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ARTICLEINFO ABSTRACT

Keywords: Te diseover the best-in-class Bruten's Tyrosine Kinace (BTE) inhibitors, for th treatment of autoimmune dizorders
Bruton’s tyrosine kinase like cancer (B-Cell Lymphoma (BCL)) and the: id arthritiz (RA), in the present investization, novel structural
I.u'ev.ersible BT{( inhtatcs optimizations were carried out. Infroduction of novel bieyelic amine linksrs and aromatic backbone lad to series
g:!t::vmmuue dizeze of compoundsz 9a-h and 14a-u. Compound 14b was found to be potent, orally bioavailable, zelective and irre-
DUd\m.‘I verzible BTE inhibitor. In vire, 14b showed 1Cs; of 1.0 nM and 0.8 nM, in BTK and TMDE assaye, respectively. In

vivo, 14b displayed robust efficacy in collagen-induced arthrtiz (CIA) and TMD8 xenograft models, which could
be correlated with ite improved oral bicavailability. In the repeated dese acute toxicity study, 14b showed ne
adverse changes, indicating that the BTE inhibitor 14b could be viable therapeutic option for the treatment of

autsimmune disorders.

1. Introduction

BTK is a cytoplasmic tyrosine kinase of TEC family. It is the second
largest family of non-receptor kinase, in human [1]. BTK signals many
type of cell surfaces molecules and it is mainly expressed in B cell,
macrophages and monocytes [2]. B cell maturation, differentiation and
proliferation were mainly regulated by B cell receptor (BCR), where in,
role of BTK enzyme is very crucial [3]. In BCR pathway, BTK iz activated
by the upstream Sre-family kinase, such as Blk, Lyn and Fyn. In turn, BTK
phosphorylate and activares phospholipase Cgamma2 (PLCy2), leading
to Ca*2 mobilization and activation of NF-B and MAP kinase pathways
which are essential for B cell survival [4]. Immune cells like mast cell,
basophils, monocytes, macrophages play important roles in inflamma-
tory and allergic responses. Constitutive BTK activation under autoim-
mune conditions leads to activation of Fe receptor of IgG and IgE (FeyR,
FeeR), in macrophages and mast cells [5].

* ZRC communication No: 608 (Part of PhD thesiz work of Darchan Jochi).

BTK has been shown to play key role in several auto-immune dis-
orders like lupus, RA, multiple sclerosis (MS) and various types of B-cell
malignancies (mantle cell lymphoma (MCL), chronic lymphoeytic lym-
phoma (CLL) or small lymphocytic lymphoma (SLL)). Thus, inhibition of
BTK is considered as the most validated and persuade target for the
effective treatment of auto-immune disorders [6-12]. In last decade,
intense efforts been made to develop selective BTK inhibitors, especially
against closely associated eysteine kinazes such as EGFR, JAKS, BLE,
BMX and TEC, for the safe and effective treatment of autcimmune dis-
orders [13-15].

Ibrutinib (IBR) is the first generaton crally administered BTK in-
hibitor which covalently binds to Cys481 of active adenosine triphos-
phate (ATP) binding domain of a BTK enzyme [16]. IBR was approved
by FDA, in 2013 to treat mantle cell lymphoma (MCL} and was subse-
quently approved for various indications, such as chronic lymphoeytic
leukemia (CLL), waldenstrom's macroglobulinemia (WM}, and marginal
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zone lymphoma [17]. However, IBR not only irreversibly binds to BTK
but also induces off-target inhibitions of multiple cysteine kinases. Off-
target binding of IBR associated with various adverse effects (AEs),
such as bleeding, rash, diarrhea, fungal infection, neutropenia and atrial
fibrillaticn (AF), which may lead to treatment discontinuation. Further
to achieve clinical efficacy, high doses (420-560 mg, q.d) of IBR is
needed, due to its poor pharmacckinetic (PK)} profile (<3% oral
bicavailability (%F), in humans, with variable exposure) [18]. IBR
exposure also get impacted by concomitant CYP3A inhibitors and he-
patic impairment, which led to potental safety concerns [19]. Long-
term treamment with IBR led to resistance (—60 %), caused by the
development of mutated clones (C4815), in the IBR binding site [20].

Acalabrutinib and Zanubrutinib are the second generation irrevers-
ible BTK inhibitors which has been approved by FDA, for the treatment
of MCL [21,22]. Acalabrutinib covalently binds to C481 in the BTE, with
an ICsg of 3 nM. It has less off-target binding and a much higher speci-
ficity for BTK than IBR. In contrast to IBR, Acalabrutinib does not inhibit
the TEC-family kinases (ITK and TXK), EREB2, and Sre-kinases (Sre, Lyn,
Fyn, Yes and Lek); however, it inhibits the epidermal growth factor re-
ceptor (EGFR), which led to diarrhea and rashes [23]. Acalabrutinib has
a shorter halflife than IBR and is given twice daily. In general, car-
diovascular events were less common in the Acalabrutinib group
compared to IBR [24].

Zanubrutinib exhibit enhanced selectivity for BTK and improved
bicavailability relative to IBR. Zanubrutinib demonstrated potent ac-
tivity and selectivity against BTK over TEC, EGFR, and Src families.
Zanubrutinib showed comparable-to-improved efficacy, superior safety,
with lower incidences of AF, hypertension, diarthea and bleeding. These
clinical observations are in consistence with less off-target inhibition of
Zanubrutinib, including ERBB2/HER2 and ERBB4/HER4 (AF), EGFR
(diarrhea) and TEC (AF, bleeding). Among the approved BTK inhibitors,
Zanubrutinib is less prone to modulations of its PK by intrinsic and
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extrinsic factors, including food, and hepatic impairment as well as DDI,
with strong or moderate CYP3A inhibitors. Compared to approved doses
of 420 or 560 mg QD for IBR and 100 mg BID for Acalabrutinib,
Zanubrutinib doses of 320 mg QD or 160 mg BID provides additional
dosing flexibility and increased drug adherence to maximize therapeutic
benefits [25].

Other irreversible BTK inhibitor like Tirabrutinib (for BCL), Evo-
brutinib (for MS), Branebrutinib (for RA, Sy ic lupus eryth
(SLE) and Stevens-Johnson syndrome (5J5)), Orelabrutinib (for B-cell
malignancies and autoimmune diseases) are in clinical development
(Fig. 1). Reversible BTE inhibitors, Fenebrutinib (for RA and SLE) and
Rilzabrutinib (for immune thrombocytopenia (ITP)) are also in the
clinical development [12,26-28]. However, there is still an unmet need
to develop safe, potent and selective BTK inhibitors, for the effective
treatment of autoimmune disorders.

2, Design of novel pyrazolo-pyrimidin-amine derivatives

Covalent inhibition of kinases by targeting a non-catalytic cysteine
residue is a validated strategy for achieving sustained target engage-
ment, without requiring high systemic drug exposure [29,30]. In BTK
enzyme structure, Cys481 is proximal to the ATP binding site, and an
analogous cysteine residue is present in few other human kinases. The
relatively low prevalence of the corresponding cysteine residue in the
human kinome makes covalent inhibition of BTK an attractive strategy
for achieving high selectivity [31]. Pyrazolo[3,4-d]pyrimidin-4-amine
and its mimetic scaffeld are knowm for its kinase inhibitory activities.

Based on the co-crystal structure of IBR with BTK enzyme (Fig. 4),
IBR structure can be categorized into four parts: hinge binder, amine
linker, aromatic backbone, and warhead. The hinge binder (pyrazolo
[3,4-d]pyrimidin-4-amine) forms hydrogen bonding with the Met477
(at hinge region) and Glu475, in the active site of BTK. These
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Fig. 1. Representative chemical structures of covalent and non-covalent BTE inhibitors.

2

309



D. Joshi et al

interactions are wvery crucial for the BTK inhibitory activicy. While
piperidine amine acts as a linker and provides spatial angle so that
warhead (acrylamide moiety) can interact covalently with Cys481. Ar-
omatic backbone (biphenyl ether) crients towards the back side pocket
of Thr474 and exhibit n-n stacking interactions with the Phe540 of a BTK
enzyme.

The crucial hinge binder pyrazolo[3.4-d]pyrimidin-4-amine core
was considered as a starting peint. In the present investigation, stepwise
structural modifications were carried out in the IBR (Fig. 1) to discover
novel, potent, selective and orally bioavailable BTK inhibitor. Inidally,
to improve BTK enzyme selectivity, while retaining potency, first set of
compounds were designed to identify the novel amine linker. Subse-
quently, to optimize aromatic backbone and warhead moiety, second
and third set of compounds were designed. Thus, in the present
communication, we reported design, synthesis and biological evaluation

NC

Publication and posters

Binorgamic Chemistry 120 (2022) 106228

of novel, potent and selective pyrazolo[3,4-d]pyrimidine-4-amine based
irreversible BTK inhibitors.

3. Result and discussion
3.1. Chemistry

Synthesis of pyrazolo[3,4-d]pyrimidine based derivatives (%a-h and
14a-u) were carried out as depicted in Scheme 1, 2 and 3, following the
meodified literature procedure [32]. For the synthesis of 9a-h (Scheme
1), commercially available (ethoxymethylene)malononitrile (1) reacted
with hydrazine hydrate to get 5-amino-1H-pyrazole-4-carbonitrile (2],
which was converted to 1H-pyrazolo[3.4-d]pyrimidin-4-amine (3) by
reacting with formamide. Intermediate 3 was iodinated using N-iodo
succinimide to get an iode intermediate 4, which was subjected for
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1) Hydrazine hydrate, 110°C, 3 h; ii) Formamide, 180 “C, 5 h; 1ii) NIS, DMF, 80°C, 18 h;

iv) 4-phenoxyphenyl boronic acid, PACL{PPha)s, KHCO:(q), DMF, 90 “C, 5 h; v] 6a-h, DIAD, PPhy, THF, 0°C to rt, 18 b; vi) TFA, DCM, 0 °C to r.t, 3 h; vii) Acrolyl

chleride, DIFEA, DCM, 0°C tort,18 b
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I nm catalyzed Suzuki-Miyaura coupling reaction, with (4-phe-
noxyphenyl)boronic acid to get the 3-(4-phenoxyphenyl)-1H-pyrazolo
[3,4-d]pyrimidin-4-amine (5). Purther Mitsuncbu reaction of 5 was
carried out with various substituted alechol 6a-h [33], in the presence of

diisopropylazodicarboxylate and triphenyl phosphine o get

intermediates 7a-h. Tert-butyl carbamate group of 7a-h was depro-
tected using trifl etic acid, followed by acylation with acryloyl
chloride, in the presence of base to obtain compounds 9a-h, with good
vield and purity.

To synthesize 14a-p (Scheme 2), iodo intermediate (4) converted to
intermediate 10, using 6e, under Mitsunobu condition, followed by
coupling with various substituted boronie acid (11a-p), using palladium
catalyzed Suzuki Miyaura cross coupling reaction condition o get an
intermediate 12a-p. Tert-butyl cart group of intermedi; 12a-p
was deprotected, using trifluoroacete acid, followed by acylation of
intermediates 13a-p, using acryloyl chloride, in the presence of base to
get 14a-p. Synthetic route for the preparation of 14q-u was displayed in
Scheme 3. Intermediate 13b was coupled with substituted acyl chloride
or with substituted acid, using coupling reagent to provide targeted
compound 14q-u.

Overall, 29 compounds (9a-h and 14a-u) were prepared under the
mild reaction conditions with = 95 % purity. Spectral data of all the
synthesized compounds were found to be in conformity with the strue-
tures assigned, which ensure the formation of the compounds 2a-h and
14a-u (see experimental section 5.2. for analytical data).

3.2. Biclogical evaluation

3.2.]. Invitro BTK inhibitory and anti-proliferative activity

All the synthesized compounds were assessed for their in vitro BTK
inhibitory activity, using a cell-free biochemical assay. Briefly, fixed
amount of recombinant purified human BTK (3 ng/reaction) was incu-
bated with increasing concentration of test compounds. Enzymatic re-
action was initiated by adding a substrate cocktail containing ATP (50
pmol/L), in 96 well plates. The reaction was incubated at room tem-
perature, for 2 h followed by quantification of the left over ATP, ac-
cording to the manufacturer’s protocol, using ADP-Glo reagent. Data
were plotted taking ‘enzyme with no inhibitor” as the 100 % kinase.

Anti-proliferative activity of test compounds were evaluated in vimo
in the human diffuse large B cell Iymphoma (DLBCL) cell line TMDS.
Briefly, defined numbers of TMDS cells were incubated in 96 well plates
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with increasing concentration of test compounds. Cell growth was
measured using MTT assay and IG5y values were determined by
nonlinear regression, using the GraphPad Prism 6 software. 1BR was
taken as the positive control and it showed ICs; 0f 1.1 nM and 1.2 nM, in
BTK and TMDS aseay, respactively.

Identification of a novel amine linker: Sarurated bicyclic amines
were introduced as bioisosteric replacement of amine linker and overall,
eight compounds (9a-h) were synthesized in this series. Test compounds
were screened in both the in vitro assays (Table 1). All the test com-
pounds (2a-h) displayed single digit nanomelar activity (IGsg), in BTK
and TMDS assay, except 9¢ (pyrrolidine piperidine linker) and 9f (aza-
bicyclo heptane linker), which showed weaker potency, in both the in
viro assays. Among 9a and 9b (diastereomers, with bipyrrolidine
linkers}, 9b (RS) showed potent BTK inhibitory and anti-proliferative
activity (ICsq: 2.8 nM and 1.4 nM, respectively) compared to 9a (RR).
Compounds 9g (cyclopentyl pyridine linker) and 9h (pyrrelo pyrazine
linker) showed similar (ICsy: — 3 nM) activities, indicates that there is no
impact of bridgehead nitrogen, in 9h, on in vitro activity., Compound 9d
(pyrrolo pyrrole ethyl linker) showed moderate activity. Among %a-h,
the best amine linker was found to be eyclopentyl pyrrole analogue 9e. It
showed BTK inhibitory (ICsp: 1.4 nM) and and-proliferative activity
(ICsg: 0.5 nM) comparable to IBR. Thus, in our initial attempts, we could
successfully replace piperidine linker of IBR with novel cyclopentyl
pyrrole linker (9e), without compromising in vitro potency.

To further scrutinize biologically, 9e was subjected for CYP, hERG
inhibitory activity and PK study (Tables 4 and 5). As depicted in Table 4,
9e showed <50 % inhibition of hERG and GYP (1A2, 2C9, 2D6, 2G19,
and 3A4), at 10 uM concentration. The PK study in mice and rats reveals
that 9e have slightly better PK profile (Cn., = 282 and 283 ng/mL, AUC
=433 and 301 ng.h/mL, %F = 36 and 25, in mice and rats, respectively)
compare to IBR (see Table 5). Thus the promising in vitro and PK data of
9e encouraged us to further optimize its aromatic backbone.

Optimization of aromatic backbone: Preliminary decking study

Table 1
ldentifieation of novel amine linkar, in vitro data of Qa-h
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data of 9e suggested thar an aromatic backbone of 9e adopt favorable
orientation in the hydrophobic pocket of BTK enzyme, which allows it to
interact with the key residues (Thr474 and Phe540) of hydrophobic
pocket (Fig. 4). Docking study also revealed thar if we inreduce a
hydrogen bond acceptor in aromatic backbone, additional hydrogen
bond interactions may occur with the Ser538 or/and Lys430, which
could lead to kinase selectivity. Based on these finding, we selected two
set of aromatic backbone bicisosteres. In the first set, benzamide /
picolinamide derivatives were selected, while in the second set,
4-phenyl ether/ thioether derivatives were used as aromatic backbone
bicisosteres. Total sixteen compounds (14a-p) were synthesized and
evaluated in BTK and TMDS assays. The results of both in vitro assays are
summarized in the Table 2.

In the first set, compounds with benzamide / picolinamide backbone
(14a-h) displayed potent BTK inhibitory activity and anti-proliferative
effect in in vimro assays. Among 14a-e, N-2-pyridyl compounds (14b,
14d and 14e) were found to be most potent, in both the assays, with ICsq
value < 1 oM. When N-2-pyridyl (14b) was replaced with N-2-Pyrazine
(14a) or N-3-pyridine (14c), it showed four to five fold weaker BTK
inhibitory activity and anti-proliferative effect. Reverse amide (14f) and
picolinamide derivatives (14g-h) were found to be slighty inferior
compared to benzamide derivatives, in both the assays.

Thus, among eight compounds tested, in benzamide series, position
of nitrogen in ring B (14b, 14d and 14e) was found to be crucial for
potent in vitro activity. Also substitution with methyl (14d) or electron
withdrawing group such as CF3 (14e), at 5 position of pyridyl ring
(ring B) was found to be favorable. The Log P value of 14b was found to
be 2.7 and it increases to 3.19 and 3.62 in 14d and 14e, respectively,
which indicates thar all the three compounds more likely to have
optimal physicochemical and ADME properties for oral dosing. Intro-
duction of additional nitrogen at 5% position (14a) or changing the ni-
trogen from 2™ to 3 position (14c), in ring-B lead to moderate activity
and also decrease in the Log P, 1.37 and 1.99, for 14a and 14e,

NHz
N* R
o I
NTTN
Ry
9a-h
Comp. R, BTK TMDS Comp. R, BTK TMDS
ICs, (ahD)* 1Cg (aM)* 1Csq (aM)* 1Csq (nMD®
%a o] 51 4.4 [ 4] 14 05
” A FRTA AL
Ao
ob (@] s 14 af ;j o 29 21
1 L
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od 4 o 81 1 oh o} 36 33
O O
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All the data are shown as the mean for three experimentz. "BTH inhibition (ICxy) determination using in vire BTE kinase assay on ADP Glo platform, bTMDa cytotoxicity

inhibiion (ICs,) determination using TMDS cell lines assay.
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Table 2

O ion of aromatic backb

in vitro data of 14a-p.
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respectively. Similarly, reverse amide 14f and introduction of additicnal
nitrogen in ring-A (14g and 14h) was found to be less favorable for in
vitro activity.

In set 2, eight compounds (14i-p) were synthesized using phenyl
ether/ thioether as aromatic backbone. Phenyl ether analogues 14i, 14j
and 14k showed weaker BTK inhibitory activity (ICsq: 8.3 nM, 14.6 nM
and 89 nM, respectively) and anti-proliferative effect (ICsg: 8.6 nM, 7.5
nM and 82 nM, respectively), indicates that phenyl ether linkage is not
favorable. However, phenyl thicether analogues (14n and 14o0) were
found to be highly potent in both the BTK (ICsq: 0.8 and 0.5 nM,
respectively) and TMDS assay (ICspr 1.7 and 0.4 nM, respectively).
Compounds 14l and 14m displayed moderate inhibitory activity, in
both the assays, while 14p was found to be least potent. Overall in this
set, only methyl-thio (14n) and ethyl-thio (140) analogs retained BTK
inhibitory activity over alkyl-sulfonyl or alkoxy derivatives. Potent BTK
inhibitory actvity of 14n and 140 (lacking ring B and amide compo-
nent) was found to be contradictory with our previous benzamide series
(set 1) observations, having additional aryl amide (ring B) as an aro-
matic backbone, which we thought as an essential component for H-

(IGsg) deter

using in vitre BTE kinase assay on ADP Glo platform, bTMDS cytotoxicity

bonding and hydrophobic interactions with the hydrophobic pocket of
BTK enzyme.

Compounds 14b, 14d, 14e, 14n, and 140 having ICs; = 1BR were
screened for hERG and CYP inhibitory activity (Table 4). Tested com-
pounds (14b, 14d, 14n and 140} showed <50 % inhibition of hERG, at
10 pM concentration, except 14e, which showed 63 % inhibition. CYP
inhibition study data reveals that phenyl thio-ether analogue 14n and
140 inhibits multiple CYP isoforms (50 % inhibition of 2C8, 2C9, 2D6
and 2C19), at 10 pM concentration. Whereas, benzamide analogues 14b
showed no CYP liabilities (<50 % inhibition}, at 10 uM concentration,
while 14d and 14e showed = 50 % inhibition of 2C9, at 10 pM con-
centration. In general, CYP inhibition has also been correlated to
increased molecular weight (MW) and lipophilicity [34]. Among 14b,
14d and 14e, only 14b was found to be devoid of CYP lability, which
could be correlated with its low MW and Log P. Compounds 14n and
140 exhibit higher Log P (3.63 and 3.86, respectively) and lower ba-
sicity compared to 14b, which may accounts for multdple CYP
inhibiticns.

Warhead influence: Electrophilic warheads part of designed BTK
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inhibitors covalently interacts with nucleophilic Cys451 of BTK enzyme.
With conventional acrylamide warhead, 14b was found to be highly
potent (BTK and TMDS assay ICsg of 1.0 and 0.8 nM, respectively) and
devoid of hERG and CYP liabilities (<50 % inhibition, at 10 pM con-
centration). Further to probe warhead influence on in wvitro activity,
selected Michael acceptors (R, Table 3), as warheads were used, in
place of acrylamide and five compounds 14g-u were synthesized.

SAR study around varfous a, f-unsarurated amide groups reveals that
among five different warheads selected, only 2-butenamide (14q)
matched with the acrylamide (14b), in the BTK and TMD8 assay, with
ICsq 0f 1.2 nM and 0.9 nM, respectively. Pavorable butenamide warhead
is also present in the Acalabrutinib and Tirabrutinib, with pyrrolidine
linker. Other Michael acceptors 14r (vinyl sulfonamide), 14s (dimethyl
aminomethyl amide) and 14u (2-propicloyl amide) displayed four to six
fold less potency in both the in vifro assays, while 14t (eyno cyclopropyl
acrylamide) showed poor BTK inhibitory and anti-proliferative effect. In
CYP and hERG inhibitery studies, 14q showed <50 % inhibition for all
CYP isoenzymes and hERG inhibition, at 10 pM concentration (Table 4).

Thus, it has been observed that only acrylamide and butenamide
warheads containing compounds (14b and 14q) retained potent BTK
inhibitory activity. This could be due to cyclopentyl pyrrole linker,
which may provide optimal spatal angle, specifically with these two
warheads only so that these warheads can interacts covalently with
Cys481. It appears that extended warheads such as dimethyl amino
methyl amide (14s), cyne cyclopropyl acrylamide (14t) and 2-propio-
loyl amide (14u) are not favorable with cyclopentyl pyrrole linker,
which could be due to extra spacing imparted by cyclopentyl pyrrole
linker.

3.2.2. PK profiling of 9¢, 14b and 14q
Compounds 9e, 14b and 14q displayed excellent in vimeo activity and

Table 2
Influence of warhead on in vitro activity (14g-u).

H
14q-u By
Comp. Rs BTK TMDE
IG5 (nM)* 1Cgp (nM®
14q 12 09
el
Q
14r 0 49 39

14z PN o 5.2 47
M
Tl/\/\ |

14t Ch =100 83
A
Q
14u 2 6.2 58
bel
Q

All the data are shown az the mean for three experiments. *BTE inhibition (1€}
determination using in viro BTE kinase assay on ADF Glo platform, “rMpa
cytotoxicity inhibition (IC.;) determination using TMDE cell lines aszay.
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were found to be devoid of CYP and hERG liabilities. So all the three
compounds were subjected for in vive PK study in male BALB/c mice and
Wister rats. In a single dose PK studies (3 mg/kg, po and 1 mg/kg, iv) of
compounds 9e, 14b, 14q and IBR, varicus PK parameters (Tmax, Cmax,
ty/2, Cl, AUG and %F) were recorded (Table 5). Compound 9e and 14q
showed moderate AUG, due to its high clearance, which resulted into
overall low bioavailability (25 to 37 %).

The absclute oral bicavailability (%F) of 14b (3 mg/kg) in mice was
found to be 47 %, with Cp., of 703 ng/mL, at 0.25 h (Twm.,). AUC of 590
ng-h/ml and half-life (t; ;) of 0.76 h. The %F of 14b in rats was found to
be 75 %, with Cpa, 0f 650 ng/mL, AUC of 908 ng-h/mL and t;; 0f 2.2 h.
Thus, among the compounds tested, 14b demonstrated comparatively
better PK profile than 9e, 14q and IBR.

3.2.3. Invivo efficacy studies

3.2.3.1. Antitumor activity of 14k in TMDS xenograft model. Based on
prominent in vitro profile and PK properties, 14b was selected for in vive
studies. To validate in vitro anti proliferative effect of 14b, in in vivo
system, anti-tumor potential of 14b was assessed in TMD-8 DLECL
xenograft tumor-bearing mice [35]. Animals were treated with 1.5, 3, &
15 mg/kg, BID, of 14b, for 20 days, via oral route of administration. The
tumor volume was measured as described in the experimental section
5.7.1. 14b showed dose dependent tumor growth inhibiten (10 %, 50
%, and 88 %, respectively, Fig. 2).The growth inhibitory property of 14b
was more prominent after 7 days and onwards. We also compared the
efficacy of 14b (12.5 mg/kg) against IBR (12.5 mg/kg) for its antitumor
activities. Qur results demonstrated that 14b had slightly better potency
compared to IBR (Fig. 2}, at same dose, It is important to note thar 14b
does not have any effect on the body weight of the animals, during 20
days reatment (Fig. 2). Thus, the in vive study validates antitumor po-
tential of 14b.

3.2.3.2. And-arthritic efficacy of test compounds in collagen induced
arthritis (CIA) mice model. Arthritis was developed in male DBA1j mice,
using collagen mixture and mice were recruited for the study once
clinical signs were visible [36]. Ten animals were assigned in each of the
three groups [vehicle, positive control (IBR, mg/kg) and test compound
14b (0.5 mg/kg)]. Treament was continued for four weeks, once daily
and percentage inhibition in clinical score was recorded [41]. Also, to
check dose dependent anti arthritic activity, doses of 0.125, 0.25, 0.5,
and 1 mg/kg of 14b were administered orally, once daily, for 28 days.
The study results indicated that 14b was far more in vivo efficacious
compare to IBR. 14b (0.5 mg/kg) caused 93 % reduction in clinical
score while IBR (0.6 mg/kg) showed only 40 % reduction in clinical
score, in the CIA model. 14b efficacy was found to be dose related, as
reduction of clinical score were 22 %, 61 %, 93 %, and 97 %, per doses of
0.125, 0.25, 0.5, & 1 mg/kg, respectively (Fig. 3).

As shown in Fig. 3, weamment with 14b significantly suppressed the
progression of disease; 0.25 mg/kg of 14b once daily was lowest dose
which showed improvement in clinical sign of disease after rwo days of
initial dosing. The Inflammation and damage to the paw were also
asgessed histologically. Treatment with 14b displayed reduction in the
paw swelling based on lower histologic severity scores in the 14b reated
groups compared with the vehicle control. The paws from wehicle
treated control group had a group mean severity of 10.4, while the mean
severity scores in the 14b treated mice were 5, 3.75, 1, and 0.2 at dos-
ages of 0,125, 0.25, 0.5, & 1 mg/kg, respectively (Fig. 3). Body weights
of the animals were also recorded 3 times a week as a measure of
treatment related side effect. No changes in the mice body weight was
observed in any weament group, compared to vehicle control group
(Fig. 3). Thus improved PK of 14b justifies its potent in vive efficacy in
the CIA mice model.
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Table 4

CYF and hERG inhibitory activity of Oe, 14b, 14d, 14e, 14n, 14o, 14q, and IBR.

Publication and posters

Binorganic Chemistry 120 (2023) 106228

Comp. hERG Inhibltion" @ 10uM % CYP Inhibitlon® @ 10uM
CYPLAZ cypacs CYP2C9 CYP2D6 CYP2C19 CYPIA4

%e 54 14 16 40 19 ] 8
14b NI NI 12 19 17 1 12
14d 26 13 27 63 34 27 2
142 63 NI 63 79 27 38 33
14n 32 15 75 79 60 63 63
140 44 12 72 58 69 50 40
14q 23 NI NI 28 15 18 16
IBR 35 NI 81 86 31 30 55

% In the automated patch clamp aszay. ¥ incubated test compound with human liver microcomes

of three repeat experiment.

and NADPH in the presence of CYP specific substrate, value are mean

Table 5
Pharmacckinetic profile” of 14b, 14q, ¢ and IBR.
Dose Parameters 14b 14q e IBR
Mice Rat Mice Eat Mice Rat Mice Rat
IV 1mgkg * AUC (ng.h/mL) 422 470 270 236 401 370 151 250
Vaz (L/kgd 070 0.88 070 054 0.90 1.37 0.50 1.50
CL (ml/min/kg) 395 36.0 443 421 48.1 409 azrs 66.3
Ty s2hl 0.40 0.60 0.29 0.31 035 0.39 0.20 0.40
POSmgkg ! Tuuux () 025 0.25 025 025 0.25 025 025 0.5
Cpeax (nz/mL) 703 794 368 396 292 283 402 129
AUGC (ng.h/mL) =] 1074 300 219 433 301 a7 &6
T y,2(h) 0.0 200 067 0.0 056 Los 0.30 0.80
G 47 i) 37 31 36 a5 15 11

* In male BALB/c mice and male Wister rate (n = 3), test compounds were administered orally (po) at 3 mg/kg dose and plasma eoncentration was analyzed by LC-

M3, values indicate Mean. * Oral bioavailability (%F) was calculated wrt to iv AUC. Test Compounds were administered at 1 mgs/kg dose.

3.2.4. Kinase selectivity of 14b

BTK is among the 11 kinases (TEC, SRC and EGFR family) having
cysteine residue ar the stucturally equivalent pesition, in the ATP
binding domain. Por additional profiling studies, 14b was evaluated for
kinase selectivity, in biochemical enzyme inhibition assay and 1Gsg
values (Table 6) were determined. Sereening of a panel of 13 different
kinases demonstrated that 14b is highly selective for BTK and TEG,
while for other tyrosine kinases namely ITK, FGR, HCK and JAK3, 14b
were found to be 350 times less potent. Overall, 14b was found to be
more BTK and TEC selective,

TEC, BTE, ITK and BMX belongs to the non-receptor tyrosine kinase
families. Several BTK inhibitors showed potent binding affinity to TEC,
which is expressed in GLL cells at similar levels as BTK, suggesting that
concomitant binding to both of these kinases could contribute to the
anti-tumor effect. On the other hand, binding to both BTK and TEC in
platelets is related to bleedings, as an adverse effect of BTK inhibitors
treatment [37]. Since 14b showed similar binding affinity for BMX and
TEC, 14b was subjected for BMX and TEG inhibitory activity in cellular
assay, using BMX and TEC NancBRET target engagement intracellular
kinase assay [32]. In BMX and TEC NanoBRET kinase assay, 14b showed
<10 % inhibition at 1 pM concentration (ECsg (Tracer 4, BMX / TEC) =
=1 pM), indicates that petent binding affinity of 14b for BMX and TEC in
biochemical assay does not translate in to cellular assay. Similar ob-
servations reported earlier for some other BTK inhibitors, wherein
biochemical assay data do not correlate with cellular assay result. For
example, in the biochemical assay, Acalabrutinib showed potent TEC
inhibitory activity (ICsq: 37 nM). However, in a TEGC phosphorylation
assay (using human platelets), Acalabrutinib does not inhibit TEC up to
non-pharmacological concentration of > 1 pM (<25 % of TEC phos-
phorylation at 1 pM concentration} [21]. Overall, in vifro selectivity of
14b against BMX and TEG in cellular assay also justify that in vive anti-
arthritic efficacy and antitumor activity of 14b mainly associated with
selective BTK inhibition.

3.2.5. Safety profile of 14b

To assess the safety profile of 14b, repeat dose acute toxicity studies
(14 days) was carried our in male Wistar rats (100 mg/ kg, po, once
daily) and various parameters such as gross pathology, clinical signs,
body weight, organ weight, serum chemistry and hematological changes
were recorded. Daily oral administration of compounds 14b (33X of
EDsg dose (3 mg/kg, in GIA model)), over a period of 2 weeks did not
affect the survival of Wistar rats and also no adverse changes related to
gross pathology, clinical signs, body weight and feed consumption were
noticed, compared to control group (Fig. 5). As shown in Tables 7 and &,
the hematological parameters of compounds 14b were found to be
comparable to that of control 15, Similarly, comp 1 14b showed
no significant changes in the serum hepatotoxicity assessment parame-
ters as compared to the contrel group. Also compound 14b treated
groups showed no changes in the key organs (heart, kidney, spleen and
brain} weights (Fig. 6).

3.3. Docking study

The molecular docking analysis of 14b, 9e and IBR was carried out
using CovDock [39], as shown in the Fig. 4. The covalent docking pro-
gram was developed by Schrodinger, which mimics the mult-step
binding process of covalent modifiers by simulating both pre- and
post-reactive states. The crystal structure of the BTK enzyme (PDE ID:
5P9M) was obtained from the protein data bank and the protein soue-
ture was prepared using protein preparation wizard module of
Schrodinger. For docking study, the ligands were minimized by applying
an OPLS-AA force field, using ligprep module of Schrédinger [40].

The overlay of binding poses of 14b (Azure) and IBR (Salmon pink)
in the BTK active site is shown in Fig. 4. As observed with IBR, amino
group of pyrimidine ring of 14b forms H-bonding with backbone
carbonyl of Glu474, while pyrimidine ring nitrogen form H-bonding
with the backbone NH of Met477, at hinge region of BTK domain. Both
IBR and 14b showed key interactions with the thiol group of Cys481 of
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Fig. 2. In vivo Anti tumor achvities (A) Suppression of fumor volume in TMDS
DLBCL xenograft model by 14b. Mice with established tumer reaching around
100 mm® were divided into different groups of 10 mice cach. Groups were
untreated vehiele (triangle) or treated with 14b [1.5 (square), 3 (triangle) & 15
mg kg (inverted triangle}, BID] for 20 conzecutive daye. The data reprecents
the mean tumer velume. (B} Suppression of tumeor veolume in TMDS DLECL
xenograft model by 14b and 1BR. Mice with established tumeor reaching around
100 mm® were divided into different groups of 10 mice cach. Groups were
untreated wvehicle or treated with 14b or IER (12.5 mg/kg, BID) for 14
consecutive days. The data represents the mean tumer volume. (C) Effects of
14b on body weight of mice treated in TMD8 DLECL xenograft model. Mice
with establiched tumor reaching around 100 mm® were divided into different
groupe of 10 mice each. Groups were untreated vehicle or treated with 14b
(1.5, 3 & 15 mz/kg, p.o, BID) for 20 consecutive days. The data represents the
mean body weight. Error bars reprezent SEM. *, P = 0.05 when compared with
wehicle control.

BTK, binds covalently as Michael adduets. The pyridine ring of benza-
mide interacts with Phe540 through ‘T’ shape n-n stacking. Overall 14b
and IBR binds with active domain of BTK enzyme with the same
orientation, which validated its in vitro BTE inhibitory activity. An
additional interactions of 14b with the Ser538 and Gln412, in the
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Fig. 2. In vivo anti-arthritic activitiez (A} Clinical score and (B) Histologieal
seere in collagen-induced arthritiz (ClA) model Mice with establiched CIA were
divided into scparate groupe consisting of 10 mice cach. Groups were treated
wvehicle {eircle) or 14b [0.125(zquare), 0.25 (triangle), 0.5 (inverted triangle) &
1 mgkg (di: 1), 0D] for 28 consecutive days. The data represent the mean
arthriic or histelogical seorss. (C) Effect of 14b on body weight after three
weeks of treatment in collagen-induced arthriic mice model. Mice with
ectablizhed CIA were divided into separate groups consisting of 10 mice each.
Groupe were treated vehicle or 14b (0.125, 0.25, 0.5 & 1 mg/kg, OD) for four
weeke. The data represent the mean body weight. Error bars represent SEM. *,
P < 0.05 when compared with vehiele control

catalytic domain of BTK enzyme likely to contribute towards its potent
and selective BTK inhibitory activity. The docking score for IBR, 9e and
14b was found to be ~11.08, —11.15 and —11.89 keal mol™
respectively.

4. Gonclusion

In summary, we described discovery and characterization of novel
pyrazolo-pyrimidin-amine based irreversible BTK inhibitor, 14b. Step-
wise structural modifications were carried out in the IBR to discover
novel, potent, selective and crally bioavailable BTK inhibiter. Initally,
to improve BTK enzyme selectivity, while retaining its potency, novel
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Fig. 4. Docked posze of IBR, O and 14b in
ATP active binding sites of BTK enzyme (PDB
ID: 5POM). (A) 2D lizand interacHon dia-
gram of 9e and (B) 2D lizgand interaction
diagram of 14b, with rezidue within 5 A,
hydrogen bondsz & - Interaction are chewn
with arrowz and linez respectively. (C)
BT Docked pose of IBR and 14b superimposed
/ (IBR iz shown in with salmen pink coloured,
while 14b iz dizplayed with Azure coloured),
green & orange dashed lines shows the
hydrogen bondz interactions and &% Inter-
acton respectively. (Fer interpretation of the
referenees to colour in this fizure legend, the
reader ie referred to the web version of thiz
article.}

@ Charged (negative) Glycine
() Charged (positive) [  Hydrophobic
Polar e—e PI-Pistacking
-» H-bond Solvent exposure
bicyclic amine based linkers were introduced. Subsequently, aromatic
Tf'b]c o X . . backbone (amide/ether) and warhead moieties were optimized ratio-
Biochemical kinase selectivity of 14b. nally to establish SAR. Bicisosteric replacement with saturated bieyelic
Kinases 1Cs0 (pmol /L) amines led to an identification of a single digit nM potent BTE inhibitor
190 9e, with a moderate PK profile. Further structure-activity relationship
BTK 0.027-0.041 (SAR) studies with aromatic backbone (amide/ether bioisosteres)
.Jn?\u'{a 53]‘02" resulted in to the discovery of 4-(1-(2-acryloyloctahydrocyclopenta[c]
TEC 0.075-0.033 pyrrol-5-yl)-4-amino-1 H-pyrazolo[3,4-d] pyrimidin-3-yl)-N-(pyridin-2-
ERBB2 wt 17-23 yl)benzamide (14b).
EGF-R wt 23-35 Compound 14b displayed potent in vitre BTK inhibitory activity and
BLE 11-22 anti-proliferation activity, which translated to the promising anti-
3;4 :.:;gi(—)ﬂ].]gz arthritic efficacy in animal models of RA and robust antitumer activ-
EGFETTO0M 4257 ity, in TMD8 xenograft model. 14b displayed excellent in vimo BTK
FGR 10-13 selectivity, over closely associated cysteine kinase and also it was found
;1;(( 1-13(-)1-7 to be devoid of GYP and hERG liabilities. In the repeat dose acute

? IChy values with range found from three indepen-
dent experiments.

toxicity study, 14b showed no adverse changes related to gross pa-
thology, clinical signs and liver toxicity. Based on pre-clinical profile,
compound 14b was nominated as an IND candidate, ZYBT1. Additional
profiling studies, such as in vimo irreversible binding with BTE, inhibi-
tory activity in C55818 mutant, cytotoxic potential, using a battery of cell
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Fig. 5. Body weight of rats during treatment of 14b (100 mg/kg/day) Values
expressed as mean: n = 5, Male and female Wister rats, vehicle = Tween-80 +
0.5 % Methyl Cellulose (1:99), administered through oral gavage route.

Table 7
Hematologieal parameters after two weeks treatment of 14b (100 mg/kg/day).
Parameter Male rats Female ratz
Vehlele" 14b* Vehicle® 14b"
WEC (10’;1!1-] 6.11 +1.83 6.52+ 056 448+ 117 6.16 +1.35
REC (]Dﬁ.r‘uL) 8.11+037 8.05+ 046 6.00 + 0.64 732+014
HGB (gsdL) 145+ 06 148+ 05 127+ 14 13702
HCT (%) 475+ 20 476+ 15 418+ 41 43807
MCHC (g/dL) 3058+ 015 3108+ 3028+ 047 312+01
0.34
PLT (10°/ul) 638 + 64 783+ 58 S04 + 168 825+ 81
NEUT (10%pl)  0.763 + L1112+ 0725 + 1130 +
0.213 0.196 0212 0247
LYMPH (1077 475+ 157 4.90 £ 035 331+ 085 445+ 113
1]
MONO (10%/ 0371+ 0251 + 0314 + 0332+
ply 0152 0112 0118 0.115
EOSIN (10%/l) 0053+ 0.080 + 0.059 + 0126+
0.023 0.020 0.026 0.068
BASO(10%/L) 0173+ 0172+ 0071 + 0123+
0.067 0.59 0.037 0.064

* Values expreseed as mean + 5D; n = 5, Male and female Wister rats, vehicle
= Tween-B0 + 0.5 % Methyl Cellulose (1:99], administered through oral gavage
route.

lines and dose linearity in rat and mice were conducted for ZYBT1 and
reported earlier [35]. Overall pre-clinical profile of ZYBT1 indicates that
the new class BTK inhibitor could be viable therapeutic option for the
treatment of autoimmune diseases like cancer and RA.

5. Expcrimental scction

5.1. Ghemistry

All the solvents and reagents were purchase from commercial sour-
ces and were used without further purification or were prepared
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Table &
Serum chemistry parameter after two weeks treatment of 14b (100 mg/kg/day).
Parameter Male rats Female ratz
Vehlcle* 14p* Vehiela® 1ap*
GLU (mg/dL) 108.16 £ 8246+ 988 8554+ 10248+
19.74 1527 11.14
TRI {mg dL) 177.08 + 14522+ 6894 + 5656 +
5829 30.75 20.30 17.03
TCHOL (mg/ 69.70 + 760+ 60.80 + 5288+ 697
db) 13.01 1084 11.65
AST (U/L) 9262+ 86.18+ 552 10282+ 93.60 +
2413 5382 2263
ALT (U/L) 3352+ 6.69 3826+ 618 4284+ 4054 + 824
1011
ALP (U/LY 106.98 + 110,14 £ 56.76 + 8.09 4102+ 916
3557 1451
TBIL (mg/dL) 0.09 + 0.02 0.07 + 0.02 010+ 002 0.10+ 0.01
TP (g/dl)y 6.16 £ 0.23 632+ 023 6.78 + 0.28 6.60 £ 0.37
ALB (g/dLy 4.46+ 0.24 440+ 012 402+ 022 510+ 033
GLE (g/dL) 1.70 + 0.10 192+ 013 186+ 0.15 150+ 0.12
CREAT (mg/ 0.40 = 0.04 041+ 0.03 055+ 0.04 049+ 0.05
dly
UREA (mg/ 3340+ 3.11 4260+ 670 4573 £ 446 49.60 + 7.30
dby
Ca (mg/dL) 10.66 + 0.27 1106 £ 024 1073 +£0.27 1100+ 019
PHOS (mg/dl)  6.40 + 0.48 6.50+ 0.58 5.64+ 031 552+ 054
Na~ (mmol/L) 14380 £ 146.00 £ 14460 £ 14580 £
0.54 122 0.89 0.84
K" (mmol/L) 461 +0.24 4.00+ 0.22 470+ 012 397+027
€1 (mmal/L) 99.88 + 1.17 10114+ 10256 + 10342+
071 0.95 139

* yalues expressed as mean + SD: n = 5, Male and female Wister rats, vehicle
= Tween-80 + 0.5 % Methyl Celluloee (1:99), administered through oral gavage
route.

according to published procedures. Reactions were monitored using thin
layer silica gel chromatography (TLC) using 0.25 mm silica gel 60F
plates from Merck. Plates were visualized by ultraviolet irradiation at
254 nm or/and staining with Ninhydrin and potassium permanganate.
Products were purified by flash chr h instru-
ment using pre packed redisep® column. The meltdng points were
recorded on a scientific melting point apparatus and are uncorrected.
NMR spectra were recorded at 400 MHz for "H and 100 MHz for 'Cona
400 Ultrasheild spectrometer (Bruker, Germany). Spectra were taken in
indicated solvent at ambient temperature. Chemical shifts (5) are given
in parts per million (ppm) with tetramethylsilane as an internal stan-
dard. Multplicities are recorded as follows: s = singlet, d = doublet, dd
= doublet of doublets, t = triplet, g = quartet, bs = broad singlet, m =
multiplet. Coupling constants are reported as a J values in Hertz (Hz).
The purities of all final compounds were determined to be above 95 % by
ultra-performance liquid chromatography (UPLC). UPLC cenditions
were as follows: YMC-Triart C18 column at room temperature, 100 x
2.0 mm, 1.9 pm, Mobile phase: 0.05 % TFA in Water: ACN (Gradient),
12 min. run; flow rate, 0.4 mL/min; UV detection » = 220 nm. Mass
spectra were recorded on Perkin-Elmer Sciex API 3000. ESI-Q-TOF-MS
measurements were performed on a Xeve G2 QToF (waters, USA)
mass spectrometer. HRMS was recorded on Brucker-Daltonics, Micro-
TOF-0 1l mass spectrometer.

aphy on combifl

5.2, Chemical synthesis

5.2.1. 3-Amino-1H-pyrazole-4-carbonitrile (2)

Commercially available 2-(ethoxymethylene) malononitrile (50 g,
409 mmol} was added portion wise to Hydrazine monohydrate (32.2
ml, 655 mmol), at 25 °C. Reaction mixture was refluxed for 3 h. Reac-
tion mixture was cooled ar room temperature and concentrated under
reduced pressure. The resulting solid was suspended in cold water {50
mL}, stirred for 30 min. and refrigerated at 4 *C, overnight. Solid product
thus obtained was filtered and washed with cold water {2 = 30 mL).
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Fig. 6. Relative organ weights (%] after two weeks treatment of 14b (100 mg/
kg/day) Values expressed az mean: n = 5, Male and female Wister rats, vehicle
= Tween-80 + 0.5 % Methyl Celluloze (1:99), administered through oral
gavage route.

Product was dried in an oven, at 50 °C for 4 h. 3-amino-1H-pyrazole-4-
carbonitrile (30.5 g, 262 mmeol, 69 % yield) was obtained as a light
yellow orange solid. 'H NMR (400 MHz, DMS0-d,) & ppm 6.18 (bs, 2H),
7.67 (s, 1H). 12.04 (5, 1H).

5.2.2. 1H-Pyrazolo[3.4-d]pyrimidin-4-ylamine (3)
5-amino-1H-pyrazole-4-carbonitrile (26.5 g, 245 mmol) was added
to formamide (78 mL, 1961 mmel), at 25 °C. Reaction mixture was
refluxed at 180 °C, for 6 h. The reaction mixture was cooled to room
temperature, added water (200 mL) and stirred for 1 h. Solid product
was filtered in vacuo and washed with water (2 x 100 mL). Solid product
was dried and suspended in ethancl (90 mL), stirred for 30 min and
filtered, dried in vacuo to afford 1H-pyrazolo[3,4-d]pyrimidin-4-amine
(28.7 g, 212 mmol, 87 % yield)} as light yellow selid. H NMR (400
MHz, DMS0-ds) & ppm 7.66 (bs, 2H), 8.06 (s, 1H), 8.10 (s, 1H), 13.30 (5,
1H). ESI-MS: m/z Caled for CsHsN5 136.05 [M + HI, found 135.65.

5.2.3. 3-Iodo-1H-pyrazolo[3,4-d]pyrimidin-4-yl 4)
To a stirred solution of 1H-py [3,4-d]pyrimidin-4-amine (33.2
2, 246 mmol), in DMF (140 mL) was added N-icdosuccinamide (66.3 g,
295 mmol), at room temperature. Resulting slurry was heated ar
85-90°C, for 18 h. The reaction mixture was cooled to room tempera-
ture and added water (1 1}, stirred for 20 min followed by additon of
lium thiosulf: 1 (10 % w/v, 250 mL). Mixture was
su.rred for 30 min., filtered and washed with water (2 x 200 mL). Solid
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product thus obtained was washed with cold Ethanol (2 x 100 mL),
dried in vacue at 60 °C, for 4 h to afford 3-iodo-1H-pyrazeolo[3.4-dlpyr-
imidin-4-amine (54.4 g, 208 mmol, 85 % yield) as yellow solid product.
"H NMR (400 MHz, DMSO-ds) & ppm 8.14 (s, 1H), 13.78 (s, 1H). ESI-M5:
myz Galed for CsH4IN5 261.95 [M + HIT, found 261.65.

5.2.4. 3-(4-Phenoxy-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ylamine (5)

3-iodo-1H-pyrazelo[3,4-d]pyrimidin-4-amine (2.7 g 10.34 mmol)
was dissolved in dry DMF (67.5 mL), (4-phenoxyphenyl)boronic acid
(3.32 g, 15.52 mmol), PAClo(PPhs)s (0.726 g, 1.03 mmol) and aqueous
KHCO; solution (25.9 ml, 51.17 mmel) was added. The reaction
mixture purged with nitrogen, for 10 min. The reaction mixture was
heated at 90 °C, for 3 h, under nitrogen atmosphere, Mixture was cooled
to room temperature, fltered, diluted with cold water (350 mL) and
stirred. Solid precipitated was filtered, washed with water (25 mL), and
dried in vacuo to obtained crude product. The crude product was purified
by flash column chromatography, using 0-5 % methanel in dichloro-
methane as a mobile phase to get pure 3-(4-Phenoxy-phenyl}-1H-pyr-
azolo[3,4-d]pyrimidin-4-ylamine (5), as off white solid (2.32 g, 7.65
mmol, 74 % Yield). 'H NMR (400 MHz, DM50-ds) & ppm 7.07-7.10 {m,
2H), 7.16-7.20 (s, 3H), 7.40-7.46 (m, 2H), 7.63-7.70 (m, 2H), 8.24 (s,
1H). ESI-M5: m/z Galed for C;-Hy3Ns0 304.11 [M + H]T, found 303.75.

5.2.5. General procedure for the synthesis of compound 7a-h

To solution of various substituted aleohol 6a-h (1 mmol), in dry THF
(10 mL} were added triphenyl phosphine (0.525 g, 2 mmel) and 3-(4-
Phenoxy-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ylamine (0.303 g, 1
mmol). The reaction mixture was stirred for 15 min., cooled at 0 °C, and
diisopropyl diazedicarboxylate (0.359 mL, 2 mmol) was added. Mixture
was stirred at room temperature overnight. The reaction mixture was
diluted with water, extracted with ethyl acetate (3 x 50 mL), organic
layer was washed with water (50 mL) and brine (50 mL), dried over
Na;504 and concentrated in vacuo. The crude product was purified by
flash column chrematography, using 0-5 % methanol in dichloro-
methane to afford desired product 7a-h.

5.2.6. General procedure for the synthesis of compound 8a-h

To stirred solution of 7a-h (0.5 mmel), in DCM (5 mL), cooled at
0 °C, TFA (0.564 mL, 7.32 mmol) was added dropwise. The reaction
mixture was stirred at room temperature for 3 h and concentrated in
vacue. Mixture was diluted with water (10 mL), basified with saturated
sodium bicarbonate (pH 8), an aqueous layer was extracted with
dichloromethane (3 « 10 mL), washed with brine (15 mL), dried over
Na;50;, concentrated and dried in vacuo. The obtained compound 8a-h
were used in the next step, without further purification.

5.2.7. General procedure for the synthesis of compound 9a-h

To the solution of &a-h (0.485 mmol), in dichloromethane (10 mL)
was added triethyl amine (0.203 mL, 1.45 mmol) and cooled at 0 °C.
Acrolyl chloride (0.05 g. 0.558 mmeol) was added dropwise and stirred
for 2 h. The reaction mixture was diluted with water (10 mL). Organic
layer was separated and washed with brine (10 mL), dried over Na,50s,
concentrated and dried in vacuo. The obtained crude product was puri-
fied by preparative HPLC to get desired products 9a-h.

5.2.7.1. 1-((3R,3R)-3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-

d]pyrimidin-1-y[)-[1,3' -bipyrrolidin]-1'-ylprop-2-en-1-one  (9a). White
solid; 43 % isclated yield; Purity 98.35 %; m.p = 175-177 °C; H NMR
(400 MHz, DMSO-dg) & ppm 1.68-1.91 (m, TH), 1.95-2.09 (m, 1H),
2.29-2.32 (m, 2H), 2.78-2.87 (m, 4H), 3.20-3.28 (m, 1H), 3.35-3.37
(m, 1H), 3.50-3.76 (m, 3H), 5.39-3.41 (m, 1H), 5.63-5.66 (m, 1H),
6.12-6.14 (m, 1H), 6.55-6.57 (m, 1H), 7.10-7.16 (m, 5H), 7.40-7.44
(m, 2H), 7.66 (d, J = 8.4 Hz, 2H), 8.24 (5, 1H). '°C NMR (100 MHz,
DMSO-d6) & ppm 24.32, 34.21, 51.93, 52.81, 52.95, 55.68, 61.22,
63.25, 97.85, 119.43, 119.45, 124.25, 127.74, 127.97, 125.40, 128.52,
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130.55, 130.59, 143.80, 154.42, 156.14, 156.78, 157.58, 158.67,
165.02; HRMS (ESI): caled for CagHsplN7Oz, 496.2461; found 496.2463.

5.2.7.2. 1-((35,3'R)-3-(4-aming-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-

d]pyrimidin-1-yI}-[1,3 -bipyrrolidin]-1'-yl)prop-2-en-1-enc  (9b). White
solid; 45 % isclated yield; Purity 99.01 %; m.p = 171-173°C; IH NMR
(400 MHz, DMSO-ds) & ppm 1.71-1.90 (m, 1H), 1.96-2.12 (m, 1H),
2.29-2.32 (m, 2H), 2.78-2.90 (m, 4H), 3.17-3.26 (m, 1H), 3.35-3.38
(m, 1H), 3.50-3.78 (m, 3H), 5.39-3.41 (m, 1H), 5.64-5.65 (m, 1H),
6.08-6.13 (m,1H), 6.65-6.60(m, 1H), 7.10-7.19 (m, 5H), 7.41-7.44 (m,
2H), 7.66 (d, J = 8.0 Hz, 2H), £.24 (s, TH). *C NMR (100 MHz,
DMSO-ds) & ppm 24.33, 34.21, 51.95, 52.83, 52.95, 55.65, 61.25,
63.24, 97.85, 119.41, 119.43, 124.95, 127.74, 127.96, 128.40, 128.52,
130,51, 130,55, 143.80, 154.42, 156.15, 156.00, 157.58, 158.67,
165.03; HRMS (ESL): caled for CagHsgMN-0s, 496.2461; found 496.2458.

5.2.7.3. (R)-1-(4-(3-(4-amino-3-(4-phenaxyphenyl)-1H-pyrazalo[3,4-d]
pyrimidin-1-yl)pyrrolidin-1-yDpiperidin-1-yl)prop-2-en-1-one (9c). White
solid; 56 % isclated yield; Purity 99.14 %; m.p = 165-167 °C; 'H NMR
(400 MHz, DMSO-ds) & ppm 1.27-1.31 (m, 4H), 1.38-1.71 (m,
1H),1.86-1.97 (m, 1H), 2.29-2.32 (m, 2H), 2.80-2.89 (m,
3H),3.10-3.25 (m, 2H), 3.89-4.01 (m, 1H), 4.12-4.18 (m, 1H),
5.39-3.41 (m, 1H). 5.62-5.65 (m, 1H), 6.05 (dd, J = 16.4, 2.4 Hz, 1H),
6.73-6.80 (m, 1H). 7.10-7.20 (m, 5H), 7.41-7.45 (m, 2H), 7.66 (d, J =
8.8 Hz, 2H), 8.24 (s, 1H). '°C NMR (100 MHz, DM50-d6) § ppm 24.30,
28.22, 28,23, 38.81, 48,57, 49.00, 54.20, 63,25, 97.88, 119.41, 119.45,
124.25, 127.73, 127.97, 126.35, 12880, 130.56, 130.60, 143.03,
154.42, 156.14, 156.79, 157.58, 156.65, 165.00; HRMS (ESI): caled for
CagHsaN704, 510.2617; found 510.2623.

5.2.7.4. 1-(5-(2-{4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3, 4-d]pyr-
imidin-1-yl)ethyl)hexahydropyrrolof 3, 4-cJpyrrol-2( 1 H)-yl)prop-2-en-1-
one (9d). White solid; 56 % isolated yield; Purity 98.63 %; m.p =
146-150 °C; "H NMR (400 MHz, CDCLs) & ppm 2.57-2.70 (m, 4H),
2.75-2.77 (m, 1H), 2.85-2.87 (m, 1H), 2.93-2.96 (m, 1H), 3.05-3.08
(m, 1H), 3.24-3.36 (m, 2H), 3.656-3.79 (m, 2H), 4.50-4.57 (m, 2H), 5.41
(bs, 2H), 5.62 (dd, J = 8.8, 3.2 Hz, 1H), 6.27-6.37 (m, 2H), 7.07-7.09
(m, 2H), 7.13-7.18 (m, 3H), 7.39 (t, J = 8.0 Hz, 2H), 7.66 (d, J = 6.4 Hz,
2H), 8.37 (s, 1H). '*C NMR (100 MHz, DMS0-d6) 8 ppm 38.25, 51.69,
51.70, 52.47, 53.06, 58.23, 97.85, 119.43, 119.46, 124.23, 127.79,
127.97, 126.43, 128.86, 130.50, 130.54, 142.73, 154.28, 155.94,
156,82, 158.02, 156.12, 164.95; HRMS (ESI): caled for CagHsoN;Og,
496.2461; found 496.2468.

5.2.7.5. 1-(5-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyr-
imidin-1-yl }hexahydrocyclopenta[cJpyrrol-2(1H)-yl)prop-2-en- ] -one

(9e). White solid; 67 % isolated wield; Purity 99.52 %; m.p =
170-172 °C; 'H NMR (400 MHz, CDCLg) & ppm 2.11-2.17 (m, 2H),
2,50-2.58 (m, 2H), 3.10-3.21 (m, 2H), 3.45-3.54 (m, 2H), 3.62-3.87
(m, 2H), 5.53-5.59 (m, 3H), 5.62 (dd, J = 9.6, 2.8 Hz, 1H), 6.36-6.50
(m, 2H), 7.07-7.09 (m, 2H), 7.13-7.20 (m, 3H), 7.37-7.41 (m, 2H),
7.62-7.66 (m, 2H), 8.36 (5, 1H). 1*C NMR (100 MHz, DM50-d6) & ppm
37.95, 38.19, 42,53, 51.58, 52.08, 59.05, 97.91, 119.24, 119.26,
124,25, 127,69, 127.92, 128,38, 126.79, 130.56, 130.60, 143.50,
154.42, 156.14, 156.78, 157.59, 158.67, 165.03; HRMS (ESI): caled for
CarHorNgOa, 467.2195; found 467.2189.

5.2.7.6. 1-(6-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyr-

imidin-1-yl}-3-azabicyclo[3. 2.0]heptan-3-ylprop-2-en-1-onc  (9f). White
solid; 34 % isolated yield; Purity 98.54 %; m.p = 143-145°C; H NMR
(400 MHz, CDCLg) & ppm 2.08-2.11 (m, 1H), 2.45-2.48 (m, 1H),
3.35-3.50 (m, 2H), 3.73-3.77 (m, 1H), 3.86-3.89 (m, 1H), 4.21-4.27
(m, 1H), 4.42-4.46 (m, 1H), 5.51 (bs, 2H), 5.58 (m, 1H), 5.64 (dd, J =
10.0, 2.0 Hz, 1H), 6.36-6.50 (m, 2H), 7.08-7.19 (m, 5H), 7.35-7.41 (m,
2H), 7.62-7.66 (m, 2H), 8.36 (s, 1H). 13C NMR (100 MHz, DMSO-d6) &
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ppm 29.58, 33.64, 38.43, 52.11, 53.46, 59.65, 97.68, 119.61, 119.62,
123.86, 127.72, 127.89, 126.40, 128.82, 130.55, 130.59, 144.15,
154.42, 156.39, 156.81, 157.55, 158.64, 165.04; HRMS (ESI): caled for
Cz6H25N02, 453.2039; found 453.2045.

5.2.7.7. 1-(6-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyr-
imidin- I-yl)octahydro-2H-cyclopenta[cJpyridin-2-yl)prop-2-en-1-one

(9g). White solid; 63 % isolated yield; Purity 95.70 %; m.p =
156-160 *C; 'H NMR (400 MHz, CDCLg) & ppm 1.59-1.62 (m,
1H),1.79-1.83 (m, 1H), 2.10-2.43 (m, 4H), 2.58-2.60 (m, 1H),
2.73-2.74 (m, 1H), 3.16-3.35 (m, 1H), 3.59-4.13 (m, 3H), 5.47 (bs, 2H),
5.56-5.58 (m, 1H), 5.66-5.72 (m, 1H), 5.32 (dd, J = 16, 4.8 Hz, 1H),
6.53-6.63 (m, 1H), 7.08-7.10 (m, 2H), 7.13-7.20 (m, 3H), 7.36-7.42
(m, 2H), 7.67 (d, J = 8.4 Hz, 1H),8.39 (5, 1H). '*C NMR (100 MHz,
DMSO-d6) & ppm 26.92, 37.92, 38.15, 42.58, 42.63, 44.82, 45.73,
58.15, 97.85, 119.42, 119.44, 124.25, 127.65, 127.88, 125.40, 128.83,
130,56, 130.60, 143.77, 154.44, 156.11, 156.64, 157.58, 158.67,
165.03; HRMS (ESL): caled for CagHagNeOa, 481.2352; found 451.2355.

5.2.7.8. 1-((75,8a5)-7-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yDhexahydropyrrolo[1,2-aJpyrazin-2(1H)-yl)prop-2-en-1-
one (9h). Light yellow solid; 60 % isolated yield; Purity 95.42 %; m.p =
162-164 °C; "H NMR (400 MHz, CDCLs) 5 ppm 2.26-2.42 (m, 4H),
2.77-3.03 (m, 2H), 3.08-3.10 (m, 1H), 3.19-3.41 (m, 1H), 3.52-3.54
(m, 1H), 3.91-4.09 (m, 1H), 4.63-4.85 (m, 1H), 5.48-55 (m, 3H), 5.72
(d,J=10.4 Hz, 1H), 5.72 (d, J = 16.8 Hz, 1H), 5.32 (dd, J = 16.4, 10 Hz,
1H), 6.53-6.63 (m, 1H), 7.08-7.10 (m, 2H), 7.13-7.20 (m, 3H),
7.38-7.42 (m, 2H), 7.67 (d, J = 8.4 Hz, 1H), 8.39 (s, 1H). '*C NMR (100
MHz, DMSO0-d6) & ppm 26.85, 42.28, 43.36, 45.66, 48.12, 59.21, 60.18,
97.86, 119.41, 119.43, 124.21, 127.66, 127.59, 128.38, 1256.81, 130.53,
130.58, 143.80, 154.42, 156.15, 156.82, 157.54, 158.64, 165.01; HRMS
(ESI): caled for CapHagN7Os, 452.2304; found 4582.2311.

5.2.8. Tert-butyl-5-(4-amino-3-iedo-1 H-pyrazolof3, 4-d]pyrimidin-1-yI)
hexahydrocyelopentafc] pyrrole-2(1H)-carboxylate (10)

3-iode-1H-pyrazelo[3,4-d]pyrimidin-4-amine (2 g, 7.66 mmol) was
dissolved in dry THF (50 mL}), tert-butyl 5-hydroxyhexahydrocyclopenta
[elpyrrole-2(1H)-carboxylate (1.72 g 7.66 mmol} and triphenylphos-
phine (4.02 g, 15.32 mmol) were added in it, stirred for 15 min., the
reaction mixture cooled at 0 °C and diisopropyl diazodicarboxylate
(2,98 ml, 15.32 mmol} was added. The reaction mixture was stirred at
room temperature overnight. Mixture was diluted with water (50 mL),
extracted with ethyl acetate (2 « 50 mL), organic layer was washed with
water (50 mL) and brine (50 mL}, dried over Na-50y, concentrated and
dried in vacuo. The crude product was purified by flash column chro-
matography using 0-5 % methanol in dichleromethane to afford rert-
butyl-5-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yDhexahy-
drocyclopentafc]pyrrole-2{1H)-carboxylate as white solid (2.4 g, 5.10
mmol, 66 % yield)).

5.2.9. General procedure for the synthesis of compounds 12a-p

Tert-bucyl 5-(4-amino-3-iodo-1H-pyrazolo[3,4-d] pyrimidin-1-yI)
hexahydrocyelopenta[c]pyrrole-2(1H)-carboxylate (0.4 g, 0.85 mmol)
was dissolved in dry DMF (10 mL), substituted boronic acid 11a-p (0.85
mmoel), PACl(PPhs)a (60 mg, 0.065 mmol) and aqueous KHCO3 solution
(2.55 mL, 5.10 mmel) was added and the reaction mixture was purged
with nitrogen, for 10 min. The reaction mixture was heated at 90 °C for
3 h, under nitrogen atmosphere. Mixture was cooled to room tempera-
ture, filtered through Celite, diluted with cold water (50 ml) and
extracted with ethyl acetate (3 » 20 mL). Combined organic layer was
washed with warer {20 mL) and brine (20 mL), dried over Na:50;,
concentrated and dried in vacue. The crude product was purified by flash
column chromatography, using 0-5 % methanoel in dichloromethane asa
mobile phase to afford desired product 12a-p.
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5.2.10. General procedure for the synthesis of compound 13a-p
Refer to general procedure for the synthesis of 13a-p, as described in
section 5.2.6.

5.2.11. General procedure for the synthesis of compound 14a-p
Refer to general procedure for the synthesis of 14a-p, as described in
section 5.2.7.

5.2.11.1. 4-(I-(Z-acryloyloctahydrocyclopentalcJpyrrol-5-y1)-4-amino-
1H-pyrazolo[3,4-d]pyrimidin-3-y)-N-(pyrazin-2-yl}benzamide( 14a).
White solid; 58 % isolated yield; Purity 99.16 %; m.p > 220°C; IH NMR
(400 MHz, DMSO-ds) & ppm 2.06-2.09 (m, 2H), 2.31-2.39 (m, 2H),
3.07-3.11 (m, 2H), 3.34-3.39 (m, 1H), 3.53-3.54 (m, 1H), 3.61-3.64
(m, TH), 3.76-3.79 (m, 1H), 5.43-5.46 (m, 1H), 5.67 (dd, J= 10, 2.4 Hz,
1H), 6.14 (dd, J = 16.5, 2.8 Hz, 1H), 6.62 (dd, J = 16.8, 10.4 Hz, 1H),
7.82 (d,J = 8.4 Hz, 2H), 8.22 (d, J = 8.4 Hz, 2H), £.26 (s, 1H), 8.44 (d, J
= 2.4 Hz, 1H), 8.49-8.50 (m, 1H), 2.45 (d, J = 1.6 Hz, 1H), 11.22 (s,
1H). *c NMR (100 MHz, DM50-d6) & ppm 37.96, 38.19, 42.52, 51.56,
52,09, 58.10, 97.58, 127.23, 126,58, 129.04, 129.35, 129.69, 130.05,
134,53, 135.46, 136.82, 137.32, 139.66, 145.39, 147.33, 151.07,
152.34, 154.09, 163.87, 166.17; HRMS (ESI): caled for CogHagNgOa,
496,2209; found 496.2213.

5.2.11.2. 4-(1-(2-acryloyloctahydrocyclopentafc]pyrrol-5-yl)-4-amino-
1H-pyrazolo[3,4-dJpyrimidin-3-yl)-N-(pyridin-2-yl} benzamide (14b).
White solid; 71 % isolated yield; Purity 99.72 %; m.p > 220°C; 'H NMR
(400 MHz, DMSO-dg) & ppm 1.99-2.05 (m, 2H), 2.35-2.38 (m, 2H),
3.00-3.07 (m, 2H), 3.35-3.39 (m, 1H), 3.51-3.54 (m, 1H), 3.61-3.66
{m, 1H), 3.76-3.81 (m, 1H), 5.42-5.46 (m, 1H), 5.67 (dd, J = 10.4, 2.4
Hz, 1H), 6.14 (dd, J = 16.8, 2.4 Hz, 1H), 6.62 (dd, J = 16.8, 10.4 Hz,
1H), 7.17-7.12 (m, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.84-7.88 (m, 1H),
8.20 (d, J= 8.4 Hz, 2H), (8.21-8.23 (m, 1H), 8.26 (s, 1H), 5.40-5.41 (m,
1H), 10.87 (s, 1H). '*C NMR (100 MHz, DMS0-d6) & ppm 37.95, 38.19,
42,53, 51.58, 52.08, 58.09, 97.58, 115.63, 120.60, 127.20, 128.83,
129.02, 129,48, 129.82, 130.05, 134.53, 135.46, 139.76, 145.39,
147.33, 149.85, 152.01, 152.34, 154.09, 163.57, 166.17; HRMS (ESI):
caled for CosHapNgOa, 495.2257; found 495.2268.

5.2.11.3. 4-(1-(2-acryloyloctahydrocyclopentafcJpyrrol-5-yl)-4-amino-
1H-pyrazolo[3,4-d]pyrimidin-3-yl)-N-(pyridin-3-yl}benzamide (14c)
White solid; 70 % isolated yield; Purity 99.34 %; m.p > 220°C; 'H NMR
(400 MHz, DMSO-ds) & ppm 2.05-2.08 (m, 2H), 2.31-2.37 (m, 2H),
2.95-3.08 (m, 2H), 3.35-3.39 (m, 1H), 3.51-3.55 (m, 1H), 3.61-3.66
{m, 1H), 3.77-3.79 (m, 1H), 5.43-5.45 (m, 1H), 5.67 (dd, J = 10.4, 2.4
Hz, 1H), 6.14 (dd, J = 16.8, 2.4 Hz, 1H), 6.62 (dd, J = 16.4, 10.0 Hz,
1H), 7.40-7.43 (m, 1H), 7.84 (d, J = 8.4 Hz, 2H), 8.16 (d, J = 8.4 Hz,
2H), 8.21-8.23 (m, 1H), 8.26 (5, 1H), 8.32-8.33 (m, 1H), 8.96 (d, J =
2.4 Hz, 1H), 10.54 (5, 1H). **C NMR (100 MHz, DMSO-dg) & ppm 37.93,
38.18, 42.58, 51.56, 52.06, 58.10, 97.61, 120.68, 121.43, 127.28,
128.89, 129.08, 120.46, 129.80, 130.01, 134.53, 134.64, 135.51,
139.58, 140.21, 145.38, 147.31, 152.35, 154.08, 163.80, 166.16; HRMS
(ESI): caled for CorHarNpOs, 495.2257; found 495.2256,

5.2.11.4. 4-(I-(2-acryloyloctahydrocyclopentaleJpyrrol-5-y1)-4-amino-

1H-pyrazolo[3,4-d]pyrimidin-3-yl)-N-(4-methylpyridin-2-yl)benzamide

(14d). White selid; 62 % isolated yield; Purity 98.73 %; m.p = 220 °G;
'H NMR (400 MHz, CDCL3) & ppm 2.09-2.20 {m, 2H), 2.43 (s, 3H),
2.54-2,59 (m, 2H), 3.12-3.23 (m, 2H), 3.46-3.56 (m, 2H), 3.83-3.86
(m, 2H), 5.44 (bs, 2H), 5.56-5.60 (m, 1H), 5.69 (dd, J = 10.0, 2.4 Hz,
1H), 6.36-6.50 (m, 2H), 6.94 (d, J = 5.2 Hz, 1H), 7.86 (d, J = 5.0 Hz,
2H), 8.10(d, J= 8.4 Hz, 2H), 8.19 (d, J = 5.2 Hz, 2H), 8.26 (5, 1H), £.39
(s, 1H), 8.59 (bs, TH). °C NMR (100 MHz, DMSO-dg) & ppm 20.28,
37.95, 38.19, 42.54, 51.58, 52.07, 58.08, 97.56, 113.42, 120.73,
127.21, 128.76, 128.95, 129.43, 120.77, 130.04, 134.61, 135.47,
140.38, 145.31, 147.29, 152.35, 154.11, 158.22, 158.76, 163.53,
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166.15; HRMS (ESI): caled for CogHagMNgOs, 509.2413; found 509.2410.

5.2.11.5. 4-(1-(2-acryloyloctahydrocyclopentafc]pyrrol-5-yl)-4-amino-
1H-pyrazolo[3,4-d [pyrimidin-3-yl)-N-(4-(trifluoromethyl) pyridin-2-yl ) ben-
zamide (14¢). White solid; 65 % isolated yield; Purity 99.11 %; m.p =
220°C; 'H NMR (400 MHz, CDCL3) & ppm 2.15-2.18 (m, 2H), 2.53-2.57
(m, 2H), 3.12-3.20 (m, 2H), 3.47-3.56 (m, 2H), 3.83-3.87 (m, 2H),
5.56-5.60 (m, 3H), 5.70 (dd, J = 9.6, 2.4 Hz, 1H), 6.36-6.51 (m,2H),
7.34 (d, J = 5.2 Hz, 1H), 7.58 (d, J = 5.4 Hz, 2H), 8.14 (d, J = 8.4 Hz,
2H), 8.39 (s, 1H), 8.51 (d, J= 5.2 Hz, 1H), 8.73 (5, 1H), 9.02 (s, 1H). '3C
NMR (100 MHz, DMSO-ds) & ppm 37.93, 38.20, 42.54, 51.58, 52.07,
58.08, 97.61, 114.16, 119.41, 123.93, 127.22, 128.85, 129.04, 129.17,
129.81, 130.02, 134.56, 135.40, 145.21, 147.19, 147.38, 149.67,
152.29, 15412, 155.51 163.76, 166.20; HRMS (ESI): caled for
CagHasF3NgOs, 563.2131; found 563.2135.

5.211.6. N-{4-(1-(2-acryloyl hyds lop [cipymrol-5-yl)-4-
amino-1H-pyrazolof3, 4-d]pyrimidin-3-yl)phenyl)picolinamide (14f).
White solid; 75 % isolated yield; Purity 98.33 %; m.p > 220°C; 'HNMR
(400 MHz, DMSO-dg) & ppm 2.04-2.08 (m, 2H), 2.32-2.37 (m, 2H),
2.98-3.08 (m, 2H), 3.35-3.39 (m, 1H), 3.51-3.55 (m, 1H), 3.61-3.66
(m, 1H), 3.77-3.79 (m, 1H), 5.41-5.42 (m, 1H), 5.67 (dd, J = 10.4, 2.4
Hz, 1H), 6.14 (dd, J = 16.4, 2.4 Hz, 1H), 6.62 (dd, J = 16.8, 10.0 Hz,
1H), 7.65-7.71 (m, 3H), 8.09-8.12 (m, 3H), 8.19 (d, J = 8.0 Hz,1H),
8.23 (s, 1H), 8.77 (d,J = 4.4 Hz, 1H), 10.12 (5, 1H). '3C NMR (100 MHz,
DMSO-ds) 6 ppm 37.95, 38.17, 42.53, 51.60, 52.09, 58.10, 97.59,
118,56, 118.82, 120.31, 121.46, 127.19, 128.89, 129.08, 130.17,
134.41, 135.62, 139.19, 145.42, 147.34, 149.08, 151.79, 152.28,
154.04, 163.52, 166.14; HRMS (ESI): caled for CarHayNgOs, 495.2257;
found 495.2251.

5.2.11.7. 5-(1-(2-acryloyloctahydrocyclopentafe]pyrrol-5-yl)-4-amino-
1H-pyrazolo[3,4-d]pyrimidin-3-yl)-N-(pyridin-2-yl)picolinamide  (14g).
White solid; 65 % isolated yield; Purity 99.55 %; m.p > 220°C; "H NMR
(400 MHz, DMSO-ds) 8 ppm 2.08-2.11 {m, 2H), 2.32-2.39 (m, 2H),
2.85-3.05 (m, 2H), 3.35-3.39 (m, 1H), 3.54-3.55 (m, 1H), 3.61-3.63
(m, 1H), 3.76-3.78 (m, 1H), 5.45-5.47 (m, 1H), 5.67 (dd, J = 12.0, 2.0
Hz, 1H), 6.14 (dd, J = 16.8, 2.0 Hz, 1H), 6.62 (dd, J = 16.8, 10.4 Hz,
1H), 7.21-7.24 (m, 1H), 7.92-7.94 (m, 1H), 5.26-8,33 (m, 4H), 8.42 (d,
J = 4.4 Hz, TH), 899 (5. 1H), 10.47 (5, 1H). '°C NMR (100 MHz,
DMSO-ds) 6 ppm 37.92, 38.17, 42.52, 51.58, 52.07, 58.08, 97.93,
116.51, 121.34, 124.75, 127.23, 130.19, 134.23, 136.44, 135.66,
140,59, 145.58, 147.07, 148.57, 149.73, 152.18, 152.30, 154.34,
163.11, 166.18; HRMS (ESI): caled for CpgHagNgOa, 496.2209; found
496.2201.

5.2.11.8. 5-(1-(2-acryloyloctahydrocyclopentafc]pyrrol-5-yl)-4-amino-
1H-pyrazolo[3,4-dJpyrimidin-3-yI)-N-phenylpicolinamide ~ (14h). White
solid; 60 % isolated yield; Purity 98.93 %; m.p > 220 °C; TH NMR (400
MHz, DMSO-ds) & ppm 2.06-2.09 (m, 2H), 2.33-2.41 (m, 2H),
2.99-3.11 (m, 2H), 3.35-3.39 (m, 1H), 3.51-3.55 (m, 1H), 3.61-3.66
(m, 1H), 3.76-3.81 (m, 1H), 5.44-5.47 (m, 1H), 5.67 (dd, J = 10.4, 2.4
Hz, 1H), 6.14 (dd, J = 16.8, 2.4 Hz, 1H), 6.63 (dd, J = 16.8, 10.4 Hz,
1H), 7.11-7.17 (m, 1H), 7.38 (t, J = 8.0 Hz, 2H), 7.95 (d, J = 7.6 Hz,
2H), 8.29 (d, J = 7.6 Hz, 2H), 8.96 (s, 1H), 10.75 (s, 1H). '*C NMR (100
MHz, DMS80-ds) & ppm 37.97, 38.21, 42.57, 51.59, 52.06, 58.07, 97.53,
123.82, 124.51, 124.57, 134.12, 127.17, 128.77, 128.85, 128.86,
130,08, 135.21, 137.51. 141.37, 145.27, 147.42, 149.74, 152.26,
154.09, 163.89, 166.15; HRMS (ESI): caled for GopHapNgOa, 495.2257;
found 4952264,

5.2.11.9. 1-(5-(4-amino-3-(4-(2-(ethylthio)ethoxy)phenyl)-1H-pyrazolo
[3,4-d]pyrimidin-1 -yl }hexahydrocyclopentafcjpyrrol-2(1H)-yl)prop-2-en-
I-one (14i). Yellow solid; 55 % isolated yield; Purity 99.19 %; m.p =
126-130 *C; 'H NMR (400 MHz, DM50-ds) & ppm 1.23 (¢, 3H, J= 7.6
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Hz), 2.01-2.07 (m, 2H), 2.30-2.37 (m, 2H), 2.66 (q. 2H, J = 7.6 Hz),
2.93 (t, J = 6.4 Hz, 2H), 2.96-2.99 (m, 1H), 3.05-3.08 (m, 1H),
3.36-3.0.37 (m, 1H), 3.49-3.53 (m, 1H), 3.60-3.65 (m, 1H), 3.75-3.80
(m, 1H), 4.21 (t. 2H, J = 6.4 Hz), 5.38-5.41 (m, 1H), 5.68 (dd, J = 10.4,
2.4 Hz, 1H), 6.16 (dd, J = 16.8, 2.4 Hz, 1H), 6.65 (dd, J = 16.8, 10.4 Hz,
1H), 7.11 (d, J = 8.8 Hz, 2H), 7.59 (d, J = 8.8 Hz, 2H), 8.21 (s, 1H). '°C
NME (100 MHz, DM50-dg) & ppm 14.28, 25.89, 33.82, 37.97, 38.21,
42,53, 51.56, 52.06, 58.08, 67.23, 97.91, 115.60, 126.07, 127.20,
130.05, 130.10, 143.75, 151.85, 154.14, 155.96, 155.62, 166.17; HRMS
(ESI): caled for CasHa NgOaS, 479.2229; found 479.2233.

5.2.11.10. 1-(5-(4-amino-3-(4-(2-(isopropylthio)ethoxy)phenyl)-1H-pyr-
azolo[3,4-d]pyrimidin-1-yDhexahydrocyclopentafeJpyrrol-2(1H)-yl)prop-
2-en-1-one (14j). White solid; 51 % isolated yield; Purity 98.24 %; m.p
=115-117*C; 'H NMR (400 MHz, DM50-ds) 5 ppm 1.24 (d, J = 6.4 Hz,
6H), 1.97-2.07 (m, 2H), 2.28-2.37 (m, 2H), 2.90-3.00 (m, 3H),
3.02-3.11 (m, 2H), 3.34-3.37 (m, 1H), 3.49-3.53 (m, 1H), 3.60-3.65
(m, 1H), 3.75-3.80 (m, 1H), 4.20 (t, J = 6.4 Hz, 2H), 5.37-5.41 (m, 1H),
5.68 (dd, J=10.4, 2.8 Hz, 1H), 6.16 (dd, J= 16.8, 2.4 Hz, 1H), 6.65 (dd,
J=16.8, 10.4 Hz, 1H), 7.10 (d, J = 8.5 Hz, 2H), 7.59 (d, J= 8.6 Hz, 2H),
8.21 (s, TH). '°C NMR (100 MHz, DMSO-ds) & ppm 24.46, 26,83, 37.95,
38.18, 42,56, 51.60, 52.09, 53.10, 66.49, 97.90, 115.55, 126.05,
127.19, 130.07, 130.11, 143.72, 151.83, 154.13, 155.96, 15B8.61,
166.17; HRMS (ESI): caled for GagHasMNeOaS, 493.2386; found
493.2353.

5.2.11.11. 1-(5-(4-amino-3-(4-(2-(cthylsulfonyl)ethoxy)phenyl)-1H-pyr-
azolo[3,4-d]pyrimidin-1-yl)hexahydrocyclopentafepyrrol-2(1H)-yl)prop-
2-¢n-1-one (14k). White solid; 64 % isolated yield; Purity 95.70 %; m.p
= 132-134°C; 'H NMR (400 MHz, DMSO-dg) & ppm 1.29 (t, /= 7.2 Hz,
3H), 1.89-2.08 (m, 2H), 2.28-2.37 (m. 2H), 2.96-2.99 (m, 1H),
3.06-3.08 (m, 1H), 3.22 (g, J = 7.2 Hz, 2H), 3.36-3.37 (m, 1H),
3.49-3.53 (m, 1H), 3.60-3.65 (m, 3H), 3.75-3.80 (m. 1H), 4.43 (t, J =
5.6 Hz, 2H), 5.40-5.41 (m, 1H), 5.68 (dd, J = 10.4, 2.4 Hz, 1H), 6.16
(dd, J= 16.8, 2.0 Hz, 1H), 6.65 (dd, J = 16.8, 10.4 Hz, 1H), 7.16 (d, /=
8.8 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 8.22 (s, 1H). %C NMR (100 MHz,
DMSO-ds) & ppm 2.24, 37.96, 36,18, 42,45, 51.56, 51.91, 53.78, 58.22,
62.61, 63.19, 67.23, 95.09, 115.43, 125.84, 127.16, 129.81, 130.05,
142,57, 152.41, 154.04, 155.96, 158.62, 166.17; HRMS (ESI): caled for
CagHs1Ng04S, 511.2127; found 511.2139.

5.2.11.12. I-(5-(4-amino-3-(4-((2-ethoxyethyl)thio)phenyl)-1H-pyrazolo
[3,4-d]pyrimidin-1-yl)hexahydrocyclopentafc]pyrrol-2(1H)-yl)prop-2-en-
T-one (141). White solid; 49 % isolated yield; Purity 99.45 %; m.p =
111-113 °C; 'H NMR (400 MHz, DMS0-dg) & ppm 1.10 (t, J = 6.8 Hz,
3H), 2.02-2.07 (m, 2H), 2.30-2.35 (m. 2H), 2.96-2.99 (m, 1H),
3.05-3.09 (m, 1H), 3.20 (t, J = 6.4 Hz, 2H), 3.53-3.43 (m, 4H),
3.65-3.58 (m, 3H), 3.80-3.75 (m, 1H), 5.43-5.38 (m, 1H), 5.66 (dd, J=
10.0, 2.4 Hz, 1H), 6.14 (dd, J = 16.4, 2.4 Hz, 1H), 6.62 (dd, J = 16.4,
10.0 Hz, 1H),7.45 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), .22 (z,
1H). '*C NMR (100 MHz, DMSO-dg) & ppm 15.55, 32.18, 37.76, 38.18,
41.12, 41.59, 50.85, 53.77, 57.19, 65.90, 68.52, 74.92, 97.67, 127.22,
128.62, 129.24, 130.05, 130.60, 137.46, 143.44, 154.27, 156.00,
158.61, 166.18; HRMS (ESD): caled for CagHaiNgOsS, 479.2229; found
479.2234.

5.2.11.13. 1-(5-(4-amino-3-(4-((3-methoxypropyl)thio }phenyl)-1H-pyT-

azolo[3,4-d]pyrimidin-1-yDhexahydrocyclopentalcJpyrrol-2(1H)-yl)prop-

2-en-1-one (14m). Light pink solid; 58 % isolated yield; Purity 95.05 %;
m.p= 105-107 °C; 'H NMR (400 MHz, DM30-dg) & ppm. 1.53-1.86 {m,
2H]), 2.03-2.07 (m, 2H), 2.30-2.35 (m, 2H), 2.96-2.99 (m, 1H), 3.08 (t,
J= 7.2 Hz, 3H), 3.23 (s, 3H), 3.36-3.37 (m, 1H), 3.45 (t, /= 6.0 Hz, 2H),
3.52-3.53 (m, 1H), 3.60-3.62 (m, 1H), 3.75-3.78 (m, 1H), 5.37-5.40
(m, 1H), 5.68 (dd, J = 10.4, 2.4 Hz, 1H), 6.16 (dd, J = 16.8, 2.4 Hz, 1H),
6.65 (dd, J = 16.8, 10.0 Hz, 1H), 7.46 (d, J = 8.4 Hz, 2H), 7.61 (d, J=
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8.4 Hz, 2H), 8.22 (5, 1H). 1*C NMR (100 MHz, DMS0-ds) 6 ppm 27.12,
34.83, 37.91, 38.01, 42.53, 51.56, 52.06, 58.08, 59.11, 73.59, 97.57,
127.10, 127.86, 127.91, 130.10, 131.07, 134.15, 143.58, 151.85,
154.14, 155.96, 166.17; HRMS (ESL): caled for CasHa NeO2S, 479.2229;
found 479.2220.

5.2.11.14. 1-(5-(4-amino-3-(4-({3-(methylthio)propyl)thio)phenyl)-1H-
pyrazolof3,4-d]pyrimidin-1-yl}hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
prop-Z-en-1-one (14n). White solid; 69 % isolated yield; Purity 99.38 %;
m.p = 122-124°C; 'H NMR (400 MHz, DMSO-de) 6 ppm. 1.91 (m, 2H),
2.05-2.07 (m, 5H), 2.30-2.35 (m, 2H), 2.62 (t, J = 7.2 Hz, 2H),
2.96-2.98 (m, 1H), 3.06-3.08 (m, 1H), 3.13 (t, J = 7.2 Hz, 2H),
3.33-3.37 (m, 1H), 3.49-3.53 (m, 1H), 3.60-3.65 (m, 1H), 3.75-3.80
(m, 1H), 5.39-5.42 (m, 1H), 5.68 (dd, J = 10.0, 2.4 Hz, 1H), 6.16 (dd, J
= 16.8, 2.4 Hz, 1H), 6.65 (dd, J = 16.8, 10.0 Hz, 1H), 7.48 (d,J = 8.4 Hz,
2H), 7.62 (d, J = 8.4 Hz, 2H), 8.22 (s, 1H). '*C NMR (100 MHz,
DMSO-ds) § ppm 15.08, 26.94, 32.84, 33.26, 37.93, 30.11, 42.32,
58.19, 67.23, 97.67, 127.20, 125.73, 128.92, 129.36, 129.72, 130.09,
130.27, 135.58, 143.31, 154.24, 154.96, 158.47, 166.11; HRMS (ESI):
caled for CasHzNgOS8s, 495.2001; found 495.1993.

5.2.11.15. 1-(5-(4-amino-3-(4-({2-(ethylthio)ethyl)thio Jphenyl)-1 H-pyr
azolo[3,4-d]pyrimidin-1-yl)hexahydrocyclopentafcJpyrrol-2(1 H)-yl)prop-
2-en-1-one (140). White solid; 55 % iselated yield; Purity 99.31 %; m.p
=131-133°C; 'H NMR (400 MHz, DMSO-dg) & ppm. 1.17 (t, J = 7.4 Hz,
3H), 2.04-2.07 (m, 2H), 2.30-2.35 (m, 2H), 2.59 (g, J = 7.4 Hz, 2H),
2.74-2.78 (m, 2H), 2.96-3.01 (m, 1H), 3.04-3.08 (m, 1H), 3.22-3.26
(m, 2H), 3.34 — 3.38 (m, 1H), 3.51-3.53 (m, 1H), 3.59-3.63 (m, 1H),
3.75-3.79 (m, 1H), 5.36-5.43 (m, 1H), 5.66 (dd, J = 10.4, 2.4 Hz, 1H),
6.14 (dd, J=16.8, 2.4 Hz, 1H), 6.62 (dd, /= 16.5, 10.4 Hz, 1H), 7.49 (d,
J = 8.0 Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H), 8.22 (s, 1H). '*C NMR (100
MHz, DMS0-ds) & ppm 14.73, 25.97, 34.09, 37.95, 35,14, 38.23, 41.86,
51.59, 52.22, 58,10, 98.03, 127.12, 12855, 126,79, 129.06, 129.41,
129.68, 130.02, 135.53, 143,68, 154.14, 155.38, 158.28, 166.13; HRMS
(ESI): caled for CosHaNgOS2, 495.2001; found 495.2011.

5.2.11.16. 1-(5-(4-amino-3-(4-({(2-(ethylsulforiyl)ethyl)thio)phenyl)-1H-
pyrazolof3,4-d]pyrimidin-I-ylYhexahydrocyclopentafeJpyrrel-2(1H)-yI)
prop-2-en-1-one (14p). White solid; 47 % isolated yield; Purity 98.26 %;
m.p = 120-122 °C; 'H NME (400 MHz, DMSO-ds) & ppm. 1.43 (t, J =
7.6 Hz, 3H), 2.19-2.13 {m, 2H), 2.556-2,53 (m, 2H), 3.06 (q, J = 7.6 Hz,
2H), 3.26-3.11 (m, 4H), 3.44.3.40 (m, 2H), 3.55-3.47 (m, 2H),
3.88-3.93 (m, 2H), 5.64-5.55 (m, 3H), 5.71 (dd, J= 10.0, 2.5 Hz, 1H),
6.38-6.51 (m, 2H), 7.54 (d, J = 5.0 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H),
8.41 (s, 1H). "*C NMR (100 MHz, DM50-ds) & ppm 8.25, 26.37, 37.91,
38.08, 41.56, 49.74, 51.56, 52.18, 57.58, 56.12, 95.95, 127.16, 128.51,
128,76, 129.01, 129.35, 129.73, 130.05, 135.54, 143.63, 154.18,
155.33, 158.26, 166.14; HEMS (ESI: caled for CasHsiNgDsSz,
527.1899; found 527.1903.

5.2.12. General procedure for the synthesis of compounds 14q and 14s-u
To the solution of 13b (0.485 mmol), in DMF (10 mL) were added
corresponding acids (0.533 mmol} and DIPEA (0.203 mL, 1.45 mmel)
and cooled at 0 °C, followed by addition of HBTU (0.533 mmol). The
reaction mixture was stirred for 18 h. Mixture was diluted with water
(10mL) and extracted with ethyl acetate (3 x 10 mL). Combined organic
layer was washed with water (10 mL) and brine (10 mL), dried over
Na,580; and concentrared in vacuo. The obtained crude product was
purified by preparative HPLC to get the desired products 14q, 14s-u.

5.2.12.1. 4-(4-amino-1-(2-(but-2-ynoyloctahydrocyclopentafc]pyrrol-5-
yD-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-N-(pyridin-2-yl}benzamide (14q).
White solid; 70 % isclated yield; Purity 99.60 96; m.p > 220°C; TH NMR
(400 MHz, DM50-ds) & ppm 2.01 (5, 3H), 2.04-2.08 (m, 2H), 2.32-2.36
{m, 2H), 3.04-3.05 (m, 2H), 3.27-3.28 (m, 1H), 3.54-3.55 (m, 2H),
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3.81-3.82 (m, 1H),5.42-5.44 (m, 1H), 7.17-7.20 (m, 1H), 7.79 (d, J =
8.4 Hz, 2H), 7.86-7.87 (m, 1H), 8.18-8.23 (m,3H), 8.26 (5, 1H),
5.40-8.41 (m, 1H), 10.87 (s, 1H). 1*C NMR (100 MHz, DMS50-de} & ppm
3.72, 37.78, 38.17, 41.14, 41.61, 50.85, 53.78, 57.36, 74.92, 85.03,
98.11, 115.24, 120.36, 128.60, 129.26, 134.24, 136.71, 138.61, 143.12,
148.43, 151.88, 152.62, 154.42, 156.09, 158.61, 166.04; HRMS (ESL):
caled for CagHazNgOa, 507.2257; found 507.2256.

5.2.12.2. (E}-4-(4-amino-1-(2-{4-(dimethylamino)bur-2-enoyl)octahy-

drocyclopentafe]pyrrol-5-yi)-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-N-(pyr-

idin-2-y[}benzamide (14s). Light yellow solid; 41 % isolated yield; Purity
97.78 %; m.p = 195-197 °C; 'H NMR (400 MHz, MEOD) & ppm
2.14-2.19 (m, 2H), 2.30 (s, 6H), 2.49-2.53(m, 2H), 3.14-3.25 (m, 4H),
3.53-3.54 (m, 1H), 3.62-3.62 (m, 1H), 3.76-3.80 (m, 1H), 3.89-3.92
{m, TH), 5.54-5.55 (m, 1H), 6.52 (dd, J = 15.2, 1.2 Hz, 1H), 6.83-6.86
{m, 1H), 7.18-7.21 (m, 1H), 7.84-7.90 (m, 3H), 8.15-8.17 (m, 2H)
8.25-8.27 (m, 2H), 5.38-6.40 (m, 1H). *C NMR (100 MHz, DMSO-dg) &
ppm 34.59, 37.87, 38.06, 42.44, 45.46, 49.02, 51.69, 52.70, 57.21,
60.28, 96.07, 115.26, 116.24, 120.37, 126.59, 129.28, 134.24, 136.70,
136.63, 143.17, 148.46, 152.60, 154.40, 156.10, 158.59, 158.90,
166.05; HRMS (ESI): caled for CagHsyNg02, 552.2835; found 552.2838,

5.2.12.3. (E)-4-(4-amino-1-{2-(2-cyano-3-cyclopropylacryloylloctahy-
drocyclopentafc] pyrrol-5-yl)-1H-pyrazolo[3,4-dJpyrimidin-3-yl}-N-
(pyridin-2-yl)benzamide {14t). White solid; 56 % isolated yield; Purity
98.50 %; m.p = 220 °C; 'H NMR (400 MHz, CDCL3) & ppm 0.95-0.98 {m,
2H), 1.26-1.30 (m, 2H), 1.48-1.53 (m, 1H), 2.11-2.19 (m, 2H),
2.52-2.59 (m, 2H), 3.12-3.18 (m, 2H), 3.54-3.68 (m, 2H), 3.88-4.01
(m, 2H), 5.41 (bs, 2H), 5.57-5.59 (m, 1H), 6.86 (d, J = 11.6 Hz, 1H),
7.17-7.20 (m, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.85-7.57 (m, 1H),
8.18-8.22 (m, 3H), 5.26 (5, 1H), 6.40-8.41 {m, 1H), 10.61 (s, 1H). *°C
NMR (100 MHz, DMS0-ds) & ppm 7.21, 7.29, 8.58, 37.81, 38.19, 41.17,
41.62, 50.87, 53.71, 57.69, 98.17, 105.41, 115.20, 115.71, 120.39,
128,58, 129.21, 134.24, 136.72, 138.65, 143.10, 151.84, 152.61,
154.40, 156.11, 158.62, 160.21, 166.04. 171.43; HRMS (ESI): caled for
Ca1HagNg0a, 560.2522; found 560.2521.

5.2.12.4. 4-(4-amino-1-(2-propioloyloctahydrocyclopentafc]pyrrol-5-y1)-
1H-pyrazolo[3,4-d]pyrimidin-3-y)-N-(pyridin-2-yl )benzamide (14u).
White solid; 45 % isolated yield; Purity 98.11 %; m.p = 220°C; 'H NME
(400 MHz, DMSO-ds) & ppm 2.01-2.05 (m, 2H), 2.31-2.36 (m, 2H),
3.04-3.05 (m, 2H), 3.27-3.28 (m. 1H), 3.48 (s, 1H), 3.52-3.55 (m, 2H),
3.75-3.79 (m, 1H), 5.42-5.44 (m, 1H), 7.17-7.20 (m, 1H), 7.79 (d, J =
8.4 Hz, 2H), 7.86-7.87 (m, 1H), 8.18-8.23 (m,3H), 8.26 (s, 1H),
8.40-8.41 (m, 1H), 10.87 (s, 1H). '°C NMR (100 MHz, DMS0-d6) & ppm
37.80, 38.20, 41.13, 41.64, 50.83, 53.69, 57.37, 74.51, £1.29, 97.96,
115.25, 120,38, 128,58, 129.22, 134.27, 136.70, 138.62, 143.12,
148.14, 151.84, 152.64, 154.37, 156.17, 158.66, 166.02; HRMS (ESI):
caled for CarHagNgOa, 493.2100; found 493.2100.

5.2.12.5. 4-(4-amino-1-(2-(vinylsulfonyloctahydrocyclopentafc]pyrrol-
S-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-y[)-N-(pytidin-2-yl)benzamide

(14r). To the solution of 13b (150 mg, 0.34]1 mmol), in DCM (5 mL) was
added triethyl amine (0.142 mL, 1.022 mmol). The reaction was cooled
at —50 °C, followed by dropwise addition of 2-chlorcethanesulfonyl
chloride (83 mg, 0.511 mmeol). The reaction mixture was ambiently
taken at room temperature and stirred for 3 h. The mixture was diluted
with water (5 mL), stirred for 5 min., organic layer was separated and
aqueous layer was extracted with DCM (2 x 5 mL). Combined organic
layer was washed with brine (5 mL), dried over Na,50; and concen-
trated in vacue. The obtained crude product was purified by preparative
HPLC. White solid; 53 % yield; Purity 98.40 %; m.p > 220 °C; 'H NMR
(400 MHz, DMSO-dg) & ppm 1.95-2.02 (m, 2H), 2.32-2.34 (m, 2H),
3.00-3.04 (m, 4H), 3.24-3.29 (m, 2H), 5.42-5.43 (m, 1H), 6.15 (d, J=
16.8 Hz, 1H), 6.22 (d, J = 10 Hz, 1H), 6.90 (dd, J = 16.4, 10.0 Hz, 1H),
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7.16-7.11 (m, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.84-7.88 (m, 1H), 8.21 (d,
J = 8.4 Hz, 2H), 8.22-8.24 (m, 1H) 8.26 (5, 1H), 8.40-8.41 (m, 1H),
10.84 (s, 1H). *C NMR (100 MHz, DM50-ds) & ppm 37.76, 38.14,
41.13, 41.60, 50.71, 53.59, 57.33, 97.99, 115.21, 115.83, 120.38,
128.58, 129.24, 134.23, 135.08, 136.74, 138.62, 143.15, 151.89,
152.62, 154.39, 156.08, 158.58, 166.00; HRMS (ESL): caled for
CagHorNg035, 531.1927; found 531.1925.

5.3. BTK enzyme inhibition assay and kinase selectivity assay

The enzymatic activities of tested compounds were assessed in a cell-
free enzyme assay. Briefly, fixed amount of recombinant purified human
BTE (3 ng/reaction) was incubated with increasing concentration of test
compounds (0.01 nmol/L to10 pmol/L) in 1X kinase reaction buffer {40
mmol/L Tris-Cl, pH 7.5,20 mmol/L MgCls, 2 mmol/L MacCls, 0.1 mg/mL
BSA and 50 pmol/L DTT). Enzymatic reaction was initiated by adding a
substrate cocktail containing 50 pmol/L of ATP (final concentration)
and 5 pg of polyGln,Tyr; in 96 well plates. The reaction was incubated at
room temperature for 2 h followed by quantification of the left over ATP
according to the manufacturer’s protecel, using ADP-Glo reagent. Data
were plotted taking ‘enzyme with no inhibitor’ as the 100 % kinase
activity. All the experiments were performed in duplicate. The ICsq
values were calculated using linear regression analysis. The Kinase
selectivity of 14b was conducted at ProQuinase (GmbH). A radiometric
protein kinase assay was used in 96 well FlashPlates™ from Perkin
Elmer.

5.4, TMD3 cell anti proliferation assay

TMD&S cells were routinely grown in RPMI-1640, with 10 % FBS and
supplemented with 55 pmol/L j-mercapto ethanol (f-ME). For cyto-
toxicity assay, defined numbers of cells were incubated in 96 well plates
with increasing concentration of test compounds (0.01 nmol/L tolQ
pmol/L), formulated in 100 % DMSO (final concentration of DMSO in
the well is 0.2 %) for 96 h. Cell growth was measured using MTT assay
and ICsp values were determined by nonlinear regression using the
GraphPad Prism & software.

5.5. BMX and TEC nano BRET target engagement intracellular kinase
assay

The NanoBRET target engagement assay employs an energy transfer
technique designed to measure molecular proximity in living cells. The
assay measures the apparent affinity of test compounds by competitive
displacement of the NanoBRET tracer, reversibly bound to a NanoLuc
luciferase-kinase fusion construct in cells. HEK293 (human epithelial
cell line from ATCG) cells transiently expressing NanoLuc-BMX or TEC
Fusion Vector were seeded into the wells of 334-well plates. The cells
were pre-treated with the NanoBRET Tracer K-4 and then treated with
14b for 1 h (assay conducted at Reaction biology, Europe GmbH, Ger-
many). The BRET signal was measured on an Envision 2104 Multilabel
Reader. ICsq value was calculated and ICsp curve was plotred using the
GraphPad Prism 4 program based on a sigmoidal dose response
equation.

5.6. Pharmacokinetic (PK) studies

In vivo PK studies of target compounds and IBR were performed in
male BALE/c mice, and Wister rats, using parallel study design (n = 3
per group). The oral dose was administered via gavage under overnight
fasted condition and intravenous dose was administered as a bolus via
tail vein injection under nen fasted condition. The oral dosing in either
mice or rats was performed by a homogenous suspension formulation,
prepared in 1 % Tween- 80 and 0.5 % methyl cellulose in purified water.
The intravenous solution was prepared in 10 % NMP, 5 % ethanol, and
85 % citric acid, in purified water. Blood samples were collected serially
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from each animal at 0 h {pre-dose), 0.25, 0.5, 1, 2, 4, 6, §, 24, 48, and 72
h post-dose. The blood samples were centrifuged to obtain plasma
samples which were stored below — 70 °C. The concentrations of com-
pounds in plasma were determined by the LC-M5/MS (Shimadzu
LC10AD, USA), using YMG hydrosphere G138 (2.0 »x 50 mm, 3 pm) col-
umn (YMC Inc., USA). PK parameters were derived using the mon-
compartmental analysis (NCA) module of WinNonlin® software.

5.7, Invivo efficacy studies

The in vive efficacy studies were carried out in rats and mice. All
animals were quarantined in the animal house of Zydus Research Centre
for a 7 days period with 12 h dark/light cycle. During this period the
animals had free aceess to standard pellet feed and water ad libitum. The
experiment protocols were approved by the Committee for the Purpose
of Control and Supervision of Experimentation on Animals (CPCSEA),
Government of India and Institutional Animal Ethics Committee (IAEC),
Zydus Research Centre.

5.7.1. Protocol for TMDS xenograft model studies

The xenograft studies were conducted in 6-8-week-old SCID mice. A
total of 10 % 10° TMD-8 cells was suspended in 200 L of phosphate
buffer saline and subecutaneously injected into the flank. When rumors
were palpable, animals were grouped so that the average umor volume
was around 100 mm® They were assigned to four groups: vehicle and
three groups for 14b treatment (1.5, 3 & 15 mg/kg, BID) and treatment
was continued for 20 days. The length and width of the tumor were
measured using a digital caliper, and the volume of the tumor was
caleulated using the formula: length » (width)*/2.

5.7.2. Protocol for CIA model studies

DBA1/J male mice, 5-10 weeks old, were immunized on day 0 and
21 for induction of arthritis with bovine type Il collagen, via intradermal
injection, at the base of the tail. Injection volumes were 0.1 mL aliquots,
consisting of a 1:1 (v/v) emulsion of Mycobacterium tuberculosis (2 mg/
mL in mineral ¢il} and bovine type II collagen (2 mg/mL in 10 mmol/L
acetic acid). 14b (0.125, 0.25, 0.5 and 1 mg/kg) and IBR (0.6 mg/kg)
were administered crally once a day for 4 weeks. Clinical and histo-
logical scores, an index of arthritis, were assessed according to Scales HE
et al. [41], using the following criteria: 0, normal with no swelling or
redness; 1, swelling and /or redness of paw or one joint; 2, swelling in
two or more joints; 3, gross swelling of paw with more than two joints
involved; and 4, severe arthritis of entire paw and joints.

5.8. Molecular docking analysis

To explain the potent and selective BTK inhibitory activity of
designed molecules, docking studies were carried out using GovDock
[39], a covalent docking program developed by Schrodinger. This
mimics the multi-step binding process of covalent moedifiers by simu-
lating both pre- and post-reactive states. The geometry of compounds to
be docked was subsequently optimized using the LigPrep [40]. The
scoring function, binding mode and H-bonds were used to assess the
binding affinity of the compounds. The BTK crystal structure was
retrieved from the RCSB Protein Data Bank (PDB ID: 5P9M). The active
site was defined to include residues within 5 A® to any of the IBR atoms.
All these molecules (1BR, 9e and 14b) use an electrophilic warhead to
covalently react with Cys451.
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