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Abstract

As non-receptor tyrosine kinases, Janus kinasekg)JAave become an attractive
target for the treatment of autoimmune diseasescanders. JAKs play a pivotal role
in innate immunity, inflammation, and hematopoidsysmediating the signaling of
numerous cytokines, growth factors, and interfer@gbls). Selective inhibitors of a
variety of JAK members are expected to inhibit pritammatory cytokine-mediated
inflammation and immune responses, while preventargeting other subtypes of
JAKs. In this work, poorly selective compounds lthea 4- or 6-phenyl-pyrimidine
derivatives have been improved to highly potent aasdective compounds by
designing a covalent binding tether, which attadioethe unique cysteine (Cys909)
residue in JAK3. Compount? exhibited potent JAK3 inhibitory activity (Kg= 1.7
nM) with an excellent selectivity profile when coarpd to the other JAK isoforms (>
588-fold). In a cellular assay, compoud@ strongly inhibited JAK3-dependent
signaling and T cell proliferation. Moreoven, vivo data revealed that compouh?l
significantly suppressed oxazolone (OXZ)-induceldged hypersensitivity responses
in Balb/c mice. Compouni also displayed decent pharmacokinetic propertiess
suitable forin vivouse. Taken together, these results indicated tmpoundl2 may
be a promising tool compound as a selective JAK®itor for treating autoimmune

diseases.

Keywords. Autoimmune diseases; Covalent JAK3 inhibitors; @@Janus kinase;

4- Or 6-phenyl-pyrimidine derivatives

1. Introduction

Janus kinases (JAK1, JAK2, JAK3, and TYK2) are alsfamily of non-receptor
tyrosine kinases that are essential for mediating s$ignaling cascade that is
associated with multiple cytokines by activatingnsil transducer and activator
transcription (STAT) [1]. The JAK-STAT pathway isrtsidered as an evolutionarily

conserved signaling pathway involved in the regoadf immune and inflammatory



disease [2]. Binding of cytokines with their distinreceptor is the trigger for
activation of JAKs, and upon activation STATs bital phosphorylated cytokine
receptors and undergo phosphorylation by JAKs$8psequently, dimerized STATs
translocate to the nucleus and drive gene trarigmmighereby regulating the immune
system and inflammatory responses [4]. With thestfidS Food and Drug
Administration (FDA)-approved pan-JAKs small molkcuinhibitor tofacitinib

[5,10-11] for the treatment of rheumatoid arthrii@A), the development of small
molecule JAK inhibitors became attractive for treant of autoimmune and

inflammatory diseases.

In recent years, significant research efforts haeen performed towards the
discovery of inhibitors of JAK kinases. As shown kig. 1 and Table 1, several
small-molecule inhibitors are current in the cladicor preclinical stage for the
treatment of autoimmune diseases, various canartsmyeloproliferative disorders
[5-16]. For the first-generation of non-selectivek3 inhibitors that have been proven
safe and efficacious, their broad inhibiting spectrfor cytokines inevitably leads to
side effects by inhibiting many factors that caivelimmunopathology. However, the
next generation selective JAKs inhibitors are elgdo be developed and prevent
targeting other subtypes of JAKs. In August 2018 selective JAK1 inhibitor
upadacitinib [12-14], as a second-generation JAKgitor, was first approved by the
US FDA for the treatment of RA. PF-06651600 [15,18]s been reported as a

selective JAK3 inhibitor that has been used inicéihtrials.
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Fig. 1. Chemical structures of JAK inhibitors.

Table 1.
The selectivity of JAK inhibitors in a cell-free z/me assay.
ICso°(NM) b c
Compound JAK3/JAK 2 JAK3/JAK 1
JAK3 JAK?2 JAK1
Ruxolitinib [6] >400 3 3 >133 >133
Baricitinib [7] >400 6 6 >67 >67
Upadacitinib [8] 2304 120 a7 19 49
Peficitinib [9] 0.71 5.0 3.9 - -
Tofacitinib® 1 20 112 - -

PF-06651600 [15] 33 >10000 >10000 - -
#1Csp against JAK3, JAK2, JAK1 in enzyme assay.

®Fold selectivity derived from JAK3/JAK2 enzymesiC

“Fold selectivity derived from JAK3/JAK1 enzymesiC

4Tofacitinib isoriginally described as being selective for JAKB][lhowever it was later proven

to be a pan-JAK inhibitor [11].

Among members of the JAKs family, JAK3 exhibitedkgmminant expression in
the hematopoietic system versus other JAKs, an@ wbrquitously expressed in a
variety of cell types [17]. Another feature of JAKSthat it is required for cytokine
signaling, including IL-2, IL-4, IL-7, IL-9, IL-15,and IL-21, which act through

relative receptors that possess the common gamrmaia ¢ft) cytokines receptor



subunit [18]. Cytokine signaling through the receptor is essential for normal
activity and function of the immune system [19] himmans, loss of function mutation
leading to JAK3 deficiency inyc results in severe combined immunodeficiency
(SCID) [20]. A selective JAK3 inhibitor should onlglock commonyc cytokine
signaling to resulting in much narrower spectrumcgtiokine activity compared to
first-generation non-selective inhibitors and candant prevention of some the side
effects. Human JAK3 has a unique cysteine resi@ysq09), which is replaced with
a serine residue at the equivalent position inother three isoforms of JAK1, JAK2,
and TYK2 [21]. In crystal structure, this featureres the opportunity to design a
selective inhibitor for JAK3. Based on the diffecerof Cys909, targeting the Cys909
ATP-competitive binding site in a covalent manneuld be an optimized strategy
[22]. Recently, several selective JAK3 inhibitoravh been reported to bind the
Cys909 site with a covalent bond formation, leadiagrreversible inhibition and
high selectivity, including PF-06651600, which waeported to irreversibly
covalently bind Cys909 in JAK3 [16,23]. Based om #ssential role in the immune
system as well as the crystal structure featureK3JAas been considered as a

potential target for the treatment of autoimmune imflammatory diseases.

In our previous study, we reported a series of aamgs, including the bicyclic
structure of pyrrolopyrimidine or pyrazolopyrimidéinargeting JAKs, however, their
inhibitory potency and selectivity need to be ferthimproved [24-27]. Herein, we
aimed to generate potent substituted pyrimidinetamhibitors that exploit an
acrylamide electrophile to form a covalent bondhwitys909 in JAK3. In this study,
4- Or 6-phenyl-pyrimidine derivatives as potent BAKhibitors were designed and
synthesized (Fig. 2). Covalent JAK3 inhibit() has excellent biological activities
against JAK3, botln vitro andin vivo [23]. Furthermore, guided by the structure of
CYT-387 [28,29] andN-(3-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)phenyl) acrylamidé3)
[15], new molecules 1£39) were designed by further optimization. Our stadie

showed that compound2 had significant potent JAK3 inhibitory activity @n



selectivity. Therefore, in this study, we reporte thidesign, synthesis, and

structure-activity relationship (SAR) of 4- or 6gtyl-pyrimidine JAK inhibitors.
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Fig. 2. Design of selective JAK3 inhibitors.

2. Results and discussion

2.1. Chemistry

A series of 4- or 6-phenyl-pyrimidine derivativesida intermediates were
synthesized according to the pathways describe8cimemes 1-4 (see Scheme 4,

supplementary material).
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Scheme 1. Reagents and conditions: (i) bis(pinacolato)dinorl,4-dioxane/bD,
Pd(PPh)4, KOAc, 100 °C, 12 h; (ii) 1,4-dioxane{B, Pd(PPk),4, K,COs, 100 °C, 12

h; (iii) amine, DIEA, isopropanol, 8ZC, 6h; (iv) Pd/C, hydrazine hydrate, EtOH, 100
°C, 2h.

As presented in Scheme 1, 3-bromo-nitrobenzene te@ac with
bis(pinacolato)diboron, then commercially availables-dichloropyrimidine was
treated with benzene pinacol borate to providerimnégliate40 at moderate vyield
(74%). Next, intermediatd0 was treated with several types of amines that were
prepared as previously reported [24] for R produce 6-phenyl-pyrimidine amine
4la-f under alkaline conditions. Treatment of compouditisf with 85% hydrazine
hydrate under nitrogen and Pd/C catalysis provatedpoundsgi2a-f.

Intermediategl3, 46, and49 were prepared following a synthetic procedurehat t

was similar to that of compourd) (see Scheme 4, supplementary material).
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Scheme 3. Reagents and conditions: (i) Boc-glycine, EDCQBT, DIEA, DCM, 8h;
(i) TFA, DCM, 5h; (iii) acyl chlorides, THF, OC to room temperature (RT), 30min;
(iv) cyanoacetic acid, HATU, DIEA, THF, 16h.

As shown in Scheme 3, intermediata-e were condensed with Boc-glycine to
produce compound&2a-e. Subsequently, Boc deprotection using TFA in DCM
cleanly generate compoun88a-e at near quantitative yield. The target compounds
were prepared as presented in Scheme 2 and 3, whilved two types of reactions.

First, intermediates were reacted with acyl chiesidto generate the desired



compounds under basic conditions. Subsequentlgrnrgdiates were treated with
cyanoacetic acid using standard HATU conditionggémerate compounds at good

yield as previously reported [24].

2.2. In vitro enzymatic inhibitor activities

All newly synthesized compounds were evaluatedtlieir activity against JAK
enzymes using a Homogenous Time-Resolved Fluoresg¢firRF) Kin EASE-TK
assay system. For comparison, the activity of g ihhibitor tofacitinib, was also
evaluated using the same procedure.

In this study, the inhibitory activity of newly siyresized compounds was evaluated
using human JAK1, JAK2, JAKS, and TYK2 enzymes.approach this optimization
in a systematic fashion, this chemotype of targehmounds was divided into four
moieties, core (4, 6- or 2, 4-disubstituted pyrimé], side chain (B, tail (R,) and the
linkage between core and tail. Furthermore, the slthin and tail varied sequentially.
In vitro, the preliminary screening indicated that somévdéves showed good JAK3
inhibitory activity and selectivity compared witlogitive controls. The I§ values

obtained in JAK enzyme assays are summarized ile3&band 3.
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N-methyl-6-(3-(substituted amino)phenyl)pyrimidinadaine derivatives 1(6,
13-29) were synthesized with changes in the side chih 4nd tail (R). Several
analogs using different ammonia groups (Table 2pvgenerated to develop stronger
JAK3 inhibitors, including compound$-6 that showed an Kg of 100-600 nM
against JAK3. Next, to improve potency for JAK3getBAR of the tail (R for
compounds13-29 was investigated (Table 3). When butenamide growese
introduced (compound$5 and17), both the inhibitory activities and selectivitgrf
JAK3 increased up to 3-6-fold, when compared witmpounds2 and 3. The
resulting increase in inhibitory activities mighe lattributed to the length of the tall
that covalently reacts with Cys909 in JAK3 kinadésvertheless, when the “length”
of amide in compoundd45 and 17 was enhanced, creating compour29, a
decrease in inhibitory activities against JAK3 wasbserved. Therefore,
para-substituted compounds10 and32-35 at the 4-position of the phenyl ring were
designed for further modifications. The results vebo that compounds showed a
significant increase in inhibitory activities agstiidAK3.

Replacement of 4,6-substituted pyrimidine with &ubstituted pyrimidine
(compounds7-8, 11-12, 30-31, and 36-39, Table 2 and 3) retained the activities

against JAK3 (inhibitory potency with and§ranging between 1.7 nM to 55 nM) and



selectivity for JAK3 versus other kinases. Amonig geries, regarding the feature of
the hydrophobic cavity we mainly explored the sidehain is
1-(2-methoxyethyl)-H-pyrazol-4-amine or 4-morpholinoaniline. Compouri®
exhibited excellent inhibitory activity against JBK(ICs, = 1.7 nM) and
unprecedented selectivity (777-fold JAK1/3 and 5@8-JAK2/3), when compared to
other derivatives. The results revealed that 4-mmalfpoaniline (compound&2 and
38) have a higher potency compared to a pyrazole(lihgnd36) at the 2-position of
the pyrimidine ring. Compound (ClogP = 3.77) and8 (ClogP = 4.02) exhibited a
higher lipophilicity compared to compound$ and 36 (Table 4), respectively. The
results demonstrated that the hydrophobic aronaatime group improved the JAKS3
inhibitory activity, which can be confirmed by moldar docking study where the
hydrophobic aromatic amine group can create éwointeractions with amino acids
Leu828 and Gly908 (Fig. 3). After comparing the \amentioned derivatives, we
concluded that compounds withpara-acrylamide on the phenyl ring showed the
greatest potency against JAK3 among others mighaacrylamide. A similar trend
was observed among other analogues with their pammpounds in 4,6-substituted
pyrimidine derivatives. Based on the above-mentio8AR, compound4l, 12, and

38 were selected as tool compounds for additionalissu

2.3. Molecular docking study

Based on the above discussion, compoud possessed the best inhibitory
activities and selectivity for JAK3To investigate the possible binding mode of
compoundl2 with JAK3 (PDB: 4Z16), computer simulation of moléar docking is
performed by Molecular Operating Environment (MGBjtware. As shown in Fig. 3,
the anilinopyrimidine moiety of compount?2 makes the expected bidentate hinge
hydrogen bonds with Leu905, and continuous eleadiarsity was observed between
the acrylamide warhead and Cys909, indicative ofalamt bond formation. The
major difference in JAK3 binding models is that texa interactions are produced by
the morpholinoaniline ofl2 with the amino acids Leu828 and Gly908 and-a

interaction between the pyrimidine core &2 with the amino acid Leu828.



Presumably, these interactions enhanced the goti’it2 against JAK3. Interestingly,
the thiol group and Asp912 formed a hydrogen bofidr &he acryl group of

compoundl2 and the thiol group of residue Cys909 form a cewtlbond, which

indicated that compount? had tight contact with the ATP-binding pocket AK3B.

These docking observations reasonably explaindheity data.

L,
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)/

/
Met902
-
S

Fig. 3. Compound12 bound to JAK3 enzyme (PDB code: 4Z16). 3D inteoact
diagram representing the docked conformation of pmumd12 covalently binds to

Cys909 of JAK3 enzyme.

2.4. Cell cytotoxicity evaluation
To evaluate the effects of active compouddls12, and38 on the cell viability,

resting mouse T cells, IL-4-treated activated Tisgelnd Raw 264.7 cells were used
for the CellTiter 96® AQueous One Solution Cell IHepation Assay (MTS assay). In
general, resting T cells and IL-4-treated activatedells do not have the ability to
proliferate, but maintain normal survival. Raw 26¢ells served as non-lymphocyte
controls, and were selected for cytotoxicity evabra Treatment of the three cell
types with compounddl, 12, and 38 for 72 h at 10uM, showed that three

compounds did not have any influence on the thedl@ypes (Fig. 4). Taken together,



these results indicated that the compounds hadomimwas cytotoxicity against these

cells when used at a concentration ofub
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Fig. 4. The cell viability of 11, 12, and 38 was determined by the MTS method.
Resting mouse T cell (A), IL-4-treated activated€ll (B), and RAW264.7 cells (C)
were respectively treated with compourids 12, and38 at 10 uM for 72 h, and

cytotoxicity was expressed by the percentage ofigng cells over control cells.

2.5. Compounds on T cell proliferation in vitro

Based on the inhibitory potency and selectivity admpounds for JAKS,
compoundsll, 12, and 38 were selected for further evaluation. In addititmeir
anti-proliferative activity against mouse T celhds was assessed using the MTS
assay. To analyze the immunosuppressive activibysa T cells were purified and
activated with or without anti-CD3/-CD28 or IL-2 ithe presence or absence of
different concentrations of compountls 12, and38 for 72 h, then, the proliferation
of T cells was analyzed by the MTS assay. As showhable 4, compoundsl, 12,
and 38 significantly suppressed T cell proliferation whestimulated by
anti-CD3/CD28 with 1G values of 6.49, 0.83, and 1.6M or IL-2 with ICso value
of 7.5, 0.77, and 2.1(M, respectively. Especially, compoutd displayed a stronger
inhibition for T cell proliferation when compared tofacitinib with an G, value of

0.83 vs 1.38 (anti-CD3/CD28 stimulation) and 0.79 154 (IL-2 stimulation),



respectively. Together, our data demonstrated ¢batpound12 showed obvious

significant immunosuppressive activity under seélecinhibition of JAK3.

Table 4.
The effects of compounds inhibiting T cell prold&on after stimulation by
anti-CD3/-CD28 or IL-2.

Inhibition of T cell proliferation, 1 Cso(uM)

Compound _ ClogP ®
anti-CD3/-CD28 IL-2
11 6.49 7.50 2.18
12 0.83 0.77 3.77
38 1.60 211 4.02
Tofacitinib 1.38 1.50 1.54

& Calculated as miLogP using Molinspiration propertgngine version 2018.10

(http://www.molinspiration.com).

2.6. Compound? selectively inhibits JAK3-dependent signalingwe kells

To test whether the compounds were effective iatave cellular environment, we
evaluated the ability of compounds to inhibit STApBosphorylation in live cells
using tofacitinib as a control. As shown in Fig.b;2 or IL-15-induced STATS
phosphorylation was significantly inhibited wheredsat a concentration of 1M
after incubating mouse T cells with compourdds12, and38 for 1 h (Fig. 5A, B).
Compared to the other two compounds and tofacjticoinpoundl2 exhibited better
inhibitory activity when used at the same concemmna(10 uM). Further analysis
indicated that compound2 almost completely abrogated IL-2 or IL-15-induced
phosphorylation of STAT5 at {tM treatment in a concentration-dependent manner
(Fig. 5C, D). Data obtained from the cellular sigmg pathway level further
confirmed the selective activity of compourdi®@ on JAK3. Thus, these results
demonstrated that compourd@ had potent inhibitory activity and selectivity on

JAKS.
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Fig. 5. Compounds potently and selectively inhibited JAKpendent signaling in

mouse T cells. After pre-incubating with compouddis12, and38 for 2 h at 1QuM,

T cells were stimulated with IL-2 (A) or IL-15 (Bor another 30 min. The levels of
p-STAT5 were determined by Western blot analysise Toncentration-dependent
expression of p-STAT5 was further determined byicagd concentrations of
compounddl1 and12 for 2 h prior to IL-2 (C) or IL-15(D) stimulatioto T cells. Tof

(tofacitinib) served as a positive agent in thisags

2.7. Kinase selectivity profiling of compoutil

To further understand the selective kinase prdtfile,inhibitory effect of compound
12 for tyrosine kinases other than JAK family isoferiwere evaluated, including
BLK, BMX, BTK, EGFR, ERBB2, ERBB4, ITK, RLK, and TE, which all carry a
thiol in a position analogous to that of Cys90A#&K3. The results are presented in
Table 5, and show that compouh® exhibited a potent inhibition rate of 100% for
JAK3 at a concentration of 100 nM. However, theibrtlon rate of the other 9
kinases was much lower than that of JAK3. Takerettogy, our data indicated that
compoundl2 exhibited a higher selective inhibition to JAKZthother kinases with

a cysteine at a position compared to that of Cys909



Table5.
The inhibitory activity of compoundl2 (100 nM) on other kinases.

Inhibition rate (%)

compd EGFR ERBB2 ERBB4
JAK3 BLK BMK BTK ITK RLK TEC
(ErbBl) (HER2) (HER4)
12 100 206 3.7 6.3 1.2 19.2 8.0 23 29 295

Biochemical assays were conducted using SelectS®r&@ase Profiling by Z'-LYTE (TEC by
Lantha Screen) at the Km concentration of ATP.

2.8. Compound?2 covalently binds to JAK3 and irreversibly inhib#aK3

To confirm that compound?2 irreversibly interacted with JAK3, a time-dependen
inhibition assay was performed (Fig. 6A). For fe@amparison, the concentration was
performed at 2 nM at which compounds were profilefliects their JAK3 potency.
Extending the pre-treatment time of compod&dvith JAK3 improved the inhibitory
effect, whereas the reversible inhibitor tofachiniid not exhibit such time-dependent
behavior (Fig. 6A).To further determine if compounti2 shared the features of
irreversible inhibitors, the dissociation kineticf compoundl12 were evaluated.
Compound12 at an IGp (500 nM) was mixed and incubated with JAK3 for 30
minutes to allow complete association. This mixturas then diluted witlkinase
buffer 1000-fold to less than the JCand the enzymatic activity was evaluated via
measuring the phosphorylated product by TR-FRETe Tdcovery rate of kinase
activity related to JAKS3 that had not been exposedompoundl2 was measured.
Pre-treatment of JAK3 with compouri@ resulted in lack of any measurable JAK3
activity once the compound was diluted, suggestirag the inhibitor irreversibly

bound to JAK3 for more than 24 hours (Fig. 6B).



A B

c 1007 - 12(2nM) -= Tofacitinib(2 nM) 10000+
o

=] 8000
S 2

.E E 6000
k= ¥ 4000-
g '

e 2000
[

o

- 12 =% DMSO control

o

Pre-incubation time(min)

Time(h)

Fig. 6. (A) Time-dependent inhibition curves of compout?l and Tofacitinib. (B)

JAK3 enzymatic activity was not restored up to &diis after diluting from an kKgto

an 1Go concentration of compountR (blue) when compared to a DMSO control

(red).

2.9. Pharmacokinetic property evaluation

Preliminary pharmacokinetic (PK) properties of campd 12 were performed in

male ICR (Institute of Cancer Research) mice foifavintravenous and oral

administration. The results are summarized in Tableand the corresponding

concentration-time curve was showed in Fig. Slupptementary material. Upon oral

administration of 30 mg/kg, compoudd, a reasonable PK profile was obtained with

a tp of 1.52 h, area under curve (AUC) of 889.4@/L*h, and moderate

bioavailability of 23.82%. These data suggested toapoundl2 may be a useful

probe for cellular and animal studies.

Table6.

Preliminary pharmacokinetic data of compou2zdn male ICR Mice.

Compound 12

iv (10 mg/kQ)

po (30 mg/kQ)

AUC(0-t) (ug/L*h) ®
AUC(0-0) (ug/L*h)
MRT (0-00)(h) ®
Vz (L/kg) ©
CLz (L/h/kg)®
typ (h) ©
Crnax (ng/L) '

1244.41+77.83
1274.41+57.18
0.73+0.08
8.36+1.83
8.15+1.21
0.47+0.06
8763.23+£324.65

889.42+48.32
897.12+56.72
1.42+0.38
220.42+24.71
97.14+20.87
1.52+0.34
2008.21+189.44




Bioavailability(%)° 23.82%
3 Area under the concentration time cu/#ean residence time
°\Volume in steady stat8Plasma clearanc&Terminal half-life.
"Peak plasma concentratiofi&ioavailability = AUGy_(po)/AUC,_(iv) x 100%

2.10. In vivo immunosuppressive activity
2.10.1. Compoundl2 inhibited oxazolone-induced delayed type hyperseins
reaction

Delayed type hypersensitivity (DTH) reaction is ac@&ll-mediated pathologic
response. To test the immunosuppressive activigpofpounddl, 12, and38 in vivo,
the effects of these compounds on an oxazolone §ticed DTH Balb/c mice
model [30] were determined using tofacitinib as plusitive control [31] (Fig. 7A).
Following sensitization by OXZ, mice were admingéd compounds or tofacitinib
by p.o. at a dose of 30 mg/kg. Ear swelling aneéeplindex were used to assess the
effect of drugs. Following 7 days of administratiamly compoundl2 displayed a
significant reduction of ear swelling by OXZ-inducBTH (Fig. 7B, C). In addition,
all agents showed a reduction in the spleen inded, compound2 and tofacitinib
exhibited potent suppression (Fig. 7D). The splemlex is an important index to
evaluate immunosuppression, and our data indictitatl compoundl2 exhibited

obvious immunosuppressive activity.
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Fig. 7. The effect ofcompoundsdll, 12, and38 on oxazolone (OXZ)-induced delayed
type hypersensitivity (DTH) mouse model. (A) Tinmali for the process of DTH
development and treatment. Ear weight (B), the gregege of ear swelling (C), and
the spleen index (D) were presented to evaluateffieet of compound4l, 12, and
38 on OXZ-induced DTH responses. Tofacitinib servedaagositive agent for
compounds. Data are presented as the mean + SENMG-6 per group for treated
mice and 3 for control micé”p < 0.001 versus control groupp < 0.05,” p < 0.01,

and” p< 0.001 versus vehicle group.

2.10.2. Compountii2 inhibited dose-dependent OXZ-induced DTH responses

To further evaluate the effect of compouti2l on OXZ-induced DTH responses,
three doses of compourt? were administered to OXZ-induced DTH mice. Our
results indicated that in OXZ-induced DTH mice, gmund12 reduced edema of ear
tissue in a dose-dependent manner (Fig. 8A, Badutition, high doses of compound
12 and tofacitinib significantly inhibited the splegmex (Fig. 8C). Histopathological
changes and inflammatory cell infiltration were lexaded by eosin and hematoxylin

(HE) staining. HE-staining showed less neutroplaukibcyte infiltration and



well-structured tissue architecture in the micet thh@re given compound2 (30
mg/kg) when compared to the vehicle group (Fig.,8Bhich showed significant
dense neutrophil leukocyte infiltration and inceshsear thickness. Upon oral
administration of 30 mg/kg compouri@®, the neutrophil leukocyte infiltration was
reduced and edema was decreased, and ear tissgsemlasto that in control tissues.
In addition, no signs of toxicity were observeccompound-treated mice based on

body weight and microscopic examination of indiatlargans (data not shown).
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Fig. 8. Immunosuppressive effects of compoutizi on oxazolone-induced delayed
type hypersensitivity mice. (A-C) Compoutd (30, 10, and 3 mg/kg, p.o.) inhibited
oxazolone (OXZ)-induced delayed type hypersengtiYyDTH) responses in a

dose-dependent manner. (D) The effect of compdiznoh histopathological changes



and inflammatory cell infiltration were evaluateg HE-staining in ear tissue. Scale
bar 200um. Tofacitinib was positive agent and compared wdmpoundl2. Data are
the mean + SEM. n = 5-6 per group for treated raice 3 for control mice™p <

0.001 versus control groupp < 0.05, p < 0.01, and” p < 0.001 versus vehicle
group.

3. Conclusion

JAK is a confirmed pivotal target for immune anflammatory diseases, and there
is continuous interest in the discovery of novéésive inhibitors that overcome the
side effects. In a recent study, novel derivatiwese designed and synthesized based
on 4- or 6-phenyl-pyrimidine as novel selective BAiKhibitors. After primary SAR
analysis and enzymatic inhibitory activity vitro, compoundl2 showed a highly
potent and selective inhibition for JAK3 with ans¢§@alue of 1.7 nM, and exceeding
588-fold selectivity versus other enzymes in theKJ@amily. Molecular docking
studies suggested that compourdmight covalently bind to the Cys909 position of
JAK3. T cell proliferation and kinase signal patlywexperiments revealed that
compound12 presented a high selectivity within the JAK famiRurtherin vivo
studies using an OXZ-induced DTH mouse model indatahat compound2 had
significant anti-inflammatory and immunosuppressivactivities. Moreover,
compoundl2 possessed reasonable oral pharmacokinetic prepefherefore, the
data obtained in the current study suggested thapoundl2 may be a promising

tool compound for treating autoimmune diseasessageative JAK3 inhibitor.

4. Experimental procedures
4.1. Chemistryand chemical methods

Unless specified otherwise, all starting materiakgagents, and solvents were
commercially available and used without further ifocation. All chemicals or
reagents were of analytical grade. Silica gel (30@-mesh, Qingdao city, China) was
used for column chromatography. The progress ottims was monitored by

analytical thin-layer chromatography (TLC) on sliogel plates (GF-254) and



visualized under UV light at 254 or 365 nm. Meltipgints of individual compounds

were determined using a Mel-TEMP Il and meltingp@ipparatus uncorrectett

NMR and **C NMR spectra were recorded using a Bruker ARX-3p@ctrometer
with TMS as the internal standard in CRCDMSO-d6. Peak multiplicities were
abbreviated as follows: singlet, s; doublet, dplét, t; m, multiplet; dd, double
doublet. Mass spectrum (MS) was obtained on aneAgi6120 quadrupole LC/MS
(ESI). High resolution mass spectrum (HRMS) was ounan Agilent Q-TOF mass

spectrometer.

4.1.1 4-Chloro-6-(3-nitrophenyl)pyrimidind()

3-Bromonitrobenzene (1 g, 5.0 mmol), bis(pinacqkitmoron (1.34 g, 2.6 mmol),
KOAc (1.48 g, 7.5 mmol), and Pd(P§h(0.11 g, 0.09 mmol) were combined in
1,4-dioxane (50 mL). The reaction mixture was ptho@o an oil bath preheated to
100 (1, with stirring at this temperature for 12 h undegon. When completion of the
reaction showed TLC, cooled to room temperaturespaetively added to
2,6-dichloropyrimidine (1.07 g, 7.2 mmol), 2M,BO; (2 g, 14.5 mmol) aqueous
solution and Pd(PRJ (0.10 g, 0.09 mmol), heated to 100 °C in oil batirred at
this temperature for 12 h under argon. The reaatinixture was filtered through a
Celite bed, and the filtrate was concentrated aodfipd by silica gel column
chromatography (hexane: ethyl acetate = 50:1) frch#l0 as a white solid (0.82 g,
total yield 68%)*H NMR (300 MHz, CDCY) § 9.11 (s, 1H), 8.95 (s, 1H), 8.45 (b
8.0 Hz, 1H), 8.41 (dJ = 9.3 Hz, 1H), 7.85 (s, 1H), 7.74 {t= 8.0 Hz, 1H).

4.1.2. 4-Chloro-6-(4-nitrophenyl)pyrimidind3)

Compoun43 was prepared with the same procedures ad0f@s reported in 70%
total yield.'H NMR (300 MHz, CDCJ) 5 9.11 (s, 1H), 8.38 (d] = 8.8 Hz, 2H), 8.27
(d,J=8.8 Hz, 2H), 7.83 (s, 1H).

4.1.3. 2-Chloro-4-(3-nitrophenyl)pyrimidindq)



Compoun46 was prepared with the same procedures ad0f@as reported in 81%
total yield.'H NMR (300 MHz, CDGJ) & 8.92 (s, 1H), 8.76 (dl = 5.2 Hz, 1H), 8.48
(d,J=7.9 Hz, 1H), 8.40 (d] = 7.1 Hz, 1H), 7.76 — 7.73 (m, 2H).

4.1.4. 2-Chloro-4-(4-nitrophenyl)pyrimidind9)

Compoun49 was prepared with the same procedures ad0fais reported in 76%
total yield.*H NMR (300 MHz, CDCJ)  8.76 (d,J = 5.2 Hz, 1H), 8.37 (d] = 8.9 Hz,
2H), 8.28 (d,J = 8.9 Hz, 2H), 7.73 (d] = 5.2 Hz, 1H).

4.1.5. N-(1-methyl-1H-pyrazol-4-yl)-4-(3-nitroph&myrimidin-2-amine 41a)

To 40 (0.2 g, 0.85 mmol) and 1-methyHipyrazol-4-amine hydrochloride salt
(0.13 g, 094 mmol) in isopropyl alcohol (8 mL) waadded N,N-
diisopropylethylamine (DIEA, 0.27g, 2.13 mmol), arkde mixture was stirred
overnight at 110°C. The mixture was then conceatiatind purified by column
chromatography (DCM: MeOH = 40:1) to yield 0.2182%) of4la as a light yellow
solid. 'TH NMR (300 MHz, DMSO) 8.82 (s, 1H), 8.71 (s, 1H), 8.44 (@#= 7.8 Hz,
1H), 8.35 (dJ = 8.2 Hz, 1H), 8.04 (s, 1H), 7.82 {t= 7.9 Hz, 1H), 7.54 (s, 1H), 7.21
(s, 1H), 3.84 (s, 3H).

CompoundsAlb-f, 44b-c, 47b-c, and50b-c were prepared following the similar
synthetic procedure of compoudda. Detailed experimental procedure and spectral

data are presented in the supplementary material.

4.1.6. 4-(3-Aminophenyl)-N-(1-methyl-1H-pyrazolhpyrimidin-2-amine 42a)

To 41a (0.28g, 0.95 mmol) and 10% Pd/C 0.1g in EtOH (30 mas added drop
by drop 85% hydrazine hydrate (0.47 g, 9.5 mmo8&tC. The reaction mixture was
stirred for 2h under nitrogen. The mixture was tlidiered with a Celite bed, the
filtrate was concentrated and dried under vacuuryieiol 0.24 mg (95%) ofi2a as a
white solid.*H NMR (300 MHz, DMSO)s 8.60 (s, 1H), 8.00 (s, 1H), 7.50 (s, 1H),
7.26 (s, 1H), 7.12 (s, 2H), 6.97 (s, 1H), 6.80564m, 1H), 3.83 (s, 3H).



CompoundsA2b-f, 45b-c, 48b-c, and51b-c were prepared following the similar
synthetic procedure of compourdi@a. Detailed spectral data are presented in the

supplementary material.

4.1.7. Tert-butyl(2-((3-(2-((1-methyl-1H-pyrazolyamino)pyrimidin-4-yl)phenyl)
amino)-2-oxoethyl)carbamat&a)

To a solution oiN-((2,2-dimethylpropoxy)carbonyl)-glycine (0.2 g,13.mmol) in
DCM (10 mL), 1-(3-dimethylaminopropyl)-3-ethylcartionide hydrochloride (EDCI,
0.36 g, 1.88 mmol), 1-hydroxybenzotriazole (HOBT23g, 1.88 mmol), and DIEA
(0.34 g, 2.6 mmol) were added, respectively. Arertfixture was stirred for 30min at
0[]. 42a (0.2 g, 0.75 mmol) was added to the reaction mestthen allowed to warm
to room temperature with stirring for 6h. After cpletion of the reaction, the mixture
was extracted with DCM, washed with brine, and dahganic phase was dried over
NaSO;. The solvent was removed and the residue was guirlly flash column
chromatography on silica (DCM: MeOH = 30:1) to gavgellow solid (0.27g, 85%).
'H NMR (300 MHz, CDCY) & 8.64 (s, 1H), 8.00 (s, 1H), 7.76 (s, 1H), 7.601(d),
7.58 (s, 1H), 7.55 (s, 1H), 7.34 — 7.27 (m, 1HJ76(s, 1H), 3.98 (dJ = 5.6 Hz, 2H),
3.90 (s, 3H), 1.46 (s, 9H).

Compound$2b-c and52e were prepared following the similar synthetic mdare

of compoundb2a. Detailed spectral data are presented in the sapgpitary material.

4.1.8. 2-Amino-N-(3-(2-((1-methyl-1H-pyrazol-4-yh@mo)pyrimidin-4-yl)phenyl)
acetamide %3a)

To a solution containing2a (0.5 g, 1.34 mmol) in 2 mL of dry DCM, cooled to
0 °C was slowly added TFA (2 mL, 13 mmol). Afteetbonsumption of the starting
material (5 h, monitored by TLC), the solvent wasorated, and removed under
vacuum. Semi-solid was slurred with dry ether, &ltdred to afford crude product
(0.36 g, 98%), which was used directly in the ret&p.

Compound$3b-c and53e were prepared following the similar synthetic mdare

of compound3a. Detailed spectral data are presented in the sapgitary material.



Method A: General procedure for the synthesis of tar@etg, 13, 15, 17, 19-21,
24-27, 30, 32, 34, 36, and38.

To a solution o#2a (0.1 g, 0.37 mmol) in THF (5 mL) were added DIEAGGQ,
0.37 mmol) and acryloyl chloride (0.03g, 0.37 mmatl)}5°C. The resulting mixture
was stirred for 30 min. Then it was quenched by Me@ mL), concentrated, and
purified by silica gel column chromatography (DCMeOH = 20:1) to afford the

title compounds.

4.1.9. N-(3-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyidin-4-yl)phenyl)acrylamide
1)

White solid (yield: 71%). m. p.: 214-216. *H NMR (300 MHz, DMSO 8.65 (s,
1H), 8.44 (s, 1H), 8.01 (s, 1H), 7.79 (d= 7.9 Hz, 1H), 7.71 (d] = 7.8 Hz, 1H), 7.52
(s, 1H), 7.46 (tJ = 7.9 Hz, 1H), 7.07 (s, 1H), 6.47 (db= 16.9, 10.0 Hz, 1H), 6.32 —
6.26 (m, 1H), 5.80 — 5.75 (m, 1H), 3.84 (s, 3HE NMR (75 MHz, DMSOY 163.35,
160.38, 158.48, 139.52, 137.60, 131.79, 130.66,2629127.01, 122.03, 121.44,
120.96, 117.41, 104.10, 100.75, 38.72; HRMR(ESI): calcd for GH17NO
[M+H]" 321.1461, found 321.1460.

4.1.10. N-(3-(6-((1-(2-methoxyethyl)-1H-pyrazol¥¥amino)pyrimidin-4-yl)phenyl)
acrylamide @)

White solid (yield: 72%). m. p.: 213—-215. 213.2-215.1. *H NMR (300 MHz,
DMSO) 5 8.69 (s, 1H), 8.48 (s, 1H), 8.06 (s, 1H), 7.81)(&, 7.7 Hz, 1H), 7.73 (dJ
= 7.5 Hz, 1H), 7.59 (s, 1H), 7.47 &= 7.8 Hz, 1H), 7.10 (s, 1H), 6.49 (di= 16.9,
10.0 Hz, 1H), 6.31 (d] = 16.7 Hz, 1H), 5.78 (d} = 10.6 Hz, 1H), 4.25 (t] = 4.9 Hz,
2H), 3.68 (t,J = 4.9 Hz, 2H), 3.23 (s, 3H}*C NMR (75 MHz, DMSO)5 163.31,
160.23, 158.52, 139.54, 137.56, 131.77, 130.61,2629127.03, 121.88, 121.38,
120.91, 117.34, 101.03, 70.65, 57.92, 51.33; HRM&ESI): calcd for GgH21NsO:
[M+H] " 365.1882, found 365.1880.



4.1.11. N-(3-(6-((4-morpholinophenyl)amino)pyrinmei-yl)phenyl)acrylamide3]
White solid (yield: 74%). m. p.: 224-225. 223.7-225.1. *H NMR (300 MHz,
DMSO0) 3§ 8.62 (s, 1H), 8.45 (s, 1H), 7.80 (M= 7.3 Hz, 1H), 7.69 (d] = 7.0 Hz, 1H),

7.53 (d,J = 8.2 Hz, 2H), 7.46 (t) = 7.8 Hz, 1H), 7.15 (s, 1H), 6.95 (@= 8.8 Hz,
2H), 6.50 (dd,) = 16.6, 10.2 Hz, 1H), 6.29 (d,= 17.0 Hz, 1H), 5.78 (dl = 10.1 Hz,
1H), 3.74 (s, 4H), 3.06 (s, 4HYC NMR (75 MHz, DMSOY 163.82, 161.63, 161.06,
158.77, 147.52, 140.04, 138.10, 132.27, 129.75,4827122.07, 121.85, 121.43,
117.80, 116.14, 101.63, 66.60, 49.04; HRM&(ESI): calcd for GzH24NsO;
[M+H]* 402.1926, found 402.1924.

4.1.12. N-(3-(6-((1-(2-(dimethylamino)ethyl)-1H-pyol-4-yl)amino)pyrimidin-4-yl)
phenyl)acrylamide4)

White solid (yield: 65%). m. p.: 198-199. *H NMR (300 MHz, DMSO 8.66 (s,
1H), 8.47 (s, 1H), 8.06 (s, 1H), 7.80 (& 6.4 Hz, 1H), 7.71 (d] = 7.2 Hz, 1H), 7.55
(s, 1H), 7.47 (1) = 7.5 Hz, 1H), 7.09 (s, 1H), 6.49 (dbi 16.7, 10.0 Hz, 1H), 6.30 (d,
J=17.1 Hz, 1H), 5.78 (d] = 10.0 Hz, 1H), 4.18 (s, 2H), 2.63 {t= 5.7 Hz, 2H),
2.16 (s, 6H)*C NMR (75 MHz, DMSO) 163.27, 160.01, 158.51, 149.03, 139.56,
137.54, 131.79, 129.27, 127.02, 121.32, 120.86,2¥1101.01, 58.71, 49.61, 45.11,
HRMS m/z(ESI): calcd for GoH24N;O [M+H]" 378.2044, found 378.2041.

4.1.13. N-(3-(6-((1-(2-(methylamino)-2-oxoethyl)-piazol-4-yl)amino)pyrimidin-
4-yl)phenyl)acrylamides)

White solid (yield: 66%). m. p.: 244—245. *H NMR (300 MHz, DMSO 8.68 (s,
1H), 8.47 (s, 1H), 8.09 (s, 1H), 7.81 (= 3.5 Hz, 1H), 7.72 (d] = 7.0 Hz, 1H), 7.58
(s, 1H), 7.47 (tJ = 7.8 Hz, 1H), 7.11 (s, 1H), 6.50 (dii= 16.4, 9.7 Hz, 1H), 6.30 (d,
J=16.9 Hz, 1H), 5.79 (d] = 9.8 Hz, 1H), 4.77 (s, 2H), 2.62 (s, 25 NMR (75
MHz, DMSO) ¢ 167.17, 163.29, 160.19, 158.50, 154.37, 139.57,5P3 131.80,
129.27, 127.01, 121.35, 120.90, 117.30, 54.29,&5-HRMSm/z(ESI): calcd for
C1oH190N7NaQ, [M+Na]* 400.1496, found 400.1498.



4.1.14. N-(3-(6-((1-(2-hydroxyethyl)-1H-pyrazol-Baymino)pyrimidin-4-yl)phenyl)
acrylamide 6)

White solid (yield: 65%). m. p.: 211-213 *H NMR (300 MHz, DMSO) 8.83 (s,
1H), 8.13 (s, 1H), 7.89 (s, 1H), 7.71 o= 3.3 Hz, 1H), 7.63 (d] = 6.4 Hz, 1H), 7.53
(s, 1H), 7.49 — 7.43 (m, 1H), 7.26 (s, 1H), 6.68, (M= 16.9, 10.1 Hz, 1H), 6.29 (d,
= 16.8 Hz, 1H), 5.77 (d] = 10.2 Hz, 1H), 4.16 (s, 2H), 3.73 (s, 2 EBC NMR (75
MHz, DMSO) ¢ 163.58, 159.26, 154.57, 154.11, 140.05, 132.98,7833 130.19,
129.68, 127.13, 122.47, 122.07, 120.76, 117.53,.9116102.79, 60.03, 54.40;
HRMS m/z(ESI): calcd for GsH1sNeNaQ, [M+Na]* 373.1379, found 373.1377.

4.1.15. N-(3-(2-((2-(2-methoxyethyl)-1H-pyrazolt¥agino)pyrimidin-4-yl)phenyl)
acrylamide Q)

White solid (yield: 69%). m. p.: 189-190. *H NMR (300 MHz, DMSO) 8.84 (s,
1H), 8.47 (dJ = 4.8 Hz, 1H), 8.21 (s, 1H), 7.79 @z= 7.4 Hz, 1H), 7.65 (s, 1H), 7.54
(s, 1H), 7.47 (tJ = 7.8 Hz, 1H), 7.21 (d] = 4.6 Hz, 1H), 6.54 (dd] = 16.9, 10.0 Hz,
1H), 6.32 (dJ = 16.9 Hz, 1H), 5.78 (d] = 10.3 Hz, 1H), 4.33 (s, 2H), 3.70 Jt= 5.2
Hz, 2H), 3.23 (s,3H)**C NMR (75 MHz, DMSO) 163.42, 159.58, 159.02, 139.60,
137.43, 131.87, 129.88, 129.09, 126.79, 123.02,8821121.44, 120.09, 117.78,
106.44, 70.83, 57.86, 50.98, HRMSz(ESI): calcd for GgHNeO, [M+H]"
365.1716, found 365.1711.

4.1.16. N-(3-(2-((4-morpholinophenyl)amino)pyrimmiei-yl)phenyl)acrylamidesj

White solid (yield: 74%). m. p.: 221-224. *H NMR (300 MHz, DMSO) 8.55 (s,
1H), 8.50 (dJ = 5.1 Hz, 1H), 7.82 (d] = 8.4 Hz, 1H), 7.76 (d] = 6.4 Hz, 2H), 7.69
(d,J=15.7 Hz, 1H), 7.49 (1 = 7.8 Hz, 1H), 7.23 (d] = 5.1 Hz, 1H), 6.98 (d] = 8.3
Hz, 2H), 6.51 (ddyJ = 16.9, 10.0 Hz, 1H), 6.32 (d,= 16.8 Hz, 1H), 5.80 (d} = 11.4
Hz, 1H), 3.76 (s, 4H), 3.07 (s, 4HYC NMR (75 MHz, DMSO)$ 163.47, 163.30,
160.25, 158.90, 139.54, 137.47, 131.83, 129.22,9826122.00, 121.58, 120.20,
117.87, 115.93, 107.24, 66.05, 49.50; HRME&(ESI): calcd for GsH24Ns0;
[M+H]"402.1928, found 402.1924.



4.1.17. N-(4-(6-((1-(2-methoxyethyl)-1H-pyrazol¥¥agino)pyrimidin-4-yl)phenyl)
acrylamide 9)

White solid (yield: 78%). m. p.: 191-193 *H NMR (300 MHz, DMSO) 8.63 (s,
1H), 8.01 (dJ = 8.8 Hz, 3H), 7.82 (d] = 8.4 Hz, 2H), 7.55 (s, 1H), 7.04 (s, 1H), 6.48
(dd,J = 16.9, 10.0 Hz, 1H), 6.30 (d,= 16.5 Hz, 1H), 5.79 (dl = 10.1 Hz, 1H), 4.25
(t, J= 4.9 Hz, 2H), 3.69 (1] = 5.0 Hz, 2H), 3.24 (s, 3H}°C NMR (75 MHz, DMSO)

0 163.32, 160.14, 158.44, 140.83, 131.89, 131.72,043 127.20, 127.03, 125.78,
121.92, 120.19, 119.26, 117.41, 99.78, 70.66, 5/9481; HRMSn/z(ESI): calcd
for CigH21NeO2 [M+H] " 365.1725, found 365.1721.

4.1.18. N-(4-(6-((4-morpholinophenyl)amino)pyrinmigi-yl)phenyl)acrylamidel()

White solid (yield: 80%). m. p.: 248-250. *H NMR (300 MHz, DMSOY 8.60 (s,
1H), 7.98 (dJ = 7.9 Hz, 2H), 7.82 (d] = 8.1 Hz, 2H), 7.51 (d] = 8.0 Hz, 2H), 7.09
(s, 1H), 6.94 (dJ = 8.2 Hz, 2H), 6.48 (dd] = 16.6, 10.1 Hz, 1H), 6.29 (d,= 16.8
Hz, 1H), 5.79 (dJ = 9.8 Hz, 1H), 3.74 (s, 4H), 3.06 (s, 4HC NMR (75 MHz,
DMSO) s 163.32, 161.10, 160.22, 158.16, 147.03, 140.87,813 131.71, 128.61,
127.21, 127.01, 121.67, 119.28, 115.65, 100.19,1688.97; HRMSn/z(ESI): calcd
for CoaH2aNsO, [M+H]* 402.1923, found 402.1926.

4.1.19. N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amipgdimidin-4-yl)phenyl)
acrylamide (1)

White solid (yield: 76%). m. p.: 201-203 *H NMR (300 MHz, DMSO) 8.43 (d,
J=5.1Hz, 1H), 8.15 (d] = 8.6 Hz, 2H), 8.02 (s, 1H), 7.88 (@= 8.0 Hz, 2H), 7.60
(s, 1H), 7.23 (dJ = 5.2 Hz, 1H), 6.52 (dd] = 16.9, 10.0 Hz, 1H), 6.32 (d,= 16.9
Hz, 1H), 5.79 (dJ = 10.2 Hz, 1H), 4.26 (] = 5.0 Hz, 2H), 3.69 (t) = 5.1 Hz, 2H),
3.27 (s, 3H)*C NMR (75 MHz, DMSO) 163.88, 163.62, 160.16, 159.25, 141.86,
132.17, 130.53, 127.99, 127.74, 123.61, 120.59,7/11906.52, 71.29, 58.41, 51.74,
HRMS m/z(ESI): calcd for GoH21NeO, [M+H] " 365.1712, found 365.1717.



4.1.20. N-(4-(2-((4-morpholinophenyl)amino)pyrinmei-yl)phenyl)acrylamidel@)

White solid (yield: 82%). m. p.: 210-212 *H NMR (300 MHz, DMSO) 8.45 (d,
J=5.2 Hz, 1H), 8.15 (d] = 8.6 Hz, 2H), 7.86 (d] = 8.6 Hz, 2H), 7.69 (d] = 8.9 Hz,
2H), 7.28 (d, J = 5.2 Hz, 1H), 6.93 @ = 8.9 Hz, 2H), 6.51 (dd] = 16.9, 10.0 Hz,
1H), 6.32 (dJ = 16.8 Hz, 1H), 5.80 (d] = 11.6 Hz, 1H), 3.79 — 3.70 (m, 4H), 3.08 —
3.02 (m, 4H);13C NMR (75 MHz, DMSO) 163.43, 162.95, 160.32, 158.69, 146.10,
141.43, 133.10, 131.75, 127.56, 127.31, 120.23251915.67, 106.65, 66.20, 49.34;
HRMS m/z(ESI): calcd for GsHo4NsO, [M+H]*402.1928, found 402.1924.

4.1.21 .N-(3-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidéayl)phenyl)but-2-enam
ide (13)

White solid (yield: 80%). m. p.: 193-196. *H NMR (300 MHz, DMSO) 8.84 (s,
1H), 8.35 (s, 1H), 8.10 (s, 1H), 7.86 (= 5.1 Hz, 1H), 7.71 (s, 1H), 7.58 (@= 1.6
Hz, 1H), 7.55 — 7.51 (m, 1H), 7.25 (s, 1H), 6.98.73 (m, 1H), 6.28 (d] = 15.1 Hz,
1H), 3.85 (s, 3H), 1.85 (dl = 4.9 Hz, 3H);"*C NMR (75 MHz, DMSO0)5 163.89,
159.14, 153.31, 151.38, 140.40, 140.28, 131.19,6430129.68, 125.80, 122.90,
122.62, 121.83, 120.19, 117.35, 103.01, 54.89,01 HRMSm/z(ESI): calcd for
C1gH190N6O [M+H]" 335.1615, found 335.1618.

4.1.22. N-(3-(6-((1-(2-methoxyethyl)-1H-pyrazoldagnino)pyrimidin-4-yl)phenyl)
but-2-enamidelb)

White solid (yield: 82%). m. p.: 188-190. 'H NMR (300 MHz, DMSO) 8.87 (s,
1H), 8.37 (s, 1H), 8.13 (s, 1H), 7.85 (b= 5.1 Hz, 1H), 7.76 (s, 1H), 7.60 @= 1.6
Hz, 1H), 7.54(tJ = 7.6 Hz,1H), 7.25 (s, 1H), 6.92 — 6.73 (m, 1HR&(d,J = 15.1
Hz, 1H), 4.28 (tJ = 4.9 Hz, 2H), 3.68 (t, 3 5.0 Hz, 2H), 3.23 (s, 3H). 1.86 (@=
5.0 Hz, 3H);13C NMR (75 MHz, DMSO)5 163.89, 159.24, 153.47, 140.41, 140.33,
131.45, 130.78, 129.73, 125.81, 122.62, 121.85,082017.37, 103.04, 70.47, 57.96,
51.50, 17.52; HRM®/z(ESI): calcd for GoH2aNgO» [M+H]" 379.1886, found
379.1881.



4.1.23. N-(3-(6-((4-morpholinophenyl)amino)pyrinmei-yl)but-2-enamidel{)

White solid (yield: 85%). m. p.: 257—259. *H NMR (300 MHz, DMSO) 8.63 (s,
1H), 8.43 (s, 1H), 7.76 (d,= 7.6 Hz, 1H), 7.68 (d] = 7.3 Hz, 1H), 7.53 (d] = 7.9
Hz, 2H), 7.44 (t) = 7.7 Hz, 1H), 7.12 (s, 1H), 6.95 @= 8.1 Hz, 2H), 6.84 (d] =
21.0, 7.2 Hz, 1H), 6.16 (d,= 15.2 Hz, 1H), 3.74 (s, 4H), 3.06 (s, 4H), 1.88) =
6.7 Hz, 3H);13C NMR (75 MHz, DMSO)5 164.10, 161.65, 161.17, 158.77, 147.53,
140.49, 140.33, 138.07, 132.20, 129.68, 126.45,1022121.53, 121.32, 117.68,
116.14, 101.54, 66.60, 49.47, 17.97; HRM&(ESI): calcd for GsH26Ns0, [M+H]™
416.2084, found 416.2088.

4.1.24 N-(3-(6-((1-(2-(dimethylamino)ethyl)-1H-pyrazol-§amino)pyrimidin-4-yl)
phenyl)but-2-enamidel9)

White solid (yield: 66%). m. p.: 197-199. *H NMR (300 MHz, CDCY) & 8.60 (s,
2H), 8.05 (s, 1H), 7.84 (s,2H), 7.65 (= 6.9 Hz, 1H), 7.53 (d] = 9.5 Hz, 2H), 7.22
(d,J = 7.7 Hz, 1H), 6.95 (td] = 13.7, 6.6 Hz, 1H), 6.71 (s, 1H), 5.99 Jc¢s 15.1 Hz,
1H), 4.18 (tJ = 6.3 Hz, 2H), 2.75 (1] = 6.3 Hz, 2H), 2.24 (s, 6H), 1.80 = 6.4 Hz,
3H); 3C NMR (75 MHz, CDCJ) 5 164.85, 162.11, 161.37, 158.40, 141.64, 138.77,
137.98, 133.00, 129.26, 125.41, 123.32, 122.55,0P2218.52, 100.85, 58.90, 50.47,
45.40, 17.79; HRM®/z(ESI): calcd for GiHeN;O [M+H]" 392.2194, found
392.2196.

4.1.25. N-(3-(6-((1-(2-(methylamino)-2-oxoethyl)-pitazol-4-yl)amino)pyrimidin
-4-yl)phenyl)but-2-enami-deQ)

White solid (yield: 66%). m. p.: 224—227. *H NMR (300 MHz, DMSO) 8.89 (s,
1H), 8.32 (d,J = 29.2 Hz, 2H), 8.18 (s, 1H), 7.86 @ = 5.4 Hz, 1H), 7.77 (s, 1H),
7.56 (d,J = 12.0 Hz, 2H), 7.28 (s, 1H), 6.83 (dt= 13.5, 5.3 Hz, 1H), 6.28 (d,=
14.9 Hz, 1H), 4.84 (s, 2H), 2.62 (s, 3H), 1.86)d, 4.5 Hz, 3H);*C NMR (75 MHz,
DMSO) é 166.87, 163.89, 159.09, 153.24, 151.11, 140.41,7863 130.43, 129.77,
125.76, 123.67, 122.67, 121.88, 120.19, 117.33,.180366.97, 25.53, 17.54,
HRMS m/z(ESI): calcd for GoH,o1N/NaQ, [M+Na]* 414.1645, found 414.1648.



4.1.26. N-(3-(6-((1-(2-hydroxyethyl)-1H-pyrazol-Baynino)pyrimidin-4-yl)phenyl)
but-2-enamidedl)

White solid (yield: 64%). m. p.: 242—244. *H NMR (300 MHz, DMSO) 8.87 (s,
1H), 8.36 (s, 1H), 8.15 (s, 1H), 7.87 (b= 5.8 Hz, 1H), 7.75 (s, 1H), 7.60 @= 6.9
Hz, 1H), 7.57 — 7.49 (m, 1H), 7.28 (s, 1H), 6.88 Jc= 22.5, 7.1 Hz, 1H), 6.29 (d,=
15.0 Hz, 1H), 4.17 (s, 2H), 3.74 (s, 2H), 1.86Jd, 6.5 Hz, 3H);*C NMR (75 MHz,
DMSO) é 163.90, 159.14, 153.45, 151.52, 140.37, 131.26,803 129.74, 125.77,
122.61, 121.82, 119.94, 117.36, 103.06, 59.99,753.8.49; HRMSn/z(ESI): calcd
for CigH21NeO2 [M+H] " 365.1715, found 365.17109.

4.1.27. N-(2-((3-(6-((1-(2-methoxyethyl)-1H-pyradeyl)amino)pyrimidin-4-yl)
phenyl)amino)-2-oxoethyl)acrylamid24)

White solid (yield: 62%). m. p.: 198-199. *H NMR (300 MHz, DMSO) 8.83 (s,
1H), 8.57 (s, 1H), 8.28 (s, 1H), 8.11 (s, 1H), 7(@4J = 15.0 Hz, 2H), 7.63-7.53 (m,
2H), 7.49 (s, 1H), 6.33 (dd,= 15.2, 8.2 Hz, 1H), 6.12 (d,= 16.8 Hz, 1H), 5.63 (d}
= 8.9 Hz, 1H), 4.28 (s, 2H), 4.04 (s, 2H)., 3.6828), 3.23 (s, 3H)**C NMR (75
MHz, DMSO) 6 168.16, 165.06, 159.46, 154.41, 139.83, 132.17,3I73 129.81,
125.62, 122.47, 122.17, 121.85, 117.30, 102.8249/057.96, 51.46, 42.74;
HRMS m/z(ESI): calcd for GiH24N;O3 [M+H]*422.1946, found 422.1941.

4.1.28. N-(2-((3-(6-((1-(2-methoxyethyl)-1H-pyradeyl)amino)pyrimidin-4-yl)
phenyl)amino)-2-oxoethyl) but-2-enami@s)(

White solid (yield: 66%). m. p.: 185-188 *H NMR (300 MHz, DMSO) 8.86 (s,
1H), 8.39 (s, 1H), 8.24 (d, = 15.0 Hz, 1H), 8.12 (s, 1H), 7.77 (s, 1H), 7.841H),
7.59 (s, 1H),7.56 (s, 1H), 7.23 (s, 1H), 6.65 4),1.04 (d,J = 14.1 Hz, 1H), 4.28 (s,
2H), 3.94 (dJ = 36.3 Hz, 2H)., 3.68 (s, 2H), 3.23 (s, 3H), 1(@7J = 17.6 Hz, 3H);
¥C NMR (75 MHz, DMSO)6 168.41, 165.35, 165.22, 159.36, 153.91, 139.91,
139.24, 138.24, 131.44, 129.94, 129.80, 125.51,522122.34, 121.88, 117.31,



102.98, 70.48, 57.96, 51.48, 42.74, 17.35; HRNWIB(ESI): calcd for GH26N7O3
[M+H] *436.2098, found 436.2090.

4.1.29. N-(2-((3-(6-((4-morpholinophenyl)amino)pyidin-4-yl)phenyl)amino)-2-
oxoethyl)acrylamide2g)

White solid (yield: 63%). m. p.: 243-245. *H NMR (300 MHz, DMSO) 8.64 (s,
1H), 8.52 (s, 1H), 8.37 (s, 1H), 7.69 (& 3.9 Hz, 2H), 7.53 (d] = 6.1 Hz, 2H), 7.51
—7.39 (m, 1H), 7.12 (s, 1H), 6.96 (= 6.1 Hz, 2H), 6.37 (dd] = 15.6, 8.4 Hz, 1H),
6.13 (d,J = 16.8 Hz, 1H), 5.65 (dl = 8.9 Hz, 1H), 4.01 (s, 2H), 3.74 (s, 4H), 3.06 (s
4H); 3¢ NMR (75 MHz, DMSQO)5 167.85, 165.04, 161.07, 158.18, 146.99, 139.42,
137.39, 131.63, 131.38, 129.31, 125.58, 121.52,1P21120.73, 117.04, 115.63,
101.11, 66.08, 55.98, 42.72; HRMSz(ESI): calcd for GsH27NgOz [M+H]"
459.2144, found 459.2146.

4.1.30. N-(2-((3-(6-((4-morpholinophenyl)amino)pyidin-4-yl)phenyl)amino)-2-
oxoethyl)but-2-enamid&T7)

White solid (yield: 65%). m. p.: 236—237. *H NMR (300 MHz, DMSO) 8.63 (s,
1H), 8.36 (s, 1H), 8.20 (s, 1H), 7.69 (& 1.2 Hz, 2H), 7.52 (d] = 8.3 Hz, 2H), 7.45
(t, J=7.8 Hz, 1H), 7.12 (s, 1H), 6.94 @= 8.3 Hz, 2H), 6.76 — 6.60 (m, 1H), 6.05 (d,
J=15.3 Hz, 1H), 3.99 (d] = 5.6 Hz, 2H), 3.74 (s, 4H), 3.06 (s, 4H), 1.82)¢ 6.6
Hz, 3H); *C NMR (75 MHz, DMS0)5 168.04, 165.40, 161.18, 160.67, 158.29,
147.06, 139.41, 138.22, 137.62, 131.69, 129.21,5¥25121.66, 121.14, 120.79,
117.21, 115.65, 101.04, 66.11, 48.99, 42.77, 17BBMSm/z(ESI): calcd for
CaeH2sNeNaO; [M+Na]* 495.2117, found 495.2118.

4.1.31. N-(3-(2-((4-morpholinophenyl)amino)pyrinmet-yl)but-2-enamide30)

White solid (yield: 83%). m. p.: 264—-265. *H NMR (300 MHz, DMSOY 8.63 (s,
1H), 8.49 (s, 1H), 7.87 (dl = 5.2 Hz, 1H), 7.77 (s, 3H), 7.44 (s, 1H), 7.221(8),
7.16 (s, 1H), 6.97 — 6.72 (m, 2H), 6.38J& 14.6 Hz, 1H), 3.81 (s, 4H), 3.15 (s, 4H),
1.84 (s, 3H);13C NMR (75 MHz, DMSO)5 163.80, 163.72, 160.03, 158.77, 144.04,



140.10, 139.57, 137.14, 129.04, 126.23, 123.35,5621120.05, 117.80, 117.20,
107.52, 65.49, 50.49, 17.50; HRMS8z(ESI): calcd for GsHzeNsO, [M+H]"
416.2084, found 416.2080.

4.1.32. N-(4-(6-((1-(2-methoxyethyl)-1H-pyrazoldagino)pyrimidin-4-yl)phenyl)
but-2-enamide32)

White solid (yield: 84%). m. p.: 219-220. *H NMR (300 MHz, DMSO)Y 8.63 (s,
1H), 8.02 (dJ = 5.5 Hz, 2H), 7.98 (s, 1H), 7.80 @@= 8.6 Hz, 2H), 7.56 (s, 1H), 7.04
(s, 1H), 6.84 (dq) = 13.8, 6.7 Hz, 1H), 6.17 (d,= 15.2 Hz, 1H), 4.25 (f] = 5.2 Hz,
2H), 3.68 (t,J = 5.2 Hz, 2H), 3.24 (s, 3H), 1.87 (@= 6.6 Hz, 3H);"*C NMR (75
MHz, DMSO) ¢ 163.61, 160.17, 158.40, 141.13, 140.24, 131.54,943 126.94,
125.86, 121.89, 121.55, 119.10, 99.68, 70.63, 5829, 17.44; HRM#&/z(ESI):
calcd for GoH23NeO, [M+H] " 379.1877, found 379.1878.

4.1.33. N-(4-(6-((4-morpholinophenyl)amino)pyrinmei-yl)but-2-enamide34)

White solid (yield: 86%). m. p.: 276—277. *H NMR (300 MHz, DMSO) 8.59 (s,
1H), 7.97 (d,J = 8.5 Hz, 2H), 7.80 (d] = 8.6 Hz, 2H), 7.51 (dJ = 8.7 Hz, 2H), 7.08
(s, 1H), 6.93 (dJ = 8.8 Hz, 2H), 6.83 (dt] = 14.0, 7.0 Hz, 1H), 6.16 (d,= 15.0 Hz,
1H), 3.76 — 3.71 (m, 4H), 3.08 — 3.02 (m, 4H), 1(88) = 6.6 Hz, 3H);"*C NMR (75
MHz, DMSO) 6 163.62, 161.08, 160.42, 158.22, 146.97, 141.10,2774 131.75,
131.60, 126.92, 125.86, 121.63, 119.12, 115.63,.08)066.09, 48.97, 17.46;
HRMS m/z(ESI): calcd for GsHo6NsO, [M+H] ™ 416.2080, found 416.2087.

4.1.34. N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazoldagnino)pyrimidin-4-yl)phenyl)
but-2-enamide3b)

White solid (yield: 85%). m. p.: 212—215 *H NMR (300 MHz, DMSO) 8.93 (d,
J=5.7 Hz, 1H), 8.18 (d] = 8.4 Hz, 2H), 8.07 (s, 1H), 7.96 @= 7.9 Hz, 2H), 7.68
(s, 1H), 7.55 (dJ = 5.3 Hz, 1H), 6.82 (df] = 13.5, 6.7 Hz, 1H), 6.33 (d,= 15.2 Hz,
1H), 4.30 (s, 2H), 3.69 (s, 2H), 3.26 (s, 3H), 1(85J = 6.6 Hz, 3H)*C NMR (75
MHz, DMSO) 6 164.06, 155.35, 153.58, 144.11, 140.69, 140.558,21r 128.66,



127.88, 125.88, 124.03, 119.26, 119.14, 105.95577058.00, 51.46, 17.53;
HRMS m/z(ESI): calcd for GoH23NgO, [M+H] ™ 379.1882, found 379.1885.

4.1.35. N-(4-(2-((4-morpholinophenyl)amino)pyrinmet-yl)but-2-enamide3g)

White solid (yield: 86%). m. p.: 268-271 *H NMR (300 MHz, DMSO) 8.42 (s,
1H), 8.12 (dJ = 7.3 Hz, 2H), 7.83 (d] = 7.4 Hz, 2H), 7.68 (d] = 7.5 Hz, 2H), 7.25
(s, 1H), 6.92 (dJ = 7.5 Hz, 2H), 6.83 (d] = 7.0 Hz, 1H), 6.17 (d] = 15.0 Hz, 1H),
3.73 (s, 4H), 3.03 (s, 4H), 1.88 @@= 4.7 Hz, 3H);**C NMR (75 MHz, DMSO)5
164.17, 163.44, 160.75, 159.06, 146.54, 142.16,8740133.55, 131.78, 127.93,
126.33, 120.67, 119.55, 116.10, 107.03, 66.63,8494.7.95; HRMSn/z(ESI): calcd
for CoaHa6NsO3 [M+H]* 416.2080, found 416.2084.

Method B: General procedure for the synthesis of tar@étd6, 18, 22-23, 28-29,
31, 33, 35, 37, and39.

To a stirred solution of2a (0.1 g, 0.37 mmol) in THF (15 mL) were added DIEA
(0.12 g, 0.94 mmol), o-(7-azabenzotriazol-1-y¥){,N,N’,N’-tetramethyluronium
hexafluorophosphate (HATU, 0.35 g, 0.94 mmol), @&dyanoacetic acid (0.03 g,
0.41 mmol) at 0. The reaction mixture was stirred at room tempeeafor 16 h. It
was quenched with water and extracted with ethgltede. The organic layer was
washed with water followed by brine, dried over yrous sodium sulfate, and was
evaporated to dryness. The crude mass was purifiedsilica gel column

chromatography (DCM: MeOH = 20:1) to afford théettompounds.

4.1.36. 2-cyano-N-(3-(6-((1-methyl-1H-pyrazol-dayhino)pyrimidin-4-yl)phenyl)ace
tamide (4)

White solid (yield: 95%). m. p.: 193-195 'H NMR (300 MHz, DMSOY 8.66 (s,
1H), 8.33 (s, 1H), 8.02 (s, 1H), 7.73 (& 7.5 Hz, 1H), 7.64 (d] = 7.1 Hz, 1H), 7.53
(s, 1H), 7.47 (t) = 7.9 Hz, 1H), 7.07 (s, 1H), 3.94 (s, 2H), 3.8324d); :°C NMR (75
MHz, DMSO) ¢ 161.27, 158.28, 138.89, 137.40, 129.47, 121.78,84® 117.15,



115.84, 56.00, 26.79; HRM®/z(ESI): calcd for GHigN;O [M+H]* 334.1419,
found 334.1414.

4.1.37. 2-Cyano-N-(3-(6-((1-(2-methoxyethyl)-1Hgnol-4-yl)amino)pyrimidin-4-yl)
phenyl)acetamidelE)

White solid (yield: 94%). m. p.: 186—188 *H NMR (300 MHz, DMSO) 8.66 (s,
1H), 8.34 (s, 1H), 8.03 (s, 1H), 7.74 (& 7.6 Hz, 1H), 7.65 (d] = 7.7 Hz, 1H), 7.56
(s, 1H), 7.47 (t) = 7.9 Hz, 1H), 7.07 (s, 1H), 4.25 (= 5.0 Hz, 2H), 3.94 (s, 2H),
3.68 (t,J = 5.0 Hz, 2H), 3.23 (s, 3H}*C NMR (75 MHz, DMSO) 161.71, 160.71,
159.01, 139.36, 138.16, 131.34, 129.89, 122.26,3121117.73, 116.27, 101.44,
71.13, 58.40, 51.82, 27.23; HRMSz(ESI): calcd for GoHooN7O, [M+H]" 378.1676,
found 378.1673.

4.1.38. 2-Cyano-N-(3-(6-((4-morpholinophenyl)amma)midin-4-yl)phenyl)acetami
de (18)

White solid (yield: 94%). m. p.: 211-213 *H NMR (300 MHz, DMSO) 8.63 (s,
1H), 8.33 (s, 1H), 7.72 (d,= 6.9 Hz, 1H), 7.64 (d] = 8.1 Hz, 1H), 7.52 (d] = 8.2
Hz, 2H), 7.49 — 7.44 (m, 1H), 7.12 (s, 1H), 6.95)d 8.1 Hz, 2H), 3.94 (s, 2H), 3.74
(s, 4H), 3.07 (s, 4H)**C NMR (75 MHz, DMSO) 161.73, 161.64, 160.86, 158.84,
147.55, 139.40, 138.21, 132.14, 129.95, 122.22,1P22121.31, 117.66, 116.31,
116.14, 101.65, 66.60, 49.45, 27.29; HRM& (ESI): calcd for GzHo3NgO, [M+H]*
415.1888, found 459.1883.

4.1.39. 2-Cyano-N-(3-(6-((1-(2-hydroxyethyl)-1H-g3ol-4-yl)amino)pyrimidin-4-yl)
phenyl)acetamide2@)

White solid (yield: 95%). m. p.: 194-195.*H NMR (300 MHz, DMSO) 8.66 (s,
1H), 8.34 (s, 1H), 8.05 (s, 1H), 7.74 (s 7.5 Hz, 1H), 7.65 (d] = 7.7 Hz, 1H), 7.55
(s, 1H), 7.48 (tJ = 7.9 Hz, 1H), 7.08 (s, 1H), 4.14 (&= 5.4 Hz, 2H), 3.95 (s, 2H),
3.81 — 3.71 (m, 2H)C NMR (75 MHz, DMSO0)s 161.23, 159.94, 158.54, 138.89,



137.65, 130.40, 129.43, 121.73, 120.77, 117.17,8119.01.05, 60.19, 54.26, 26.79;
HRMS m/z(ESI): calcd for GgHi7N/NaQ, [M+Na]" 386.1348, found 386.1344.

4.1.40. 2-Cyano-N-(2-((3-(6-((1-methyl-1H-pyraze{damino)pyrimidin-4-yl)phenyl)
amino)-2-oxoethyl)acetamid3)

White solid (yield: 83%). m. p.: 213—-214.*H NMR (300 MHz, DMSOY 8.65 (d,
J=6.0 Hz, 2H), 8.34 (s, 1H), 8.01 (s, 1H), 7.70X¢d 6.0 Hz, 2H), 7.53 (s, 1H), 7.46
(t, J = 6.0 Hz, 1H), 7.07 (s, 1H), 3.98 @@= 5.6 Hz, 2H), 3.84 (s, 3H), 3.77 (s, 2H);
3C NMR (75 MHz, DMS0)3§ 167.26, 162.79, 160.05, 158.33, 139.22, 137.34,
129.30, 121.35, 120.92, 117.29, 116.08, 101.13838.72, 25.21; HRM8V/z(ESI):
calcd for GoH19NgO, [M+H] " 391.1636, found 391.1630.

4.1.41. 2-Cyano-N-(2-((3-(6-((4-morpholinophenyl)aa)pyrimidin-4-yl)phenyl)
amino)-2-oxoethyl)acetamid2g)

White solid (yield: 88%). m. p.: 257—-259. *H NMR (300 MHz, DMSOY 8.63 (s,
2H), 8.33 (s, 1H), 7.67 (s, 2H), 7.50 (d= 8.5 Hz, 2H), 7.48 — 7.41 (m, 1H), 7.10 (s,
1H), 6.92 (dJ = 8.6 Hz, 2H), 3.97 (d] = 5.2 Hz, 2H), 3.75 (s, 2H), 3.72 (s, 4H), 3.04
(s, 4H); 3C NMR (75 MHz, DMSO)é 167.28, 162.81, 161.07, 160.08, 158.06,
147.05, 139.25, 137.24, 131.51, 129.35, 121.61,3121120.94, 117.20, 116.11,
115.61, 101.13, 66.07, 48.88, 43.05, 25.20; HRM3(ESI): calcd for
CasHasN,NaOs; [M+Na]* 494.1912, found 494.1917.

4.1.42. 2-Cyano-N-(2-((3-(6-((1-(2-(methylaminop@eethyl)-1H-pyrazol-4-yl)
amino)pyrimidin-4-yl)phenyl)amino)-2-oxoethyl)aaeide @9)

White solid (yield: 82%). m. p.: 223-224.'H NMR (300 MHz, DMSO 8.66 (s,
2H), 8.36 (s, 1H), 8.07 (s, 1H), 7.98 (b= 3.0 Hz, 1H), 7.57 (s, 1H), 7.50 @= 4.1
Hz, 1H), 7.49 — 7.45 (m, 1H), 7.10 (s, 1H), 4.762(d), 3.97 (d,J) = 5.5 Hz, 2H), 3.77
(s, 2H), 2.62 (dJ = 4.4 Hz, 3H);**C NMR (75 MHz, DMSO)$ 167.24, 167.16,
162.75, 160.30, 158.48, 150.83, 139.25, 137.56,3031122.21, 121.31, 120.92,



120.53, 117.37, 116.04, 101.00, 54.34, 43.10, 2225819; HRMSn/z(ESI): calcd
for C1H22NgOs [M+H] ™ 448.1844, found 448.1842.

4.1.43. 2-Cyano-N-(3-(2-((4-morpholinophenyl)amma)midin-4-yl)phenyl)
acetamide3l1)

White solid (yield: 94%). m. p.: 217-218 *H NMR (300 MHz, DMSOY 8.61 (s,
1H), 8.50 (d,J = 5.0 Hz, 1H), 7.83 (d] = 7.7 Hz, 1H), 7.77 (d] = 8.5 Hz, 2H), 7.68
(d,J = 8.0 Hz, 1H), 7.48 () = 7.8 Hz, 1H), 7.25 (d] = 4.9 Hz, 1H), 7.06 (d] = 5.9
Hz, 2H), 4.08 (s, 2H), 3.77 (s, 4H), 3.10 (s, 4% NMR (75 MHz, DMSO0)s
163.25, 161.28, 160.16, 158.96, 139.09, 137.43,2B629122.29, 121.49, 120.47,
120.15, 117.74, 116.29, 115.92, 107.22, 65.87,4428.66; HRMSn/z(ESI): calcd
for CoaH23NeO2 [M+H] " 415.1880, found 415.1882.

4.1.44. 2-Cyano-N-(4-(6-((1-(2-methoxyethyl)-1Hgnol-4-yl)amino)pyrimidin-4-yl)
phenyl)acetamide3g)

White solid (yield: 96%). m. p.: 192—194 *H NMR (300 MHz, DMSOY 8.63 (s,
1H), 8.01 (dJ = 8.0 Hz, 3H), 7.69 (d] = 8.5 Hz, 2H), 7.55 (s, 1H), 7.02 (s, 1H), 4.25
(t, J = 5.2 Hz, 2H), 3.94 (s, 2H), 3.68 {t= 5.2 Hz, 2H), 3.24 (s, 3H}*C NMR (75
MHz, DMSO) ¢ 161.22, 160.36, 159.98, 158.40, 140.09, 132.2D,913 127.12,
121.82, 121.58, 119.15, 115.71, 99.94, 70.62, 5529, 26.80; HRM#&/z(ESI):
calcd for GgH20N7O, [M+H] " 378.1673, found 378.1676.

4.1.45. 2-Cyano-N-(4-(6-((4-morpholinophenyl)amma)midin-4-yl)phenyl)
acetamide 35)

White solid (yield: 95%). m. p.: 240-241 *H NMR (300 MHz, DMSO 8.60 (s,
1H), 8.00 (dJ = 8.3 Hz, 2H), 7.70 (d] = 8.2 Hz, 2H), 7.50 (d] = 8.4 Hz, 2H), 7.08
(s, 1H), 6.92 (d)J = 8.4 Hz, 2H), 3.94 (s, 2H), 3.72 (s, 4H), 3.044H); *C NMR
(75 MHz, DMSO)s 161.26, 161.15, 160.24, 158.25, 147.08, 140.18,363 131.66,
127.14, 121.77, 119.24, 115.66, 100.29, 66.12,84&6.83; HRMSn/z(ESI): calcd
for CosH23NeO2 [M+H] " 415.1888, found 415.1885.



4.1.46. 2-Cyano-N-(4-(2-((1-(2-methoxyethyl)-1Hgnol-4-yl)amino)pyrimidin-4-yl)
phenyl)acetamide3y)

White solid (yield: 96%).m. p.: 225-228. 'H NMR (300 MHz, DMSO) 8.44 (d,
J=5.1 Hz, 1H), 8.15 (d] = 8.5 Hz, 2H), 8.01 (s, 1H), 7.74 @z= 8.5 Hz, 2H), 7.60
(s, 1H), 7.22 (dJ = 5.2 Hz, 1H), 4.25 (§ = 4.8 Hz, 2H), 3.96 (s, 2H), 3.69 {t= 5.0
Hz, 2H), 3.26 (s, 3H)**C NMR (75 MHz, DMSO) 163.06, 161.38, 159.76, 158.91,
140.67, 132.19, 130.14, 127.67, 123.15, 120.16,181915.77, 106.15, 70.86, 57.98,
51.31, 26.91; HRM$/z(ESI): calcd for GgHooN;O, [M+H]™ 378.1677, found
378.1679.

4.1.47. 2-Cyano-N-(4-(2-((4-morpholinophenyl)amma)midin-2-yl)phenyl)
acetamide 39)

White solid (yield: 95%). m. p.: 267—269 *H NMR (300 MHz, DMSO) 8.44 (d,
J=5.0 Hz, 1H), 8.14 (d] = 8.4 Hz, 2H), 7.73 (d] = 8.5 Hz, 2H), 7.68 (d] = 8.8 Hz,
2H), 7.26 (dJ = 5.0 Hz, 1H), 6.92 (d] = 8.6 Hz, 2H), 3.96 (s, 2H), 3.73 (s, 4H), 3.03
(s, 4H); *C NMR (75 MHz, DMSO)$§ 163.27, 161.81, 160.73, 159.17, 146.51,
141.12, 133.50, 132.52, 128.10, 120.67, 119.57.201416.11, 107.12, 66.61, 49.76,
27.34; HRMSm/z(ESI): calcd for GzHo3NsO, [M+H] * 415.1887, found 415.1880.

4.2. Bioactivity

4.2.1. Mice

Female BALB/c mice (6-8 weeks) were used for madplDTH and T cell
experiments. Male ICR mice (6-8 weeks, body weigbt22g) were used in PK
studies of compound2. Mice were purchased from the laboratory animailteeof
Beijing Huafukang Biological Technology Co., LtdBdjjing, China), and were
acclimatized at a controlled temperature of 20c22and a relative humidity of 50-60%
under a 12 h light-dark condition. All animal prdcees were approved by the Animal

Care and Use Committee of Institute of Materia MadiChinese Academy of



Medical Sciences and Peking Union Medical ColleGANIS & PUMC, Beijing,
China).

4.2.2. Biochemical assays-JAK enzymatic inhibitiesay (Cell-free kinase activity
assays)

Cell-free kinase (JAK1l, JAK2 JAK3, and TYK2, pursked from Invitrogen
(Thermo Fisher Scientific, Waltham, MassachusditSA) assays were performed
using the HTRF KIinEASE-TK (Cisbio Bioassays, Codol€rance) method as
previously described [24]. Compounds were screanaedrial dilution in the presence
of 2% DMSO with a 5-min pre-incubation of kinasedaszompounds. All reactions
started by the addition of ATP and TK-substrateibjancubations were performed at
room temperature for 30 min and quenched with swlption, containing 25 nM
Strep-XL665 and TK Ab-Cryptate. Plates were incalddbr 1 h before being read on
synergy H1 (Biotek Instruments, Winooski, VermobtSA) using standard HTRF
settings. The half maximal inhibitory concentrat{®@so) was calculated by nonlinear

regression using GraphPad Prism 8.0 software.

4.2.3. T cell isolation

T cells were purified from single-cell suspensiofspleen and lymph nodes from
male and female mice aged 6-8 weeks by negativectge using biotinylated
antibodies directed to CD8a, CD11b, CD11c, CD192&€DCD45R/B220, CD49b,
CD105, I-A/lI-E (MHC-II), TER-119/Erythroid, TCRé (all BioLegend, San Diego,
CA,USA) and magnetic Streptavidin Nanobeads (Bi@nel).

4.2.4. Cell viability assays

Resting naive T cells, IL-4-treated activated Ts;ednd RAW264.7 cells were used
to determine the cell viability of compounds usititte MTS Assay (Promega,
Madison, WI, USA) according to the manufacturensdglines. Briefly, purified T
cells were stimulated with Ultra-LEAF™ Purified a@D3/ Ultra-LEAF™ Purified
anti-CD28 Biolegend for 72 h, washed with RPMI 16#@dium (Gibco, Thermo



Fisher Scientific), and treated with 10 ng/ml of4L(PeproTechRocky Hill, NJ,
USA) for 48 h. Purified resting T cells (18ells/mL), IL-4-treated activated T cells
(10° cells/ml), and Raw264.7 cells (5 x°télls/mL) were treated with vehicle (0.1%
DMSO) alone or 1uM of different compounds for 72 h. The viability oélls was
evaluated using the MTS kit by measuring the alzsaré at 490 nm in a microplate
reader synergy H1 (Biotek). Values were presentedha percent cell viability

relative to the vehicle control.

4.2.5. T cell proliferation

T cells were adjusted to 4@ells per mL in complete RPMI1640 medium. Next,
cells were exposed to anti-CD3/anti-CD28 or IL-Z2Rtech) in 96-well culture
microtiter plates in triplicate. Complete RPMI1640medium lacking
an-CD3/anti-CD28 or IL-2 was used as the contrellOvere incubated at 37 °C in a
humidified, 5% CQ incubator for 72 h. Subsequently, the cell viapilwas
monitored using the MTS assay. Values were transfdrto the percent inhibition
relative to the vehicle control, and siCcurves were created based on nonlinear

regression analysis of the data using GraphPathR&i8 software.

4.2.6. Western blot analysis

For cytokine stimulation, purified T cells were faetivated in 96-well plates
coated with anti-CD3 and anti-CD28 for 72 h, hatedscultured with I1L-2 (50 U/mL,
Peprotech) for 36 h, then, cultured without IL-2 & h before all experiments.

Equal numbers of T cells (30cellssmL) were incubated at the indicated
concentration of compounds in DMSO or DMSO alonenfml) for 1 h, then
stimulated with either IL-2 (50 ng/mL; Peprotech)lio-15 (50 ng/mL; Peprotech) for
30 min. After stimulation, cells were lysed in céfsis buffer containing Phenyl
methane sulfonyl fluoride (PMSF), complete proteadabitors and phosphatase
inhibitors (Cell signaling technologyanvers, MA, USA). Protein lysates were
guantified by BCA assay (Thermo Fisher ScientiflEual amounts of total protein

(20 ng) were separated by SDS PAGE, transferred to PMBmbranes, followed by



membrane blocking with 5% Bovine Serum Albumin bufBSA,Sigma-Aldrich, St,
Louis, MO, USA) overnight incubation at 4 °C withb# recognizing STATS5,
anti-phospho-Stat5 Tyr694 (Cell Signaling techng)ognd followed by secondary
horseradish peroxidase (HRP)-conjugated antibo@@sl Signaling technology).
Protein bands were visualized by enhanced cheminksuoence (ECL) reagents from
Merck Millipore (Belize, USA) and their intensities were quantifiesing ImageJ

Software (NIH, Bethesda, MD, USA).

4.2.7. Kinase selectivity profiling
Selectivity profiling of compound?2 (100 nM) was performed at Thermos Fisher
(Invitrogen) by using Select Screen® Kinase Padilby at the Km concentration of

ATP of each kinase.

4.2.8. Time assay and dissociation kinetics of aamg12

Compoundl12 and tofacitinib or kinase buffer (positive conjre¥ere incubated
with recombinant JAK3 for various periods of tinte 2, 5, 10, 15, 20, 30, 40, and 60
min) before ATP, and the substrate was added tat@ithe kinase reaction. The stop
reactions were kept constant according to HTRF RBE-TK assays. Inhibition rate
values were plotted versus incubation time usingpBPad Prism 8.0 software.

Dissociation kinetics of compouri® was measured by incubating 2000 nM JAK3
with inhibitors at their 1G, for 30 minutes. Activity was measured as abover &t
1000-fold dilution into reaction buffer at an ATRjuvalent to its Km.The
corresponding HTRF ratios were measured for varpmigods of time (0, 1, 2, 8, and
24 hours) and were calculated as follows: (Sigre& 6m)/(Signal 620 nm) x10000.
The corresponding HTRF ratio values were plottedu&time using GraphPad Prism

8.0 software.

4.2.9. In vivo pharmacokinetic study
Forin vivo pharmacokinetic studies, male ICR mice (n = 6);enMfasted overnight

and received a single dose (30 mg/kg) of compdiih(tissolved in 5% DMSO and



95% sodium carboxyl methyl cellulose) by oral gaabptravenous administration
was given at 10% DMSO in saline (10 mg/kg). Bloathples (5QuL) were obtained

from the orbital venous sinus at 0 min, 5 min, 1i@,/20 min, 30 min, 45 min, 1 h, 2
h, 4 h, 6 h, 8 h, 10 h, 12 h, 24 h, and 48 h atenpound administration. The
concentration of corresponding compounds in blo@s$ \analyzed by LC-MS/MS
(8050, Shimadzu, Japan), and pharmacokinetic paeameere processed by DAS
3.0 software using each time point and the cona#atr of corresponding

compounds.

4.2.10. In vivo efficacy studies

Animals (n = 5 per group for treated mice and nfaer3control) were sensitized on
the abdomen and subsequently challenged on theapimith OXZ (E0753,
Sigma-Aldrich,St, Louis, MO, USA). Compounds (30 mg/kg, by par.the positive
control (tofacitinib, 30ng/kg) were administered just prior to and durirge t
challenge phase. The left ear served as an inteamtitol. After the final boost, mice
were sacrificed through cervical dislocation, eaah was collected with a cork borer
with a diameter of 8 mm and quickly weighed. Theections of the right ear were
immediately fixed in 10% paraformaldehyde solutfon 72h and HE-staining was
performed. Changes in ear weight were calculatethasight ear weight-left ear
weight. Ear swelling (%) was calculated by thedwling formula: Ear swelling (%) =
(ear weight-left ear weight)/left ear weight x100%pleens were isolated and the
spleen index was calculated as organ weight 10gmath (mg) per gram (g) of mouse

body weight.

4.3. Computational analysis

For computational analysis, we used the X-ray gstat structure of JAK3 in the
Protein Data Bank (PDB code: 4Z16) [24]. The pmotsiructure for the docking
studies was prepared using the Protein Preparatiorkflow. All crystallographic
waters were removed and chain A was kept. Hybriinestates, charges, and angles

were assigned in the protein structure with mis&iagd orders, and hydrogen atoms



were added. Docking grids were generated and dakfbssed on the centroid of
compoundl? in the ATP binding site incorporating hydrogen-aronstraints to the
hinge and hydrophobic regions. Ligands were prepareng Molecular Operating
Environment (MOE) software. Energy-minimized comfiation of each ligand was
used to docking calculation input molecules. I $tudy, Ligand-Fit and CDOCKER
docking programs implemented in MOE software wesedu[32]. Other docking
parameters were kept at default values. The toprer@ose was employed for

discussions.

4.4, Statistics

Statistical analyses were performed using Grapt®isth 8.0 software. Results are
expressed as the mean + SEM of at least 3 indepeerdperiments. The differences
of multiple comparisons were analyzed using one-WOVA, followed by an

appropriate post hoc test apdalue <0.05 was considered statistically significant.
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® Compound 12 is a potent JAK3 inhibitor (ICso = 1.7 nM), highly selective vs
JAK1 (x 777) and JAK2 (x 588).

® Compound 12 obviously inhibited the JAK3-dependent signaling and T cell
proliferation.

e Compound 12 suppressed the oxazolone-induced delayed type hypersensitivity
responses in mice.

e Compound 12 displayed moderate pharmacokinetic properties and is suitable for
in vivo use.
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