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Abstract

Myocardial infarction (MI) injury is a highly letha&yndrome that has, until recently,
suffered from a lack of clinically efficient target therapeutics. The cardiac troponin |
interacting kinase (TNNI3K) exacerbates ischemgertusion (IR) injury via
oxidative stress, thereby promoting cardiomyocyeath. In this current study, we
designed and synthesized 35 novel TNNI3K inhibiterth a pyrido[4,5]thieno[2,3-d]
pyrimidine scaffold.In vitro results indicated that some of the inhibitors bitad
sub-micromolar TNNI3K inhibitory capacity and go&thase selectivity, as well as
cytoprotective activity, in an oxygen-glucose deation (OGD) injury
cardiomyocyte model. Furthermore, investigation thfe mechanism of the
representative derivative compound 60 suggestedupipresses pyroptosis and
apoptosis in cardiomyocytes by interfering with pB&PK activation, which was
further confirmed in a murine myocardial infarctiamury model. In vivo results
indicate that compound 60 can markedly reduce nrgamainfarction size, decrease
circulating cardiac troponin | (cTnl) leakage, aatbviate cardiac tissue damage in
rats. In brief, our results provide the basis fmtter development of novel TNNI3K

inhibitors for targeted Ml therapy.

Keywords: TNNI3K inhibitor, Structure-activity relanships, Pyroptosis, Myocardial

infarction



1. Introduction

Acute myocardial infarction (AMI), a type of myodckal necrosis associated
with acute, persistent ischemia and hypoxia in icarg arteries, can cause various
symptoms including arrhythmia, adverse remodelarg] systolic dysfunction. AMI
remains a leading cause of morbidity and deathdwoede.[1] Timely treatment using
percutaneous coronary intervention (PCI), the prefk treatment of AMI, can
minimize ischemic injury, limit Ml size, and inhtbventricular remodeling to protect
heart function, and improve the survival rate of. Mlowever, at the same time,
reperfusion injury caused by PCI promotes reaaxygen species (ROS) generation,
intracellular C&" overload and upregulation of pro-inflammatory neoles, which
leads to death of viable cardiomyocytes and carmyafunction during ischemia.[2-4]
Although a large number of studies on various dragd methods for preventing
myocardial cell death during myocardial ischemiad ameperfusion have been
published,[5-8] patients with myocardial ischenmaa&rfusion injury still lack
effective therapeutic drugs, especially novel aagotective and myocardial
recovery agents, which makes research into tH fiarticularly important.[9-14]

Cardiac troponin | interacting kinase (TNNI3K), aember of the
mitogen-activated protein kinase kinase kinase (MKR) family and the cardiac
ankyrin repeat kinase (CARK), is selectively expegkin heart tissue and is observed
in fetal and adult hearts. TNNI3K is almost nonstant in all other tissues except for
trace expression in the brain and testes.[15-19humans, the longest TNNI3K

isoform encodes a 92 kD protein composed of 835anacids that contain three



types of recognizable domains: 10 N-terminal ankymepeats, a central kinase
domain and a C-terminal Ser-rich domain.[15] TNNI3®verexpression and
knockout mouse models indicate that TNNI3K canease infarct size in ischemic
hearts, induce mitochondrial ROS generation, camgechondrial dysfunction and
bioenergy damage in cardiomyocytes. TNNI3K is aseociated with activation of
p38 mitogen-activated protein kinase MAPK to exbat® ischemic injury and
myocardial cell death.[16, 20] Research indicabes TNNI3K likely plays a crucial
role in significant parts of cardiac biology andrdiac diseases including
supraventricular tachycardia, viral myocarditistdtac conduction, cardiomyopathy,
obesity and metabolic disease, as well as patl@dbgiand physiological
hypertrophy,[21-23] suggesting that TNNI3K is a mpising treatment target for

cardiac disease.

Although TNNI3K is a potential therapeutic target heart disease, there have
only been a few reports of feasibility studies &fN13K inhibitors as potential agents.
All preclinical study results were reported by Bri&. Lawhornet al. In 2015,
7-deazapurine derivatives was first reported ad @OENI3K/B-Raf inhibitors. As
B-raf kinase inhibition has been linked to effects heart failure models,
7-deazapurine compounds did not fully charactettz function of TNNI3K in
cardiac biology.[24] Subsequently, GSK114, which veleped based on
7-deazapurine, displayed excellent cellular agtiviiCsp=25nM) and showed
appreciable selectivity over B-Raf (>40 fold).[Z58F5K854 was first reported in 2018
as a highly selective TNNI3K inhibitor (=25nM),[26] but the
4,6-diaminopyrimidine structure of GSK854 has bpewven to be clinically relevant

and an extensively explored structural class chgeninhibitors, such as EGFR.[24-26]



GSK114 and GSK854 serve as useful TNNI3K inhibittws cellular andin vivo
models and are available as probes, which candieidate the biological pathways
that are associated with TNNI3K in heart diseasguiie 1A). However, there is no
clinical data from GSK114 and GSK854.[24-27] Weeatpted to develop a novel
and sufficiently selective TNNI3K inhibitor basedh ahe interaction between
GSK854 and the known crystal structure of TNNI3K lyeans of framework
transitions, ring fusion and other mechanisms (F&dLB).

In this current study, we reported the rationate, design, chemical synthesis,
and in vitro andin vivo evaluation of pyrido[4,5] thieno[2,3-d] pyrimidif®ased
TNNI3K inhibitors as a potential lead compound agaiAMI. In vitro kinase
inhibition and selectivity assays, cell prolifecatiand programmed cell death assays
were measured, alongside the molecular mechanismthese novel TNNI3K
inhibitors. These results suggested that the novelINI3K inhibitors
pyrido[4,5]thieno[2,3-d] pyrimidine derivatives &fiently suppressed ROS
accumulation, apoptotic and pyroptotic cell deatloxygen and glucose deprivation
(OGD) H9c2 cells via a p38-MAPK signaling pathwayrurthermore,
pyrido[4,5]thieno[2,3-d] pyrimidine derivatives sidicantly reduced cardiomyocyte
apoptosis, pyroptosis and tissue fibrosis in amgbcardial ischemia/reperfusion
model without obvious morphological changes in th&n organs, which suggests

that these TNNI3K inhibitors are worth further dieyanent.
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Figure 1. (A) Chemical structures of representative TNNI8Kibitors; (B) The

scaffold hoping strategy of novel TNNI3K inhibitors

2. Results and Discussion

2.1 Chemistry

The synthesis of target compounds is depicted omerSe 1. A series of
differently substituted N-(5-amino-2-(dimethylam)rghenyl) amide derivatives were
generated according to Scheme 1. 2-fluoro-5-niitiven 1 reacted with
dimethylamine to generate compound 2, and aminat@in compound 2
with appropriate acid chloride generated the cpweding product8a-h. Compound
4 was developed from a previously reported procefB-31] First,
n-(tert-butoxycarbonyl)-4-piperidone was treatedthvathyl cyanoacetatand S

througha Gewald reaction. Then, the compound reacted f@ithamidine acetate to



form a pyrimidine ring. Finally, the product waslaimated using phosphorus
oxychloride and was converted to intermediate 4.

After obtaining the key intermediates 4 and 3aab, riitro-compounds 3a-h were
reduced by zinc powder, NBI and CHCOOH at 801 to generate
amino-compounds without further purification whielere then coupled with chloride
4 in isopropyl alcohol overnight. This was followbyd Boc deprotection under acidic
conditions to give the desired compounds 5a-h. llyindne compounds 5a-h were
converted to the corresponding target product @agugh alkylation using various
substituted halogen compounds and 7a-k throughegovddensation reaction using

various substituted aromatic acids.
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Scheme 1. Synthesis of novel TNNI3K inhibitors. Reagents aodditions: (a) Dimethylamine, EtOH
at RT for 15d. (b) RCOCI, DCM, Et3N at RT for 1ko) (1) Zn, NH4CI, CHCOOH, EtOH at 80 for
3h, (2) Isopropyl alcohol, HCI at 85overnight, (3) TFA, DCM at RT for 30min, (d) R-XQIEA,

EtOH at 807 overnight. () RCOOH, HATU, DIEA, DCM at RT for 3fin.

2.2 The SAR (structure-activity relationship) analysis and binding modes of

novel TNNI3K inhibitors



The kinase inhibitory abilities of the compoungisp and 7a-k are shown in
Table 1, including the percentage of 1uM inhibitor incubated with TNNI3K, EGFR,
HER2, FIt1(VEGFR1) and KDR(VEGFR2) kinase activiffable 1 shows the
comparison between the bioactivities of differeritaRd R fragments based on the
pyrido[4,5]thieno[2,3-d]pyrimidine scaffold. We liied EGFRs and VEGFRs as
models to test the off-target efficiency of synihed compounds. The results of the
kinase inhibitory assays suggest that all compourad® few off-target activities to
EGFRs and VEGFRs. Moreover, results from our ssidygest that a moderate steric
volume at R position is favorable to TNNI3K inhibition. For ample, the naphthyl
or 4-methylphenyl groups resulted in low inhibitogapacities on TNNI3K.
Additionally, the 2-furyl or 2-thienyl substitutisnat the R position demonstrate
better inhibitory capacities than the other substihs (also see Figure S1). A panel of
aromatic carboxyl substitutions on® Bosition were prepared and their kinase
inhibitory capacities were tested. However, thessmatic carboxyl substitutions at
the R position did not display better TNNI3K inhibitionr kinase selectivity
compared to alkylation substitutions. The alkyl insawith a positively charged
terminal group at R position demonstrated better TNNI3K inhibitory iaities
compared to simple alkyl or aromatic substitutions.

The 11 compounds with better TNNI3K inhibition atOdM were further
evaluated for their half-inhibitory concentratiomsm TNNI3K, as well as the
cytoprotective effects on cellular proliferation@GD H9c2 cardiomyocyte cell lines.
The corresponding results are listedTable 2. Compound 60 demonstrates the best
inhibitory activity on TNNI3K inhibition with an Ig value of 0.41uM. Additionally,
all 11 compounds exhibit potent cytoprotective &feon OGD H9c2 cells. The cell

viability of OGD H9c2 cells go from 40% to 70-90%ea incubation with 1.0 or



10uM TNNI3K inhibitor. Furthermore, we evaluated th#-target kinase inhibition
of compound 60 using a panel of 104 kinases throlghikKINOMEscan® method. As
shown in Table S1, after incubation with i of compound 60, only one member of
the MAP3K family, TAK1, was significantly suppresseavhile the other kinases
showed over 50% activity. Thus, compound 60 wascsedl for further studies to
understand the molecular mechanism and to evaltgatdficacy inin vivo murine
myocardial infarction models.

Table 1. The remained kinase activities (%) afteivL compounds 6a-p and 7a-k

incubation on a panel of TKs.

No. R R, Remained kinase activities (%) @1\
TNNISK EGFR HER2 Flt1 KDR
5a H CHCH; 46 97 102 107 92
5b H 4-MeGHg4 78 108 92 96 95
5c H 2-pyridy 42 103 98 96 95
5d H 3-pyridy 45 108 107 104 90
5e H 4-pyridy 39 90 109 103 92
5f H 1-naphthyl 71 110 90 105 88
59 H 2-furyl 35 100 91 96 92
5h H 2-thienyl 38 93 106 101 95
6a Ch CH,CHs 49 99 109 95 82
6b CHCHs CH,CHjs 53 93 90 109 80
6C Bn CHCH; 48 91 94 106 85
6d 2-pyrimidinyl CHCH; 59 102 99 106 80
6e Ch 4-MeGsH4 71 108 92 97 83
6f CHs 2-pyridy 55 100 103 94 89
69 Chs 3-pyridy 47 105 93 103 94
6h Chs 4-pyridy 46 105 97 105 84
6i CHs 1-naphthyl 77 98 96 101 87
6] CHs 2-furyl 37 93 95 105 89

6k CHs 2-thienyl 40 104 103 108 89
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Tk 2-thienyl 44 80 113 98 80

Compound 60 was docked into the ATP site of TNNIBK using CDOCKER
module of Accelrys Discovery Studio 3.5 packageke Trystalized structure of
TNNI3K kinase domain was retrieved from Protein dba@ink (PDB No. 4YFF), the
protein preparation and molecular docking were ating to the software operating
manuals. The 3D and 2D contours of compound 60 dbaonthe ATP sites of
TNNI3K are shown irFigure 2A and2B, respectively. We speculate that the N1 atom
of the pyrimidine ring forms stable hydrogen bomdth the 1le542 residue, and the
oxygen atom of the furan-carboxylic group formsyaegen bond with Thr539 of
TNNI3K, respectively. Moreover, the thieno[2iBpyrimidine scaffold forms pi-pi
stack interactions with the Tyr541 residue. Theseractions were similar to those of

the co-crystalized TNNI3K inhibitor.

11e537

Figure 2. The 3D contour (A) and 2D contour (B) of the bmglimode of compound

60 in ATP site of TNNI3K.

Table 2. The IGo values (M) of selected compounds on TNNI3K and their

cytoprotective effects on OGD H9c2 cells.



TNNI3K

No. ICao(UM) Cell viability (% of control)
OouM 1.0uM 10 uM

5e 0.96+0.09  49.11+5.94 52.97+8.10 68.13-5.56
59 0.73+0.10 47.98+7.01 54.15+8.27 71.018.83
5h 0.78+0.08  44.98+3.73 56.85+6.59 75.88:12.45
6j 0.56+0.04  42.40+4.32 59.62+6.13 85.56-7.90
6l 0.48+0.06 45.53+6.64 62.411+6.69 82.18:11.17
6m 0.64+0.07  42.08%4.58 61.08+6.48 79.86-6.63
6n 0.33+0.03 46.22+6.47 69.07+5.20 81.78:8.17
60 0.24+0.03  46.02+4.55 73.82+7.80 88.95-7.84
6p 0.57+0.05 46.58+4.42 58.51+4.17 78.515.49
7b 0.82+0.08 42.74+4.70 54.33+6.23 70.94£10.07
7d 0.98+0.07 44.62+4.37 49.14+5.74 70.68:5.27

2.3 Novel TNNI3K inhibitor 60 efficiently suppressed ROS accumulation,
apoptotic and pyroptotic cell death in oxygen and glucose deprivation (OGD)
induced H9c2 cellsviathe p38-M APK signaling pathway.

To evaluate the role of TNNI3K inhibitor 60 on cdiath of cardiomyocytes, we
focused on the effect of 60 on cell apoptosis in D&@duced H9c2 rat
cardiomyocytes. Apoptosis was determined mainlyhegyAnnexin-V/P1 dual-staining
apoptosis assay, MTT method, LDH activity detectias well as western blotting of
apoptosis and pyroptosis biomarkers.[32-34] It weéserved that compound 60
remarkably alleviated OGD-induced apoptosis in H9af cardiomyocytes in a
dosage-dependent manner, based on Annexin-V/Pistiaiaing apoptosis assay and

LDH cytotoxicity assay (Figure 3A-B). Meanwhile, toghrome C levels were



significantly decreased under the dose-dependemditton of compound 60 (Figure
3C), which further indicated that compound 60 couitlibit the mitochondrial
apoptosis pathway.

TNNI3K is a member of the MAP3K superfamily accomglito structural
homology.[15] It has been reported that TNNI3K speally activates the p38
pathway in cardiomyocytes.[16] Therefore, we exadithe activation of the classic
MAPK cascade in OGD-induced H9c2 rat cardiomyocyieder a dose-dependent
condition of compound 60. Western blot analysis wehathat treatment with
compound 60 declined the phosphorylation levelg3d, while protein expression of
total TNNI3K and p38 were not affected (Figure 3E)oreover, no significant
differences were found in the extracellular sigredulated kinase 1/2 (ERK 1/2),
c-Jun N-terminal kinase (JNK) and their activatmathway (Figure 3E). These results
indicate that compound 60 is capable of specificaiducing activation of the
p38-MAPK pathway and myocardial cell death. Pyragisocan be achieved by
activating the Caspase-1 pathway. NOD like recgpgon domain-containing protein
3 (NLRP3) binds the adaptor protein ASC and resr@iaspase-1 precursor to form

the NLRP3 inflammasome, leading to the activatib@aspase-1.[35-40]



A 0GD
NS 0 0.5 1.0 uM

Pl

Annexin V-FITC

ve
(g}

Ll Hralaa se (%)
S 8 g
ﬂ
*
¥
cell viability (%) O
g 38

- Early apop(osls
8 Late apoptos
8 Total apoploss

120 - NS

- 0GD

-+ OGD +0.5uM
= OGD +1.0 uM

s o N
o o

o

*k

Apoptotic cells (%)

°o o

0 0 24 48 72

NS 0 0.5 1.0 ’IM NS 0 0.5 1.0 pM Incubation time (houls)
0OGD 0oGD

E 0GD 0GD
NS 0 05 1.0 puM NS 0 05 1.0 pM
TNNI3K Casp-1 == <m—
po W W w—— ool e g b4

asp-

CRECIIPSRE i N Y VT ——
ERKA1/2 ‘ = -. Cleaved wmmuus wmmn "o S

GSDMD

p-ERK1/2 ‘ ‘ . . NLRP3 ™ S S S’

JNK S A IR -
p-JNK T SR SR Dro-|L-1b W s S —
Croc e W R e L e el B =
GAPDH (illp $EED &I @S GAPDH $WND Shu e g

F DAPI Caspase-1 NLRP3 Merge
z
o . . .
(O]
o

Figure 3. (A) and (B) Apoptosis in ODG-induced H9c2 cellsubated with 0.5 or 1.0M compound

60 for 24h, based on dual staining with annexin-Vfpdaum iodide (PI) followed by flow cytometry.
(C) LDH activity detection in ODG-induced H9c2 ceihcubated with 0.5 or 1M compoundéo for
24h. (D) Cell viability of ODG-induced H9c2 cellseaited with 0.5 or 1.0M compound6o was
assayed using the 3-(4,5-dimethylthiazol-2-yl)-8iphenyltetrazolium bromide (MTT) method.p%
0.01. (E) Levels of TNNI3K, apoptosis-, and pyragi®related proteins and phosphorylation status of



ERK1/2, JNK1/2, or p38 MAPK in ODG-induced H9c2lsehcubated with 0.5 or 1,0M compound
60 assessed using Western blotting. (F) Intracellalistribution of caspase-1 and NLRP3 were

detected by immunofluorescent assay.

On the one hand, activated Caspase-1 cleaves GSEIZing an inflammatory
reaction. Additionally, it cleaves the precursofsllolp and IL-18 to form active
IL-18 and IL-18, which cause inflammatory cells to aggte and expand the
inflammatory response.[41-44] We observed that ecmmp 60 reduced the activation
caspase-1 and GSDMD without affecting the totaterolevels of caspase-1 and
GSDMD. Furthermore, we observed inflammasome-aatamti pyroptoisis. Protein
levels of NLRP3, ASC and ILALwere significantly reduced after incubation with
compound 60, while pro-ILff showed no significant difference. Similarly,
fluorescence microscopy showed a significant deeraa protein expression and
intracellular co-localization between caspase-1 AmdRP3, indicating a potential

mechanism of action between TNNI3K inhibitor andqgptosis.

2.4 1n vivo myocardial ischemia model and preliminary safety evaluation
An in vivo model of myocardial infarction in C57BL/6 male miovas

established to evaluate the therapeutic efficacycahpound 60 on myocardial
infarction at a dose of 25mg/kg per mice. TTC stajrwas used to stain mice hearts,
in which the infarct area of LV stained yellow-wéiand the living myocardium
appeared red. We observed less yellow-white aréaeoEompound 6o-treated group
compared to the NS group. In comparison to the B the compound 6o-treated
group showed less collagen deposition in the LVjnatcated by the size of blue
region in Masson, indicating a striking decreasiagels of scar tissue.[45-47]
Meanwhile, results from H&E and MT staining werensistent. Compared to the NS
group, compound 60-treated group showed fewervksttricular inflammatory cells

and significantly inhibited ventricular dilatation.
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We further analyzed the myocardial tissue after uding immunofluorescence
and immunohistochemistry to verify whether compo6oeregulated myocardial cell
recovery was related to TNNI3K inhibition and apmgis/pyroptosis alleviation.
Immunofluorescent TUNEL assay was used to detemptapis in LV and caspase 1
activation. The results showed that less TUNEignals (green) were observed within
the LV area in compoun@b-treated group compared to the NS group, indicatiad
the NS group had more left ventricular myocardell apoptosis, a larger infarction
area, and a decrease in the activation level ofpases Furthermore,
immunohistochemical staining showed that the exgmwesof TNNI3K, p-p38 and

GSDMD was decreased. Results of iherivo experiments indicated that compound



60 has a protective effect on cardiomyocytes amaved an inhibitory effect on
TNNI3K. These results have demonstrated that thtenpi@l mechanism of action
between TNNI3K inhibitors and pyroptosis, with riéswf thein vivo experiment
being consistent with those of the vitro experiments. The ADME properties of
compound 60 were predicted by the ADMET tools frima Discovery Studio 3.5
package. As depicted in Figure S2, the predictedgRk, absorption and BBB
penetration properties of compound 60 were locatethe acceptable range. The
H&E staining of tissue sections suggest that tlezee no significant changes to the
morphology of main organs of mice in both the coommb 60o-treated and sham
groups (Figure S3). It is also worth pointing duaittour results are performed with a
limited number of experimental animals and needb#& validated in carefully
designed studies.

In conclusion, we report the design, synthesislaotbgical evaluation of novel
TNNI3K inhibitors with a pyrido[4,5] thieno[2,3-djpimidine scaffold in
OGD-induced H9c2 cardiomyocyte cell lines. The mustent inhibitor, compound
60, remarkably suppressed ROS accumulation, apogtotl pyroptotic cell death in
OGD-induced H9c2 cells. The detailed binding modkesompound 60 to TNNI3K
were probed to elucidate its kinase selectivitytlermore, the capacity of compound
60 to suppress apoptosis and pyroptosis were validateal mmodel of myocardial
infarction in C57BL/6 male mice. Collectively, tleegesults indicate that compound
60 suppressed OGD-induced H9c2 cell apoptosis gmapwsis by interfering with
the p38-MAPK signaling pathway, suggesting a nowelecular mechanism of these

novel TNNI3K inhibitors that are worth further stud

3. Experimental section



3.1 Materials and Regents

The antibodies targeted towards GSDMD, NLRP3, Cssyia Caspase-3,
Cytochrome C, p38MAPK, JNK, ERK1/2 and TUNEL askdyvere purchased from
the Proteintech Group Inc. (Wuhan, China). Antilesdiargeted against TNNI3K,
CTnl, and the phosphorylated forms of CTnl, p38MARWK and ERK1/2 were
obtained from Abcam (Cambridge, MA). The horserdadieroxidase(HRP)-labeled
secondary antibodies were obtained from Cell Sigeahnology (Boston, USA).
3.2 Chemical synthesis

All materials and solvents were purchased comrakycilhe purity of reagents

was greater than 95% and could be used directiyowtt further purification.
Anhydrous reagents were processed by conventios#itads or purchased directly.
Column chromatography performed on silica gel (800- mesh) and thin-layer
chromatography silica gel plate were both purchageth the Qingdao Marine
Chemical Co., Ltd (Qingdao, Shandong, China) ireotd purify the products. TLC,
carried out on glass-backed silica plates, wasalized with UV light and 4 Bruker
Avance Il 400 MHz spectrometers were used to @alt 'H NMR spectra.*C
NMR dates were collected at 100MHz with the sanstriment using TMS as an
internal standard in CDgIThed ppm scale relative to TMS was used to describe the
chemical shifts. ESI-HRMS spectrum was determinath Waters SYNAPT G2
spectrometer.

N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgBt:4,5]thieno[2,3-d]pyrimi
din-4-yl)amino)phenyl)propionamide5d) as a white solid (yield 54%), m.p.:
94.6-102.0 . *H NMR (400 MHz, Chloroformd) & 8.60 (br s, 1H), 8.49 (s, 1H), 8.36
(d,J=2.4 Hz, 1H), 7.76 (ddl = 8.8, 2.4 Hz, 1H), 7.22 (d,= 8.8 Hz, 1H), 7.03 (br. s,
1H), 4.10 (tJ = 2.0 Hz, 2H), 3.28 (] = 5.6 Hz, 2H), 3.06 (m, 2H), 2.65 (s, 6H), 2.47
(g, J = 7.6 Hz, 2H), 1.28 (t) = 7.6 Hz, 3H)X*C NMR (101 MHz, Chlorofornd) &
172.24, 166.28 , 155.17 , 152.80, 138.76 , 1351134.00 , 133.54 , 123.79, 120.60 ,
116.91 , 116.42 , 112.23 , 45.15, 45.00 (2C) 9@2.31.13 , 27.40 , 9.70HRMS
(ESI) m/zcalculated for GoH2sNsOS [M+H] * 397.1805, found 397.1807.

N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgt4,5]thieno[2,3-d]pyrimi



din-4-yl)amino)phenyl)-4-methylbenzamidsb)(as a white solid (yield 51%), m.p.:
195.0-197.177. *H NMR (400 MHz, Chloroformd) § § 9.47 (br s, 1H), 8.52 (d} =
2.4 Hz, 1H), 8.51 (s, 1H), 7.85 — 7.78 (m, 3H),27(8,J = 8.0 Hz, 2H), 7.27 (d] =
8.8 Hz, 1H), 7.09 (br. s, 1H), 4.10 Jt= 2.0 Hz, 2H), 3.30 (] = 5.6 Hz, 2H), 3.09 (m,
2H), 2.71 (s, 6H), 2.44 (s, 3H}*C NMR (101 MHz, Chlorofornd) & 166.31 ,
165.21,155.19, 152.81, 142.45,139.24 , 13513%.18 , 133.56 , 132.16 , 129.53
(2C) , 127.02 (2C) , 123.83 , 120.68 , 117.14 486 112.26 , 45.16 (3C) , 42.92 ,
27.43 , 21.52 . HRMS (ESHn/zcalculated for GsH2;NgOS[M+H] * 459.1962, found
459.1965.

N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgpt4,5]thieno[2,3-d]pyrimi
din-4-yl)amino)phenyl)picolinamide5¢) as a white solid (yield 56%), m.p.:
210.5-216.97. *H NMR (400 MHz, Chlorofornd) & 11.03 (br s, 1H), 8.69 (dd,=
5.6, 1.6 Hz , 1H), 8.59 (d,= 2.4 Hz, 1H), 8.52 (s, 1H), 8.30 (@= 8.0 Hz, 1H), 7.91
(td, J = 8.0, 1.6 Hz, 1H), 7.79 (dd,= 8.8, 2.4 Hz, 1H), 7.48 (m, 1H), 7.24 (d, 1H),
7.07 (br. s, 1H), 4.12 (8 = 2.0 Hz, 2H), 3.31 (1) = 5.6 Hz, 2H), 3.10 (m, 2H), 2.76
(s, 6H).*C NMR (101 MHz, Chlorofornd) 5 166.31 , 162.30 , 155.26 , 152.89 ,
150.39, 148.41, 140.26 , 137.49, 134.58 , 133488.32 , 126.29 , 123.82, 122.36 ,
120.27 , 117.63 , 116.41 , 112.74 , 45.18 , 44.82.95 , 27.46 . HRMS (ESij/z
calculated for GgH,4N;OS™ [M+H] *446.1758, found 446.1763.

N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgt.4,5]thieno[2,3-d]pyrimi
din-4-yl)amino)phenyl)nicotinamide5d) as a yellow solid (yield 52%), m.p.:
186.6-190.771. *H NMR (400 MHz, Chlorofornd) § 9.62 (br s, 1H), 9.15 (d,= 2.0
Hz, 1H), 8.80 (ddJ = 4.8, 2.0 Hz, 1H), 8.55 (d,= 2.4 Hz, 1H), 8.52 (s, 1H), 8.26 (dt,
J=8.0, 2.0 Hz, 1H), 7.79 (dd,= 8.8, 2.4 Hz, 1H), 7.49 (dd,= 8.0, 4.8 Hz, 1H),
7.31 (d,J = 8.8 Hz, 1H), 7.09 (br. s, 1H), 4.13 (b= 2.0 Hz, 2H), 3.32 () = 5.6 Hz,
2H), 3.12 (d,J = 5.6 Hz, 2H), 2.72 (s, 6H}*C NMR (101 MHz, Chlorofornd) &
166.40, 163.23 , 155.12, 152.79 , 152.57 , 1471%9.29 , 135.48 , 135.24 , 133.73
133.63, 130.69 , 123.79 , 123.75, 120.98 , 11/176.47 , 112.33 , 45.25 , 45.15,
42.91, 27.40 . HRMS (ESi/zcalculated for ggH2sN;OS[M+H] * 446.1758, found
446.1765.



N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgp:4,5]thieno[2,3-d]pyrimi
din-4-yl)amino)phenyl)isonicotinamidebd) as a white solid (yield 55%), m.p.:
220.3-223.01. 1H NMR (400 MHz, Chloroform-dj 9.63 (br s, 1H), 8.88 — 8.83 (m,
2H), 8.55 (dJ = 2.4 Hz, 1H), 8.52 (s, 1H), 7.79 (dbi= 8.8, 2.4 Hz, 1H), 7.76 — 7.73
(m, 2H), 7.31 (dJ) = 8.8 Hz, 1H), 7.09 (br s, 1H), 4.12 Jt= 2.0 Hz, 2H), 3.31 (1 =
5.6 Hz, 2H), 3.10 (m, 2H), 2.73 (s, 6HYC NMR (101 MHz, Chlorofornd) &
166.41 , 163.04 , 155.09 , 152.75 , 150.88 (23)1,97 , 139.32, 135.51 , 133.77 ,
133.45,123.73,120.97 , 120.75 (2C) , 117.96,48 , 112.38 , 45.26 (2C) , 45.17 ,
42.92 , 27.43 . HRMS (ESI) m/z calculated foskpsN;OSTM+H] * 446.1758,
found 446.1761.

N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgBt:4,5]thieno[2,3-d]pyrimi
din-4-yl)amino)phenyl)-1-naphthamidesf] as a grey solid (yield 63%), m.p.:
129.5-135.6 1. *H NMR (400 MHz, Chloroformd) & 9.20 (br s, 1H), 8.67 (d,= 2.4
Hz, 1H), 8.53 (s, 1H), 8.44 (dd,= 7.2, 2.4 Hz, 1H), 7.97 (d,= 8.0 Hz, 1H), 7.91
(dd,J = 7.2, 2.4Hz, 1H), 7.82 (dd,= 8.8, 2.4 Hz, 1H), 7.75 (dd,= 6.8, 1.2 Hz, 1H),
7.60 — 7.50 (m, 3H), 7.28 (d,= 8.8 Hz, 1H), 7.14 (br s, 1H), 4.08 Jt= 2.0 Hz, 2H),
3.29 (t,J = 5.6 Hz, 2H), 3.09 (m, 2H), 2.63 (s, 6HYC NMR (101 MHz,
Chloroformd) 6 167.60 , 166.38 , 155.22 , 152.80 , 139.26 , B351834.63 , 134.35 ,
133.83, 133.58 , 131.09, 130.20, 128.46 , 1271356.59 , 125.35, 125.10, 124.82
123.86, 120.92, 117.61 , 116.52 , 112.47 , 48309 , 42.93 , 27.40 . HRMS (ESI)
m/zcalculated for GsHo,/NgOS[M+H] * 495.1962, found 495.1963.

N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgt4,5]thieno[2,3-d]pyrimi
din-4-yl)amino)phenyl)furan-2-carboxamidegj as a grey solid (yield 57%), m.p.:
207.7-213.171. *H NMR (400 MHz, Chloroformd) & 9.54 (br s, 1H), 8.50 (s, 1H),
8.48 (d,J = 2.4 Hz, 1H), 7.79 (dd] = 8.8, 2.4 Hz, 1H), 7.57 (dd,= 1.6, 0.8 Hz, 1H),
7.25 (d,J = 8.8 Hz, 1H), 7.23 (dd] = 3.6, 0.8 Hz, 1H), 7.06 (br s, 1H), 6.57 (d&
3.6, 1.6 Hz, 1H), 4.10 (§ = 2.0 Hz, 2H), 3.29 (] = 5.6 Hz, 2H), 3.08 (m, 2H), 2.72
(s, 6H).*C NMR (101 MHz, Chlorofornd) 5 166.30 , 156.20 , 155.14 , 152.80 ,
148.23 , 144.47 ,139.32, 135.10, 133.50, 133483.79 , 120.65, 117.32, 116.43



115.11 , 112.51 , 112.33 , 45.13 , 45.03 (2C) 892.27.36 . HRMS (ESljn/z
calculated for GH23NgO,S' [M+H] * 435.1598, found 435.1605
N-(2-(dimethylamino)-5-((5,6,7,8-tetrahydropyridgBt:4,5]thieno[2,3-d]pyrimi
din-4-yl)amino)phenyl)thiophene-2-carboxamidgh)(as a grey solid (yield 65%),
m.p.: 201.6-207.1. *H NMR (400 MHz, Chlorofornd) & 9.35 (br s, 1H), 8.51 (s,
1H), 8.43 (dJ = 2.4 Hz, 1H), 7.82 (dd} = 8.8, 2.4 Hz, 1H), 7.63 (dd,= 3.6, 1.2 Hz,
1H), 7.56 (ddJ = 5.2, 1.2 Hz, 1H), 7.26 (d,= 8.8 Hz, 1H), 7.16 (dd} = 5.2, 3.6 Hz,
1H), 7.08 (s, 1H), 4.11 (8, = 2.0 Hz, 2H), 3.30 () = 5.6 Hz, 2H), 3.08 (m, 2H), 2.72
(s, 6H)."*C NMR (101 MHz, Chlorofornd) & 166.33, 159.78 , 155.12 , 152.80 ,
139.80, 138.98 , 135.37, 133.79, 133.49, 1301®8.30, 127.94 , 123.79, 120.72
117.17 ,116.44 , 112.10, 45.16 , 45.12 , 42.838.35 . HRMS (ESI)n/zcalculated
for CooH23NeOS [M+H] " 451.1369, found 451.1371.
N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahyplyrido[4',3":4,5]thieno[2,3
-d]pyrimidin-4-yl)amino)phenyl)propionamidéd) as a white solid (yield 70%), m.p.:
124.6-127.6. 'H NMR (400 MHz, Chloroformd) § 8.60 (br s, 1H), 8.50 (s, 1H),
8.37 (d,J = 2.4 Hz, 1H), 7.78 (dd} = 8.8, 2.4 Hz, 1H), 7.22 (d,= 8.8 Hz, 1H), 7.02
(br's, 1H), 3.71 (t) = 2.0 Hz, 2H), 3.16 (m, 2H), 2.89 (&= 5.6 Hz, 2H), 2.65 (s, 6H),
2.54 (s, 3H), 2.47 (q] = 7.6 Hz, 2H), 1.28 () = 7.6 Hz, 3H)*C NMR (101 MHz,
Chloroformd) 6 172.21, 166.57 , 155.16 , 152.90, 138.73 , 1351134.03 , 131.71 ,
123.16, 120.60, 116.89, 116.02 , 112.20 , 54864 , 45.27 , 45.01 (2C) , 31.12,
26.72 , 9.69 . HRMS (ESH/zcalculated for gH2;NgOS[M+H] * 411.1962, found
411.1961.
N-(2-(dimethylamino)-5-((7-ethyl-5,6,7,8-tetrahydyoido[4',3":4,5]thieno[2,3-
d]pyrimidin-4-yl)amino)phenyl)propionamidélf) as a white solid (yield 69%), m.p.:
125.1-128.601. 1H NMR (400 MHz, Chloroform-dy 8.60 (br s, 1H), 8.50 (s, 1H),
8.37 (d,J = 2.4 Hz, 1H), 7.79 (dd] = 8.8, 2.4 Hz, 1H), 7.22 (d,= 8.8 Hz, 1H), 7.02
(br's, 1H), 3.77 (t) = 2.0 Hz, 2H), 3.16 (M, 2H), 2.94 &= 5.6 Hz, 2H), 2.69 (q] =
7.2 Hz, 2H), 2.65 (s, 6H), 2.47 (@= 7.6 Hz, 2H), 1.28 (] = 7.6 Hz, 3H), 1.22 (1]
= 7.2 Hz, 3H).°*C NMR (101 MHz, Chlorofornd) & 172.20 , 166.59 , 155.12 ,
152.90, 138.68 , 135.23, 134.05, 132.00, 1231%0.62 , 116.77 , 116.04 , 112.09 ,



51.83, 51.27 , 49.43 , 45.02 (2C) , 31.13, 26.12.54 , 9.68 . HRMS (ESt/z
calculated for GH2oNsOS' [M+H] * 425.2118, found 425.2115.

N-(5-((7-benzyl-5,6,7,8-tetrahydropyrido[4',3":4tBleno[2,3-d] pyrimidin-4-yl)a
mino)-2-(dimethylamino)phenyl)propionamide) as a white solid (yield 64%), m.p.:
158.4-163.3 1. *H NMR (400 MHz, Chloroform-dp 8.59 (br. s, 1H), 8.49 (s, 1H),
8.36 (d,J = 2.4 Hz, 1H), 7.77 (dd = 8.6, 2.4 Hz, 1H), 7.43 — 7.28 (m, 5H), 7.21d,
= 8.6 Hz, 1H), 7.02 (br. s, 1H), 3.77 (s, 2H), 3(¥5) = 2.0 Hz, 2H), 3.16 (M, 2H),
2.96 (t,J = 5.6 Hz, 2H), 2.65 (s, 6H), 2.46 (= 7.6 Hz, 2H), 1.27 () = 7.6 Hz, 3H).
3C NMR (101 MHz, Chlorofornd) & 172.18 , 166.58 , 155.15 , 152.90 , 138.67 ,
137.70 , 135.22 , 134.05, 131.99 , 129.02 (2C28.91 (2C) , 127.47 , 123.57 ,
120.61, 116.75, 116.10, 112.11 , 61.68 , 524%47 , 45.02 (2C) , 31.13, 26.70 ,
9.69 . HRMS (ESI)m/z calculated for GHsNOS[M+H] © 487.2275, found
487.2283.

N-(2-(dimethylamino)-5-((7-(pyrimidin-2-yl)-5,6, #8trahydropyrido[4',3":4,5]t
hieno[2,3-d]pyrimidin-4-yl)Jamino)phenyl)propionaneidéd) as a white solid (yield
54%), mp: 158.4-163.3.. *H NMR (400 MHz, Chlorofornd) § 8.58 (br s, 1H), 8.50
(s, 1H), 8.40 (dJ = 2.4 Hz, 1H), 8.37 (d] = 4.8 Hz, 2H), 7.69 (dd] = 8.8, 2.4 Hz,
1H), 7.21 (d,J = 8.8 Hz, 1H), 7.00 (br s, 1H), 6.57 Jt= 4.8 Hz, 1H), 5.10 ( = 2.0
Hz, 2H), 4.28 (tJ = 5.6 Hz, 2H), 3.22 (m , 2H), 2.65 (s, 6H), 2.47X= 7.6 Hz, 2H),
1.27 (t,J = 7.6 Hz, 3H).3C NMR (101 MHz, Chlorofornd) § 172.16 , 166.75 ,
161.46 , 157.92 (2C) , 155.17 , 153.01 , 138.835,06 , 134.06 , 131.94 , 124.30 ,
120.58 , 116.89, 116.12 , 112.35, 110.76 , 4R@) , 44.04 , 40.97 , 31.14, 26.03,
9.70 . HRMS (ESI)m/z calculated for GH»;NgOS[M+H] * 475.2023, found
475.2028.

N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahyplyrido[4',3":4,5]thieno[2,3
-d]pyrimidin-4-yl)amino)phenyl)-4-methylbenzamidée)( as a orange solid (yield
73%), m.p.: 105.6-109.7.. '"H NMR (400 MHz, Chloroformd) & 9.48 (br s, 1H),
8.52 (d,J = 2.4 Hz, 1H), 8.51 (s, 1H), 7.86 - 7.77 (m, 3AB2 (d,J = 8.0 Hz, 2H),
7.27 (d,J = 8.8 Hz, 1H), 7.08 (br s, 1H), 3.71Jt= 2.0 Hz, 2H), 3.20 (m, 2H), 2.90 (t,
J = 5.6 Hz, 2H), 2.71 (s, 6H), 2.54 (s, 3H), 2.44 381). °C NMR (101 MHz,



Chloroform4d) 6 166.58 , 165.20, 155.18 , 152.91 , 142.43 , 139185.31 , 134.19,
132.18 , 131.70 , 129.52 (2C) , 127.03 (2C) , 123.220.68 , 117.14 , 116.06 ,
112.27 , 54.01 , 51.65 , 45.26 , 45.17 (2C) , 26.78..52 . HRMS (ESIm/z
calculated for GsH29N6OS'[M+H] *473.2118, found 473.2120.
N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahgplyrido[4',3":4,5]thieno[2,3
-d]pyrimidin-4-yl)amino)phenyl)picolinamidéf() as a light-yellow solid (yield 79%),
m.p.: 105.6-110.21.*H NMR (400 MHz, Chlorofornd) & 11.03 (br s, 1H), 8.69 (m,
1H), 8.59 (dJ = 2.4 Hz, 1H), 8.52 (s, 1H), 8.30 (dt= 8.0, 1.2 Hz, 1H), 7.91 (td,=
8.0, 1.6 Hz, 1H), 7.79 (dd,= 8.8, 2.4 Hz, 1H), 7.48 (m, 1H), 7.25 (& 8.8 Hz, 1H),
7.07 (br's, 1H), 3.72 (§ = 2.0 Hz, 2H), 3.20 (m, 2H), 2.90 &= 5.6 Hz, 2H), 2.76 (s,
6H), 2.54 (s, 3H)*C NMR (101 MHz, Chlorofornd) & 166.55 , 162.29 , 155.25 ,
152.96 , 150.38 , 148.41 , 140.26 , 137.48 , 134158.30 , 131.59, 126.29 , 123.22
122.35,120.25, 117.66 , 116.01, 112.78 , 5430065 , 45.25 , 44.82 (2C) , 26.71 .
HRMS (ESI)m/zcalculated for G4HeN;OS[M+H] *460.1914, found 460.1923.
N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahgplyrido[4',3":4,5]thieno[2,3
-d]pyrimidin-4-yl)amino)phenyl)nicotinamid&d) as a white solid (yield 78%), m.p.:
209.8-211.971. *"H NMR (400 MHz, Chloroformd) & 9.62 (br s, 1H), 9.15 (d, = 2.0
Hz, 1H), 8.80 (ddJ = 4.8, 2.0 Hz, 1H), 8.55 (d,= 2.4 Hz, 1H), 8.53 (s, 1H), 8.26 (dt,
J = 8.0, 2.0 Hz, 1H), 7.80 (dd,= 8.8, 2.4 Hz, 1H), 7.49 (dd,= 8.0, 4.8 Hz, 1H),
7.30 (d,J = 8.8 Hz, 1H), 7.07 (br s, 1H), 3.73Jt= 2.0 Hz, 2H), 3.21 (m, 2H), 2.91 (t,
J = 5.6 Hz, 2H), 2.72 (s, 6H), 2.55 (s, 3tHC NMR (101 MHz, Chlorofornd) &
166.67, 163.21 , 155.11, 152.87 , 152.57 , 147138D.26 , 135.50 , 135.23 , 133.74
131.84 , 130.70, 123.78 , 123.13 , 120.97 , 117116.07 , 112.31 , 54.01 , 51.65,
45.28 (2C) , 45.25 , 26.74 . HRMS (ESMyz calculated for GuHogN;OSM+H] *
460.1914, found 460.1913.
N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahyplyrido[4',3":4,5]thieno[2,3
-d]pyrimidin-4-yl)amino)phenyl)isonicotinamidéh) as a white solid (yield 73%),
mp: 221.4-224.31. *H NMR (400 MHz, Chlorofornd) & 9.63 (br s, 1H), 8.88 — 8.81
(m, 2H), 8.55 (dJ) = 2.4 Hz, 1H), 8.53 (s, 1H), 7.80 (dil= 8.8, 2.4 Hz, 1H), 7.77 —
7.71 (m, 2H), 7.31 (dJ = 8.8 Hz, 1H), 7.07 (br s, 1H), 3.72 §t= 2.0 Hz, 2H), 3.20



(m, 2H), 2.91 (tJ = 5.6 Hz, 2H), 2.73 (s, 6H), 2.55 (s, 3tC NMR (101 MHz,
Chloroformd) 6 116.70 , 163.04 , 155.09 , 152.85 , 150.89 (201,99 , 139.31 ,
135.53 , 133.47 , 131.94 , 123.11, 120.98 , 12k , 117.96 , 116.09 , 112.39,
54.03 , 51.66 , 45.30 (2C) , 45.27 , 26.76 . HRMESI] m/z calculated for
CoaH26N7OS [M + H] * 460.1914, found 460.1917.
N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahyplyrido[4',3":4,5]thieno[2,3
-d]pyrimidin-4-yl)amino)phenyl)-1-naphthamid&i) as a light-yellow solid (yield
60%), m.p.: 118.7-125.01. '"H NMR (400 MHz, Chloroformd) & 9.20 (br s, 1H),
8.66 (d,J = 2.4 Hz, 1H), 8.53 (s, 1H), 8.45 (dbi= 7.2, 2.4 Hz, 1H), 8.00 (d,= 8.0
Hz, 1H), 7.92(dd,) = 7.2, 2.4 Hz, 1H), 7.82 (dd,= 8.8, 2.4 Hz, 1H), 7.77 (dd,=
6.8, 1.2 Hz, 1H), 7.62 — 7.51 (m, 3H), 7.29J¢; 8.8 Hz, 1H), 7.12 (br s, 1H), 3.73 (t,
J=2.0 Hz, 2H), 3.22 (t] = 5.6 Hz, 2H), 2.91 (] = 5.6 Hz, 2H), 2.64 (s, 6H), 2.55 (s,
3H).**C NMR (101 MHz, Chlorofornd) 5 167.60 , 166.65, 155.24 , 152.92 , 139.30,
135.34, 134.66 , 134.36, 133.85, 131.76, 13118D.23, 128.45, 127.32 , 126.60 ,
125.37 , 125.12 ,124.85 , 123.22 , 120.93, 117/868.10 , 112.53 , 54.03 , 51.67 ,
45.28 , 45.16 (2C) , 26.75 . HRMS (E8i)Jzcalculated for GgH2sNeNaOS [M + Na]
*531.1938, found 531.1942.
N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahyplyrido[4',3":4,5]thieno[2,3
-d]pyrimidin-4-yl)amino)phenyl)furan-2-carboxamidgj) as a white solid (yield
78%), m.p.: 159.1-160.3. '"H NMR (400 MHz, Chlorofornd) & 9.55 (br s, 1H),
8.51 (s, 1H), 8.48 (dl = 2.4 Hz, 1H), 7.81 (dd] = 8.8, 2.4 Hz, 1H), 7.57 (dd,= 1.6,
0.8 Hz, 1H), 7.26 (d) = 8.8 Hz, 1H), 7.24 (dd] = 3.6, 0.8 Hz, 1H), 7.05 (br s, 1H),
6.57 (ddJ = 3.6, 1.6 Hz, 1H), 3.71 (§, = 2.0 Hz, 2H), 3.18 (m, 2H), 2.89 (= 5.6
Hz, 2H), 2.72 (s, 6H), 2.54 (s, 3HJC NMR (101 MHz, Chlorofornd) & 166.59 ,
156.18, 155.13, 152.90, 148.27 , 144.43 , 1391%5.13, 133.52, 131.75, 123.16,
120.65, 117.30, 116.04 , 115.08 , 112.49, 11253R02 , 51.65, 45.28 , 45.04 (2C) ,
26.73 . HRMS (ESIm/z calculated for GzH2sNgO>S™ [M + H] * 449.1754, found
449.1757.
N-(2-(dimethylamino)-5-((7-methyl-5,6,7,8-tetrahyplyrido[4',3":4,5]thieno[2,3

-d]pyrimidin-4-yl)amino)phenyl)thiophene-2-carboxae 6k) as a white solid (yield



75%), m.p.: 101.3-105.0:. '"H NMR (400 MHz, Chlorofornd) & 9.37 (br s, 1H),
8.52 (s, 1H), 8.43 (d] = 2.4 Hz, 1H), 7.85 (ddl = 8.8, 2.4 Hz, 1H), 7.64 (dd,= 3.6,
1.2 Hz, 1H), 7.57 (dd] = 5.2, 1.2 Hz, 1H), 7.28 (d,= 8.8 Hz , 1H), 7.16 (dd| = 5.2,
3.6 Hz, 1H), 7.06 (s, 1H), 3.72 (t= 2.0 Hz, 2H), 3.18 (m, 2H), 2.90 (= 5.6 Hz,
2H), 2.72 (s, 6H), 2.54 (s, 3H°C NMR (101 MHz, Chlorofornd) & 166.61 ,
159.77 ,155.11, 152.89, 139.84 , 138.96 , 13p138.82 , 131.79, 130.82 , 128.29 ,
127.92 ,123.15,120.73 , 117.15, 116.06 , 11254002 , 51.65, 45.27 , 45.17 (2C) ,
26.73 . HRMS (ESIm/z calculated for GsHsNgOS' [M + H] *465.1526, found
465.1528.
N-(2-(dimethylamino)-5-((7-(3-morpholinopropyl)-5/68-tetrahydropyrido[4',3'
:4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)propnamide §l) as pink solid (yield
45%), m.p.: 118.1-122.3H NMR (400 MHz, Chlorofornd) & 8.60 (br s, 1H), 8.50
(s, 1H), 8.36 (dJ = 2.4 Hz, 1H), 7.79 (dd] = 8.8, 2.4 Hz, 1H), 7.22 (d,= 8.8 Hz,
1H), 7.02 (br s, 1H), 3.76 @,= 2.0 Hz, 2H) , 3.73 (] = 4.8 Hz, 4H), 3.15 (] = 5.6
Hz, 2H), 2.94 (tJ = 5.6 Hz, 2H), 2.65 (m, 8H), 2.53 — 2.39 (m, 8HY9 (q,J = 7.6
Hz, 2H), 1.28 (tJ = 7.6 Hz, 3H).23C NMR (101 MHz, Chlorofornd) & 172.24 ,
166.55, 155.14 , 152.91 , 138.72, 135.18 , 1341(18.88 , 123.57 , 120.62 , 116.82 ,
116.04 , 112.12, 67.00 (2C) , 56.86 , 55.24 ,B3X) , 52.25, 49.73 , 45.02 (2C) ,
31.12, 26.64 , 24.52 , 9.68 . HRMS (EBljzcalculated for GH3gN;0,S ' [M + H] *
524.2802, found 524.2806.
N-(2-(dimethylamino)-5-((7-(3-(4-methylpiperazin/propyl)-5,6,7,8-tetrahydr
opyrido[4',3":4,5]thieno[2,3-d]pyrimidin-4-yl)aminghenyl)furan-2-carboxamide
(6m) as a red solid (yield 35%), m.p.: 90.5-9711'H NMR (400 MHz, Chloroforrd)
§ 9.55 (br's, 1H), 8.51 (s, 1H), 8.47 (d= 2.4 Hz, 1H), 7.81 (dd] = 8.8, 2.4 Hz, 1H),
7.57 (ddJ = 1.6, 0.8 Hz, 1H), 7.26 (d,= 8.8 Hz, 1H), 7.24 (dd} = 3.6, 0.8 Hz, 1H),
7.05 (br s, 1H), 6.57 (dd,= 3.6, 1.6 Hz, 1H), 3.77 (8,= 2.0 Hz, 2H), 3.16 (1 = 5.6
Hz, 2H), 2.95 (tJ) = 5.6 Hz, 2H), 2.72 (s, 6H), 2.65 Jt= 7.6 Hz, 2H), 2.62 — 2.33 (m,
10H), 2.29 (s, 3H), 1.81 (@, = 7.6 Hz, 2H)**C NMR (101 MHz, Chlorofornd) &
166.58 , 159.78 , 155.09, 152.87 , 139.82 , 138186.39 , 133.81, 132.01, 130.82,
128.29 , 127.92 , 123.56 , 120.73 , 117.11 , 116.082.07 , 56.42 , 55.36 , 55.12



(2C) , 53.25 (2C) , 52.21 , 49.75 , 46.03 , 452Q)(, 26.64 , 24.84 . HRMS (ESI)
m/zcalculated for GHzgNgO,S' [M + H] *575.2911, found 575.2910.
N-(2-(dimethylamino)-5-((7-(3-(4-methylpiperazinfpropyl)-5,6,7,8-tetrahydr
opyrido[4',3".4,5]thieno[2,3-d]pyrimidin-4-yl)aminghenyl)thiophene-2-carboxamid
e 6n) as a white solid (yield 37%), m.p.: 48.9-55.7 'H NMR (400 MHz,
Chloroform4d) 6 9.38 (br s, 1H), 8.52 (s, 1H), 8.44 (W= 2.4 Hz, 1H), 7.86 (dd] =
8.8, 2.4 Hz, 1H), 7.65 (dd, = 3.6, 1.2 Hz, 1H), 7.58 (dd,= 5.2, 1.2 Hz, 1H), 7.28
(d,J=8.8 Hz, 1H), 7.17 (dd] = 5.2, 3.6 Hz, 1H), 7.08 (s, 1H), 3.78Jt= 2.0 Hz,
2H), 3.17 (tJ = 5.6 Hz, 2H), 2.96 (t] = 5.6 Hz, 2H), 2.74 (s, 6H), 2.66 Jt= 7.6 Hz,
2H), 2.63 — 2.34 (m, 10H), 2.31 (s, 3H), 1.824p, 7.6 Hz, 2H)**C NMR (101 MHz,
Chloroform4d) 3 166.53 , 159.70 , 155.03 , 152.81 , 139.81 , 138135.38 , 133.76 ,
131.97,130.80, 128.23, 127.90, 123.56 , 120¥7.02 , 116.04 , 112.00 , 56.39 ,
55.34 , 55.10 (2C) , 53.22 (2C) , 52.19 , 49.78.02 , 45.14 (2C) , 26.63 , 24.83 .
HRMS (ESI)m/zcalculated for GHzsNsOS,' [M + H] * 591.2683, found 591.2681.
N-(2-(dimethylamino)-5-((7-(3-(dimethylamino)prop$l6,7,8-tetrahydropyrido
[4',3":4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phen)lran-2-carboxamide 60) as a
white solid (yield 40%), m.p.: 64.9-70.5. *H NMR (400 MHz, Chlorofornd) &
9.55 (br s, 1H), 8.51 (s, 1H), 8.48 (= 2.4 Hz, 1H), 7.81 (dd] = 8.8, 2.4 Hz, 1H),
7.57 (ddJ = 1.6, 0.8 Hz, 1H), 7.26 (d,= 8.8 Hz, 1H), 7.24 (dd} = 3.6, 0.8 Hz, 1H),
7.06 (br s, 1H), 6.57 (dd,= 3.6, 1.6 Hz, 1H), 3.77 (§,= 2.0 Hz, 2H), 3.17 (m, 2H),
2.95 (t,J = 5.6 Hz, 2H), 2.72 (s, 6H), 2.65 {t= 7.6 Hz , 2H), 2.41 () = 7.6 Hz ,
2H), 2.28 (s, 6H), 1.80 (@] = 7.6 Hz, 2H).3C NMR (101 MHz, Chlorofornd) &
166.59, 156.18 , 155.11, 152.90, 148.27 , 144489.27 , 135.15, 133.53, 131.95,
123.58 , 120.66 , 117.23 , 116.05 , 115.07 , 1124¥.26 , 57.60 , 55.26 , 52.28 ,
49.74 , 45.36 (2C) , 45.04 (2C) , 26.70 , 25.39RM$ (ESI) m/z calculated for
C27H34N70.S" [M + H] * 520.2489, found 520.2486.
N-(2-(dimethylamino)-5-((7-(3-(dimethylamino)prop$l6,7,8-tetrahydropyrido
[4',3":4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phen)thiophene-2-carboxamide 6f)
as a white solid (yield 40%), m.p.: 39.8-4315'H NMR (400 MHz, Chlorofornd) &
9.36 (br s, 1H), 8.51 (s, 1H), 8.44 (= 2.4 Hz, 1H), 7.84 (dd] = 8.8, 2.4 Hz, 1H),



7.64 (d,J = 3.6 Hz, 1H), 7.56 (d] = 5.2 Hz, 1H), 7.27 (dJ = 8.8 Hz , 1H), 7.16 (dd,
J=5.2,3.6 Hz, 1H), 7.07 (br s, 1H), 3.77Xt 2.0 Hz, 2H), 3.16 (§ = 5.6 Hz, 2H),
2.95 (t,J = 5.6 Hz, 2H), 2.72 (s, 6H), 2.65 Jt= 7.6 Hz, 2H), 2.39 ({] = 7.6 Hz, 2H),
2.27 (s, 6H), 1.79 (pl = 7.6 Hz, 2H)X*C NMR (101 MHz, Chlorofornd) & 166.60 ,
159.76 , 155.08 , 152.87 , 139.84 , 138.92 , 13p488.82 , 132.03 , 130.81 , 128.28 ,
127.92 , 123.57 , 120.73 , 117.07 , 116.08 , 1129867 , 55.35, 52.28 , 49.75 ,
4549 (2C) , 45.17 (2C) , 26.70 , 25.55 . HRMS [ESBI/z calculated for
C27H3aN70S" [M + H] * 536.2261, found 536.2252.
N-(2-(dimethylamino)-5-((7-(4-(trifluoromethyl)beng)-5,6,7,8-tetrahydropyrid
o[4',3":4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phehypropionamide f{a) as a light
yellow (yield 85%), m.p.: 208.1-210.84 NMR (400 MHz, Chloroformd) & 8.59 (br
s, 1H), 8.55 — 8.22 (m, 2H), 7.87 — 7.52 (m, 5H227(d,J = 8.8 Hz, 1H), 6.98, 6.90
(2br s, rotamers, 1H), 5.02, 4.69 (2s, rotamers), 2H7, 3.80 (2s, rotamers, 2H),
3.28, 3.17 (2s, rotamers, 2H), 2.65 (s, 6H), 2 € 7.6 Hz, 2H), 1.27 (t) = 7.6
Hz, 3H).**C NMR (101 MHz, Chlorofornd) & 172.29 , 169.37 , 166.98 , 155.21 ,
153.35, 139.01 , 138.69 , 134.84 , 134.05 , 132030 = 30 Hz, 1C) , 127.46 —
127.34 (m, 2C) , 126.35 (4,= 273 Hz, 1C ), 125.96 (2C) , 122.28 , 120.647.1% ,
116.93 , 115.73 , 112.04 , 44.98 (2C) , 44.43,32.31.12 , 27.33 , 9.67 . HRMS
(ESI) m/zcalculated for GeHogFsNeO,S" [M + H] * 569.1941, found 569.1937.
N-(2-(dimethylamino)-5-((7-picolinoyl-5,6,7,8-telngdropyrido[4',3":4,5]thieno[
2,3-d]pyrimidin-4-yl)amino)phenyl)furan-2-carboxaaei (7b) as a light yellow (yield
86%), m.p.: 124.5-132.2). '"H NMR (400 MHz, Chloroformd) & 9.57, 9.54(2 br s,
rotamers, 1H), 8.69, 8.64 (2d=4.8 Hz, rotamers, 1H), 8.61 — 8.38 (m, 2H), 7~89
7.60 (m, 3H), 7.57 (s, 1H), 7.46 — 7.38 (m, 1HP87.7.27(2s, rotamers, 1H), 7.26 —
7.22(m, 1H), 7.02, 7.01 (2s, rotamers, 1H), 6.58 Jd= 3.5, 1.8 Hz, 1H), 5.06, 5.03
(2s, rotamers, 2H), 4.22, 4.05 (2t 5.6 Hz, rotamers, 2H), 3.32 {t= 5.6 Hz, 2H),
2.74 (s, 6H)*C NMR (101 MHz, Chloroform-dy 167.71 , 166.96 , 156.24 , 155.15 ,
153.37,153.30, 153.13, 148.46 , 148.26 , 1481¥1A1.53 , 137.30, 133.47, 130.36 ,
125.10, 124.80 , 124.40, 123.93 , 120.68 , 1174%.95 , 115.12 , 112.50 , 45.03



(2C) , 44.38 , 42.70 , 27.50 . HRMS (E@t)zcalculated for GsHosN;NaG:S™ [M +
Na]* 562.1632, found 562.1630.
N-(2-(dimethylamino)-5-((7-nicotinoyl-5,6,7,8-tetsadropyrido[4',3":4,5]thieno|
2,3-d]pyrimidin-4-yl)amino)phenyl)furan-2-carboxamhei (/c) as a light yellow (yield
77%), m.p.: 127.5-130.1. 'H NMR (400 MHz, Chlorofornd) & 9.51 (br s, 1H),
8.77 (br s, 1H), 8.74 (dd,= 4.8, 1.6 Hz 2H), 8.64 — 8.35 (m, 2H), 7.84 (1t 8.0,
2.0 Hz, 1H), 7.74, 7.63 (2s, rotamers, 1H), 7.5854 (m, 1H), 7.43 (t) = 6.0 Hz,
1H), 7.25 (dJ = 8.8 Hz, 1H), 7.22 (d] = 3.6 Hz, 1H), 7.12 — 6.89 (m, 1H), 6.57 (dd,
J=3.6, 1.6 Hz, 1H), 5.02, 4.78 (2s, rotamers, 2H)6, 3.86 (2s, rotamers, 2H), 3.24
(s, 2H), 2.72 (s, 6H):*C NMR (101 MHz, Chlorofornd) 5 168.26 , 166.99 , 156.14 ,
155.25, 153.36, 151.39, 148.19, 148.01 , 144489.58 , 134.79, 133.51, 131.08 ,
130.09 , 123.64 , 120.64 , 117.49 , 115.77 , 115.122.51 , 44.99 (3C) , 42.45 ,
29.70 . HRMS (ESln/zcalculated for GgH2sN/NaG:S™ [M + Na] *562.1632, found
562.1630.
N-(2-(dimethylamino)-5-((7-isonicotinoyl-5,6,7,8rehydropyrido[4',3":4,5] thie
no[2,3-d]pyrimidin-4-yl)amino)phenyl)furan-2-carbamide {d) as a light yellow
(yield 90%), m.p.: 134.1-137.5. *H NMR (400 MHz, Chlorofornd) & 9.53 (br s,
1H), 8.86 — 8.71 (m, 2H), 8.61 — 8.36 (m, 2H), 7.752 (2d,J = 8.4 Hz, rotamers,
1H), 7.59 — 7.54 (m,1H), 7.26 (d= 8.8 Hz, 2H), 7.23 (d] = 3.2 Hz, 1H), 7.01, 6.90
(2s, rotamers, 1H), 6.58 (dd= 3.6, 1.6 Hz, 1H), 5.03, 4.67 (2s, rotamers, 2H)9,
3.79 (2s, rotamers, 2H), 3.31, 3.18 (2s, rotan@, 2.72 (s, 6H)*C NMR (101
MHz, Chloroformd) & 168.20 , 167.05 , 156.19 , 155.15 , 153.32 , 15QXT) ,
148.15, 144.52 , 142.82 , 139.56 , 134.76 , 13315D.00 , 123.16 , 121.02 , 120.66 ,
117.49 , 115.72 , 115.16 (2C) , 112.53 , 112.34.99(2C) , 44.27 , 42.16 , 27.26 .
HRMS (ESI) m/z calculated for GgHosN,NaOsS™ [M + Na] * 562.1632, found
562.1632.
N-(2-(dimethylamino)-5-((7-(pyrimidine-2-carbony)6,7,8-tetrahydropyrido[4"
,3":4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)an-2-carboxamideg) as a light
yellow (yield 93%), m.p.: 151.7-157(1. *H NMR (400 MHz, Chlorofornd) & 9.56,
9.54 (2br s, 1H), 8.92, 8.87 (2tl= 4.8 Hz, rotamers, 2H), 8.63 — 8.33 (m, 2H), %94



7.56 (m, 2H), 7.45, 7.42 (21,= 4.8 Hz, rotamers, 1H), 7.30 — 7.27 (m, 1H), =26
7.21 (m, 1H), 7.02, 6.97 (2s, rotamers, 1H), 6c8 J = 3.6, 1.6 Hz, 1H), 5.10, 4.75
(2t,J = 2.0 Hz, rotamers, 2H), 4.25, 3.80 2t 6.0 Hz, rotamers, 2H), 3.33, 3.28 (2t,
J = 6.0 Hz, rotamers, 2H), 2.73 (s, 6HJC NMR (101 MHz, Chlorofornd) &
167.00 , 165.29 , 161.58 , 157.61 (2C) , 156.285,10 , 153.16 , 148.14 , 144.56 ,
135.03, 133.43,129.94, 129.18, 124.71 , 123164.64 , 120.70, 117.35, 115.86 ,
115.09, 112.50, 45.03 (2C) , 43.94 , 42.08 , 7 .HHRMS (ESI)m/zcalculated for
C27H24NgNaO;S' [M + Na] *563.1584, found 563.1581.
N-(2-(dimethylamino)-5-((7-(pyrazine-2-carbonylp%,,8-tetrahydropyrido[4',3'
:4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)furag-carboxamide 1f) as a light
yellow (yield 92%), m.p.: 121.9-126(7. *H NMR (400 MHz, Chlorofornd) & 9.56,
9.52 (2s, rotamers, 1H), 9.08 (W5 1.6 Hz, 1H), 8.72, 8.70 (2d,= 2.4 Hz, rotamers,
1H), 8.66 — 8.41 (m, 3H), 7.85, 7.62 (2dd, rotamérs 8.8, 2.4 Hz, 1H), 7.57 (8,=
2.8 Hz, 1H), 7.27 — 7.22 (m, 2H), 7.04, 7.01 (2¢amers, 1H), 6.58 (dd,= 3.6, 1.6
Hz, 1H), 5.06, 5.05 (2s, rotamers, 2H), 4.22, 42i7J = 5.6 Hz, rotamers, 2H), 3.34
(t, J = 5.6 Hz, 2H), 2.73 (s, 6H}*C NMR (101 MHz, Chlorofornd) § 167.01 ,
165.34 , 156.26 , 155.16 , 153.22 , 148.55, 14814%.49 , 146.25 , 145.96 , 144.56 ,
142.56 , 139.44 ,134.95, 133.48, 129.96 , 1241518.85, 120.70, 117.50, 115.15,
112.52 , 45.03 (2C) , 44.44 |, 42.89 , 27.51 . HRIESI) m/z calculated for
C27H24NgNaQ;S™ [M + Na] * 563.1584, found 563.1582.
N-(2-(dimethylamino)-5-((7-picolinoyl-5,6,7,8-telngdropyrido[4',3":4,5]thieno
[2,3-d]pyrimidin-4-yl)amino)phenyl)thiophene-2-carkamide Tg) as a light yellow
(yield 91%), m.p.: 123.7-130.5. 'H NMR (400 MHz, Chlorofornd) § 9.37, 9.32
(2s, rotamers, 1H), 8.67 (2d,= 4.8 Hz, rotamers, 1H), 8.59 — 8.35 (m, 2H), =90
7.61 (m, 4H), 7.57 (dd] = 5.2, 1.6 Hz, 1H), 7.45 — 7.38 (m, 1H), 7.29 257(m, 1H),
7.16 (dd,J = 4.8, 3.6 Hz, 1H), 7.03, 7.01 (2br s, rotametd), 15.06, 5.03 (2s,
rotamers, 2H), 4.22, 4.05 (&= 5.6 Hz, rotamers, 2H), 3.32 @z 5.6 Hz, 2H), 2.72
(s, 6H).*C NMR (101 MHz, Chlorofornd) 5 167.72 , 166.96 , 159.79 , 155.11 ,
153.36 , 153.10, 148.49, 139.77 , 139.06 , 1371235.25 , 133.76 , 130.88 , 130.32 ,
128.28 , 127.96 , 125.09 , 124.35, 123.96 , 12017P7.26 , 115.97 , 112.08 , 45.15



(2C) , 44.36 , 42.67 , 27.47 . HRMS (ES8i)zcalculated for GgH2sN/NaG,S," [M +
Na]* 578.1403, found 578.1404.
N-(2-(dimethylamino)-5-((7-nicotinoyl-5,6,7,8-tetsadropyrido[4',3":4,5]thieno
[2,3-d]pyrimidin-4-yl)amino)phenyl)thiophene-2-carkamide Th) as a light yellow
(yield 90%), m.p.: 135.5-141.8. 'H NMR (400 MHz, Chlorofornd) & 9.31 (s, 1H),
8.76 (s, 1H), 8.72 (dd} = 5.2, 1.6 Hz, 1H), 8.56 — 8.37 (m, 2H), 7.84J&; 8.0 Hz,
1H), 7.79 — 7.58 (m, 2H), 7.55 (dii= 5.2, 1.2 Hz, 1H), 7.41 (8,= 6.4 Hz, 1H), 7.24
(d, J = 8.8 Hz, 1H), 7.14 (dd) = 4.8, 3.6 Hz, 1H), 7.03 (br s, 1H), 5.00, 4.76(2s
rotamers, 2H), 4.15, 3.84 (2s, rotamers, 2H), 822H), 2.71 (s, 6H)-*C NMR (101
MHz, Chloroformd) 6 168.25 , 166.97 , 159.70 , 155.19 , 153.28 , ¥%51B47.98 ,
139.72,139.21, 135.07, 133.75, 131.10, 130188.27 , 127.94 , 123.64 , 120.67 ,
117.33 , 115.81 , 112.28 , 45.11 (2C) , 44.62 442.27.21 . HRMS (ESIjn/z
calculated for GgHosN,NaO,S,” [M + Na] ™ 578.1403, found 578.1403.
N-(2-(dimethylamino)-5-((7-isonicotinoyl-5,6,7,8rehydropyrido[4',3":4,5] thie
no[2,3-d]pyrimidin-4-yl)amino)phenyl)thiophene-2rbaxamide Ti) as a light
yellow (yield 90%), m.p.: 129.0-134/1. *H NMR (400 MHz, Chlorofornd) & 9.35
(br s, 1H), 8.85 — 8.70 (m, 2H), 8.58 — 8.28 (m),2H91 — 7.60 (m, 2H), 7.57 (dd,
= 4.8, 1.2 Hz, 1H), 7.44 — 7.31 (m, 2H), 7.27J&; 8.8 Hz 1H), 7.16 (dd] = 4.8, 3.6
Hz, 1H), 7.02, 6.92 (2br s, rotamers, 1H), 5.08742s, rotamers, 2H), 4.19, 3.80 (2s,
rotamers, 2H), 3.31, 3.19 (2s, rotamers, 2H), 45/36H).*C NMR (101 MHz,
Chloroform4d) 6 168.19 , 166.99 , 159.73 , 155.07, 153.20 , 1502689, 142.84 ,
139.66 , 139.14 , 135.07 , 133.71 , 130.95, 128.277.97 (2C) , 124.92 , 123.3,
121.05, 120.65, 117.30, 115.76 , 112.2 , 4520C0) ( 44.26 , 42.14 , 27.19 . HRMS
(ESI) m/zcalculated for GgH2sN;NaQ,S," [M + Na] * 578.1403, found 578.1401.
N-(2-(dimethylamino)-5-((7-(pyrimidine-2-carbony)6,7,8-tetrahydropyrido[4"
,3":4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)ibphene-2-carboxamiderj) as a
light yellow (yield 92%), m.p.: 152.3-156/1. *H NMR (400 MHz, Chlorofornd) &
9.38, 9.32 (2br s, rotamers, 1H), 8.92, 8.87 (Athmers, 2H), 8.61 — 8.29 (m, 2H),
8.00 — 7.54 (m, 3H), 7.45, 7.41 (2t= 4.8 Hz, rotamers, 1H), 7.27 @z 8.8 Hz, 1H),
7.19 — 7.13 (m, 1H), 7.03, 6.98 (2br s, rotamets), .10, 4.75 (2tJ = 2.0 Hz,



rotamers, 2H), 4.25, 3.81 (2t,= 5.6 Hz, rotamers, 2H), 3.33, 3.27 (2t= 5.6 Hz,
2H), 2.73 (s, 6H)*C NMR (101 MHz, Chlorofornd) 5 167.01 , 165.30 , 161.57 ,
159.82 , 157.62 (2C), 155.07 , 153.13 , 139.739,a3, 135.27 , 133.72 , 130.93 ,
129.96 , 128.29, 127.99, 123.66 , 121.65, 12017b/.14 , 115.89 , 111.88 , 45.15
(2C) , 43.94 , 42.07 , 27.18 . HRMS (ES8i)zcalculated for g;H2sNgNaG,S," [M +
Na]* 579.1356, found 579.1354.

N-(2-(dimethylamino)-5-((7-(pyrazine-2-carbonylp%,,8-tetrahydropyrido[4',3'
:4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)thibggne-2-carboxamide 7k) as a
light yellow (yield 93%), m.p.: 118.9-123/5. *H NMR (400 MHz, Chlorofornd) &
9.37, 9.32 (2br s, rotamers, 1H), 9.09Jd; 1.2 Hz, 1H), 8.72, 8.69 (2d,= 2.4 Hz,
rotamers, 1H), 8.66, 8.59 (&= 2.0 Hz, rotamers, 1H), 8.57 — 8.35 (m, 2H), =92
7.61 (m, 2H), 7.60 — 7.53 (m, 1H), 7.30 — 7.24 {#H), 7.19 — 7.12 (m, 1H), 7.04,
7.02 (2s, rotamers, 1H), 5.09 — 5.02 (m, 2H), 442Q7 (2t,J = 5.6 Hz, rotamers, 2H),
3.34 (t,J = 5.6 Hz, 2H), 2.73 (s, 6H}°C NMR (101 MHz, Chlorofornd) 5 167.03 ,
165.36 , 159.85, 155.13, 153.20 , 148.55, 14p146.97 , 142.58 , 139.7 , 139.11 ,
135.21,133.77,130.94 , 129.99, 128.32 , 12/19%8.84 , 120.76 , 117.29 , 115.9,
112.03 , 45.16 , 44.44 |, 4289 , 27.51 . HRMS (EBilr calculated for
Co7H24NgNaG,S," [M + Na] *579.1356, found 579.1354.

3.3 Kinase assays

The Kinase Profiler services purchased from Eusoprovided the Src, EGFR
and KDR kinase detection, as previously report&]. 9] TNNI3K-based HTRF
detection was purchased by Cisbio Co. Ltd.. Intsleo6ST-marked kinase domain of
the TNNI3K was used for HTRF detection. Subseqyetitle biotinylated substrate
peptide of CTnl and two HTRF assay reagents wede@&dThe HTRF signal was
related to the quantity of TNNI3K kinase domainsrked by GST interacting with
the biotinylated substrate peptide in direct prapar Detailed experimental steps are
reported in previous studies. The KINOMEScan® dalig profiling was
implemented by DiscoveRx Co. Ltd. based on the @ms protocol and previous

reports. [48]



3.4 Cédll proliferation, Apoptosisand L DH activity detection

The MTT method are used to detect cellular prdifien on H9c2
cardiomyocytes treated with small molecular inlutst Normally, H9c2 cells are
inoculated in a 96-well plate with 1x10cells per well treated with target
concentration of inhibitor for 24 h. Data from tareadependent replicates were used
to calculate the average inhibition rates. Withiomther description, MTT solution (5
mg/ml) was added to the H9c2 cells and incubated3fdiours to measure cell
viability. Next, the MTT solution was disposed abMSO was added to dissolve the
formazan crystals. A Thermo Multiscan Spectrum wsead to determine absorbance
at 570 nm. The apoptosis of H9c2 cells was asshyefinnexin V/PI dual-staining
flow cytometry method. Detailed experimental praged are provided in our
previous studies. The Pierce LDH cytotoxicity dé&tec kit (Thermo Scientific) was
used in the detection of LDH in culture medium lobse the manufacturer’s protocol.
3.5 Western blotting

The H9c2 cells were collected, digested with trgpaid washed twice with cold
PBS after treatment with saline or compound 1llbeurtie OGD (Oxygen and
glucose deprivation) atmosphere. RIPA buffer wasdu lyse the cells prior to
denaturation by sonication. Subsequently, the égsatere treated with a refrigerated
centrifuge for 30 min and the supernatant was gatheThen, the total protein
concentration was determined. SDS-PAGE was usddotate the gathered lysate
proteins, which were then transferred to the PVD&morane and incubated with
relevant primary and secondary antibodies. Proteis visualized using the ECL Kit
(enhanced chemiluminescence, Millpore, USA).
3.6 The Myocardial Ischemia M odel

MI model was established using C57BL/6 male micé (Beeks) bought from
Beijing HFK Bioscience Co., Ltd. Animals were aaotditized at a controlled
temperature of 20-22, with a relative humidity of 50-60% and light-Bafior 12h
each. The Institutional Animal Care and Treatmeotn@ittee of Sichuan University
(Chengdu, P.R. China) approved the animal expetsnés reported earlier, lasting

ligation of the left anterior descending coronamyery (LAD) can lead to MI.



Ketamine (100mg /kg) and xylazine (10mg/kg) wertraiperitoneally injected for
anaesthetizing the animals. Tracheotomy was peddriwith a small animal
respiratory ventilator with a tidal volume of 0.1lrahd a breathing rate of 110
times/min. LV (left ventricle) was observed aftgrening the chest of mice, and a left
intercostal thoracotomy was conducted. LAD wastédawith a 5-0 silk suture at
approximately 1mm from the end of the left atriufteathe pericardium removed.
The significant color changes in the ischemic aneg indicate a successful coronary
artery occlusion of LAD. Next, 4~0 silk was usedsigture the chest. On this basis,
continuous ventilation was provided for 30 min &t 13until lungs of the post-Mi
mice expanded again. The sham operation group rpegfb the same procedures
without blocking the LAD. The mice that sufferedrin MI were in the NS group, and
normal saline was administered to the control grotipe post-MI mice were
stochastically split into three groups (Sham, N& BNNI3K inhibitor treated groups,
n=4), and intraperitoneal injected every two dayach mouse was injected with
TNNI3K inhibitor at a dose of 25 mg/kg. The shanowgy represented the negative
control group.
3.7 Immunohistochemistry and I mmunofluorescent assays

EDTA antigenic retrieval buffer (pH 8.0) or citradbaffer (pH 6.0) were used to
soak the heart tissue sections, and the antigemegasered using a microwave. Then,
the slides were incubated using the homologousasgirantibody for 30-40 minutes
at 371. The negative control group was the normal aribitaor anti-mouse IgG.
HRP polymer conjugated with the second antibody usssl to treat the slides for 30
minutes and then the diaminobenzidine solution used in immunohistochemical
analysis. For Immunofluorescence (IF) detectiohmréscein bonded with secondary
antibody was used to treat the slides, which thenewdetected under fluorescent

microscope.
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Highlights

« 35 compounds were designed as novel TNNI3K itdrib and discovered for their
protective effects on myocardial infarction models.

¢ Compound 60 showed igat sub-micromolar level both in kinase inhibit@myd
cellular OGD assays.

¢ Compound 60 alleviates pyroptosis and inflammatresponses in ischemia
myocardiocytes both in vitro and in vivo.
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