covaléirding
between ITK and inhibitors. The activity of ITK wagadually diminished with a prolonged incubatidmet
between ITK and irreversible inhibitod8 and55, whereas the negative control compound - reversitiibitor1
did not show such a trend (Fig. 7).
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804
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£ 604 -

Z 40§ /
204 4 —=—43 (10 nM)

55 (10 nM)

. ——1201M)
0 10 20 30 40 50 60

Time (min)
Fig. 7. Time-dependent inhibition curves for compoud8snd55.

To characterize the roles of inhibitor binding @ity and chemical reactivity in overall potencye tkinetic
parameters; and k.t Of the selected compounds were evaluated (Tabl€dnpoundsA3 and 55 exhibited
higher binding affinity and a faster inactivaticate compared t@1. It suggested that modification of the inhibitor

scaffold not only improved the reversible bindirfinéty but also influenced the chemical reactivity
Table 4. Kinetics Study

Compound# K; (nM) Kinact (Min) Kinact/ Ki (1 M7t sY)
21 110 0.033 0.05
43 13 0.079 1.0
55 20 0.085 0.71

2 Kinetic parameters were measured with HTRF KinEASEays.

3.4 Kinase profiling

The selectivity of compound3 was profiled against a panel of kinases includeygresentatives of major



subfamilies of kinases and those kinases thatttlirparticipate in the TCR pathway. At Opd, compound43
was inactive against the majority of kinases tested showed moderate activity against BTK, MAP3B&KS,
ABL1, Aurora B and BLK but potently inhibited FLT3i@= 8A). FLT3 is mainly expressed in hematopoietdls,
but not expressed or expressed at a low level itumaar-cell leukemia cells, such as Jurkat and Motells.
Moreover, FLT3 does not have a cysteine at the gaoeition as Cys442 in ITK, so the binding of compd43
and FLT3 is more likely to be noncovalent.

Next, the IGq values for4d3 and55 were determined against BTK, JAK3 and EGFR, whidrela cysteine
residue at the same position as Cys442 in ITK, l20K, an SRC kinase upstream of ITK in the TCR pathway
(Fig. 8B). Both compound3 and55 exhibited an over 30-fold selectivity against tadsur kinases.

A 100 -
Concentrations tested:0.6 pM
S - Inhibition ratio >80%
<, 30% < Inhibition ratio <80%
g Inhibition ratio <30%
=
> 50
=
2
=
=
=
=
L]
0
HEEMME s JUAR"MOXMIZ A0 L BN AR XU X
- %) =) = [ A
m””gi<E”““Sgﬁ”gg%%ﬁ%ﬁﬁié%%sﬁgi
] q =
s 2 = =4 = & g
B
IC5, [nM] Ratio of activities
Compound#
ITK BTK JAK3 EGFR LCK BTKATK JAK3ITK EGFR/ATK LCKATK
43 4.0 133 320 2360 155 33X 80X 590 X 39X
55 58 186 447 4500 405 32X 77X 776 X 70X

Fig. 8. (A) Selectivity of compound43 against a panel of 30 kinases. (B) Selectivitgahpound£3 and55 against ITK, BTK,
JAK3, EGFR and LCK.

3.5 TCR signaling pathway was blocked48/and55in T cells

ITK plays an important role in the TCR signaling pedly through phosphorylation of RIc at the Tyr783
site. Reduced activation of mitogen-activated (MARpses ERK1/2 was observed in the absence of Itikad
cells were treated with inhibitot3 or 55 at different concentrations, and then stimulateth \anti-CD3/CD28
dynabeads. It was found that phosphorylation ofPleas completely inhibited at a concentration 8fjiM (43,
ECso = 119 nM;55, EG = 133 nM; Fig. 9A, 10B). Compounds3 and55 also inhibited the phosphorylation of
ERK1/2 in Jurkat cells, indicating that the activitiyl TK is critical in the downstream TCR signalingtpway. In
H9 cells, phosphorylation of Bit was also found to be completely inhibited43and55 but was not completely
inhibited by the reversible inhibitor BMS50974Y @t the same concentration (Fig. 9D).

Next, washout experiments were conducted to cortfirenirreversible inhibition of ITK by compound8
and 55 in living cells. Jurkat cells were treated withnqmounds43, 55, 9 (PRN694) and reversible inhibitdr
(BMS509744) respectively. Covalent inhibit@¥3, 55 and9 maintained their inhibitory effects in cells evafter
extensive washing with PBS buffer, whereasyPlphosphorylation levels were largely restored éfisctreated

with the reversible inhibitot after removal of the compound (Fig. 9E, 9F).
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Fig. 9. Compound#43 and55 inhibited ITK phosphorylation activity in live Juek cells (A, B) and H9 cells (D). Washout
experiments with irreversible inhibitod8, 55, 9 and the reversible inhibitdr (E, F).

In sharp contrast, compoundi3and55 showed almost no inhibitory effect on the phospgtation of PLG2
which is a direct physiological substrate of BTKRamos cells, a B cell line that expresses BTK bul it This
suggested tha3 and55 had excellent selectivity against BTK in living lsgFig. 10).
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Fig. 10.Compound#3 (A) and55 (B) did not inhibit phosphorylation of the BTK ssthate in Ramos cells.

3.6 Antiproliferative assay

The effects o#3 and55 on the growth of leukemia cell lines were evaluatemlam ATP luminescence assay.
The antiproliferative activities of these two corapds against three T-ALL cell lines (Jurkat, MOLTa#d
CCRF-CEM cells) and a cutaneous T-cell lymphoma aedl (H9) were examined. It was found td&tand55
both inhibited growth for these cancer cell linefoa micromolar levels and had weaker inhibitoffeets against
HEK 293T cells (Table 5). These results suggedtatlibhibition TCRsignaling may not directly induce potent
cytotoxicity to T cells [20, 29]. Further study afechanisms of action for this series of novel cenall TK



inhibitors in T cells is ongoing in our laboratory.

Table 5. Antiproliferative activities o3 and55in T cells and HEK 293T cells.

Glso (M)
Compound#
Jurkat Molt-4 CCRF-CEM H9 HEK 293T
43 51 3.7 3.4 5.4 19
55 2.8 1.4 0.9 2.0 15

3.7 Pharmacokinetic property evaluation.

In vivo pharmacokinetic (PK) properties of compoutlwere examined in mice intravenously (Table 6).
Compound43 exhibited a short half-life of 0.62 h, high cleara rate (34.4 mL/min/kg), and small distribution
volume that means that the compound likely remainthe circulatory system. It is noteworthy thatvakent
inhibitors do not need to meet classic ADME parargeto be useth vivo as is the case for reversible inhibitors,

and the relatively rapid clearance rate may leaalltwer propensity forfétarget related adverséfects [35].

Table 6. Pharmacokinetic properties of compout&in ICR mice

iv (2 mg/kg)
Tuz(hr) 0.62 £0.05
AUC.; (nghr/mL) 974 +115.1
AUC,_, (nghr/mL) 976 +113.9
Vz(L/kg) 1.85+0.34
CL(ml/min/kg) 34.4 +3.92
VdgdL/kg) 1.27 +0.17
MRT 5 (Nr) 0.59 +0.01

4. Conclusions

In summary, we have designed and synthesized d sexies of potent and selective covalent inhilsitimr
ITK. Structure-activity relationships and computatl studies provided insight into the interactibe$ween the
kinase and inhibitors to facilitate the optimizatiprocess. Functional assays revealed that comgeithand55
could potently inhibit the phosphorylation activif ITK on downstream substrates and showed extelle
selectivity against BTK in live cells. These two quounds may serve as valuable covalent chemicalegrédy

the exploration of the roles of ITK in disease velat biological systems.

5. Experimental
5.1 Chemistry

All commercially available reagents and solventsreveised as received. Reactions using air- or
moisture-sensitive reagents were performed undetransphere of nitrogen. Reaction progress was oregitoy
TLC and/or HPLC. Flash column chromatography was ootetl using silica gel. NMR spectra were measured
using Bruker 400 or 500 MHz spectrometers, and obednshifts are reported in units of ppm downfietdn
TMS using residual nondeuterated solvent as intastaadards (CHGJ 7.26 ppm; DMSO, 2.50 ppm; MeOH, 3.31
ppm, (CH)CO, 2.05 ppm). In the NMR tabulation, s indicatasgkt, d indicates doublet, t indicates triplet, q
indicates quartet, m indicates multiplet and bridates broad peak. The purities of all final compaa were
determined by HPLC to be above 95%.
5.1.1 Tert-butyl 4-((triisopropylsilyl)oxy)-1H-inte 1-carboxylate 14)



Compoundl3 (1.3 g, 10 mmol) was dissolved in DMF (10.0 mL)dahe solution was added to imidazole
(1.0 g, 15 mmol) and triisopropylsilyl chloride 82g, 12 mmol), followed by stirring at room tempera for 5 h.
The reaction mixture was quenched with water artdaeted with ethyl acetate. The organic layer washed
with brine and dried over anhydrous sodium sulféitee solvent was evaporated under reduced pressgiee a
crude product which was dissolved in dioxane (20 rfidlowed by the addition of B (3.0 mL, 22 mmol),
(Boc)O (2.5 mL, 11 mmol) and DMAP (1.2 mg, 0.10 mmolheTreaction mixture was then stirred at room
temperature for 1 h. Next, the mixture was dilutdth saturated NaHC{(aq.) and extracted three times with
ethyl acetate. The organic layer was washed witheland dried over anhydrous sodium sulfate. Theesb was
evaporated under reduced pressure and the resiasig@wvified by flash column chromatography (hexettei
acetate = 20/1) to yieldl4 as a yellow oil (3.1 g, 80%JH NMR (400 MHz, CDC})  7.89 (d,J = 8.4 Hz, 1H),
7.59 (d,J = 3.7 Hz, 1H), 7.24 (1] = 8.1 Hz, 1H), 6.85 — 6.71 (m, 2H), 1.73 (s, 9H17 — 1.36 (m, 3H), 1.23 (d,
= 7.7 Hz, 18H)}C NMR (101 MHz, CDCJ) § 149.87, 149.29, 136.99, 125.02, 124.31, 123.66,52] 108.67,
104.85, 83.38, 28.18, 18.11, 13.00. HRMS (ESI) ralect for G,HzsNO,Si [M+H]* 390.2459, found 390.2461.
5.1.2(1-(Tert-butoxycarbonyl)-4-((triisopropylsilyl)oxa)H-indol-2-yl)boronic acid 15)

To a solution of compount4 (3.1 g, 8.0 mmol) and triisopropyl borate (6.88,mmol) in THF (40 mL) at
-78 °C was dropwise added LDA (2.0 M in THF, 32 rBR,mmol). The mixture was stirred at -78 °C for then
quenched with saturated MEl (ag.) (40 mL) and stirred for 15 min without ciogl. Next, the mixture was
extracted three times with ethyl acetate, and tigaroc layer was washed with brine and dried ovdrydrous
sodium sulfate. The solvent was evaporated undlercesl pressure to give a crude prodis(2.4 g, 70%) which
was immediately used for the next step withouthfarfpurification.
5.1.3 Tert-butyl 3-iodo-1H-indazole-1-carboxylaldd)

To a stirred solution of indazofs (1.2 g, 10 mmol) in DMF (10 mL) was added potassaarbonate (1.0 g,
20 mmol) and iodine (3.0 g, 12 mmol). The mixturaswthen stirred at room temperature overnight. Nibvet
reaction mixture was poured into 100 mL aq. NakH$M%) and extracted three times with ethyl acetéhe
organic layer was washed with brine and dried @vdrydrous sodium sulfate. The solvent was evapbratder
reduced pressure to give a crude product whichimasediately dissolved in dioxane (20 mL) followey the
addition of Ef{N (3.0 mL, 22 mmol), (Bogp (2.5 mL, 11 mmol) and DMAP (0.0012 g, 0.1 mmadlhe reaction
mixture was stirred at room temperature for 1 i tren diluted with saturated NaHg(q) and extracted with
ethyl acetate. The organic layer was washed witheland dried over anhydrous sodium sulfate. Theesb was
evaporated under reduced pressure and the resiasig@owvified by flash column chromatography (hexetmegi
acetate=10/1) to yielli7aas a yellow solid (2.8 g, 82%H NMR (400 MHz, CDC})§ 8.12 (d,J = 8.5 Hz, 1H),
7.60 — 7.56 (m, 1H), 7.49 (di= 8.0, 1.1 Hz, 1H), 7.39 — 7.35 (m, 1H), 1.729(d). **C NMR (101 MHz, CDC}J)

5 148.36, 139.62, 130.19, 129.96, 124.18, 121.94,58] 102.89, 85.49, 28.15. HRMS (ESI) m/z calcd. fo
C1H14IN,0, [M+H] " 345.0094, found 345.0092.
5.1.4 Tert-butyl 3-(4-((triisopropylsilyl)oxy)-1Hwilol-2-yl)-1H-indazole-1-carboxylatd&a)

A mixture of15 (0.560 g, 1.28 mmol}17a(0.400 g, 1.06 mmol), cesium carbonate (1.68 12 famol) and
[1,1'-bis(diphenylphosphino)ferrocene]palladiumithloride (0.026 mg, 0.032 mmol) in dioxane (&0Q) and
H,O (2.0 mL) was purged with argon. The reaction wWas1 sealed and heated with stirring under micrevav
irradiation at 100 °C for 20 min. Next, the reactimixture was quenched with water and extracted wftiyl
acetate. The organic layer was washed with brirte dired over anhydrous sodium sulfate. The solweas
evaporated under reduced pressure and the residsi@wvified by flash column chromatography (hexetmei
acetate = 4/1) to yiel#i8aas a yellow solid (0.35 g, 55%H NMR (500 MHz, CDC}) § 7.93 (d,J = 8.3 Hz, 1H),
7.64 (d,J=8.1 Hz, 1H), 7.32 — 7.21 (m, 3H), 7.14 (dde; 7.9, 6.0, 1.7 Hz, 1H), 7.02 (s, 1H), 6.75J¢; 7.9 Hz,
1H), 1.37-1.31 (m, 3H), 1.11 (d,= 7.6 Hz, 18H), 1.06 (s, 9H}’C NMR (126 MHz, CDCJ) § 150.03, 149.28,



140.61, 139.23, 129.57, 126.92, 125.65, 123.30,2622121.12, 120.75, 111.57, 110.04, 109.55, 108B3®B4,
27.23, 18.03, 12.88. HRMS (ESI) m/z calcd. fegHoN;05Si [M+H]" 506.2833, found 506.2831.
5.1.5 2-(1H-indazol-3-yl)-1H-indol-4-ollPa)

To compoundl8a (0.35 g, 0.70 mmol) in 5 mL THF at 0 °C was adde®DAnL TBAF (1 mol/L in THF,
0.80 mmol). The mixture was stirred at room tempeeafor 1 h, and then quenched with saturated@iaq).
Next, the mixture was extracted three times withyleacetate, and the organic layer was washed hvitre and
dried over anhydrous sodium sulfate. The solvers @aporated under reduced pressure to give a prodect
which was immediately dissolved in 20% TFA/DCM (1Q)mThe reaction was then stirred for 20 min atmoo
temperature. Next, the mixture was carefully ndizied with solid NaHC@ The solids were filtered off and the
solvents were evaporated to give a crude produiich was purified by flash column chromatography
(hexane/ethyl acetate = 2/1) to yidlflaas a yellow solid (0.14 g, 8191 NMR (500 MHz, Acetonal;) & 10.66
(s, 1H), 8.22 (dJ = 8.1 Hz, 1H), 7.65 (d] = 8.3 Hz, 1H), 7.46 (ddd,= 8.3, 6.8, 1.0 Hz, 1H), 7.35 (@= 2.3 Hz,
1H), 7.32 — 7.26 (m, 1H), 7.08 (d,= 8.1 Hz, 1H), 7.00 (t) = 7.8 Hz, 1H), 6.52 (d] = 7.5 Hz, 1H)C NMR
(126 MHz, Acetoneds) § 150.66, 141.87, 138.62, 138.41, 130.13, 126.53,182 121.13, 120.65, 120.41, 119.26,
110.40, 103.66, 103.35, 97.46. HRMS (ESI) m/z caimdCysH;,N30 [M+H]* 250.0975, found 250.0973.

5.1.6 2-((2-(1H-indazol-3-yl)-1H-indol-4-yl)oxy)eth-1-amine 20a)

To a stirred solution ofl9a (0.12 g, 0.46 mmol) and @30, (0.450 g, 1.38 mmol) in DMF (5 mL),
N-Boc-protected-bromoalkane (0.16 g, 0.69 mmol) wided. The mixture was stirred at room temperatorel f
h, and then quenched with water and extracted eitilgl acetate. Next, the organic layer was washit bvine
and dried over anhydrous sodium sulfate. The sol@s evaporated under reduced pressure and tleeaesas
purified by flash column chromatography (DCM/MeORE/1) to obtair20aas a brown solid (0.094 g, 709
NMR (500 MHz, DMSO#dg) § 13.43 (s, 1H), 11.62 (d,= 2.3 Hz, 1H), 8.26 (d] = 8.2 Hz, 1H), 7.62 (d] = 8.4
Hz, 1H), 7.48 — 7.41 (m, 1H), 7.39 @= 2.2 Hz, 1H), 7.27 (dd] = 8.1, 6.9 Hz, 1H), 7.10 (d,= 8.1 Hz, 1H),
7.03 (t,J = 7.8 Hz, 1H), 6.53 (d] = 7.6 Hz, 1H), 4.33 () = 5.1 Hz, 2H), 3.33 () = 5.1 Hz, 2H)**C NMR (126
MHz, DMSOdg) 6 151.71, 141.78, 138.32, 137.93, 130.58, 130.18,852 122.85, 121.39, 121.14, 120.31,
119.85, 111.07, 105.98, 100.70, 98.25, 64.39. HRESI) m/z calcd. for GH;,N,O [M+H]* 293.1397, found
293.1394.

5.1.7 N-(2-((2-(1H-indazol-3-yl)-1H-indol-4-yl)oxyhl)acrylamide 21)

To 20a(0.040 g, 0.14 mmol) and sodium carbonate (0.Q7 %P mmol) in 3.0 mL DCM and 2.0 mL,8
at 0 °C was added acyl chloride (0.015 g, 0.17 mmiie reaction mixture was then stirred for 20 raid
guenched with saturated NEI (aq.). Next, the mixture was extracted three simi¢th DCM. The organic layer
was washed with brine and dried over anhydroususodiulfate. The solvent was evaporated under reduce
pressure and the residue was purified by flashneolohromatography (hexane/ethyl acetate = 2/1ptain21 as
a yellow solid (0.027 g, 56%JH NMR (500 MHz, Acetonel) § 12.36 (s, 1H), 10.72 (s, 1H), 8.19 (ds 8.1 Hz,
1H), 7.74 (s, 1H), 7.64 (d,= 8.4 Hz, 1H), 7.52 — 7.41 (m, 1H), 7.29& 7.6 Hz, 1H), 7.22 (s, 1H), 7.17 @=
8.2 Hz, 1H), 7.07 (t) = 7.9 Hz, 1H), 6.58 (d = 7.6 Hz, 1H), 6.37 (dd] = 17.0, 10.1 Hz, 1H), 6.26 (dd= 17.0,
2.4 Hz, 1H), 5.59 (ddJ = 10.1, 2.4 Hz, 1H), 4.28 (8, = 5.5 Hz, 2H), 3.81 (q] = 5.6 Hz, 2H).XC NMR (126
MHz, Acetoneds) & 166.76, 154.25, 143.66, 140.05, 139.93, 133.52,163 128.33, 126.54, 124.71, 122.91,
122.43, 122.14, 121.85, 112.20, 106.75, 102.3437%8.46, 40.69. HRMS (ESI) m/z calcd. fosdigN4O,
[M+H]* 347.1503, found 347.1500.

5.1.8 N-(2-((2-(1H-indazol-3-yl)-1H-indol-4-yl)oxathyl)propionamide22)

H NMR (400 MHz, MeOD) 8.15 (d,J = 8.2 Hz, 1H), 7.60 — 7.52 (m, 1H), 7.48 — 7.39 {H), 7.30 —
7.22 (m, 1H), 7.17 (d] = 0.8 Hz, 1H), 7.14 — 7.00 (m, 3H), 6.53 (des 7.3, 1.1 Hz, 1H), 4.21 (,= 5.4 Hz, 3H),
3.69 (t,J = 5.4 Hz, 3H), 2.26 (q] = 7.6 Hz, 3H), 1.15 () = 7.6 Hz, 4H)}*C NMR (101 MHz, MeOD} 176.06,



152.33, 141.68, 138.19, 129.88, 126.47, 122.55,812120.48, 120.22, 119.81, 109.92, 104.58, 10®I&H3,
66.35, 38.95, 28.78, 9.12. HRMS (ESI) m/z calcd. @gH,N,O,Na [M+Na] 371.1478, found 371.1479.
5.1.9 N-(2-((2-(6-methyl-1H-indazol-3-yl)-1H-indoly)oxy)ethyl)acrylamide23)

'H NMR (400 MHz, MeOD) 8.01 (d,J = 8.3 Hz, 1H), 7.33 (s, 1H), 7.15 — 7.02 (m, 46154 (dd,J = 7.2,
1.2 Hz, 1H), 6.41 — 6.19 (m, 2H), 5.67 (dck 9.5, 2.5 Hz, 1H), 4.25 (§,= 5.4 Hz, 2H), 3.78 (t) = 5.4 Hz, 2H),
2.50 (s, 3H).XC NMR (126 MHz, MeOD)5 167.12, 152.25, 142.27, 138.21, 138.17, 136.90,588 129.96,
125.49, 123.06, 122.50, 120.11, 119.79, 118.46,2009.04.61, 100.18, 97.46, 66.26, 39.03, 20.52. BRESI)
m/z calcd. for GH,;N,O, [M+H] " 361.1659, found 361.1660.
5.1.10N-(2-((2-(6-methyl-1H-indazol-3-yl)-1H-indol-4-yl)p)ethyl)propionamide2d)

'H NMR (400 MHz, MeOD) 8.02 (d,J = 8.3 Hz, 1H), 7.34 (s, 1H), 7.15 — 7.02 (m, 36153 (dd,J = 7.2,
1.2 Hz, 1H), 4.22 () = 5.4 Hz, 2H), 3.70 (] = 5.4 Hz, 2H), 2.51 (s, 3H), 2.27 @ 7.6 Hz, 2H), 1.16 () = 7.6
Hz, 3H).**C NMR (101 MHz, MeOD) 176.06, 152.30, 142.29, 138.17, 136.97, 129.93,012 122.52, 120.08,
119.79, 118.47, 109.21, 104.57, 100.17, 97.48,3%638.95, 28.78, 20.52, 9.13. HRMS (ESI) m/z calcd.
C,1H23N,0, [M+H]* 363.1816, found 363.1819.

5.1.11 N-(2-((2-(6-bromo-1H-indazol-3-yl)-1H-inddyl)oxy)ethyl)acrylamide2b)

'H NMR (400 MHz, MeODY 8.06 (dd,J = 8.7, 0.7 Hz, 1H), 7.74 (dd,= 1.7, 0.7 Hz, 1H), 7.35 (dd,= 8.7,
1.6 Hz, 1H), 7.15 (dJ = 0.7 Hz, 1H), 7.12 — 7.02 (m, 2H), 6.53 (dd; 6.8, 1.7 Hz, 1H), 6.40 — 6.20 (m, 2H),
5.67 (dd,J = 9.5, 2.6 Hz, 1H), 4.25 (8 = 5.4 Hz, 2H), 3.78 (t) = 5.4 Hz, 2H)**C NMR (101 MHz, MeOD)»
167.13, 152.33, 142.41, 138.76, 138.26, 130.60,262925.48, 124.17, 122.77, 122.00, 120.56, 119.78.15,
112.77, 104.66, 100.25, 97.82, 66.29, 39.03. HRMSI)(E/z calcd. for GH;-BrN,O,Na [M+Na]* 447.0427,
found 447.0426.

5.1.12 N-(2-((2-(6-cyclopropyl-1H-indazol-3-yl)- liHdol-4-yl)oxy)ethyl)acrylamide26)

H NMR (400 MHz, Acetonetk) 5 12.19 (s, 1H), 10.68 (s, 1H), 8.03 (dds 8.5, 0.8 Hz, 1H), 7.74 (s, 1H),
7.31 (s, 1H), 7.22 — 7.11 (m, 2H), 7.10 — 7.00 2id), 6.57 (dd,J = 7.7, 0.7 Hz, 1H), 6.45 — 6.19 (m, 2H), 5.59
(dd,J = 10.0, 2.4 Hz, 1H), 4.27 (3,= 5.5 Hz, 2H), 3.81 (q] = 5.6 Hz, 2H), 2.14 — 2.07 (m, 1H), 1.09 — 0.96 (m
2H), 0.86 — 0.71 (m, 2H}3C NMR (101 MHz, Acetonel) & 165.07, 152.43, 143.18, 142.51, 138.13, 138.08,
131.72, 130.53, 124.81, 122.85, 120.35, 120.07,0120118.82, 106.36, 104.96, 100.56, 97.47, 6638794,
15.49, 9.05. HRMS (ESI) m/z calcd. fog#8,sN.0, [M+H]* 387.1816, found 387.1812.

5.1.13 N-(2-((2-(6-(difluoromethyl)-1H-indazol-31ilH-indol-4-yl)oxy)ethyl)acrylamide27)

'H NMR (400 MHz, MeOD) 8.27 (dd,J = 8.5, 0.9 Hz, 1H), 7.75 (s, 1H), 7.46 — 7.38 {iH), 7.20 (dJ =
0.7 Hz, 1H), 7.13 — 7.03 (m, 2H), 6.86 Jt= 60.0 Hz, 1H), 6.54 (ddl = 7.1, 1.4 Hz, 1H), 6.41 — 6.22 (m, 2H),
5.67 (dd,J = 9.5, 2.5 Hz, 1H), 4.26 (8 = 5.4 Hz, 2H), 3.79 (t = 5.4 Hz, 2H)**C NMR (101 MHz, MeOD)»
167.13, 152.33, 140.99, 138.65, 138.26, 133.30 #t22.2 Hz), 130.61, 129.44, 125.48, 122.74, 121139.80,
117.70 (t,J = 5.2 Hz), 115.21 () = 237.4 Hz), 107.89 (f] = 7.5 Hz), 104.67, 100.26, 97.78, 66.30, 39'6B.
NMR (376 MHz, MeOD)$ -110.70. HRMS (ESI) m/z calcd. for,{;sF,N,O.Na [M+Na]" 419.1290, found
419.1291.

5.1.14 N-(2-((2-(6-(difluoromethyl)-1H-indazol-31ilH-indol-4-yl)oxy)ethyl) propionamid §)

'H NMR (400 MHz, MeOD) 8.31 — 8.22 (m, 1H), 7.74 (s, 1H), 7.40 (dd; 8.5, 1.3 Hz, 1H), 7.20 (d,=
0.8 Hz, 1H), 7.12 — 7.03 (m, 2H), 6.84J& 56.3 Hz, 1H), 6.52 (dd,= 7.1, 1.4 Hz, 1H), 4.20 (8,= 5.5 Hz, 2H),
3.69 (t,J = 5.4 Hz, 2H), 2.26 (q] = 7.6 Hz, 2H), 1.14 () = 7.6 Hz, 3H)}*C NMR (126 MHz, MeOD} 176.07,
152.37, 140.97, 138.63, 138.23, 133.281 (£ 22.1 Hz), 129.41, 122.75, 121.35, 119.75, 117t69= 5.1 Hz),
115.21 (tJ = 237.1 Hz), 107.91 (f = 7.5 Hz), 104.60, 100.10, 97.79, 66.30, 38.947289.14. HRMS (ESI) m/z
calcd. for GyH,,F,N,O, [M+H]* 399.1627, found 399.1624.

5.1.15 N-(2-((2-(6-(trifluoromethyl)-1H-indazol-3}y1H-indol-4-yl)oxy)ethyl)acrylamide29)



'H NMR (400 MHz, DMSOd) & 13.78 (s, 1H), 11.70 (s, 1H), 8.38 — 8.46 (m, B0 (s, 1H), 7.54 (dd,
= 8.6, 1.5 Hz, 1H), 7.16 (d,= 2.4 Hz, 1H), 7.13 — 6.99 (m, 2H), 6.56 Jcs 7.4 Hz, 1H), 6.29 — 6.37 (m, 1H),
6.12 — 6.18 (m, 1H), 5.62 (dd,= 10.1, 2.3 Hz, 1H), 4.19 (§,= 5.7 Hz, 2H), 3.65 (dd] = 5.8, 2.0 Hz, 2H):3C
NMR (101 MHz, DMSOdg) é 165.42, 152.37, 140.68, 138.52, 132.18, 129.67,882 127.53, 127.22, 127.22,
126.41, 125.75, 123.70, 123.36, 122.65, 122.11,821917.45, 108.93, 105.69, 101.20, 98.13, 6638096.
HRMS (ESI) m/z calcd. for GH,gFsN,O, [M+H] " 415.1376, found 415.1379.
5.1.16 N-(2-((2-(6-(trifluoromethyl)-1H-indazol-3p1 H-indol-4-yl)oxy)ethyl)propionamide3Q)

'H NMR (400 MHz, DMSOsdg) § 13.79 (s, 1H), 11.70 (s, 1H), 8.41 (d= 8.5 Hz, 1H), 8.09 (] = 5.7 Hz,
1H), 8.00 (s, 1H), 7.54 (dd,= 8.6, 1.5 Hz, 1H), 7.17 (d,= 2.1 Hz, 1H), 7.11 — 7.03 (m, 2H), 6.56 (dck 7.5,
1.0 Hz, 1H), 4.15 (tJ = 5.8 Hz, 2H), 3.56 (q] = 5.8 Hz, 2H), 2.16 (q] = 7.6 Hz, 2H), 1.03 () = 7.6 Hz, 3H).
13C NMR (101 MHz, DMSOdg) 6 173.71, 152.44, 140.67, 138.52, 129.63, 127.58,2R2 126.92, 126.41, 123.70,
123.36, 122.66, 122.11, 119.82, 117.47, 108.94,6209.01.11, 98.17, 66.97, 38.80, 28.94, 10.37. HRES)
m/z calcd. for GH,gFN,O, [M+H]* 417.1533, found 417.1530.
5.1.17 N-(2-((2-(6-(1H-pyrazol-4-yl)-1H-indazol-8-L H-indol-4-yl)oxy)ethyl)acrylamide3()

'H NMR (400 MHz, MeOD) 8.14 (d,J = 8.5 Hz, 1H), 8.07 (s, 2H), 7.72 (s, 1H), 7.5d,@= 8.5, 1.4 Hz,
1H), 7.17 (s, 1H), 7.13 — 7.02 (m, 2H), 6.55 (d& 7.2, 1.2 Hz, 1H), 6.40 — 6.24 (m, 2H), 5.68 (dd&; 9.5, 2.5
Hz, 1H), 4.27 (t) = 5.4 Hz, 2H), 3.80 (] = 5.4 Hz, 2H)**C NMR (126 MHz, MeOD} 167.14, 152.28, 145.21,
142.42, 138.44, 138.21, 136.60, 131.63, 130.59,822925.52, 122.58, 122.36, 120.95, 119.86, 119.79.96,
105.64, 104.64, 100.19, 97.56, 66.25, 39.04. HRMS)(E/z calcd. for GH,oNsO,Na [M+Na]" 435.1540, found
435.1540.
5.1.18 N-(1-(((2-(6-(difluoromethyl)-1H-indazol-831 H-indol-4-yl)oxy)methyl)cyclopropyl)acrylamida2)

'H NMR (400 MHz, MeOD)5 8.27 (d,J = 8.5 Hz, 1H), 7.76 (s, 1H), 7.42 @= 8.1 Hz, 1H), 7.18 (d] =
0.8 Hz, 1H), 7.11 — 6.99 (m, 2H), 6.86Jt= 56.2 Hz, 1H), 6.49 (dd} = 7.4, 1.1 Hz, 1H), 6.28 — 6.19 (m, 2H),
5.64 — 5.60 (m, 1H), 4.24 (s, 2H), 1.08 — 0.95 4ir). *°C NMR (101 MHz, MeOD) 167.70, 152.69, 141.03,
138.65, 138.27, 133.32 (t~= 7.4, 23.2 Hz), 130.82, 129.36, 125.47, 122.73,32, 119.89, 117.64 @,= 5.1 Hz),
115.21 (t,J = 237.1 Hz), 107.98, 104.58, 100.72, 97.78, 7132134, 11.01°F NMR (376 MHz, MeOD)s
-110.73. HRMS (ESI) m/z calcd. forg,1F,N,O, [M+H] " 423.1627, found 423.1629.
5.1.19 1-(3-((2-(6-(Difluoromethyl)-1H-indazol-3pA H-indol-4-yl)oxy)azetidin-1-yl)prop-2-en-1-or@3j

'H NMR (500 MHz, MeOD 8.28 (d,J = 8.4 Hz, 1H), 7.77 (s, 1H), 7.43 @= 8.5 Hz, 1H), 7.19 (s, 1H),
7.16 (d,J = 8.1 Hz, 1H), 7.08 (] = 7.9 Hz, 1H), 6.94 (] = 56.2 Hz, 1H), 6.40 (dd,= 17.0, 10.3 Hz, 1H), 6.33 —
6.26 (m, 2H), 5.77 (dd] = 10.3, 1.9 Hz, 1H), 5.25 (di,= 6.3, 2.7 Hz, 1H), 4.79 (dd,= 9.6, 6.6 Hz, 1H), 4.56
(dd,J = 11.3, 6.5 Hz, 1H), 4.42 (dd,= 9.9, 3.6 Hz, 1H), 4.20 (dd,= 11.3, 3.6 Hz, 1H)"*C NMR (126 MHz,
MeOD) § 166.33, 149.84, 140.96, 138.47, 133.30 &,22.3 Hz), 129.91, 126.90, 125.75, 122.58, 121126.31,
119.64, 117.82 (] = 5.1 Hz), 115.20 (§) = 237.2 Hz), 107.90 (8 = 7.5 Hz), 105.40, 100.31, 97.37, 65.46, 57.57,
55.18, 48.44. HRMS (ESI) m/z calcd. fos8:9FN4O, [M+H]* 409.1471, found 409.1475.
5.1.20 1-(3-((2-(6-(Difluoromethyl)-1H-indazol-3pd H-indol-4-yl)oxy)pyrrolidin-1-yl)prop-2-en-1-on@4)

'H NMR (500 MHz, Acetonek) 5 12.76 (s, 1H), 10.86 (s, 1H), 8.33 (s 8.4 Hz, 1H), 7.89 (s, 1H), 7.47
(d,J = 8.4 Hz, 1H), 7.32 — 6.94 (m, 4H), 6.82 — 6.54 BH), 6.40 — 6.24 (m, 1H), 5.65 (ddb= 25.7, 10.2, 2.5
Hz, 1H), 5.29 (dtJ = 35.3, 3.8 Hz, 1H), 4.10 — 3.69 (m, 5H), 2.51 .292(m, 2H).*C NMR (126 MHz,
Acetonedl) 5 163.77, 163.75, 150.77 (@= 9.1 Hz), 141.19, 138.49, 133.02 (ics 22.2, 2.2 Hz), 130.10 (d,=
9.7 Hz), 129.48, 129.44, 129.32, 126.18, 123.0%,8((d,J = 20.5 Hz), 120.79 (d = 5.4 Hz), 118.11 (¢] = 5.3
Hz), 115.41 (tJ) = 236.7 Hz), 108.54 (d),= 7.1, 6.5 Hz), 105.42, 105.38, 105.31, 102.51 (8.2 Hz), 97.78 (d,
J=6.7 Hz), 77.06, 75.33, 51.74 (@ = 47.9 Hz), 44.51, 43.91, 31.76. HRMS (ESI) m/zdafor GaHyF,N.O,
[M+H] * 423.1627, found 423.1622.



5.1.21 N-(2-((2-(6-(difluoromethyl)-1H-indazol-3:ilH-indol-4-yl)oxy)ethyl)-2-fluoroacetamidas)

'H NMR (400 MHz, DMSOsdg) § 13.60 (s, 1H), 11.65 (s, 1H), 8.45Jt 5.9 Hz, 1H), 8.31 (d] = 8.5 Hz,
1H), 7.85 (s, 1H), 7.44 (d,= 8.6 Hz, 1H), 7.22 (] = 55.8 Hz, 1H), 7.18 — 7.01 (m, 3H), 6.55Jd; 7.4 Hz, 1H),
4.93 (s, 1H), 4.81 (s, 1H), 4.19 §t= 5.9 Hz, 2H), 3.65 (qJ = 6.0 Hz, 2H).*C NMR (101 MHz, DMSOd,) &
167.96 (dJ = 18.3 Hz), 152.29, 141.06, 138.46, 138.25, 13268= 22.1 Hz), 130.04, 123.21, 122.04, 121.45,
119.81, 118.27, 115.74 @,= 236.8 Hz), 109.38, 105.66, 101.07, 97.86, 8179466, 66.56, 38.43. HRMS (ESI)
m/z calcd. for GgH1gFN4O, [M+H]* 403.1376, found 403.1377.

5.1.22 2-Chloro-N-(2-((2-(6-(difluoromethyl)-1H-inga-3-yl)-1H-indol-4-yl)oxy)ethyl)acetamidag)

H NMR (400 MHz, MeOD) 8.58 (s, 1H), 8.28 (d] = 8.4 Hz, 1H), 7.76 (s, 1H), 7.42 @@= 8.5 Hz, 1H),
7.20 (s, 1H), 7.11 — 7.05 (m, 2H), 6.86)& 56.2 Hz, 1H), 6.55 (d] = 7.2 Hz, 1H), 4.26 (] = 5.4 Hz, 2H), 4.11
(s, 2H), 3.76 (t] = 5.3 Hz, 2H)}*C NMR (101 MHz, MeOD) 162.90, 152.25, 141.02, 138.27, 133.32, 129.46,
122.73, 121.35, 119.80, 117.72, 115.19, 109.35,9807.04.72, 100.30, 97.73, 66.06, 41.81, 39.34. ISRESI)
m/z calcd. for GoHsCIF,N,O, [M+H]+ 419.1081, found 419.1083.

5.1.23 (E)-N-(2-((2-(6-(difluoromethyl)-1H-indazoly®-1H-indol-4-yl)oxy)ethyl)but-2-enamida7)

'H NMR (500 MHz, Acetonek) § 12.72 (s, 1H), 10.80 (s, 1H), 8.35 {d 8.4 Hz, 1H), 7.91 (s, 1H), 7.55 —
7.50 (m, 2H), 7.28 (d] = 2.2 Hz, 1H), 7.23 — 6.94 (m, 3H), 6.89 — 6.77 L), 6.60 (d,) = 7.7 Hz, 1H), 6.06 (dd,
J=15.2, 1.9 Hz, 1H), 4.28 (,= 5.6 Hz, 2H), 3.81 (q] = 5.6 Hz, 2H), 1.81 (dd] = 6.8, 1.6 Hz, 3H). 13C NMR
(126 MHz, Acetoneds) 8 165.44, 152.56, 141.20, 138.58, 138.25, 133.05%t22.1 Hz), 129.76, 125.77, 123.18,
121.60, 121.53, 120.04, 118.08 (t, J = 5.0 Hz), 415, J = 236.6 Hz), 108.59 (t, J = 7.6 Hz), 9$84.100.63,
98.03, 66.79, 38.79, 16.76. HRMS (ESI) m/z calcd GaH,,F.N,0, [M+H]* 411.1627, found 411.1625.

5.1.24  (E)-N-(2-((2-(6-(difluoromethyl)-1H-indazoly®-1H-indol-4-yl)oxy)ethyl)-4,4,4-trifluorobut-2namide
(38)

'H NMR (400 MHz, MeOD)5 8.26 (d,J = 8.5 Hz, 1H), 7.75 (s, 1H), 7.42 @= 8.6 Hz, 1H), 7.19 (d] =
0.8 Hz, 1H), 7.12 — 7.05 (m, 2H), 6.98 Jt= 46.9 Hz, 1H), 6.85 — 6.72 (m, 2H), 6.55 (dd; 7.2, 1.3 Hz, 1H),
4.28 (t,J = 5.3 Hz, 2H), 3.82 () = 5.3 Hz, 2H)X3C NMR (126 MHz, MeODY 163.83, 152.23, 140.97, 138.60,
138.26, 133.48, 133.30, 133.12, 131.48, 131.43,3B31131.34, 129.56, 129.47, 127.42, 127.14, 126.88.59,
124.78, 123.87, 122.72, 121.73, 121.35, 121.30,7419417.75, 117.71, 117.67, 117.08, 115.20, 113.871.92,
104.73, 100.18, 97.70, 78.13, 77.87, 77.61, 6660614, 39.38. HRMS (ESI) m/z calcd. forB1gFsN4O>
[M+H]* 465.1344, found 465.1346.

5.1.25
(E)-N-(2-((2-(6-(difluoromethyl)-1H-indazol-3-yl)-tdol-4-yl)oxy)ethyl)-4-(dimethylamino)but-2-enai®i39)

'H NMR (500 MHz, MeOD)5 8.28 (d,J = 8.4 Hz, 1H), 7.78 (s, 1H), 7.43 @z 8.5 Hz, 1H), 7.26 — 7.06
(m, 3H), 6.94 (tJ = 56.2 Hz, 1H), 6.74 (dt] = 14.9, 7.3 Hz, 1H), 6.55 (d,= 7.3 Hz, 1H), 6.44 (d] = 15.3 Hz,
1H), 4.28 (tJ = 5.2 Hz, 2H), 3.86 (d] = 7.3 Hz, 2H), 3.82 () = 5.1 Hz, 2H), 2.82 (s, 6H}*C NMR (126 MHz,
MeOD) § 165.28, 152.29, 140.99, 138.27, 133.32 &,22.2 Hz), 132.34, 129.93, 129.36, 128.53, 127182.79,
121.31, 119.64, 117.70 {,= 5.0 Hz), 115.22 (t) = 237.0 Hz), 108.07 (] = 7.2 Hz), 104.73, 100.16, 97.73,
66.14, 57.39, 41.76, 39.24. HRMS (ESI) m/z calcd GaH,¢FNsO, [M+H]* 454.2049, found 454.2046.

5.1.26 N-(2-((2-(6-(difluoromethyl)-1H-indazol-3:ilH-indol-4-yl)oxy)ethyl)but-2-ynamiddq)

'H NMR (400 MHz, Acetonek) & 12.66 (s, 1H), 10.79 (s, 1H), 8.36 {c5 8.6 Hz, 1H), 7.97 — 7.86 (m, 2H),
7.51 (ddJ = 8.4, 1.2 Hz, 1H), 7.30 (dd,= 2.3, 0.9 Hz, 1H), 7.26 — 6.93 (m, 3H), 6.59X¢, 7.7 Hz, 1H), 4.27 (t,
J=5.6 Hz, 2H), 3.77 (d] = 5.7 Hz, 2H), 1.91 (s, 3H}°C NMR (101 MHz, Acetonek) 5 153.07, 152.50, 141.19,
138.59, 138.24, 133.06 (= 22.2 Hz), 129.74, 123.16, 121.59, 120.03, 11&0B= 5.1 Hz), 115.40 (] = 236.6
Hz), 108.59 (tJ) = 7.6 Hz), 105.01, 100.54, 98.05, 81.76, 75.254®666.32, 39.00, 2.21. HRMS (ESI) m/z calcd.
for CoH19F,N,O, [M+H] " 409.1471, found 409.1468.



5.1.27
N-(2-((2-(6-(difluoromethyl)-1H-indazol-3-yl)-6-(hsakydiphenylmethyl)-1H-indol-4-yl)oxy)ethyl)acrylata @41)

'H NMR (400 MHz, MeOD) 8.25 (d,J = 8.5 Hz, 1H), 7.74 (s, 1H), 7.40 (dii= 8.5, 1.3 Hz, 1H), 7.35 —
7.20 (m, 10H), 7.17 (d = 0.9 Hz, 1H), 6.92 (] = 56.2 Hz, 1H), 6.82 (f] = 1.1 Hz, 1H), 6.60 (d] = 1.3 Hz, 1H),
6.40 — 6.20 (m, 2H), 5.65 (dd,= 9.3, 2.7 Hz, 1H), 4.12 (8, = 5.4 Hz, 2H), 3.72 (d] = 5.3 Hz, 2H)*C NMR
(126 MHz, MeOD)é 167.07, 151.58, 147.81, 143.01, 140.96, 138.59,3B3 133.31 (tJ = 22.2 Hz), 130.56,
130.01, 128.01, 127.14, 126.47, 125.50, 118.71,711{%,J = 5.0 Hz), 115.20 (tJ = 237.1 Hz), 107.90, 105.48,
101.59, 97.70, 82.31, 66.21, 38.94F NMR (376 MHz, MeOD)s -110.76. HRMS (ESI) m/z calcd. for
CasHogFoN,OsNa [M+Na]" 601.2022, found 601.2004.

5.1.28
N-(2-((2-(6-(difluoromethyl)-1H-indazol-3-yl)-6-(hsaky(phenyl)methyl)-1H-indol-4-yl)oxy)ethyl)acrylata 42)

'H NMR (400 MHz, MeOD 8.24 (d,J = 8.5 Hz, 1H), 7.74 (s, 1H), 7.42 (m, 3H), 7.31)(t 7.5 Hz, 2H),
7.21 (t,J = 7.3 Hz, 1H), 7.15 (q] = 1.0 Hz, 2H), 6.91 () = 56.2 Hz, 1H), 6.57 (d] = 1.1 Hz, 1H), 6.40 — 6.21
(m, 2H), 5.86 (s, 1H), 5.66 (dd,= 9.2, 2.8 Hz, 1H), 4.20 (§, = 5.4 Hz, 2H), 3.75 (1) = 5.4 Hz, 2H)*C NMR
(126 MHz, MeOD)é 167.09, 152.12, 144.90, 140.96, 140.05, 138.6@,913 133.29 (tJ = 22.1 Hz), 130.58,
129.77, 127.75, 126.63, 126.36, 125.49, 121.35,081917.68 (t) = 5.0 Hz), 115.20 () = 237.0 Hz), 107.89 (t,
J = 7.3 Hz), 103.11, 99.63, 97.76, 76.33, 66.25988HRMS (ESI) m/z calcd. for gH,,F.N,ONa [M+Na]’
525.1709, found 525.1706.

5.1.29 N-(2-((6-benzyl-2-(6-(difluoromethyl)-1H-ambl-3-yl)-1H-indol-4-yl)oxy)ethyl)acrylamidd3)

'H NMR (400 MHz, MeOD)5 8.25 (d,J = 8.5 Hz, 1H), 7.74 (s, 1H), 7.40 @= 8.5 Hz, 1H), 7.25 (d] =
5.5 Hz, 4H), 7.19 — 7.12 (m, 2H), 6.93 (s, 1H),26(8 J = 56.2 Hz, 1H), 6.41 (s, 1H), 6.37 — 6.22 (m, 25{H6
(dd,J = 9.3, 2.7 Hz, 1H), 4.19 (§ = 5.4 Hz, 2H), 4.04 (s, 2H), 3.75 &= 5.4 Hz, 2H).*°C NMR (126 MHz,
MeOD)$ 167.11, 152.17, 141.98, 140.96, 138.70, 138.36.,813 133.28 (tJ = 22.3 Hz), 130.58, 129.21, 128.52,
127.92, 125.47, 121.38, 118.14, 117.64)(t 5.1 Hz), 115.22 (tJ = 237.0 Hz), 107.87, 104.77, 101.97, 97.75,
66.22, 42.14, 39.02. HRMS (ESI) m/z calcd. fogtGsF,N,O, [M+H] ™ 487.1940, found 487.1939.

5.1.30
N-(2-((2-(6-(difluoromethyl)-1H-indazol-3-yl)-6-(phg((tetrahydro-2H-pyran-4-yl)oxy)methyl)-1H-indétyl)oxy
)Jethyl)acrylamide44)

'H NMR (400 MHz, MeOD) 8.26 (d,J = 8.5 Hz, 1H), 7.75 (s, 1H), 7.47 — 7.37 (m, 3AR6 — 7.27 (m,
2H), 7.26 — 7.19 (m, 1H), 7.16 (s, 2H), 6.92)(& 56.2 Hz, 1H), 6.56 (d] = 1.1 Hz, 1H), 6.39 — 6.19 (m, 2H),
5.70 (s, 1H), 5.66 (ddl = 9.2, 2.8 Hz, 1H), 4.20 (§,= 5.4 Hz, 2H), 4.00 — 3.87 (m, 2H), 3.76J& 5.4 Hz, 2H),
3.71 (dt,J = 8.7, 4.5 Hz, 1H), 3.43 (ddi,= 11.9, 9.4, 3.3 Hz, 2H), 2.01 — 1.92 (m, 2H),31-71.66 (m, 2H)**C
NMR (126 MHz, MeOD)& 167.11, 152.24, 147.55, 143.33, 140.99, 137.98,308(t,J = 22.3 Hz), 130.57,
129.87, 127.76, 126.75, 126.72, 125.51, 121.34,221917.71 (tJ = 5.1 Hz), 115.20 () = 237.1 Hz), 107.93,
106.44, 103.76, 99.80, 97.77, 80.79, 71.31, 6G23&8, 65.31, 38.98, 37.77, 32.64, 32.08. HRMS (B#%)calcd.
for CagH3.FN,O,Na [M+Na]" 609.2284, found 609.2282.

5131
N-(2-((6-((but-3-yn-1-yloxy)(phenyl)methyl)-2-(6 f{doromethyl)-1H-indazol-3-yl)-1H-indol-4-yl)oxy}et)acryl
amide 45)

'H NMR (400 MHz, MeOD) 8.25 (d,J = 8.4 Hz, 1H), 7.74 (s, 1H), 7.42 @z= 7.2 Hz, 3H), 7.30 () =
7.4 Hz, 2H), 7.23 (d) = 8.0 Hz, 1H), 7.14 (d] = 14.6 Hz, 2H), 6.92 (] = 56.3 Hz, 1H), 6.58 (s, 1H), 6.38 — 6.20
(m, 2H), 5.66 (dJ = 9.3 Hz, 1H), 5.52 (s, 1H), 4.20 @= 6.4 Hz, 2H), 3.75 (d] = 5.5 Hz, 2H), 3.62 (] = 6.8
Hz, 2H), 2.53 (dJ = 7.5 Hz, 2H), 2.28 (s, 1H)}*C NMR (101 MHz, MeODY 167.14, 152.28, 142.75, 140.99,
138.58, 137.94, 137.48, 133.32Jt 22.2 Hz), 130.60, 129.91, 127.75, 126.83, 1261&@%.44, 121.34, 119.30,



117.71 (tJ = 4.9 Hz), 115.18 (t) = 237.2 Hz), 107.88 (f] = 6.6 Hz), 103.80, 99.81, 97.80, 84.24, 81.01089.
66.88, 66.37, 39.01, 19.27. HRMS (ESI) m/z calcd GgH,sF,N,OsNa [M+Na] 577.2022, found 577.2014.
5.1.32
N-(2-((2-(6-(difluoromethyl)-1H-indazol-3-yl)-6-((@nethylsulfonyl)ethoxy)(phenyl)methyl)-1H-indol¥bxy)eth
yl)acrylamide §6)

'H NMR (400 MHz, MeODY 8.25 (d,J = 8.5 Hz, 1H), 7.75 (s, 1H), 7.48 — 7.37 (m, 3HR2 (t,J = 7.5 Hz,
2H), 7.28 — 7.19 (m, 1H), 7.15 @@= 10.0 Hz, 2H), 6.92 (f] = 56.2 Hz, 1H), 6.58 (dl = 1.1 Hz, 1H), 6.38 — 6.21
(m, 2H), 5.66 (ddJ = 9.2, 2.9 Hz, 1H), 5.55 (s, 1H), 4.22 (ics 5.6, 2.3 Hz, 2H), 4.00 — 3.85 (m, 2H), 3.760¢,
5.4 Hz, 2H), 3.43 () = 4.2 Hz, 2H), 3.07 (s, 3H):°C NMR (126 MHz, MeODY 167.11, 152.39, 142.22, 140.99,
138.48, 137.91, 136.74, 133.30, 130.58, 130.02,9127127.03, 126.54, 125.52, 121.32, 119.39, 11{#%, 3= 5.0
Hz), 115.20 (t) = 237.2 Hz), 107.94 (§ = 6.7 Hz), 103.74, 99.45, 97.76, 84.98, 66.29%65254.62, 41.93, 38.96.
HRMS (ESI) m/z calcd. for GHsgF,N,OsSNa [M+Na] 631.1797, found 631.1803.
5.1.33 N-(2-((6-(3-chlorobenzyl)-2-(6-(difluoromgthl H-indazol-3-yl)-1H-indol-4-yl)oxy)ethyl)acryhaide @7)

'H NMR (400 MHz, MeOD) 8.24 (d,J = 8.5 Hz, 1H), 7.74 (s, 1H), 7.40 @z= 8.5 Hz, 1H), 7.28 — 7.20
(m, 2H), 7.20 — 7.11 (m, 3H), 7.09 — 6.72 (M, 26140 (d,J = 1.2 Hz, 1H), 6.37 — 6.23 (M, 2H), 5.66 (dd; 9.2,
2.8 Hz, 1H), 4.20 (t) = 5.4 Hz, 2H), 4.02 (s, 2H), 3.75 {t= 5.4 Hz, 2H)}*C NMR (101 MHz, MeOD} 167.14,
152.31, 144 .45, 140.98, 138.41, 135.83, 133.74,303330.60, 129.42, 129.38, 128.43, 126.89, 125.86.44,
121.35, 118.35, 117.66, 115.19, 107.86, 104.88,000D7.77, 66.31, 41.63, 39.02. HRMS (ESI) m/z c:afor
CyugH24CIF,N,O, [M+H]* 521.1550, found 521.1555.
5.1.34
N-(2-((2-(6-(difluoromethyl)-1H-indazol-3-yl)-6-(3rfluoromethyl)benzyl)-1H-indol-4-yl)oxy)ethyl)agdamide
(48)

'H NMR (400 MHz, MeOD)5 8.24 (d,J = 8.8 Hz, 1H), 7.74 (s, 1H), 7.54 (s, 1H), 7.58.36 (m, 4H), 7.15
(s, 1H), 7.07 — 6.73 (m, 2H), 6.42 (t= 1.2 Hz, 1H), 6.36 — 6.21 (m, 2H), 5.66 (dd; 9.2, 2.8 Hz, 1H), 4.20 (,
= 5.4 Hz, 2H), 4.11 (s, 2H), 3.75 @,= 5.4 Hz, 2H).**C NMR (126 MHz, MeOD) 167.12, 152.36, 143.46,
140.97, 138.62, 138.40, 135.63, 133.29 ¢, 22.1 Hz), 132.29, 130.57, 130.31, 130.06, 129128.68, 125.50,
124.97 (qJ = 3.8 Hz), 124.97 (qJ = 3.8 Hz), 121.36, 118.37, 117.67 Jt= 5.1 Hz), 115.21 (t) = 237.1 Hz),
107.90, 104.89, 101.86, 97.76, 66.25, 41.68, 38HMS (ESI) m/z calcd. for H,4FsN,O, [M+H]* 555.1814,
found 555.1819.
5.1.35 N-(2-((2-(6-(difluoromethyl)-1H-indazol-318-(3-methylbenzyl)-1H-indol-4-yl)oxy)ethyl)acrylale @9)

'H NMR (400 MHz, MeOD) 8.25 (d,J = 8.4 Hz, 1H), 7.74 (s, 1H), 7.40 @z= 9.2 Hz, 1H), 7.22 — 7.10
(m, 2H), 7.07 — 7.01 (m, 2H), 7.01 — 6.75 (m, 36140 (d,J = 1.2 Hz, 1H), 6.38 — 6.18 (m, 2H), 5.66 (dd; 9.3,
2.7 Hz, 1H), 4.20 () = 5.4 Hz, 2H), 3.99 (s, 2H), 3.75 (= 5.4 Hz, 2H), 2.28 (s, 3H}*C NMR (126 MHz,
MeOD) § 167.19, 152.12, 141.86, 140.95, 138.70, 138.38,543 136.99, 133.30 {,= 22.3 Hz), 130.54, 129.22,
129.16, 127.83, 126.16, 125.60, 121.40, 121.30,091817.68 (t] = 5.0 Hz), 115.21 () = 237.1 Hz), 107.91 (t,
J=7.7 Hz), 104.78, 102.04, 97.77, 66.24, 42.08)3920.10. HRMS (ESI) m/z calcd. fobdEl,FsN,O, [M+H]*
501.2097, found 501.2092.
5.1.36  N-(2-((2-(6-(difluoromethyl)-1H-indazol-31@-(2-methoxybenzyl)-1H-indol-4-yl)oxy)ethyl)aatylidee
(50)

'H NMR (400 MHz, MeOD) 8.23 (d,J = 8.6 Hz, 1H), 7.73 (s, 1H), 7.39 @@= 8.5 Hz, 1H), 7.21 — 7.07
(m, 3H), 7.07 — 6.75 (m, 4H), 6.44 (s, 1H), 6.38.20 (m, 2H), 5.66 (dd] = 9.3, 2.7 Hz, 1H), 4.19 (§,= 5.3 Hz,
2H), 4.01 (s, 2H), 3.82 (s, 2H), 3.75 Jt= 5.3 Hz, 3H)*C NMR (126 MHz, MeOD) 167.16, 157.34, 151.95,
140.96, 138.76, 138.39, 136.72, 133.29 ¢, 22.3 Hz), 130.55, 130.08, 129.96, 129.01, 126195.57, 121.41,
120.06, 117.98, 117.65 @,= 5.1 Hz), 115.21 (&) = 237.2 Hz), 110.13, 107.89 (= 7.4 Hz), 104.68, 102.09,



97.76, 66.22, 54.46, 39.05, 38.98, 35.90. HRMS (B8 calcd. for GoH,7F,N,O5 [M+H]* 517.2046, found
517.2049.

5.1.37 N-(2-((2-(6-(difluoromethyl)-1H-indazol-31@-(3-methoxybenzyl)-1H-indol-4-yl)oxy)ethyl)aenylide
(51)

'H NMR (400 MHz, MeOD)5 8.25 (d,J = 8.5 Hz, 1H), 7.74 (s, 1H), 7.40 @z= 8.6 Hz, 1H), 7.23 — 7.12
(m, 2H), 7.10 — 6.70 (m, 5H), 6.42 @z 1.2 Hz, 1H), 6.38 — 6.21 (m, 2H), 5.66 (d&; 9.3, 2.7 Hz, 1H), 4.20 (t,
J=5.4Hz, 2H), 4.01 (s, 2H), 3.77 — 3.74 (m, 58 NMR (126 MHz, MeOD} 167.12, 159.81, 152.16, 143.52,
140.97, 138.70, 138.38, 136.65, 133.29, 130.58,2P2928.85, 125.49, 121.39, 121.31, 120.95, 118.18.64,
115.22 (t,J = 236.9 Hz), 114.16, 110.89, 107.88, 104.78, 10199.75, 66.23, 54.12, 42.14, 39.03. HRMS (ESI)
m/z calcd. for GgH,-F,N,O5 [M+H]* 517.2046, found 517.2041.

5.1.38 N-(2-((2-(6-(difluoromethyl)-1H-indazol-31@-(4-methoxybenzyl)-1H-indol-4-yl)oxy)ethyl)aenylide
(52)

'H NMR (400 MHz, MeOD) 8.25 (d,J = 8.5 Hz, 1H), 7.74 (s, 1H), 7.40 @z= 8.5 Hz, 1H), 7.20 — 7.10
(m, 3H), 7.09 — 6.74 (m, 4H), 6.39 @= 1.1 Hz, 1H), 6.36 — 6.21 (m, 2H), 5.66 (d&s 9.3, 2.7 Hz, 1H), 4.19 (t,
J=5.4Hz, 2H), 3.97 (s, 2H), 3.76 — 3.74 (m, 58 NMR (126 MHz, MeOD} 167.10, 157.98, 152.14, 140.96,
138.71, 138.38, 137.33, 134.01, 133.26)  22.2 Hz), 130.58, 129.43, 129.14, 125.50, 121128.30, 118.07,
117.63 (tJ = 5.0 Hz), 115.22 (] = 237.1 Hz), 107.87 (] = 7.6 Hz), 104.64, 101.90, 97.77, 66.73, 66.20254
41.24, 39.03. HRMS (ESI) m/z calcd. fosg8,,F,N4O;5 [M+H] " 517.2046, found 517.2045.

5.1.39 N-(2-((2-(6-(difluoromethyl)-1H-indazol-318-(2,6-dimethoxybenzyl)-1H-indol-4-yl)oxy)ethghdamide
(53)

'H NMR (500 MHz, MeOD) 8.23 (d,J = 8.4 Hz, 1H), 7.73 (s, 1H), 7.38 (@= 8.5 Hz, 1H), 7.16 () =
8.3 Hz, 1H), 7.10 (s, 1H), 7.06 — 6.78 (m, 2H),35(6,J = 8.3 Hz, 2H), 6.52 (s, 1H), 6.38 — 6.20 (m, 25157 (dd,
J=9.7, 2.4 Hz, 1H), 4.19 (§ = 5.4 Hz, 2H), 4.05 (s, 2H), 3.82 (s, 6H), 3.78J(t 5.3 Hz, 2H)1*C NMR (126
MHz, MeOD) § 167.10, 158.28, 151.60, 140.94, 138.85, 138.3%,483 133.27 (tJ = 22.2 Hz), 130.59, 128.75,
127.04, 125.48, 121.42, 121.29, 117.93, 117.72.213@,J = 22.2 Hz), 115.22 (f] = 237.1 Hz), 107.83 (8= 7.6
Hz), 104.14, 103.58, 101.98, 97.72, 66.17, 54.8M% 28.59. HRMS (ESI) m/z calcd. fosdB,gF,N,0, [M+H]*
547.2151, found 547.2154.

5.1.40 N-(2-((2-(6-(difluoromethyl)-1H-indazol-318-(2,4,6-trimethylbenzyl)-1H-indol-4-yl)oxy)etjatrylamide
(54)

'H NMR (400 MHz, MeOD)5 8.23 (d,J = 8.5 Hz, 1H), 7.73 (s, 1H), 7.39 (@= 8.5 Hz, 1H), 7.12 (d] =
0.9 Hz, 1H), 7.06 — 6.74 (m, 3H), 6.59 (s, 1H),66(8, 1H), 6.35 — 6.22 (m, 2H), 5.67 (dd= 9.3, 2.7 Hz, 1H),
4.18 (t,J = 5.4 Hz, 2H), 4.11 (s, 2H), 3.75 = 5.4 Hz, 2H), 2.26 (s, 3H), 2.23 (s, 6HjC NMR (101 MHz,
MeOD) § 167.12, 152.15, 140.96, 138.53, 136.68, 135.75,103 134.11, 133.29, 130.60, 128.97, 128.37, 725.4
121.39, 118.00, 117.62, 115.20, 112.84, 107.84,280301.34, 97.80, 66.25, 48.23, 39.05, 34.6465,918.90.
¢ NMR (376 MHz, MeOD) -110.80. HRMS (ESI) m/z calcd. forz{BsoF,N,O,Na [M+Na] 551.2229, found
551.2227.

5.1.41 N-(2-((2-(6-(1H-pyrazol-4-yl)-1H-indazol-8-benzyl-1H-indol-4-yl)oxy)ethyl)acrylamidBs)

'H NMR (600 MHz, MeOD) 8.11 (d,J = 8.5 Hz, 1H), 8.06 (s, 1H), 7.71 (s, 1H), 7.56,@= 8.5, 1.4 Hz,
1H), 7.39 — 7.32 (m, 1H), 7.30 — 7.20 (m, 4H), 7(t5) = 5.8, 2.6 Hz, 1H), 7.11 (s, 1H), 6.93 (s, 1HAI6(s, 1H),
6.35 — 6.21 (m, 2H), 5.67 (dd= 9.8, 2.2 Hz, 1H), 4.20 (§,= 5.4 Hz, 2H), 4.04 (s, 2H), 3.76 {t= 5.4 Hz, 2H).
3C NMR (151 MHz, MeODY 167.13, 152.12, 142.42, 142.01, 138.36, 136.65,623 130.60, 129.62, 129.38,
128.52, 127.92, 126.84, 126.58, 125.46, 120.96,8219118.92, 118.17, 105.64, 104.77, 102.04, 9765423,
42.14, 39.04. HRMS (ESI) m/z calcd. fog8,6NsO,Na [M+Na]* 525.2009, found 525.2012.

5.2 Pharmacological assays



5.2.1 Enzymatic assays

The enzymatic activities against ITK, BTK, JAK3, arn8GFR were tested with the HTRF
KinEASE™-STK kit (Cisbhio Bioassays). All protocoleeaavailable from the supplier.

5.2.2 Time-Dependent Assay.

Compoundd, 43 and55 were preincubated with recombinant ITK for diffier@eriods of time (0, 5, 10, 15,
20, 30, 45 or 60 min) before ATP was added, and the substrate was added to initiate the kinaaetiom. The
following operations were identical to the routiaezymatic activity determination procedures. Thieikiition
percentage values were plotted versus preincubtitienusing GraphPad Prism software.

5.2.3 Cellular phosphorylation assay

Jurkat or H9 cells were starved for 1 h. Then,sce#re incubated with ITK inhibitors or DMSO forh2at
37 °C. 2x16 Jurkat or H9 cells were seeded into a 6-well pkaid treated with compounds for 2 h. After
stimulation with anti-CD3/CD28 beads for 15 min, sellere collected and lysed in a cell lysis buffentaining
protease and phosphatase inhibitors. Western hhyses were then conducted after separation by FBSE
electrophoresis and transfer to nitrocellulose rmamés.

5.2.4 Washout Experiment.

Jurkat cells were starved for 1 h and treated wattmpounds for 2 h. For washout groups, cells wexshed
extensively with PBS. The non-washout groups wemgt kconstant as stated above. Cells were stimulaitid
anti-CD3/CD28 beads for 15 min, lysed, and subjetdieddandard western blot.

5.2.5 Cell viability and apoptosis assays

Jurkat, H9, Molt-4, and CCRF-CEM cells were culturedRRMI-1640 (Gibco) supplemented with 1%
penicillin-streptomycin and 10% fetal bovine seryRBS, Gibco). The antiproliferative activity of shetic
compounds was determined by using a CellTiter-Glo@ihescent cell visibility assay (Promega, G75T3lls
were seeded in 96-well plates (5000 cells per wetated with DMSO ansarious concentrations of compounds,
and then incubated in a G@cubator for 72 h. The detection reagent was @ddehe culture mixture at room
temperature. After 1 h, luminescence was read mguen Envision plate reader Envision 2104. GraphP@sm
was used to analyze the data, forming dose-respomses. The G} values were the means of triplicate
measurements.

5.3 Computational Methods.
5.3.1 Molecular docking study

Docking was performed with Molecular Operating Eomiment software (MOE, 2015). Hydrogen atoms
were added to the ITK-ligand complexes at physickgpH (7.0) with the Protonate 3D tool implemehia
MOE. Default Protonate 3D settings were used.

5.3.2 Binding energy

To investigate the electron-withdrawing and dormtgffects for edge-to-face effects between Phe4idl7 a
variously substituted benzyl indoles, we performsattulations using Gaussian 16 [33]. The interacBaergies
were obtained using the basis set superpositioor §BSSE)-corrected calculatian3he relative interaction
energies in water were obtained using PCM. Thearomdtion optimization and relative energies wereaeined
using M06-2X-D3 methods.
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A series of indolylindazole based covalent ITK inhibitors were designed and synthesized.
The most potent compounds, 43 and 55, inhibited ITK kinase activity with ICsy values of 4.0
and 5.8 nM, respectively, and both exhibited good selectivity in a panel of kinases and over
30-fold selectivity against BTK.

Compounds 43 and 55 potently inhibited the phosphorylation of PLCy1 and ERK1/2 in living
T cells, and showed almost no inhibitory effect on the phosphorylation of PLCy2 in B cells.



