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Abstract: Bruton’s tyrosine kinase (Btk) is a Tec familyn&se with a well-defined
role in the B cell receptor (BCR) andyFeceptor (FCR) signaling pathways, which
makes it a uniquely attractive target for the et of autoimmune diseases, such as
rheumatoid arthritis (RA). We reported a series obmpounds bearing
7H-pyrrolo[2,3d]pyrimidin-4-amine scaffold that potently inhibiteBtk in vitro.
Analysis of the structure-activity relationshipsA@® and drug-like profiles led to the
discovery of the optimal compouri8il6. B16 preferentially inhibited Btk (I =
21.70 + 0.82 nM) over closely related kinases witbderate selectivity. Cell-based
tests also confirmed th&16 significantly inhibited Btk Y223auto-phosphorylation
and PLG2 Y1217 phosphorylation. MTT revealed th816 displayed weak
suppression against normal LO2, HEK293 and THPH1lines with IGso values over
30 pM. MoreoverB16 showed very weak potential to block the hERG clka(itso

= 11.10 uM) in comparison to ibrutinib @&€= 0.97 puM). Owing to its favorable
physicochemical properties (ClogP = 2.53, aqueoolsibgity ~ 0.1 mg/mL),
pharmacokinetic profiles (F = 49.15%,t= 7.02 h) and reasonable CYP450 profile,
B16 exhibited potent anti-arthritis activity and siarilefficacy to ibrutinib in reducing
paw thickness in CIA mice. In conclusioB16 is a potent, selective and durable
inhibitor of Btk and has the potential to a safd afficacious treatment for arthritis.
Key words: Btk, inhibitor, selectivity, bioavailability, aquee solubility, rheumatoid

arthritis



1. Introduction

Bruton tyrosine kinase (Btk) is a member of Tec ifgrkinases including Tec,
Itk, Txk and Bmx [1-4]. Btk is one of the most impemt drug target, since it broadly
expresses in all hematopoietic cells except ofrpéaand T cells, and plays a critical
role in B cell receptor (BCR) and fceceptor (FgR) signaling pathways, where it
regulates the activation and proliferation of BIs€l5-6]. Upon activation by
upstream kinases (such as Lyn and Syk), Btk sulesgiguphosphorylates and
activates phospholipaserC(PLCy), leading to calcium ion transportation and
activation of NFkB and MAP kinase pathways [1-6]. Thus, Btk is imed in
pro-inflammatory signals and regulates the expoessf pro-inflammatory cytokines,
chemokines and cell adhesion molecules. TakentiegdBtk’s role in these pathways
makes it a uniquely attractive target for the ezt of B cell related diseases, such
as the autoimmune disorder rheumatoid arthritis)(RA6].

RA is an autoimmune disease that involves systaysregulation of T and B
lymphocytes with immune responses against selgans, and ultimately resulting in
circulating autoantibodies, synovial inflammatiqgmgannus formation, and cartilage
and bone destruction in affected joints [7-8]. BI denction and autoantibody
production have been proven to promote the progness RA [1,7-8]. The treatment
of RA with anti-CD20 antibody rituximab to depleteature B cells in clinical studies,
clearly demonstrates that therapies directly oirgudly targeting B cells have the
potential to attenuate disease progression of RPOJ]9 Pharmacological and genetic
studies in animal models also verify Btk inhibitaemn be efficacious against RA [3-6].
Moreover, RANK signaling is Btk dependent and colstrosteoclastogenesis from
monocytic precursors [5,6]. Therefore, Btk has biglemtified as a potent target for
the treatment of RA. During recent years, more anate Btk inhibitors have been
developed and demonstrated efficacies in preclisicemal models for RA (ibrutinib,
RN486, CGI1746 and so on ) or entered into clinicalls for RA (CC-292 and
HM71224) Figure 1) [9-11].
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Figure 1. Btk inhibitors in development for RA

Until now, the most successful Btk inhibitor is abinib, which has been
clinically used for the treatment of mantle celnlghoma (MCL), chronic lymphatic
lymphoma (CLL), and waldenstrom's macroglobuline(iiéV) [12-13]. Owing to its
excellent inhibition to Btk, ibrutinio not only efiently reverses arthritic
inflammation in a therapeutic collagen induced rrgh (CIA) models, but also
prevents clinical arthritis in collagen antibodytited arthritis (CAIA) models,
indicating its potential use for the treatment @& R.4-15]. However, ibrutinib can
also strongly inhibit numerous kinases with stregfihomology, such as EGFR,
JAK3, and ErbB2 [12,14,16], which can lead to digant toxicities, including
bleeding, myelosuppression, diarrhea, atrial fifiibn (AF) and renal impairment
[16-19]. Potent inhibition of EGFR by ibrutinib maxplain the observed diarrhea,
which has been observed in clinical practices VBHGFR inhibitors [19]. The
moderate inhibition against hERG currentsg€ 0.97 uM) by ibrutinib is considered
as a low-potency blocker and closely associated i [18,20]. RA, quite different

from hematological malignancies, is a non-life-tteming disease that calls for safe



therapies with unexpected off-target toxicities ][13his has encouraged the
development of more selective Btk inhibitors, imthg GDC-0834 and RN-486, but
GDC-0834 was suspended in phase | because of @s gwarmacokinetics (PK)
properties [13,21,22]. Hence, developing highlyestVe Btk inhibitors with
favorable PK properties will be more suitable affec@&cious to fulfill the treatment
need for RA disease [13,21,22].

Encouraged by the excellent anti-arthritis activaty ibrutinib, we decided to
optimize the structure of ibrutinib in an attempt improve its kinase selectivity,
toxicity and PK profiles. Given that the scaffoldé Btk inhibitors are major
representative structures [23,33], and replacirgy ¢bntral core of ibrutinib with
6-amino-H-purin-8(H)-one (ONO-4059) maintains the potency of inhilgtiBtk
[19], we selected H-pyrrolo[2,3-d]pyrimidin-4-amine as the new scaffold to replace
the pharmacophore of ibrutinib by employing theotlyeof bioisostere. As illustrated
in Figure 2, similar to ibrutinib, H-pyrrolo[2,3-d]pyrimidin-4-amine scaffold can
also occupy the ATP binding pocket and make sevengbrtant hydrogen bond
interactions with respective Thr474, Glu475 and M@t in the hinge.
4-Piperidinylmethyl was selected as a linker torma the scaffold and electrophilic
warheads, which allowed acrylamide to form a cavaleond with the conserved
Cys481 residue in Btk domain. As expected, the pkgohenyl group oB1 was
overlaid with the same fragment of ibrutinib, whidompletely entered the
hydrophobic pocket and formed a face-to-edgacking interaction with Phe540. In
our effort to improve the ClogP, aqueous solubility well as PK profiles, structural
modifications on C3-position of pyrryl was firstperformed. In the further research
of exploring the structure-activity relationshifSAR) of this series derivatives and
hunting for more potent Btk inhibitors, structurabdifications were also conducted
on linker, scaffold and electrophilic warhead regiblerein, we report the synthesis
and pharmacological evaluation of these novel camgs as potent Btk inhibitors, of
which the representative compouBd6 exhibits excellent kinase selectivity to Btk,

low toxicity, favorable PK properties and good edfty for the treatment of RA



though oral administration.

" Struetural
l)[lllmll..llll)l‘l

Cysd8l
l)ll

Figure 2. Design of the R-pyrrolo[2,3d]pyrimidin-4-amines as Btk inhibitors. A
covalent docking model: similar to ibrutinib, conymal B1 also can form a covalent

bind with the conserved cys481 residue in Btk dongdirutinib: orangeB1: green).

2. Compounds synthesis

The synthesis route of compoun@d-B24 is described inScheme 1 By
reference to the preparation of ibrutinib, thetstgrmateriall-1 was directly coupled
with 4 by Mitsunobu reaction in an extremely low yield. ander to improve the
chemical reactivity ofl-1, it was treated with methanesulfonyl chloride miee bath
and subsequently with lithium bromide under refawernight, giving the important
intermediate3 that allowed completely reaction withto offer5 in a good yield5
was reacted with ammonia (con.) in an autoclaveive 6, then coupled with a
variety of boronic acid derivatives via Suzuki-Miya cross-coupling procedure to
provide?7. Intermediate8 was obtained by removing the Boc group frénm an acid
condition. Finally, the classical electrophilic \waad acryloyl group was introduced

to 8 giving final product81-B24.

Scheme 1Preparation of compoun@d-B24.
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Reactions and conditionsa)(MsCl, EgN, DCM, 0 °C, 2 h;I§) LiBr, ACE, reflux,
overnight; €) K,COs, DMF, 80 °C, 3-4 h;d) NH4OH, 1,4-dioxane, 98 °C, overnight;
(e) boronic acid (R), K,CO;, PdCh(dppf), 1,4-dioxane/bD, 98 °C, 3-4 h; f}
1,4-dioxane, HCI in 1,4-dioxane, 50 °C, overnidl); acryloyl chloride, DIEA, dry
DMF, r.t., 2 h.

To search the SAR of linker connectinig-pyrrolo[2,3-d]pyrimidin-4-amine and
electrophilic warheads, we synthesized anotheretlieds of analogues containing
favorable side chains of 4-phenoxyphenyl or bedjfb3]dioxol-5-yl on the scaffold.
Target compound®825-B26 were prepared according to the same procedures in
Scheme 1 from the starting material of
(R)-tert-butyl-3-(hydroxymethyl)piperidine-1-carboxye (-2), while B27-B28 and
B29-B30 were obtained from g-tert-butyl-3-
(hydroxymethyl)piperidine-1-carboxylate 1-B) and tert-butyl-4-(2-hydroxyethyl)
piperidine-1-carboxylatel¢4), respectively.

Scheme 2Preparation of compoun@25-B30.
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On the basis of the potent compoudsandB16, analogue831-B34 also had
been synthesized to evaluate the functions of relglilic warheads, and their
synthesis routes were shown #cheme 3 Intermediate8-1 was treated with
2-chloroethanesulfonyl chloride in anhydrous dicbioethane givindgd31, while B33
was obtained in the same way fr&16. Another two compound332 andB34 were
provided by coupling E)-4-(dimethylamino)but-2-enoic acid with respectamides

in low yields (< 35%).

Scheme 3Preparation of compoun@&31-B34
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Reactions and conditionsa)(B31 andB33, 2-chloroethanesulfonyl chloride, DIEA,
dry DCM, rt.,, 1 h; B32 and B34, (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride, DIEA, PyBOP, DCM, r.t., overnight.

Then we focused on the structural modificationstioa scaffold region. As



described inScheme 4 compounds bearingHtpyrazolo[3,4d]pyrimidin-4-amine,
the scaffold of ibrutinib, were also prepared. Caenerally available material
1H-pyrazolo[3,4d]pyrimidin-4-amine @) was reacted with n-iodosuccinimide (NIS)
to offer 10, and the following reactions were similar asScheme 1 Eventually, we

got new compoundB35-B38.

Scheme 4Preparation of compoun@s35-B38
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N
|\ N HCl e l P N’N B36: R, =4-phenoxyphenyl, R, = vinylsulfonyl
N B37: R; = benzo|d][1,3]dioxol-5-yl, R, = vinyl carbonyl
\\C\NH \\CN\RZ B38: R, = benzo|d][1,3]dioxol-5-yl, R, = vinylsulfonyl
13 B35-B38

Reactions and conditionsa)(NIS, DMF, r.t., 2 h; 1l§) K,COs, DMF, 80 °C, 3-4 h;d)
K2CO;, PdCh(dppf), 1,4-dioxane/bD, 98 °C, 3-4 h; d) 1,4-dioxane, HCI in
1,4-dioxane, 50 °C, overnighe)(B35 andB37, acryloyl chloride, DIEA, dry DMF,
r.t., 2 h;B36 andB38, 2-chloroethanesulfonyl chloride, DIEA, dry DCM, r1 h.

3. Result and discussion
3.11n vitro potency

All the synthesized compounds were assessed thiitorly activities against
Btk at the concentrations of 1 uM and 0.1 uM, dmel esults were summarized in
Table 1 As expected, compourigil with 4-phenoxyphenyl substitution, structurally
similar to ibrutinib, displayed a strong Btk inHibn potency. The potency d@1
slightly decreased by contrast to ibrutinibFigure 2). Compounds with
4-(benzyloxy)phenyl B2) and 4-(3,4-difluorobenzyloxy)phenyB24) substitutions

decreased the potencies of inhibiting Btk, whichyrdae to their large substituent



groups interfered in forming-stacking interaction. The 4-(pyridin-2-yloxy)phény
(B3) substitution also could not maintain excellentepay that probably attributed to
its lower hydrophobicity thaB1. The 4-fluorophenyl analogu8T) was more potent
than 3-chlorophenylB6) substitutions. Nevertheless, the potencies deetkas the
volume of substituent groups increas&® @ndB9). Similar trend was observed on
4-hydroxyphenyl compoundB(2) and its derivatives B13, B14 and B15).
Surprisingly, compoun816 substituted with benzd][1,3]dioxol-5-yl exhibited good
inhibition to Btk, but other fused heterocycli&l@, B21 andB22) slightly decreased
the efficacies of inhibiting Btk. Compounds withl@ogroups on phenyl, such Bg,
B11 and B19, dramatically lost in activities might be attribdt to the missing
n-stacking and hydrophobic interactions in the hptiabic pocket. In brief,

compound®$1 andB16 were worth further structural optimizations.

NH; R,

(O

(0]

Table 1 The structure oB1-B24 andtheir activities inenzymatic assay

Btk Mean_inh% Btk Mean_inh%
Comp. R, Comp. R,
1uM 0.1 uM 1uM 0.1 uM
OMe
Ibruti
- 99.6+0.1 99.3+0.5 B13 89.7+£0.2 39.5+0.2
-nib
g o
(0
Bl © 97.6+0.0 94.1+0.3 Bl4 @ 87.4+0.21 35.8%0.52
0/\© o/\l
B2 © 91.0+14 540+26 B15 © o 84.3+0.5 32.6 +0.8
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& Enzymatic assay is performed in the presence & édncentration &, 90 pM.

Mean_inh% represents Mean £ SD from at least twiependent experiments.

In order to investigate the SAR of linker, we fath synthesized
3-piperidinylmethyl analogues, includindgr-enantiomers 25 and B26) and
Senantiomers B27 and B2§. Unfortunately, neither of them displayed better
potencies of inhibiting Btk than the correspondiigiperidinylmethyl analogues
exceptB27 (Table 2). Unlike theR enantiomer of ibrutinibB27 is S enantiomer and
slightly decreased the activity in contrast to tbmib. Another two 4-piperidinoethyl
derivatives, B29 and B30, were also less potent than the corresponding
4-piperidinylmethyl ones.

Common electrophilic warheadsE){2-(4-(dimethylamino)but-2-vinyl and
vinylsulfonyl were respectively introduced to thettom piperidyl in an attempt to
increase the inhibitory activity to Btk. In compson to vinyl carbonyl, vinylsulfonyl
substitution B31 andB33) did some improvement in activity, implying thatifsiryl
can form a stronger covalent bond with cysteine thiayl carbonyl. Unfortunately,
the modification on vinyl carbonyB@2 andB34) resulted in different degrees of loss
in activities, andB34 even totally lost the potency of inhibiting Btkf which
N,N-dimethyl substitution might interfere vinyl carbgno form a covalent bond with
cysteine. It could be simply summarized that mosbmpounds with
benzofl][1,3]dioxol-5-yl substitution on C3-position of pyl exhibited less

potentials of inhibiting Btk than the 4-phenoxypiieanalogues.

Table 2 In vitro potencies of selected compoufBi§

Btk aqueous Btk aqueous
Comp. CagnM @ ClogP®  solubility Comp. CagnM 2 ClogP®  solubility
(mg/mL) © (mg/mL) ©
ibrutinib ~~ 0.81+011  4.07 <0.01 B28  500.21+101  2.53 ~0.1
Bl 6.09 £ 1.45 4.66 <0.01 B29 36.83+ 0.93 5.19 <0.01
B2 77.04£0.73 4.25 <0.01 B30 597.81+ 1.24 3.06 <0.1



B16

B25

B26

B27

21.70+£0.82 2.53 =~0.1 B31 4.24 +2.05 4.70 <0.01
7.34+0.92 4.66 <0.01 B32 25.64 +1.03 4.98 <0.01
83.55+0.91 2.53 =~0.1 B33 1.32+1.20 2.57 ~0.1
1.71+1.54 4.66 <0.01 B34 2369.28+ 1.01 2.84 <0.1

& 1Cso values of Btk are an average of at least threegaddent dose-response curves
at Kn ATP (5 nM Btk and 9QM ATP), mean #SD."° ClogP values are calculated by
ChemBioDraw software Ultra 12.6.The solubility was measured by a method as
follows: 1.0 mg of the appropriated compound dsdlin 1.0 mL of water at
ambient temperature, continuous another 1.0 mL afewwas added until the

compound was completely dissolved.

In order to explain the different enzymatic potesciof those compounds
respectively substituted with bendijfL,3]dioxol-5-yl and 4-phenoxyphenyl on the
C3-position of pyrryl and find out their interact® compound81 andB16 were
selected to dock into Btk protein domain using plhegram Covalent Dock Clound.
As illustrated inFigure 3A, similar toB1 (Figure 2), B16 maintained the potential to
form three key hydrogen bond interactions with eesipe Thrd474, Glu475 and
Met477 in the hinge, and a covalent bond with Cys#8though the carbony oB16
was clearly observed to form another H-bond witin4€#4, this interaction was lower
than then-stacking interaction with Phe540 in comparisonbiwitinib. The analysis
of hydrophobic interactions between Btk protein @etected compounds explained
that the slight potency decrease B16 was not only attributed to its weaker
hydrophobicity of benzal][1,3]dioxol-5-yl than phenoxyphenyl group dAl or
ibrutinib, but also not completely filled of thedrpphobic pocket.



B Hydrophobicity

Figure 3. Selected compounds docked into Btk kinase domai). Analysis of
compoundB16 and ibrutinib binding into Btk kinase domaiB16: purple; ibrutinib:
orange). B): The analysis of hydrophobic interaction betweRtk protein and
selected compoundB1, B16 and ibrutinib Bl: green; B16: purple; ibrutinib:

orange).

Taken the docking results together, the scaffoldbnitinib was found to form
one more hydrogen bond interaction with water mdkscthan the pharmacophore of
B1 andB16. On the basis of this finding, we had synthesizeshpoundsB35-B38
bearing the scaffold of ibrutinib. As expected, paundsB35 and B36 slightly
increased the potencies of inactivating Btk in carmgon to the corresponding
compoundsB1 and B31. However, on the contrary, bendjf,3]dioxol-5-yl
analogues,B37 and B38, were both weaker to inhibit Btk thaB16 and B33,

respectively.

Table 3. In vitro potencies of selected compoufti$

Btk aqueous Btk aqueous
Comp. CagnM * ClogP®  solubility Comp. CagnM * ClogP®  solubility
(mg/mL) © (mg/mL) ©
ibrutinib 0.80 £ 0.07 4.07 <0.01 B37 70.70+ 1.14 1.91 ~0.1
B35 2.46+ 1.57 4.08 <0.01 B38 3.22+1.31 1.95 ~0.1
B36 1.79+ 1.56 4.04 <0.01




 1Cs values of Btk are an average of at least threegaddent dose-response curves
at K ATP (5 nM Btk and 9GuM ATP), meant SD. P ClogP values are calculated by
ChemBioDraw software Ultra 12.6.The solubility was measured by a method as
follows: 1.0 mg of the appropriated compound dsdlin 1.0 mL of water at
ambient temperature, continuous another 1.0 mL afewwas added until the

compound was completely dissolved.

It is well known that, molecules with suitable ClBbgalues and aqueous
solubilities will have more chances to own good prdfiles for oral administration
and enhance potenciés vivo [24-25]. Smith C.R. et al also claimed that CLogP
values ranging from 0.5 to 3 were the best for adhinistration [26]. Thus, we
calculated ClogP values for selected compounds hgn@®BioDraw software Ultra
12.0, and determined their solubilities in wateraatbient temperature. Similar to
ibrutinib, compounds substituted with 4-phenoxyphegiB1, B25, B27, B29, B31,
B32, B35 and B3§ or 4-(benzyloxy)phenyl§2) have high ClogP values up to 4,
along with poor aqueous solubilities less than 0n@g/mL, which may result in
unfavorable bioavailability. In our previous stugliecandidate compounds with
excellent enzymatic potencies but low aqueous ddlab or poor bioavailabilities
had demonstrated that they could not enter intthéuin vivo tests or achieve ideal
treatment outcomes in animal models. Satisfying aar for developing this series
compounds, benzd][1,3]dioxol-5-yl derivatives, such aB16, B28 B37 and B38,
exhibited proper ClogP values (1.91~3.06) and agsiesmlubilities £ 0.1 mg/mL)
meeting with the concept of drug-like physical cheah criteria, which promised

favorable PK properties to enhance the potenaiges/o.

3.2 Cytotoxicity assay
Cytotoxicity to normal cells is often used to e\stkithe preliminary toxicities of
compounds. Since one of the most important sidecesffof ibrutinib is renal toxicity,

the inhibitory activities against HEK293 cells feglected compounds were assessed



using MTT assay. As shown ifable 4, compounds with vinylsulfonylB31, B33,
B36 and B38) as electrophilic warhead, as well B&5 and B27, exhibited high
toxicities to HEK293 cells with 165 values below 3 pM, indicating that they might
result in renal impairment. Fortunately, compolaib displayed weaker cytotoxicity
than ibrutinib to HEK293 cells. The similar resulsre also observed in another two
normal cell lines of LO2 and THP-1. As a wholB16 showed the minimal

cytotoxicity that nearly two-fold reduced than ibnib on normal cell lines.

Table 4. Cytotoxicity for selected compound€so/ pM)?

Comp. HEK293 LO2 THP-1 Comp. HEK293 LO2 THP-1

ibrutinib  19.3+x12 17405 20107 B3l 27+05 32+04 3304
Bl 13.3+09 16.0+1.1 16.7+1.0 B32 48+08 6.6+x09 3211
B16 342+19 31.3+x21 389+15 B33 25+04 3.2+04 3.7+0.7
B25 29+02 11.7+19 8.8x1.0 B35 11.2+1.1 10.9+1.6 15.7+2.2
B27 1.3x0.2 14.2+x21 10.7+15 B36 16+x0.2 19.1+35 18.3+2.7

B29 10.2+1.6 15.2+2.0 189+28 B38 28+0.3 10.1x2.1 14.4+0.9

# 1Cso = compound concentration required to inhibit gethliferation by 50%. Data
are expressed as the mean £ SD from the dose-spanves of at least three

independent experiments.

3.3Kinase selectivity profile for compound B16

In consideration of the overall profiles of thosempoundsB16 was selected to
further investigation because of its good enzymatitency, low cytotoxicity and
suitable physical chemical properties. The kinadecsivity profile forB16 was first
detected over the closely related Tec and Src Yakitases [27-28], as well as
kinases that carry a thiol in an analogous positto6ys481 of Btk [16]. A summary
of data for kinases screen set was listedlable 5 Unlike ibrutinib, B16 only
exhibited good inhibition to Btk with an igvalue of 21.7 nM, moderately inhibited
Bmx (ICso = 61.5 nM) and several other kinasessgl& 145.0 nM), and had no



inhibition to EGFR, ErbB2, ErbB4, Itk and JAK3 @C> 10000 nM). Since
irreversible inhibitors can bring unexpected ofiget toxicities resulting from the
potential of covalently binding to non-target aruiaving the drug protein conjugate
[13]. Thus, irreversible Btk inhibitors with highinase selectivity will be more
suitable to fulfill the treatment need of non-lifeceatening RA disease. Although less
potent than ibrutinib on Btk316 wasidentified as a relatively highly selective Btk

inhibitor that could be safer for RA treatment thlarutinib.

Table 5. Inhibition efficacy and selectivity among diffetekinases byB16 (ICsq /

nM)

kinase B16® lbrutinib 3 kinase B16® lbrutinib 3
Btk” 21.7 0.5 MKK6 >10000 n.f.
Bmx’ 61.5 0.8 Fgr” 657.4 2.3
Tec 210.6 78 Frk* 1129.3 29.2
Itk ” >10000 10.7 Fyn” 1007.8 96
Txk” 330.7 n.f. Lck”® 636.5 33.2
BIk ™ 503.7 0.5 Lyn” 259.0 200
EGFR’ >10000 5.6 Src? 1000.9 171
ErbB2” >10000 9.4 Yes' 145.9 6.5
ErbB4’ >10000 n.f. Hck” 1111.6 3.7
MKK7 B’ >10000 n.f. Flt3 >10000 73
JAK3" >10000 16.1 Fms >10000 5545
JAK1 >10000 >10000 mTOR >10000 n.f.
JAK2 >10000 >10000 p70S6K >10000 n.f.
CaMKI >10000 n.f. PKC >10000 n.f.
CaMKIl >10000 n.f. Ret 639.8 36.5
CaMKIV >10000 n.f. Rsk1 >10000 >10000
CaMKK1 >10000 n.f. Rsk2 >10000 n.f.
CaMKK2 >10000 n.f. Rsk3 >10000 n.f.
CSK >10000 2.3 Rsk4 >10000 n.f.
GSK3o/p >10000 n.f. Tak >10000 n.f.

MEK1 >10000 n.f. Syk >10000 >10000



MEK2 >10000 >10000 Trka >10000 n.f.

MEKK2 >10000 n.f. Trkb >10000 n.f.
MEKK3 >10000 n.f. Trke >10000 n.f.
MKK4 >10000 n.f. PI3K >10000 >10000

#1Csp values are an average of at least two indeperdtesg-response curves in the
presence of 1AM ATP. ‘Kinases that contain a cysteine residue alignirth ®ys481

in Btk. *Kinases that belong to Src family. n.f. = not found

3.4 Kinetics study for compound B16

Given that the inactivation of Btk by irreversibiehibitor B16 may occur
through a two-step process that begins with reblerdinding ofB16 to Btk followed
by irreversible covalent bond formation with theéotlof Cys481, we next examined
the overall inactivation constarkd, = Kinact/ Ki, second-order rate constant)Rif6
using an activity-based, time-dependent assay, hwigchighly dependent on the
inhibitor concentration and its chemical properys shown inFigure 4A, the
conversion % curves describing the activity of Btlpresented a
concentration-dependent and time-dependent mawhérh were used to determine
Kobs (exponential rate constant) at each inhilfBdr6) concentration. As we known,
a plot is made of Kobs versus inhibitor concendratif this plot is linear, the slope is
Kon and the y-intercept iky. As displayed irFigure 4B, B16 was slowly on binding
to Btk with aKo, value of 0.000578 nMmin™ and aK value of 0.03116 nM.min™
(Figure 4).
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Figure 4. Kinetics study for compoun&16. A: The conversion % of Btk after
incubated with different concentrations of compoBitb. B: TheKqn (Kinact/ Ki)
value determined foB16, K;: reversible binding affinity;Kinacé inactivation rate

constant.

3.5 Inhibition of hERG current assay for compound B.6

Some drugs that induce prolongation of the card@ion potential and manifest
as a prolongation of the QT interval on an ele@rdimgram, have been withdrawn
from market because of their association with seipally fatal cardiac arrhythmia
called Torsades de Pointes [29-30]. During pasades, numerous efforts to reduce
the incidence of sudden cardiac death have foclasgdly on assays using the K
channel, encoded by the human ether-a-go-go-relgeée@ (hERG), as a standard
component of preclinical safety testing [29-30].eTimhibition of hERG potassium
current byB16 was tested using automated QPatch clamp technato@HO cells.
B16 inhibited hERG current in a concentration depehdesnner with an 1§ value
of 11.10 uM, which is 11 folds greater than theplibtained by ibrutinib (0.97 uM)
[26], suggesting thaB16 showed very low potential of blocking the hERG rufal

and low risk for cardiotoxicity.
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Figure 5. The inhibition of hERG current bf16. (A). Dose-dependent response
curve ofB16 inhibiting hERG potassium currenB) Raw current traces responding

to vehicle and six doses BfL6.

3.6 Western blot analysis for mediated signaling ghway of Btk by B16

B16 was examined in a series Bflymphoma cells including Daudi cells (Btk
overexpression), U2932 and Raji cells to deterniimesffect on the Btk mediated
cellular signaling pathway by western blot analy#is illustrated inFigure 6, B16
potently inhibited Btk Y22Zuto-phosphorylation in all tested cells in a concerdra
dependent manner, but did not affect tinans-phosphorylation site Y551 (Syk
phosphorylation site), which were consistent with €nzymatic results. As expected,
B16 also exhibited inhibition to the Btk downstream dia¢or PLG2 Y1217
phosphorylation in respective cells. Among thesk loees, B16 showed the most
favorable suppression on the Btk mediated signgdatgway in Daudi cells, of which
0.1 uM began to reduce Btk Y228to-phosphorylation and 0.3 uM started to inhibit
PLCy2 Y1217 phosphorylation, while had moderated irttohiin U2932 cells and

the least inhibition in Raji cells.
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Figure 6. Western blot analysis focompoundB16s effect on the Btk mediated

signaling pathway in Daudi, U2932 and Raji cells.

3.7 Pharmacokinetic properties of B16

In rat pharmacokinetic studg16 exhibited reasonable maximum concentration
(Cmax= 257.82 ug/L), acceptable oral clearance rate (@7 L/h/kg), favorable
half-life (t12 = 7.04 h) and good bioavailability (F = 49.15%)aat oral dose of 3
mg/kg, which was much higher than the oral bioaality of ibrutinib ranging from
18 to 23% in a variety of rats [18]. This might béributed to the significant

improvement of its ClogP and aqueous solubility.

Table 6. Pharmacokinetic parameters for compo&id in SD rat

Intravenous Oral
dose (mg/kg) 3 3
Cmax (MQ/L) 3132.28 257.82
tmax (h) 0.11 0.96
ty2 (h) 5.18 7.04
AUC. (Hg/L*h) 2522.28 1239.63
V, VIF (L/kg) 1.21(V)  26.15 (VIF)

Cl, CIF (Llh/kg) ~ 8.23V(Cl)  2.75 (CI/F)
F% 49.15




Data were mean concentrations in rat plasma (n = 5)

Owing to covalent feature®16 was found to be stable in liver microsome of
various speciesTable 7). Among themB16 exhibited high stability in human live
microsome with a half-life of 330.0 min and a lodearance rate of 0.0042
mg*-mL-min. In mice liver microsomeB16 was moderately stable,ft= 256.7
min). By comparisonB16 was relatively rapidly cleared in rat{t= 187.3 min) and
monkey (12= 169.0 min) liver microsome. To further investgahe cytochrome
P450 activities, the potential @16 to inhibit the formation of metabolites by six
CYP isoforms (CYP1A2, 3A4, 2C9, 2C19, 2D6 and 2&ap assessed using human
live microsomes and corresponding substrates througtabolism-dependent CYP
inhibition assay [34]. As shown imable 8 B16 displayed a strong inhibition to
CYP1A2 (IGp = 0.059+0.01 pM) indicating that it need to be careful tifwas
combined use of other CYP1A2 metabolism drugs. atigvities of CYP3A4 and
2C9, were moderately inhibited BA16 with 1Cs values about 3 uMB16 displayed
very weak inhibition against CYP2C19 and 2D6, ahdmto 100 uM didn’t inhibit
CYP2EL.

Table 7. In vitro liver microsome stability expressed as half-lijigs) and clearance

rates (Gl of B16

human rat dog mice monkey

t1/2(min) 330.0 187.3 315.0 256.7 169.0
Clnt(mgt-mL-min%)  0.0042  0.0074 0.0044 0.0054 0.0082

Table 8.The CYP inhibition oBB16.

CYP450 1A2 3A4 2C9 2C19 2D6 2E1

ICso (UM)  0.06£0.01 3.19+0.05 3.54+0.04 41.66+0.03 60.1+0.0308027.51+0.07

CYP = cytochrome P450. HLM CYP assay.sJvalues are an average of three

independent dose-response curves.



3.8 Anti-arthritic activity evaluation of B16 in Cl A model.

With a desirable activity and selectivity profieeyelatively clear liability profile,
low toxicity, as well as favorable pharmacokinepooperties,B16 was further
evaluated for anti-arthritis efficacy in the micedel of CIA. All mice that appeared
serious arthritis and reached a clinical score alddu + 0.3 were randomly divided
into 4 groups based on the weight. On the basierddymatic potencies and
bioavailability of B16, as well as making reference of ibrutinib’s treatmin CIA
mice, treatment groups were orally administradd® and ibrutinib at a dosage of 20
mg/kg once a day, respectively. As showrrigure 7, both treated groups suppressed
arthritis progression without any significant ches@f body weightKigure S1). The
clinical scores in mice treated wiB16 were reduced to 2.71 + 1.38 on day 30, a little
lower than that of ibrutinib (2.87 + 1.36). Thedbmb and hindlimb in model mice
without any treatment were both severely swollBrgre 7B). Treatment groups
potently inhibited edema formation and the incrdasaw thickness, suggesting that

B16 could become an efficacious treatment for RA.
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Figure 7. B16 improves clinical symptoms in developing diseaseai mice CIA
model. Arthritis was induced in the mice immuniratiwith type Il collagen. The
animals were randomized according to body weighd, @ral treatment witlB16 (20
mg/kg) or ibrutinib (20 mg/kg) was initiated on d&8@g; n = 8 for all group.A)
Clinical arthritic scores in each groupl6 treatment led to a significant lower
arthritis score than recorded for the model gréds 0.05; **P < 0.01; ***P< 0.001
versus model controlBj Forelimbs and hindlimbs of each group mice dfteatment

with B16 and ibrutinib.

Subsequently, single oral dose toxicity testBdfé was conducted in BALB/c
mice, which was important in the early stage ofgddevelopment. 6 female mice and
6 male mice were oral administration wi#16 at a dose of 2.0 g/kg, which was

referenced to ibrutinib [18]. All mice were obselvi® be survival and healthy with



free movement, normal behavior, and sensitivediot /isound and other stimulations,
and without any clinical signs observed in the hsexutive days. Histopathology
study also demonstrated no histopathological creingeeart, liver, spleen, lung and

kidney Figure S2), indicating thaB16 was safe and suitable forvivo application.

4. Conclusion

In summary, we have described the identificationr@versible Btk inhibitors
bearing H-pyrrolo[2,3d]pyrimidin-4-amine core. SAR studies of the diffiergarts
of those inhibitors led to the identification ofveeal lead compounds with excellent
inactivation to Btk, includin@l, B16, B25, B27, B29, B31, B32, B33, B35, B36and
B38. However, most of them revealed good inhibitiomiagt HEK293 cells, even
better than ibrutinib, which would lead to sever@gnky damage. Among therB16
not only displayed preference towards Btk over @lpselated kinasem vitro, but
also low cytotoxicity towards HEK293 cells, as welé LO2 and THP-1 cells.
Moreover,B16 could not potently inhibit hERG current with ans¢@alue up to 11.10
UM, suggesting thaB16 showed little or no potential to block the hERGarhel.
Western blot analysis also revealed that the itibibiof B16 to Btk was contributed
to its inhibition to Btk Y223auto-phosphorylation and PLy@ Y1217 phosphorylation.
Combining favorable physicochemical propertiesaken selectivity, pharmacokinetic
profiles and low toxicity,B16 exhibited potent anti-arthritis activity and siaril
efficacy to ibrutinib in reducing paw thickness @IA mice. ThereforeB16 is a
potent, selective, safe and durable inhibitor ok Bind has the potential to an

efficacious treatment for arthritis.

Experimental section.

Chemistry. Hydrogen nuclear magnetic resonanieellMR) spectra were recorded at
400 MHz while carbon nuclear magnetic resonari€elMR) spectra were recorded
at 101 MHz on a Varian spectrometer (Varian, Pdto,ACA) model Gemini 400 and

reported in parts per million. Chemical shifi$) @re quoted in ppm relative to



tetramethylsilane (TMS) as an internal standarderebp) TMS = 0.00 ppm. The
multiplicity of the signal is indicated as s, siegylbrs, broad singlet; d, doublet; t,
triplet; g, quartet; m, multiplet, defined as alulth peak signals where overlap or
complex coupling of signals makes definitive dgstons of peaks difficult. Mass
spectra (MS) were measured by MALDI Q-TOF Priemiaass spectrometer
(Micromass, Manchester, UK). Room temperature thiwithe range 20-25 °C. The
purity was analyzed by HPLC system (Waters 269parsgions module) with a
photodiode array detector (Waters 2996, Milford, MAJ.S.), and the
chromatographic column was a reversed phase Cl@8noo(Waters, 150 mm x 4.6
mm, i.d. 5um). All compounds were supplied in HPLC degree raeth with 10uL,
which was injected on a partial loop, with gradiehition with methanol/kD (60/40,
v/v) to methanol/HO (95/5, v/v) at a flow rate of 1 mL/min. The pyridf all tested
compounds was 95% according to our analytical HPLC method.

General procedure for the preparation of compo@ndethanesulfonyl chloride
(1.15eq, 6.07 g, 52.9 mmol) was added dropwise $olation of1-1 (1eq, 10.0 g,
46.4 mmol) and triethylamine (1.5eq, 7.11 g, 70r8at) in methylene chloride (120
mL) in an ice bath. After 1 h, the mixture was ewaped. The residue was diluted
with EtOAc and water, extracted with EtOAc, washégth water, brine, then dried
over NaSQ,, filtered, and finally evaporated to give the auproduct2 as pale
yellow solid (14.84 g, 95.81% vyield).

General procedure for the preparation of compa®indl mixture of2 (leq, 11.72 g,
40 mmol) and lithium bromide (5eq, 17.20 g, 200 mnio acetone (80 mL) was
heated to reflux overnight. The mixture was evajgalathen the residue was
partitioned between EtOAc and water. The organyeravas washed with s brine,
dried over NgSQ,, filtered, and evaporated to offer the title proddias pale yellow
oil (9.46 g, 85.40% yield).

General procedure for the preparation of compoadid 11. K,COs3(1.5eq, 5.69 g,
41.25 mmol) was added to a solutiordfleq, 6.98 g, 25 mmol) ar®i(1.1eq, 7.62 g,
27.5 mmol) in DMF (25 mL) at r.t.. The resultingxtire was heated to 80 °C and



stirred for another 3 h. Then the mixture was cddle r.t. extracted with EtOAc,
washed with brine, and dried over anhydrous,S@. The organic layer was
evaporated and the residue was purified by a ftadbhmn to give the produ& as
white solid (6.02 g, 64.20% yield). Intermedidie was synthesized following the
procedure of preparatids

General procedure for the preparation of compdumsolution of5 (1eq, 4.58 g, 10
mmol) and NHOH (8 mL) in 1.4-dioxane (30 mL) was stirred in aatoclave at
100 °C overnight. The mixture was allowed to cawot.t. and concentratad vacuo,
then water (30 mL) was added. The mixture was stijleto sonication for 10 min.
The resulting solid was collected by filtration asdedin vacuo to afford the desired
product6 as off-white solid (~75% vyield).

General procedure of Suzuki coupled reaction fergieparation of compoundsand
12. To a mixture of halides (1eq, 5 mmol), boric adativatives (1.1eq, 5.5 mmol),
PdChL(dppf) (0.1eq, 365.85 mg, 0.5 mmol) anddO; (3eq, 2.07 g, 15 mmol) in a
100 mL reaction vial under vacuum, 75 mL ofQ41,4-dioxane (1/8, v/v) was added
via a syringe. The mixture was re-fed with &hd heated to 100 °C for 3-4 h. Then
the solvent was evaporated. The residue was desatvEtOAC/HO, extracted with
EtOAc, washed with water, brine, dried over,8@,, filtered, and evaporated. The
residue was purified with flash column chromatograpo afford coupled produdct
as yellow solids (~50% yield). Intermedial® was synthesized according to the
procedure for the preparation bf

General procedure for the preparation of compo@atsd13 4M HCI in 1,4-dioxane
(3eq) was added to a stirred solution7ofleq) in 1,4-dioxane at r.t.. The resulting
solution was heated to 55 °C wunder stirring ovdrhigThe corresponding
hydrochlorides8 were obtained by filtration as light yellow solid60% yield).
Intermediatel3 was prepared according to the procedure of prépard

General procedure for the preparation of compo@@dslIS (1.1eq, 4.95 g, 22 mmol)
was slowly added into the mixture 8f(1eq, 2.70 g, 20 mmol) and DMF (50 mL) at

rt.. The reaction mixture was continued stirredr.tait overnight. The solvent was



removedin vacuo and water was added. The mixture was subjectsdn@ation for
10 min. The precipitate was collected by filtratioimsed with water, and dried. The
solid 10 was used for the next step without further puatiien (5.01 g, 96% vyield).
General procedure for the preparation of compouB#isB30 B35 and B37. A
mixture of piperidine hydrochloride (1eq, 0.3 mmalhd DIEA (5eq, 193.5 mg, 1.5
mmol) in dry DMF (2 mL) was added acryloyl chlorifle3eq, 35.3 mg, 0.39 mmol)
in an ice bath. The reaction mixture was stirredtafor another 1 h and quenched
with cold water. The mixture was extracted with DOMashed with brine, dried over
anhydrous Nz50,, and concentrated under reduced pressure. Ptioficdne residue
by a flash column gave target compounds as whiigss@-37% yield).

General procedure for the preparation of compoud8$ B33, B36 and B38 A
mixture of piperidine hydrochloride (1eq, 0.3 mmabhd DIEA (5eq, 193.5 mg, 1.5
mmol) in dry DCM (6 mL) was added 2-chloroethan&swl chloride (1.3eq, 63.6
mg, 0.39 mmol) in an ice bath. The reaction mixtwees stirred at r.t. for another 1 h
and guenched with cold water. The mixture was eichwith DCM, washed with
brine, dried over anhydrous p&O;, and concentrated under reduced pressure.
Purification the residue using a flash column gtarget compounds as white solids
(~30% yield).

General procedure for the preparation of compolB®a and B34. The solution of
trans-4-dimethylaminocrotonic acid hydrochloride (1.5¢4.5 mg; 0.45 mmol) and
DIEA (1.5eq, 0.07 mL; 0.45 mmol) in DCM (5 mL) wasirred in an ice bath for
about 10 min, then slowly added mixture of piperahydrochloride (1eq, 0.3 mmol)
and DIEA (5eq, 193.5 mg, 1.5 mmol) in DCM (6 mL)el reaction mixture was
stirred at r.t. overnight. The solvent was remolgdunder reduced pressure, and the
residue was purified using a flash column to gamgét compounds as white solids
(~30% yield).

1-(4-((4-Amino-5-(4-phenoxyphenyl)-H-pyrrolo[2,3- d]pyrimidin-7-yl)methyl)pi
peridin-1-yl)prop-2-en-1-one (B1). Purity: HPLC 95.9%.'H NMR (400 MHz,
DMSO-dg): 6 8.14 (d,J = 5.5 Hz, 1H), 7.47 (dJ = 8.6 Hz, 2H), 7.42 (tJ = 7.9 Hz,



2H), 7.31 (s, 1H), 7.16 (§ = 7.4 Hz, 1H), 7.13-7.06 (m, 4H), 6.77 (dds 16.7, 10.5
Hz, 1H), 6.07 (ddJ = 16.7, 2.4 Hz, 3H), 5.63 (dd,= 10.4, 2.4 Hz, 1H), 4.37 ({,=
12.2 Hz, 1H), 4.08 (d] = 7.2 Hz, 2H), 4.02 (d] = 12.5 Hz, 1H), 2.98 (f] = 12.2 Hz,
1H), 2.59 (tJ = 12.2 Hz, 1H), 2.23-2.12 (m, 1H), 1.55 {d= 12.0 Hz, 2H), 1.11 (dd,
J = 33.6, 13.3 Hz, 2H)**C NMR (101 MHz, DMSOd): J 164.61, 157.76, 157.20,
155.94, 152.08, 150.93, 130.54, 130.47, 130.38,0129127.42, 124.34, 123.94,
119.62, 119.11, 114.84, 100.27, 49.33, 45.20, 4136184, 30.71, 29.61. MS (ESI),
m/z: 454.22 [M + HJ.
1-(4-((4-Amino-5-(4-(benzyloxy)phenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl
)piperidin-1-yl)prop-2-en-1-one (B2).Purity: HPLC 97.0%'H NMR (400 MHz,
DMSO-d): 6 8.13 (s, 1H), 7.48 (d] = 7.1 Hz, 2H), 7.45-7.31 (m, 4H), 7.24 (s, 1H),
7.12 (d,J = 8.6 Hz, 2H), 6.77 (dd] = 16.7, 10.5 Hz, 1H), 6.06 (dt,= 15.4, 7.7 Hz,
3H), 5.63 (dd,J = 10.5, 2.4 Hz, 1H), 5.15 (s, 2H), 4.39 Jd 12.4 Hz, 1H), 4.06 (d]

= 7.2 Hz, 2H), 4.04-3.95 (m, 1H), 2.98 Jt= 12.3 Hz, 1H), 2.59 (] = 12.2 Hz, 1H),
2.16 (ddd,J = 11.1, 8.7, 5.4 Hz, 1H), 1.55 (d= 12.0 Hz, 2H), 1.19-1.05 (m, 2H).
¥c NMR (101 MHz, DMSO+dg): 6 164.61, 157.83, 157.74, 152.01, 150.76, 137.55,
130.12, 129.02, 128.93, 128.33, 128.19, 127.65,4127123.94, 115.76, 115.08,
100.43, 69.77, 49.29, 45.21, 41.61, 36.86, 30.9®12MS (ESI), m/z: 468.26 [M +
H]™.
1-(4-((4-Amino-5-(4-(pyridin-2-yloxy)phenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)m
ethyl)piperidin-1-yl)prop-2-en-1-one (B3). Purity: HPLC 95.8%.'*H NMR (400
MHz, DMSO-dg): J 8.19 (dd,J = 4.9, 1.9 Hz, 1H), 8.16 (s, 1H), 7.91-7.85 (m)1H
7.50 (d,J = 8.5 Hz, 2H), 7.36 (s, 1H), 7.23 @z 8.5 Hz, 2H), 7.15 (ddl = 7.1, 5.0
Hz, 1H), 7.08 (dJ = 8.3 Hz, 1H), 6.78 (dd] = 16.7, 10.5 Hz, 1H), 6.14 (s, 2H), 6.07
(dd,J = 16.7, 2.4 Hz, 1H), 5.64 (dd,= 10.5, 2.4 Hz, 1H), 4.39 (d,= 12.5 Hz, 1H),
4.09 (d,J = 7.2 Hz, 2H), 4.03 (dd] = 14.1, 6.9 Hz, 1H), 2.99 (§,= 12.4 Hz, 1H),
2.59 (t,J = 12.2 Hz, 1H), 2.18 () = 7.3 Hz, 1H), 1.54 (s, 2H), 1.17-1.07 (m, 2H).
MS (ESI), m/z: 455.20 [M + H]
1-(4-((4-Amino-5-(4-(morpholine-4-carbonyl)phenyl)7H-pyrrolo[2,3-d]pyrimidi



n-7-yl)methyl)piperidin-1-yl)prop-2-en-1-one (B4).Purity: HPLC 96.0 %'H NMR
(400 MHz, DMSO#): 6 8.17 (s, 1H), 7.51 (d} = 8.0 Hz, 4H), 7.42 (s, 1H), 6.77 (dd,
J = 16.6, 10.5 Hz, 1H), 6.24 (s, 2H), 6.06 (dck 16.7, 2.1 Hz, 1H), 5.63 (dd,=
10.5, 2.1 Hz, 1H), 4.39 (d,= 11.4 Hz, 1H), 4.09 (d] = 7.0 Hz, 2H), 4.05-3.97 (m,
1H), 3.62 (s, 8H), 3.00 (] = 11.7 Hz, 1H), 2.59 (t) = 11.7 Hz, 1H), 2.18 (s, 1H),
1.55 (d,J = 10.3 Hz, 2H), 1.16 (dd] = 16.5, 9.3 Hz, 2H)**C NMR (101 MHz,
DMSO-dg): 0 169.46, 164.62, 157.61, 151.95, 151.15, 136.43,843329.01, 128.55,
128.33, 127.43, 125.18, 114.95, 100.00, 66.62,24948.20, 41.61, 36.81, 30.69,
29.59.MS (ESI), m/z: 475.32 [M + H]
1-(4-((5-([1,1'-Biphenyl]-4-yl)-4-amino-H-pyrrolo[2,3- d]pyrimidin-7-yl)methyl)p
iperidin-1-yl)prop-2-en-1-one (B5). Purity: HPLC 97.2%.'H NMR (400 MHz,
DMSO-dg): 6 8.17 (s, 1H), 7.79 (dl = 8.3 Hz, 2H), 7.76 — 7.71 (m, 2H), 7.57 Jc=
8.3 Hz, 2H), 7.49 (t) = 7.7 Hz, 2H), 7.41 (s, 1H), 7.38 §t= 7.3 Hz, 1H), 6.77 (dt]
=17.5, 8.7 Hz, 1H), 6.19 (s, 2H), 6.06 (@it 9.3, 4.6 Hz, 1H), 5.64 (dd,= 10.5, 2.4
Hz, 1H), 4.40 (dJ = 12.5 Hz, 1H), 4.10 (dl = 7.2 Hz, 2H), 4.06-3.96 (m, 1H), 2.99
(t, J=11.9 Hz, 1H), 2.60 (] = 12.1 Hz, 1H), 2.25-2.11 (m, 1H), 1.57 {c= 12.2 Hz,
2H), 1.17 (ddJ = 14.0, 6.9 Hz, 2H)**C NMR (101 MHz, DMSOdg): § 164.62,
157.79 152.11, 151.11, 140.16, 138.64, 134.33,4829129.30, 129.01, 127.90,
127.66, 127.42, 126.98, 124.71, 115.09, 100.21404A5.22, 41.64, 36.85, 30.72,
29.64.MS (ESI), m/z: 438.18 [M + H]
1-(4-((4-Amino-5-(3-chlorophenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)pipe
ridin-1-yl)prop-2-en-1-one (B6). Purity: HPLC 98.0%.'H NMR (400 MHz,
DMSO-dg) : 6 8.15 (d,J = 5.6 Hz, 1H), 7.52-7.50 (m, 1H), 7.48 (= 7.8 Hz, 1H),
7.44 (s, 1H), 7.42 (dd] = 6.4, 1.4 Hz, 1H), 7.40-7.36 (m, 1H), 6.77 (dds 16.7,
10.5 Hz, 1H), 6.25 -5.99 (m, 3H), 5.64 (dds 10.5, 2.4 Hz, 1H), 4.06 (d,= 7.2 Hz,
2H), 3.91 (dJ = 12.6 Hz, 2H), 2.67 (dl = 1.8 Hz, 2H), 2.05 (ddd} = 11.4, 7.6, 3.7
Hz, 1H), 1.48 (d,J = 9.4 Hz, 2H), 1.14-1.04 (m, 2H)C NMR (101 MHz,
DMSO-0g): 0 164.63, 157.77, 152.21, 151.21, 137.33, 133.95,183 129.03, 128.36,
127.38, 127.33, 126.72, 125.34, 114.12, 100.01424A5.21, 41.61, 36.79, 30.68,



29.60. MS (ESI), m/z: 396.21 [M + H]
1-(4-((4-Amino-5-(4-fluorophenyl)-MH-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)piper
idin-1-yl)prop-2-en-1-one (B7). Purity: HPLC 98.5%.'H NMR (400 MHz,
DMSO-dg): 6 8.15 (s, 1H), 7.49 (dd,= 8.6, 5.5 Hz, 2H), 7.33 (s, 1H), 7.30J& 8.9
Hz, 2H), 6.77 (dd) = 16.7, 10.5 Hz, 1H), 6.27 -5.98 (m, 3H), 5.64, (¢ 10.5, 2.4
Hz, 1H), 4.39 (dJ = 12.1 Hz, 1H), 4.07 (d] = 7.2 Hz, 2H), 4.05-3.97 (m, 1H), 2.98
(t, J = 11.9 Hz, 1H), 2.59 (1] = 11.9 Hz, 1H), 2.17 (ddd, = 14.8, 7.4, 3.5 Hz, 1H),
1.55 (d,J = 12.0 Hz, 2H), 1.18-1.08 (m, 2HYC NMR (101 MHz, DMSOds-dg): &
164.61, 162.93, 160.51, 157.74, 152.11, 150.95,5831130.74, 129.01, 127.41,
124.55, 116.30, 116.09, 114.43, 100.25, 49.34.14%12.61, 36.84, 30.70, 29.6MS
(ESI), m/z: 380.04 [M + H]
1-(4-((4-Amino-5-(4-(trifluoromethoxy)phenyl)-7H-pyrrolo[2,3- d]pyrimidin-7-yl)
methyl)piperidin-1-yl)prop-2-en-1-one (B8).Purity: HPLC 97.2%H NMR (400
MHz, DMSO-dg): J 8.16 (s, 1H), 7.61-7.53 (m, 2H), 7.45 {c= 8.0 Hz, 2H), 7.40 (s,
1H), 6.77 (dd.J = 16.7, 10.5 Hz, 1H), 6.15 (s, 2H), 6.06 (dds 16.7, 2.4 Hz, 1H),
5.63 (dd,J = 10.5, 2.4 Hz, 1H), 4.38 (d,= 13.0 Hz, 1H), 4.08 (d] = 7.2 Hz, 2H),
4.05-3.98 (m, 1H), 2.98 (8, = 12.5 Hz, 1H), 2.59 (f] = 11.9 Hz, 1H), 2.23-2.10 (m,
1H), 1.55 (d,J = 12.3 Hz, 2H), 1.12 (t) = 20.2 Hz, 2H).¥*C NMR (101 MHz,
DMSO-dg): 0 164.62, 157.79, 152.18, 151.16, 147.53, 134.56,453029.01, 127.42,
125.11, 121.97, 114.13, 100.09, 49.39, 45.20, 413691, 30.68, 29.59. MS (ESI),
m/z: 446.17 [M + HJ.
1-(4-((4-Amino-5-(4-(trifluoromethyl)phenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)m
ethyl)piperidin-1-yl)prop-2-en-1-one (B9). Purity: HPLC 96.7%.'*H NMR (400
MHz, DMSO-de): 6 8.17 (s, 1H), 7.80 (d] = 8.2 Hz, 2H), 7.67 (d] = 8.1 Hz, 2H),
7.49 (s, 1H), 6.77 (dd, = 16.7, 10.5 Hz, 1H), 6.23 (s, 2H), 6.06 (dd; 16.7, 2.4 Hz,
1H), 5.64 (ddJ = 10.5, 2.4 Hz, 1H), 4.39 (d,= 12.2 Hz, 1H), 4.10 (d] = 7.2 Hz,
2H), 4.06-3.98 (m, 1H), 2.98 (,= 12.6 Hz, 1H), 2.59 (] = 12.1 Hz, 1H), 2.23-2.12
(m, 1H), 1.55 (dJ = 12.1 Hz, 2H), 1.13 (dd} = 28.9, 18.5 Hz, 2H)**C NMR (101
MHz, DMSO-g): 6 164.62, 157.83, 152.29, 151.44, 139.39, 129.15,012927.42,



126.23, 126.19, 125.77, 114.26, 99.92, 49.45, 4312(59, 36.80, 30.68, 29.58. MS
(ESI), m/z: 430.19 [M + H]
1-(4-((4-Amino-5-(5-fluoropyridin-2-yl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)
piperidin-1-yl)prop-2-en-1-one (B10). Purity: HPLC 96.0%'H NMR (400 MHz,
DMSO-d):  8.23 (d,J = 2.0 Hz, 1H), 8.14 (s, 1H), 7.77 (d#i= 8.5, 2.4 Hz, 1H),
7.33 (s, 1H), 6.91 (d] = 8.5 Hz, 1H), 6.78 (dd] = 16.7, 10.5 Hz, 1H), 6.11 (8H),
6.07 (dd,J = 16.7, 2.2 Hz, 1H), 5.64 (dd,= 10.4, 2.3 Hz, 1H), 4.39 (d,= 13.0 Hz,
1H), 4.07 (dJ = 7.1 Hz, 2H), 4.05-3.99 (m, 1H), 2.98Jt= 12.5 Hz, 1H), 2.59 (f] =
12.5 Hz, 1H), 2.23-2.12 (m, 1H), 1.55 (t 12.3 Hz, 2H), 1.14 (d] = 12.3 Hz, 2H).
¥C NMR (101 MHz, DMSOdg): 6 164.62, 162.90, 157.86, 152.13, 151.04, 146.20,
139.76, 129.02, 127.42, 124.53, 124.35, 111.61,0111100.29, 53.66, 49.36, 45.18,
36.85, 30.72, 29.60. MS (ESI), m/z: 381.26 [M + H]
1-(4-((4-Amino-5-(4-(methylsulfonyl)phenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)m
ethyl)piperidin-1-yl)prop-2-en-1-one (B11). Purity: HPLC 95.5%.!H NMR (400
MHz, DMSO-dq): J 8.18 (s, 1H), 7.98 (d] = 8.3 Hz, 2H), 7.71 (d] = 8.3 Hz, 2H),
7.53 (s, 1H), 6.77 (dd), = 16.7, 10.5 Hz, 1H), 6.27 (s, 2H), 6.05 (dd; 16.7, 2.4 Hz,
1H), 5.64 (dd,J = 10.5, 2.3 Hz, 1H), 4.39 (d,= 12.4 Hz, 1H), 4.10 (d] = 7.2 Hz,
2H), 4.07-3.99 (m, 1H), 3.24 (s, 3H), 2.98Jt 12.3 Hz, 1H), 2.59 (1] = 11.8 Hz,
1H), 2.17 (dJ = 7.3 Hz, 1H), 1.55 (d] = 11.5 Hz, 2H), 1.19-1.07 (m, 2HYC NMR
(101 MHz, DMSOsdg): ¢ 164.62, 157.84, 152.36, 151.55, 140.40, 138.66,0829
129.01, 127.43, 126.11, 114.16, 99.89, 49.49, 43220, 41.61, 36.79, 30.68, 29.59.
MS (ESI), m/z: 440.20 [M + H]
1-(4-((4-Amino-5-(4-hydroxyphenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)pip
eridin-1-yl)prop-2-en-1-one (B12). Purity: HPLC 95.8%.'H NMR (400 MHz,
DMSO-dg): § 9.52 (s, 1H), 8.11 (s, 1H), 7.26 (= 8.1 Hz, 2H), 7.18 (s, 1H), 6.86 (d,
J=8.1Hz, 2H), 6.77 (dd] = 16.7, 10.5 Hz, 1H), 6.07 (d= 16.6 Hz, 3H), 5.64 (d}

= 10.4 Hz, 1H), 4.38 (d] = 12.0 Hz, 1H), 4.05 (d] = 7.1 Hz, 2H), 4.01 (d] = 7.1
Hz, 1H), 2.98 (tJ = 12.2 Hz, 1H), 2.59 (] = 12.2 Hz, 1H), 2.21-2.10 (m, 1H), 1.53
(s, 2H), 1.14 (dJ = 16.8 Hz, 2H)*C NMR (101 MHz, DMSOde):  164.61, 157.73,



156.91, 151.95, 150.63, 130.16, 129.02, 127.40,6825123.58, 116.21, 115.50,
100.49, 49.25, 45.20, 41.61, 36.88, 30.71, 29.63.(&BI), m/z: 378.27 [M + H]
1-(4-((4-Amino-5-(4-methoxyphenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)pi
peridin-1-yl)prop-2-en-1-one (B13). Purity: HPLC 99.1%.'"H NMR (400 MHz,
DMSO-dg): § 8.14 (s, 1H), 7.38 (dl = 8.6 Hz, 2H), 7.24 (s, 1H), 7.04 (@= 8.7 Hz,
2H), 6.77 (ddJ = 16.7, 10.5 Hz, 1H), 6.07 (dd,= 16.7, 2.4 Hz, 3H), 5.64 (dd,=
10.5, 2.4 Hz, 1H), 4.39 (d, = 12.1 Hz, 1H), 4.06 (d] = 7.2 Hz, 2H), 4.01 (dd] =
15.6, 8.5 Hz, 1H), 3.80 (s, 3H), 2.98 Jt= 12.2 Hz, 1H), 2.59 () = 12.0 Hz, 1H),
2.22-2.09 (m, 1H), 1.55 (d,= 11.7 Hz, 2H), 1.18 -1.05 (m, 2HJC NMR (101 MHz,
DMSO-0g): 0 164.61, 158.71, 157.74, 152.01, 150.75, 130.12,0P2927.39, 123.88,
115.12, 114.89, 100.43, 55.63, 49.28, 45.21, 413687, 30.71, 29.62.MS (ESI),
m/z: 392.17 [M + HJ.
1-(4-((4-Amino-5-(4-ethoxyphenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)pipe
ridin-1-yl)prop-2-en-1-one (B14). Purity: HPLC 97.3%.'H NMR (400 MHz,
DMSO-dg): & 8.13 (s, 1H), 7.39-7.33 (m, 2H), 7.24 (s, 1H),6¢7000 (m, 2H), 6.78
(dd,J = 16.7, 10.5 Hz, 1H), 6.18 — 5.89 (m, 3H), 5.6d, (= 10.5, 2.4 Hz, 1H), 4.38
(d,J = 12.1 Hz, 1H), 4.07 (dfl = 6.9, 5.7 Hz, 4H), 4.01 (s, 1H), 2.98Jt 12.2 Hz,
1H), 2.59 (tJ = 12.2 Hz, 1H), 2.21-2.10 (m, 1H), 1.55 = 11.3 Hz, 2H), 1.35 (4]

= 7.0 Hz, 3H), 1.13 (dJ = 10.6 Hz, 2H)*C NMR (101 MHz, DMSOd,): J 164.61,
157.99, 157.74, 152.00, 150.74, 130.11, 129.02,4127127.25, 123.86, 115.35,
115.15, 100.44, 63.54, 49.28, 45.22, 41.61, 3@871, 29.61, 15.1MS (ESI), m/z:
406.25 [M + HT.
1-(4-((4-Amino-5-(4-(2-methoxyethoxy)phenyl)-RA-pyrrolo[2,3-d]pyrimidin-7-yl)
methyl)piperidin-1-yl)prop-2-en-1-one (B15). Purity: HPLC 96.1%'H NMR (400
MHz, DMSO-de): 6 8.13 (s, 1H), 7.37 (d] = 8.6 Hz, 2H), 7.24 (s, 1H), 7.05 (@@=
8.6 Hz, 2H), 6.78 (dd] = 16.7, 10.5 Hz, 1H), 6.05 (dt,= 19.9, 9.9 Hz, 3H), 5.64 (dd,
J=10.4, 2.4 Hz, 1H), 4.39 (d,= 12.7 Hz, 1H), 4.19-4.11 (m, 2H), 4.06 (b 7.2
Hz, 2H), 4.01 (dJ = 5.6 Hz, 1H), 3.72-3.66 (m, 2H), 3.33 (s, 3HR(t,J = 12.5 Hz,
1H), 2.59 (tJ = 11.9 Hz, 1H), 2.22-2.10 (m, 1H), 1.53 (s, 2H)},8:1.06 (m, 2H)**C



NMR (101 MHz, DMSOe€): ¢ 164.63, 157.95, 157.74, 152.01, 150.76, 130.12,
129.03, 127.48, 127.38, 123.90, 115.42, 115.11,4¥00/0.88, 67.45, 58.66, 49.28,
45.22, 41.62, 36.86, 30.70, 29.62. MS (ESI), m&8.22 [M + HJ.
1-(4-((4-Amino-5-(benzofl][1,3]dioxol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)met
hyl)piperidin-1-yl)prop-2-en-1-one (B16). Purity: HPLC 96.5%.'H NMR (400
MHz, DMSO-dg): 6 8.12 (s, 1H), 7.26 (s, 1H), 7.00 (dik 6.9, 4.8 Hz, 2H), 6.90 (dd,
J=7.9, 1.7 Hz, 1H), 6.77 (dd,= 16.7, 10.5 Hz, 1H), 6.25-5.95 (m, 5H), 5.65J¢;
2.4 Hz, 1H), 4.38 (dj = 12.7 Hz, 1H), 4.05 (d] = 7.2 Hz, 2H), 4.01 (s, 1H), 2.98 (s,
1H), 2.57 (dJ = 12.9 Hz, 1H), 2.16 (dd] = 7.4, 3.5 Hz, 1H), 1.54 (d,= 12.2 Hz,
2H), 1.14 (d,J = 23.7 Hz, 2H)*C NMR (101 MHz, DMSOdq): 6 164.61, 157.69,
152.04, 150.73, 148.18, 146.72, 129.02, 128.97,4127124.18, 122.20, 115.25,
109.43, 109.15, 101.56, 100.32, 49.29, 45.21, 4136184, 30.70, 29.61. MS (ESI),
m/z: 406.22[M + H].
1-(4-((4-Amino-5-(4-(hydroxymethyl)phenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)m
ethyl)piperidin-1-yl)prop-2-en-1-one (B17). Purity: HPLC 97.6%.H NMR (400
MHz, DMSO-dg): 6 8.15 (s, 1H), 7.42 (s, 3H), 7.32 (s, 1H), 6.77, (tl¢ 16.7, 10.5
Hz, 1H), 6.06 (ddJ = 16.7, 2.4 Hz, 3H), 5.64 (dd,= 10.5, 2.4 Hz, 1H), 4.39 (d,=
12.5 Hz, 1H), 4.08 (d] = 7.2 Hz, 2H), 4.03 (dd] = 14.1, 7.0 Hz, 1H), 2.99 (§,=
12.4 Hz, 1H), 2.59(t) = 12.4 Hz, 1H), 2.22-2.11 (m, 1H), 1.55 (& 13.1 Hz, 2H),
1.14 (d,J = 11.6 Hz, 2H).13C NMR (101 MHz, DMSOdg): 6 164.62, 157.69, 152.05,
150.89, 141.44, 133.53, 129.02, 128.63, 127.56,4127124.33, 115.41, 100.31,
63.13, 49.33, 45.21, 41.62, 36.87, 30.70, 29.61(E8&), m/z: 392.08 [M + H]
1-(4-((4-Amino-5-(2,3-dihydrobenzob][1,4]dioxin-6-yl)-7H-pyrrolo[2,3- d]pyrimi
din-7-yl)methyl)piperidin-1-yl)prop-2-en-1-one (B18). Purity: HPLC 96.3%.'H
NMR (400 MHz, DMSOd): 6 8.12 (s, 1H), 7.24 (s, 1H), 7.00 — 6.86 (m, 3HY,76
(dd,J = 16.7, 10.6 Hz, 1H), 6.06 (dd= 23.5, 8.5 Hz, 3H), 5.64 (dd,= 10.4, 2.3 Hz,
1H), 4.38 (dJ = 12.0 Hz, 1H), 4.31-4.23 (m, 4H), 4.05 {c; 7.3 Hz, 2H), 4.01 (d]

= 7.1 Hz, 1H), 2.98 () = 12.8 Hz, 1H), 2.58 (i = 12.2 Hz, 1H), 2.20-2.09 (m, 1H),
1.52 (s, 2H), 1.13 (d] = 10.5 Hz, 2H)*C NMR (101 MHz, DMSOdg): § 164.63,



157.69, 152.02, 150.74, 144.06, 142.95, 129.04,3128127.38, 124.06, 121.79,
118.00, 117.40, 114.99, 100.30, 64.63, 64.56, 43220, 41.61, 36.83, 30.71, 29.60.
MS (ESI), m/z: 420.30 [M + H]
Methyl-4-(7-((1-acryloylpiperidin-4-yl)methyl)-4-amino-7H-pyrrolo[2,3- d]pyrimi
din-5-yl)benzoate (B19). Purity: HPLC 98.6%H NMR (400 MHz, DMSOd): &
8.17 (s, 1H), 8.04 (dl = 8.1 Hz, 2H), 7.61 (d] = 8.1 Hz, 2H), 7.50 (s, 1H), 6.77 (dd,
J = 16.6, 10.5 Hz, 1H), 6.21 (s, 2H), 6.06 (dds 16.7, 1.9 Hz, 1H), 5.68-5.60 (m,
1H), 4.39 (dJ = 12.0 Hz, 1H), 4.10 (dl = 7.0 Hz, 2H), 4.06-3.98 (m, 1H), 2.98 t,
=12.2 Hz, 1H), 2.59 (] = 12.2 Hz, 1H), 2.18 (s, 1H), 1.54 (s, 2H), 1.d6,0 = 16.0,
8.9 Hz, 2H).13C NMR (101 MHz, DMSOdg): ¢ 166.66, 164.62, 157.80, 152.30,
151.47, 140.13, 130.32, 129.00, 128.71, 127.66,4P27125.71, 114.64, 99.92, 49.45,
45.20, 41.61, 36.80, 30.69, 29.845 (ESI), m/z: 420.12 [M + H]
1-(4-((4-Amino-5-(cyclohex-1-en-1-yl)-A-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)pi
peridin-1-yl)prop-2-en-1-one (B20). Purity: HPLC 97.6%.'"H NMR (400 MHz,
DMSO-dg): § 8. 08 (s, 1H), 7.17 (s, 1H), 6.77 (dds 16.3, 10.1 Hz, 1H), 6.37 (s, 2H),
6.06 (dd,J = 16.7, 2.3 Hz, 1H), 5.73 (s, 1H), 5.63 (dds 10.5, 2.3 Hz, 1H), 4.37 (d,
J=12.1 Hz, 1H), 4.02 (d] = 2.7 Hz, 1H), 4.00 (d] = 7.1 Hz, 2H), 2.96 (t) = 12.1
Hz, 1H), 2.57 (tJ = 12.3 Hz, 1H), 2.32 (s, 1H), 2.17 = 6.9 Hz, 2H), 2.10 (d] =
3.8 Hz, 1H), 1.68 (dd) = 35.2, 5.3 Hz, 4H), 1.50 (s, 3H), 1.09 {d= 6.0 Hz, 2H).
¥c NMR (101 MHz, DMSO+d): 6 164.60, 157.76, 151.87, 150.40, 132.18, 129.00,
125.81, 123.81, 117.60, 99.89, 49.18, 45.18, 4B6(B4, 30.69, 30.05, 29.49, 25.53,
23.04, 22.07. MS (ESI), m/z: 366.21 [M +'H]
1-(4-((4-Amino-5-(quinolin-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)piperid
in-1-yl)prop-2-en-1-one (B21). Purity: HPLC 96.9%.'H NMR (400 MHz,
DMSO-dg): 6 8.89 (d,J = 2.4 Hz, 1H), 8.40 (d] = 8.1 Hz, 1H), 8.18 (s, 1H), 8.09 (d,
J=8.9 Hz, 1H), 8.02 (s, 1H), 7.89 (dd, J = 8.6, Hiz, 1H), 7.56 (dd] = 8.4, 4.2 Hz,
1H), 7.51 (s, 1H), 6.78 (dd,= 16.6, 10.5 Hz, 1H), 6.22 (s, 2H), 6.07 (dd; 16.7,
2.1 Hz, 1H), 5.64 (dd] = 10.5, 2.2 Hz, 1H), 4.38 (d,= 12.5 Hz, 1H), 4.12 (d] =
7.0 Hz, 2H), 4.04 (d) = 12.9 Hz, 1H), 3.00 (] = 12.4 Hz, 1H), 2.60 (] = 12.1 Hz,



1H), 2.23- 2.11 (m, 1H), 1.56 (s, 2H), 1.17 J& 7.1 Hz, 2H)*C NMR (101 MHz,
DMSO-0g): 0 164.63, 157.89, 152.24, 151.29, 150.59, 147.12,4P3433.28, 131.05,
129.91, 129.02, 128.74, 127.43, 126.96, 125.32,3P2214.97, 100.25, 49.44, 45.23,
41.63, 36.88, 30.72, 29.69S (ESI), m/z: 413.29 [M + H]
1-(4-((4-Amino-5-(benzofuran-2-yl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)pip
eridin-1-yl)prop-2-en-1-one (B22). Purity: HPLC 97.0%.'H NMR (400 MHz,
DMSO-dg): 6 8.18 (s, 1H), 7.91 (s, 1H), 7.64 Jt= 6.8 Hz, 2H), 7.28 (p] = 7.0 Hz,
2H), 7.08 (s, 1H), 6.95 (s, 2H), 6.81-6.73 (m, 16107 (dd,J = 16.7, 2.1 Hz, 1H),
5.64 (dd,J = 10.5, 2.2 Hz, 1H), 4.39 (d,= 12.5 Hz, 1H), 4.12 (d] = 7.1 Hz, 2H),
4.03 (d,J = 12.9 Hz, 1H), 2.99 (&) = 12.4 Hz, 1H), 2.59 (tJ = 12.1 Hz, 1H),
2.24-2.11 (m, 1H), 1.55 (s, 2H), 1.14 @= 5.5 Hz, 2H).'*C NMR (101 MHz,
DMSO-0g): 0 164.63, 157.70, 154.15, 152.64, 151.85, 151.30,4029.29.00, 127.44,
126.09, 124.14, 123.88, 120.98, 111.42, 104.66,48019.29, 49.62, 45.18, 41.59,
36.75, 30.63, 29.55. MS (ESI), m/z: 402.30 [M + H]
1-(4-((4-Amino-5-(3,5-dimethylisoxazol-4-yl)-A-pyrrolo[2,3-d]pyrimidin-7-yl)m
ethyl)piperidin-1-yl)prop-2-en-1-one (B23). Purity: HPLC 98.8%.H NMR (400
MHz, DMSO-dg): 6 8.12 (s, 1H), 7.24 (s, 1H), 6.78 (db= 16.7, 10.5 Hz, 1H), 6.14
(s, 2H), 6.06 (ddJ = 16.7, 2.4 Hz, 1H), 5.64 (dd,= 10.5, 2.4 Hz, 1H), 4.38 (d,=
12.7 Hz, 1H), 4.06 (d] = 7.3 Hz, 2H), 4.01 (s, 1H), 2.99 {t= 12.2 Hz, 1H), 2.60 (t,
J=12.1 Hz, 1H), 2.30 (s, 3H), 2.17 (ddds 15.2, 7.5, 3.4 Hz, 1H), 2.11 (s, 3H), 1.53
(d,J = 12.2 Hz, 2H), 1.11 (s, 2HYC NMR (101 MHz, DMSOd,): J 166.47, 164.62,
159.68, 157.89, 152.23, 150.69, 129.01, 127.41,9025109.69, 102.04, 101.05,
49.42, 45.18, 41.61, 36.73, 30.65, 29.54, 11.7420QMS (ESI), m/z: 381.05 [M +
H]™.

1-(4-((4-Amino-5-(4-((3,4-difluorobenzyl)oxy)pheny-7H-pyrrolo[2,3-d]pyrimidi
n-7-yl)methyl)piperidin-1-yl)prop-2-en-1-one (B24). Purity: HPLC 96.8%.'H
NMR (400 MHz, DMSO#): § 8.13 (s, 1H), 7.66 (dd}, = 15.3, 8.5 Hz, 1H), 7.39 (dd,
J=8.6, 2.0 Hz, 2H), 7.35 (dd,= 8.7, 6.2 Hz, 1H), 7.25 (d,= 1.7 Hz, 1H), 7.19 —
7.10 (m, 3H), 6.78 (dd] = 16.7, 10.5 Hz, 1H), 6.07 (dd,= 16.7, 2.4 Hz, 3H), 5.64



(dd,J = 10.5, 2.4 Hz, 1H), 5.15 (d,= 3.5 Hz, 2H), 4.39 (d] = 13.0 Hz, 1H), 4.06 (d,
J=7.1Hz, 2H), 4.01 (d) = 7.0 Hz, 1H), 2.98 (J = 12.2 Hz, 1H), 2.59 (= 12.1
Hz, 1H), 2.16 (dJ = 3.9 Hz, 1H), 1.55 (dJ = 11.2 Hz, 2H), 1.12 (s, 2H}*C NMR
(101 MHz, DMSOsdg): ¢ 164.62, 157.75, 157.57, 152.03, 150.78, 132.70,1830
129.01, 127.95, 127.04, 123.98, 118.03, 117.26,7915115.70, 115.03, 112.09,
104.55, 100.41, 68.46, 49.29, 45.21, 41.62, 36372, 29.62. MS (ESI), m/z:
504.28 [M + HI.

(R)-1-(3-((4-Amino-5-(4-phenoxyphenyl)-H-pyrrolo[2,3- d]pyrimidin-7-yl)methy
)piperidin-1-yl)prop-2-en-1-one (B25).Purity: HPLC 98.4%H NMR (400 MHz,
DMSO-dg): J 8.15 (s, 1H), 7.47 (d] = 8.5 Hz, 2H), 7.41 () = 7.9 Hz, 2H), 7.34 (s,
1H), 7.16 (tJ = 7.4 Hz, 1H), 7.10 () = 7.5 Hz, 4H), 6.70 (ddd, = 60.4, 16.3, 10.6
Hz, 1H), 6.14 (s, 2H), 6.04 (d,= 16.7 Hz, 1H), 5.62 (f] = 11.1 Hz, 1H), 4.21 - 4.05
(m, 3H), 3.92 - 3.77 (m, 1H), 3.15 - 2.85 (m, 1RB7 (t,J = 11.3 Hz, 1H), 2.07 (d

= 34.2 Hz, 1H), 1.69 (s, 2H), 1.26 (d,= 18.4 Hz, 2H).**C NMR (101 MHz,
DMSO-dg): 0 164.67, 157.77, 157.20, 155.98, 152.10, 151.02,583030.48, 130.38,
129.00, 127.43, 124.22, 123.94, 119.62, 119.13,0113.00.27, 47.19, 46.18, 45.45,
37.00, 28.31, 25.44. MS (ESI), m/z: 454.21[M + H]
(R)-1-(3-((4-Amino-5-(benzofi][1,3]dioxol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)
methyl)piperidin-1-yl)prop-2-en-1-one (B26).Purity: HPLC 96.7%*H NMR (400
MHz, DMSO-dg): 6 8.12 (s, 1H), 7.29 (s, 1H), 7.00 (dik: 8.4, 4.8 Hz, 2H), 6.90 (dd,
J=7.9, 1.7 Hz, 1H), 6.74 (dd,= 22.2, 9.0 Hz, 1H), 6.04 (d,= 17.3 Hz, 5H), 5.63
(d,J = 11.8 Hz, 1H), 4.11 (m, 1H), 4.07 @z 7.6 Hz, 2H), 3.90-3.77 (m, 1H), 3.10 (t,
J=11.2 Hz, 1H), 2.67 (] = 11.2 Hz, 1H), 2.03 (d] = 11.8 Hz, 1H), 1.68 (m, 2H),
1.26 (d,J = 9.7 Hz, 2H)*C NMR (101 MHz, DMSOds): 6 164.66, 157.70, 152.06,
150.82, 148.19, 146.74, 128.97, 127.42, 124.08,2022109.42, 109.62, 101.56,
100.30, 46.14, 46.17, 45.44, 36.99, 28.29, 25.43 (&SI), m/z: 406.22[M + H]
(9)-1-(3-((4-Amino-5-(4-phenoxyphenyl)-H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl
)piperidin-1-yl)prop-2-en-1-one (B27).Purity: HPLC 98.8%'H NMR (400 MHz,
DMSO-dg): 6 8.15 (s, 1H), 7.47 (d] = 8.5 Hz, 2H), 7.41 (t) = 7.8 Hz, 2H), 7.34 (s,



1H), 7.16 (t,J = 7.4 Hz, 1H), 7.10 (t) = 7.5 Hz, 4H), 6.81 - 6.57 (m, 1H), 6.14 (s,
2H), 6.04 (dJ = 16.6 Hz, 1H), 5.63 (d] = 10.7 Hz, 1H), 4.19 - 4.05 (m, 3H), 3.92 -
3.77 (m, 1H), 3.10 (s, 1H), 2.67 (s, 1H), 2.07Jd; 35.0 Hz, 1H), 1.69 (s, 2H), 1.28
(s, 2H).13C NMR (101 MHz, DMSO+de): ¢ 164.67, 157.77, 157.20, 155.98, 152.10,
151.01, 130.53, 130.48, 130.38, 129.00, 127.42,2924123.94, 119.62, 119.13,
115.01, 100.27, 47.18, 46.19, 45.45, 37.00, 288243. MS (ESI), m/z: 454.21[M +
H]™.

(9)-1-(3-((4-Amino-5-(benzofl][1,3]dioxol-5-yl)-7H-pyrrolo[2,3- d]pyrimidin-7-yl)
methyl)piperidin-1-yl)prop-2-en-1-one (B28).Purity: HPLC 97.2%*H NMR (400
MHz, DMSO-dg): 6 8.12 (d,J = 5.5 Hz, 1H), 7.29 (s, 1H), 7.01 (dt= 4.7, 3.1 Hz,
2H), 6.91 (ddJ = 7.9, 1.7 Hz, 1H), 6.75 (ddd,= 12.2, 9.6, 6.8 Hz, 1H), 6.25-5.91
(m, 5H), 5.62 (tJ = 11.6 Hz, 1H), 4.13 (dd), = 8.3, 5.0 Hz, 1H), 4.06 (d,= 7.6 Hz,
2H), 3.84 (ddJ = 25.1, 12.9 Hz, 1H), 3.08 d,= 11.5 Hz, 1H), 2.67 (1] = 11.5 Hz,
1H), 2.13-2.00 (m, 1H), 1.68 (s, 2H), 1.32-1.22 (@H). °C NMR (101 MHz,
DMSO-dg): 0 164.66, 157.70, 152.06, 150.82, 148.19, 146.74,972827.42, 124.08,
122.20, 109.42, 109.62, 101.56, 100.30, 46.15,/4@3.44, 36.99, 28.30, 25.41. MS
(ESI), m/z: 406.23 [M + H]
1-(4-(2-(4-Amino-5-(4-phenoxyphenyl)-A-pyrrolo[2,3-d]pyrimidin-7-yl)ethyl)pi
peridin-1-yl)prop-2-en-1-one (B29).Purity: HPLC 98.1%.'H NMR (400 MHz,
DMSO-dg): § 8.15 (s, 1H), 7.46 (d] = 8.5 Hz, 2H), 7.41 (dd] = 11.2, 4.2 Hz, 2H),
7.36 (s, 1H), 7.15 (] = 7.4 Hz, 1H), 7.09 (dd} = 7.8, 6.3 Hz, 4H), 6.78 (dd,= 16.7,
10.5 Hz, 1H), 6.06 (dd] = 16.7, 2.4 Hz, 3H), 5.63 (dd,= 10.4, 1.9 Hz, 1H), 4.37 (d,
J=12.6 Hz, 1H), 4.21 (1] = 7.1 Hz, 2H), 4.01 () = 10.4 Hz, 1H), 2.96 (] = 12.6
Hz, 1H), 2.56 (tJ = 12.1 Hz, 1H), 1.75 (dd,= 13.4, 6.6 Hz, 4H), 1.47 (s, 1H), 1.11 -
0.98 (m, 2H).*C NMR (101 MHz, DMSOd): 6 164.54, 157.73, 157.20, 155.93,
152.02, 150.69, 130.53, 130.47, 129.08, 127.26,9423123.62, 119.60, 119.12,
115.07, 100.31, 45.60, 41.99 41.69, 36.62, 33.24813 31.78. MS (ESI), m/z:
468.23[M + HJ.
1-(4-(2-(4-Amino-5-(benzofl][1,3]dioxol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)et



hyl)piperidin-1-yl)prop-2-en-1-one (B30). Purity: HPLC 97.9%.*H NMR (400
MHz, DMSO-dq): 6 8.13 (s, 1H), 7.31 (s, 1H), 7.00 {= 4.7 Hz, 2H), 6.90 (dd] =
7.9, 1.7 Hz, 1H), 6.82 - 6.74 (m, 1H), 6.23 - 5(88 5H), 5.63 (ddJ = 10.3, 1.7 Hz,
1H), 4.37 (d,J = 12.4 Hz, 1H), 4.18 (i = 7.0 Hz, 2H), 4.01 (dd] = 14.4, 7.7 Hz,
1H), 2.96 (tJ = 12.4 Hz, 1H), 2.56 (] = 12.2 Hz, 1H), 1.83 - 1.69 (m, 4H), 1.47 (s,
1H), 1.10 - 0.98 (m, 2H)*C NMR (101 MHz, DMSOdg): § 164.54, 157.66, 151.99,
150.49, 148.17, 146.69, 129.08, 129.06, 127.25,4123122.18, 115.48, 109.43,
109.14, 101.55, 100.34, 45.60, 41.98, 41.65, 3638133, 32.81, 31.77. MS (ESI),
m/z: 420.19[M + H].
5-(4-Phenoxyphenyl)-7-((1-(vinylsulfonyl)piperidin4-yl)methyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (B31). Purity: HPLC 97.9%'H NMR (400 MHz, DMSOd) :
§8.13 (s, 1H), 7.31 (s, 1H), 7.00 (dii= 7.5, 4.8 Hz, 2H), 6.93-6.87 (m, 2H), 6.10
(dd,J = 13.9, 12.7 Hz, 6H), 4.17 (dd,= 7.2, 2.4 Hz, 2H), 3.35-3.29 (m, 1H), 3.24
(dd,J = 10.2, 7.3 Hz, 1H), 3.20-3.14 (m, 1H), 3.02 (d; 10.1, 7.0 Hz, 1H), 2.78 (dt,
J=14.3, 7.2 Hz, 1H), 1.92-1.84 (m, 1H), 1.64 (dd; 12.5, 7.8 Hz, 1H)*C NMR
(101 MHz, DMSO€dg): ¢ 157.81, 157.19, 156.05, 152.13, 150.86, 130.58,583
130.23, 123.95, 121.03, 119.60, 119.57, 119.12,7819.00.64, 60.23, 49.07, 45.46,
35.95, 29.22, 21.19. MS (ESI), m/z: 428.19 [M + H]
(E)-1-(4-((4-Amino-5-(4-phenoxyphenyl)-HA-pyrrolo[2,3-d]pyrimidin-7-yl)methy
)piperidin-1-yl)-4-(dimethylamino)but-2-en-1-one (B32). Purity: HPLC 97.1%H
NMR (400 MHz, DMSO#g): 6 8.14 (s, 1H), 7.50-7.39 (m, 5H), 7.31 (s, 1H)67(t.
J=7.4 Hz, 1H), 7.13-7.07 (m, 4H), 6.58 (&= 6.3 Hz, 1H), 6.12 (s, 2H), 4.38 (@
11.6 Hz, 1H), 4.07 (d] = 7.2 Hz, 2H), 4.01 (d] = 12.7 Hz, 1H), 3.09 (d} = 5.0 Hz,
2H), 2.98 (tJ = 12.4 Hz, 1H), 2.57 (1] = 12.4 Hz, 1H), 2.20 (s, 6H), 1.55 (= 12.0
Hz, 2H), 1.18-1.05 (m, 2H)}*C NMR (101 MHz, DMSQdg): § 164.00, 157.81,
157.19, 156.05, 152.13, 150.86, 141.98, 130.58,5B30130.23, 123.95, 121.03,
119.60, 119.57, 119.12, 115.78, 100.64, 60.28,3%063.43, 50.97, 45.50, 45.46,
44.49, 31.58, 29.79. MS (ESI), m/z: 511.41 [M + H]

5-(Benzof][1,3]dioxol-5-yl)-7-((1-(vinylsulfonyl)piperidin-4 -yl)methyl)-7H-pyrro



lo[2,3-d]pyrimidin-4-amine (B33). Purity: HPLC 97.8%.'H NMR (400 MHz,
DMSO-dg): § 8.12 (s, 1H), 7.26 (s, 1H), 7.01 @z= 8.8 Hz, 2H), 6.94-6.86 (m, 1H),
6.75 (dd,J = 16.5, 10.0 Hz, 1H), 6.26-6.01 (m, 6H), 4.07J¢&; 7.2 Hz, 2H), 3.51 (d,
J=12.0 Hz, 2H), 2.57 (§ = 11.3 Hz, 2H), 1.99 (s, 1H), 1.60 @@= 12.0 Hz, 2H),
1.35-1.21 (m, 2H).**C NMR (101 MHz, DMSOdg): 6 157.69, 152.05, 150.73,
148.19, 146.73, 133.65, 129.09, 128.94, 124.13,1822115.31, 109.43, 109.15,
101.56, 100.31, 60.22, 49.09, 45.43, 35.95, 22223. MS (ESI), m/z: 442.23 [M +
H]™.
(E)-1-(4-((4-Amino-5-(benzofl][1,3]dioxol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)
methyl)piperidin-1-yl)-4-(dimethylamino)but-2-en-1-one (B34). Purity: HPLC
98.3%.H NMR (400 MHz, DMSO#dg): 6 8.12 (s, 1H), 7.26 (s, 1H), 7.03-6.98 (m,
2H), 6.90 (dJ = 7.9 Hz, 1H), 6.60-6.54 (m, 2H), 6.06 (s, 4HB8H(d,J = 12.5 Hz,
1H), 4.05 (dJ = 7.1 Hz, 2H), 3.99 (s, 1H), 3.00 @= 3.0 Hz, 2H), 2.97 () = 12.4
Hz, 1H), 2.54 (tJ) = 12.4 Hz, 1H), 2.13 (s, 6H), 2.11 (s, 1H), 1.84)(= 11.2 Hz, 2H),
1.11 (s, 2H)."*C NMR (101 MHz, DMSOdg): § 164.22, 157.68, 152.30, 150.72,
148.18, 146.72, 139.61, 128.96, 124.69, 124.20,2022115.26, 109.42, 109.15,
101.57, 100.32, 59.62, 49.29, 45.28, 44.67, 4B6487, 30.69, 29.62. MS (ESI), m/z:
463.14 [M + HT.
1-(4-((4-Amino-3-(4-phenoxyphenyl)-H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)p
iperidin-1-yl)prop-2-en-1-one (B35). Purity: HPLC 96.0%.'H NMR (400 MHz,
DMSO-dg): 6 8.25 (s, 1H), 7.67 (d] = 8.6 Hz, 2H), 7.44 (t) = 7.8 Hz, 2H), 7.22 -
7.10 (m, 5H), 6.77 (dd] = 16.7, 10.5 Hz, 1H), 6.06 (dd= 16.7, 2.3 Hz, 1H), 5.76 (s,
2H), 5.63 (ddJ = 10.5, 2.1 Hz, 1H), 4.38 (d,= 12.3 Hz, 1H), 4.25 (d] = 7.0 Hz,
2H), 4.08 — 3.94 (m, 1H), 2.99 @,= 12.0 Hz, 1H), 2.60 (] = 12.2 Hz, 1H), 2.28 -
2.14 (m, 1H), 1.57 (dJ = 12.1 Hz, 2H), 1.18 - 1.05 (m, 2H})C NMR (101 MHz,
DMSO-dg): 0 164.64, 158.67, 157.56, 156.23, 155.05, 143.60,6113 130.52, 129.05,
128.43, 127.35, 124.27, 119.46, 97.55, 51.63, 4511&5, 36.71, 30.71, 29.60S
(ESI), m/z: 455.25 [M + H]
3-(4-Phenoxyphenyl)-1-((1-(vinylsulfonyl)piperidin4-yl)methyl)-1H-pyrazolo[3,4



-d]pyrimidin-4-amine (B36). Purity: HPLC 97.1%'H NMR (400 MHz, DMSO#k):

5 8.25 (s, 1H), 7.66 (d] = 8.6 Hz, 2H), 7.44 () = 7.9 Hz, 2H), 7. 19 (] = 8.6 Hz,
1H), 7.14 (ddJ = 10.4, 8.6 Hz, 4H), 6.75 (dd,= 16.5, 10.0 Hz, 1H), 6.09 (dd,=
17.4, 13.3 Hz, 2H), 4.27 (d,= 6.9 Hz, 2H), 3.51 (d] = 12.1 Hz, 2H), 2.59 (i =
11.1 Hz, 2H), 2.08 (d] = 3.3 Hz, 1H), 1.62 (d] = 11.4 Hz, 2H), 1.37 - 1.25 (m, 2H).
¥c NMR (101 MHz, DMSO+dg): 6 158.67, 157.58, 156.25, 156.25, 155.06, 143.64,
133.74, 130.61, 130.53, 129.04, 128.40, 124.28,461919.44, 97.57, 51.41, 45.42,
35.82, 29.19. MS (ESI), m/z: 498.40 [M +'H]
1-(4-((4-Amino-3-(benzofl][1,3]dioxol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)me
thyl)piperidin-1-yl)prop-2-en-1-one (B37). Purity: HPLC 97.8%.'H NMR (400
MHz, DMSO-<g): & 8.22 (s, 1H), 7.17 - 7.10 (m, 2H), 7.07 Jd& 7.9 Hz, 1H), 6.80 -
6.71 (m, 1H), 6.11 (s, 2H), 6.06 (db= 16.7, 2.4 Hz, 1H), 5.63 (dd,= 10.5, 2.4 Hz,
1H), 4.37 (dJ = 13.0 Hz, 1H), 4.23 (dl = 7.0 Hz, 2H), 4.03 (d] = 7.0 Hz, 1H), 2.99
(t, J = 12.5 Hz, 1H), 2.60 () = 12.0 Hz, 1H), 2.22 (ddd,= 17.6, 8.8, 5.3 Hz, 1H),
1.57 (d,J = 12.6 Hz, 2H), 1.15 (dd) = 16.0, 9.8 Hz, 2H)**C NMR (101 MHz,
DMSO-0g): 0 164.63, 158.62, 156.21, 154.92, 148.34, 148.21,8B4329.06, 127.34,
127.19, 122.71, 109.34, 109.00, 101.84, 97.52,8145.17, 41.59, 36.70, 30.71,
29.61.MS (ESI), m/z: 407.23 [M + H]
3-(Benzof][1,3]dioxol-5-yl)-1-((1-(vinylsulfonyl)piperidin-4 -yl)methyl)-1H-pyraz
olo[3,4-d]pyrimidin-4-amine (B38). Purity: HPLC 96.9%.'H NMR (400 MHz,
DMSO-dg): § 8.23 (s, 1H), 7.17 - 7.10 (m, 2H), 7.07 Jcs 7.9 Hz, 1H), 6.75 (dd] =
16.5, 10.0 Hz, 1H), 6.09 (dd,= 18.6, 12.2 Hz, 4H), 4.24 (d= 6.9 Hz, 2H), 3.50 (d,
J=12.2 Hz, 2H), 2.59 (dd} = 11.9, 10.1 Hz, 2H), 2.12 - 2.00 (m, 1H), 1.62J¢&
11.4 Hz, 2H), 1.35 - 1.25 (m, 2HC NMR (101 MHz, DMSOde): § 158.62, 156.22,
154.92, 148.34, 148.21, 143.92, 133.74, 129.03,18627122.72, 109.34, 109.01,
101.84, 97.54, 51.37, 45.42, 35.81, 29.19. MS (E6A): 443.34 [M + H].

Enzymatic Assay.The enzymatic activities of all synthesized commsuagainst Btk
were assessed using the Caliper Mobility Shift Axssathe presence ok, ATP

(ChemPartner; Shanghai; China). The assay protpgde is commercially available



from ChemPartner. The activities against other $@savere tested by EurofinsCerep
(CEREP, Celle [I'Evescault, France). The protocolse aavailable from
http://www.cerep.fr/Cerep/Users/index.asp. The yagsatocol guide can beccessed

at www.eurofins.com/discovery.

Cytotoxicity assay. Cells were plated in 96 well plates containing 100of culture
medium. Compounds with indicated concentrationseveelded to wells and incubated
for 72 h. MTT was subsequently added for an extra 2-3 h ofibation. The MTT
formazan precipitate was dissolved in DMSO, andatb&orbance was measured at a
wavelength of 570 nm by a Spectramax M5 microfilete luminometer (Molecular
Devices, Sunnyvale, CA, USA)Cs, values were calculated from dose-response
curves obtained from at least three independergrerpnts.

hERG Activities assay A CHO cell line stably transfected with hERG cDNAd
expressing hER@hannels of P25 was used for the study. Cells waamtained in
petri dishes or flasks &7 °C in a humidified incubator with 5% G@énd cultured in
medium containing Ham’s F12, 10% (v/v) heat inaaidd FBS, 100 pg/mL
Hygromycin B and 100 pg/mL Geneticin. Cells werwakd to grow and reach a
confluence rate at about 80-90% in #i®ve condition. Before the experiment, the
cells were treated with Detachin (fra@enlantis) for 3-5 min. at 37 °C followed by
gentle pipette titration 15-20 times at r.t. witbhltare media, then the cells were
re-suspended in serum-free cultaredium containing CHO-S-SFM Il medium(from
Invitrogen) buffered with HEPES (26M). The cells used in QPatch study must meet
following criteria: under microscopgxamination, the majority of cells in suspension
should be single and isolated; thembility should be greater than 95%, with only a
few debris and cell clumps (which malpg the holes in QPlate during whole-cell
clamp recording); cell density should be rangethin 3-8 x 1@cells / mL in the final
suspension before applying to the QPatchck@mber. Cells in such condition can be
used for recording only for four hours afterrvestingB16 was finally made into six
doses (0.4, 1.2, 3.7, 11.1, 33.3 and ud) DMSO stock, while the doses of positive

control cisapridevere 3, 1, 0.3, 0.1, 0.03, and 0.A¥. The cells recordings were



performed using automated QPatch (Sophion BioseeBenmark) at r.t.. Data were
analyzed using Assay Software provided by Sophagsdy software V5.0Microsoft
Excel and Graphpad Prism 5.0.

Single dose toxicity test Six male and six female BALB/c mice were oral
administratiorB16 at a dose of 2.0 g/kg. The general conditions\i&gtenergy, hair,
feces, behavior pattern and other clinical sighsyly weight, and mortality of mice
were observed carefully. Mice were sacrificed atehd of 7th day, their major organs
including heart, liver, spleen, lung and kidney aveemoved and fixed in 4%
paraformaldehyde, and stained with H&E for furthestopathological examination.
Kinetics study. 1) A series of conversion data of enzyme westetkafter incubated
with inhibitor. Based on the kg (21.7 nM) of compound B16 to inhibit Btk, the &t
concentrations of B16 were set as 0 nM, 8 nM, 12 b8InM, 26 nM, 40 nM, 59 nM,
89 nM, 133 nM, 200 nM. Thus, a series of conversiinwere collected after Btk was
incubated with corresponding concentrations of B2p Ko, calculation. Fit the
conversion and compound concentration in Graph & 5 to get Kobs with the
equation Y = (Vi/Kobs)(1-exp(-Kobs*x))+c; Y is coession; x is compound
concentration; Vi is the slope of max control (teac with enzyme and without
compound). Fit the data in Graph Pad Prism 5 taiobt,, value with the equation Y =
k3*x + k4; Y is Kobs; X is compound concentratiamdek3 isKy, value.

Western Blotting. Daudi, U2932 and Raji cells were rested for 24ch at 1 X 1
cells/mL in RPMI-1640 (Gibco) with 10% fetal boviserum (FBS). 1X 1 cells

in serum-free RPMI-1640 were pre-incubated with BDJSerially diluted compound
B16, for 1 h. Then the cells were stimulated withfdmL anti-human IgM F(ab’)2
(Jackson Immuno Research Laboratories) for thestimeicated. Cells were washed
in 1XPBS buffer and lysed in cell lysis buffer at@ for 30 min. The lysates were
cleared by centrifugation, and the protein con@diins were measured by BCA
analysis (Beyotime, China). Lysates containing 5@ wof total proteins were
fractionated on a 10% SDS polyacrylamide gel (BadR and transferred to
Hybond-P PVDF Membrane (Millipore). Incubation ofimpary antibodies was



performed overnight at 2C using 1:1000 Btk, Phospho-Btk (Tyr223), Phosplio-B
(Tyr551), PLG2, Phospho-PL&2 (Tyr1217) antibody (Abcam). Anti-rabbit (Abcam)
horseradish peroxidase-conjugated secondary antbathd Super Signal West Pico
Chemiluminescent Substrate (Thermo) were usedvelaie the blots.
Pharmacokinetics in Sprague-Dawley ratsTwo groups (n = 5) of male and female
Sprague-Dawley rats were fasted overnight and vedd316 as an intravenous dose
(3 mg/kg) or by oral gavage (3 mg/kg). Blood sammfl@4 mL)were obtained from
jugular vein bleeding at 5 min, 15 min, 30 min,, 22, 4 h, 6 h, 8 h, 10 h, 12 h, and
24 h post dose for the p.o. group. At each timatpthree mice were bled resulting in
a composite pharmacokinetic profile. The tubes vimrerted several times to ensure
mixing and placed on ice. The blood samples wergrib@ged to obtain the plasma
fraction. The plasma samples were deproteinizedh \&itetonitrile containing an
internal standard. After centrifugation, the supg¢ant was diluted and centrifuged
again. The compound concentrations in the superhatare measured by a high
performance liquid chromatography-tandem mass spaetry (LC/MS/MS), and the
Cmaxis the average of maximum compound concentratidn rats in each group. The
TmaxiS the average of the time withy& of 5 rats in each group. Other obtained
pharmacokinetic parameters are processed by theasefDAS 2.0 through inputting
each time point and its corresponding compoundgentration.

Metabolic stability in liver microsomes Compound16 (100 uM/L) was incubated
with liver microsomes of different species (incloglihuman, dog, rat, mice and
monkey) in a reaction mixture containing 0.1 M PB31 7.4) and NADPH
regeneration system, at 3T, in a total reaction volume of 100 pL. Reactiorese
terminated at 0, 5, 15, 30, 45, 60 and 90 min o@ilvation with a chilled mixture of
acetonitrile. The mixture was vortexed for 3 miangifuged at 13000 rpm for 10 min,
and the supernatants were analyzed by LC-MS/MaiilByavas assessed by plotting
the percent of parent compound remaining agains¢ ton a log-linear scale, and
half-life was estimated from the linear portiontbé log-linear curve using the first

order equatiomp = 0.693/k, where k is the slope of the curve (étuéhe first order



elimination rate constant). The clearance rate e#hsulated by the equation;¢l=
0.693/ {2

Metabolism-dependent CYP inhibition assay The experiment of testin@16's
inhibitory activity to cytochrome P450 was conductecording to the procedure of
metabolism-dependent CYP inhibition assay in refeee34. Phenacetin, tolbutamide,
omeprazole and chlorzoxazone were respectivelgteeleas substrates for CYP1A2,
2C9, 2C19, 2D4 and 2E1, and dextromethorphan wasubstrate for CYP3A4 and
2D6.

Covalent docking: The Crystal structure of the Btk kinase domain wlaisined from
the Protein Data Bank (PDB code 5P9J) [31]. 3D cttmes of the selected
compounds were generated and optimized by the {@sgoStudio 3.1 package
(Accelrys, San Diego, CA, USA). Compounds were @dcknto the Btk kinase
domain using the program Covalent Dock Clound (Httpcking.sce.ntu.edu.sg),
which was used to perform the covalent docking fatmans [32]. Figureswvere
generated though the Professional graphics softiRsmeol 1.7.

Collagen-Induced Arthritis Model in the Mice. The collagen-induced arthritis (CIA)
model shares a number of pathologic, genetic, amdunologic features with RA.
Therefore, the CIA mouse model was used to evaltegeeffects of oraB16 (20
mg/kg p.o.) on joint inflammation and histopathotodArthritis was induced in
10-weekend male DBA/1J mice by immunizations witttaemulsion of bovine type
Il collagen (Chondrex) and Freund’s complete adpiy&igma-Aldrich) on day 0 and
a 1:1 emulsion of bovine type Il collagen in Fresndncomplete adjuvant
(Sigma-Aldrich). Treatment was initiated when > 208%mice demonstrated signs of
disease. On the day treatment was initiated, thee miere randomly assigned to
controls (no collagen injection plus vehicle; n x 8ollagen plus vehicle (n = 8),
collagen plusB16 20 mg/kg (n = 8) and collagen plus ibrutinib 20/kgg(n = 8).
Mice were scored for signs of arthritis daily fod 8ays. CIA development was
inspected three times per week and inflammatiothefour paws was graded from 0

to 4 (grade 0, paws with no swelling and focal exsi grade 1, paws with swelling of



finger joints; grade 2, paws with mild swelling arfikle or wrist joints; grade 3, paws
with severe inflammation of the entire paw; anddgra, paws with deformity or
ankylosis). Each paw was graded and the four ssoees totaled so that the possible

maximum score per mouse was 16.

Associated content

Supporting Information: The weight changes in CIA mice with treatment of
ibrutinib andB16 (Figure S1). H&E staining of major organs (heart, liver, spie
lung and kidneys) after oral administrati&i6 at a dosage of 2.0 g/kg on day 7
(Figure S2. 'H-NMR and *C-NMR spectra for all final new compoundsigqure
S3-S73.
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Highlights

» A series of novel compounds bearindd-gyrrolo[2,3d]pyrimidin-4-amine
scaffold have been synthesized and identified ssnp@&tk inhibitors.

» CompoundB16 significantly inhibited Btk (IGo = 21.70 £ 0.82nM) with
moderate kinase selectivity.

» B16 showed weaker inhibition to hERG channelsgl€ 11.10uM) than ibrutinib
(ICs0= 0.97uUM).

» Owing to its favorable physicochemical properti€dlogP = 2.53, aqueous
solubility = 0.1mg/ml) and pharmacokinetic profiles (F = 49.15%s = 7.02h),
B16 exhibited slightly better anti-arthritis efficattyan ibrutinib in CIA mice.



