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Abstract

A series of 2,7-disubstituted-thieno[3pyrimidine derivatives were designed, synthesiand evaluated as
novel focal adhesion kinase (FAK) inhibitors. Thevel 2,7-disubstituted-thieno[3d@pyrimidine scaffold has
been designed as a new kinase inhibitor platforat thimics the bioactive conformation of the wellekn
diaminopyrimidine motif. Most of the compounds pute suppressed the enzymatic activities of FAK and
potently inhibited the proliferation of U-87MG, A48 and MDA-MB-231 cancer cell lines. Among these
derivatives, the optimized compoug6f potently inhibited the enzyme ({£= 28.2 nM) and displayed stronger
potency than TAE-226 in U-87MG, A-549 and MDA-MB-R8ells, with I1G, values of 0.16, 0.27, and 0.1M,
respectively. Compoung6f also exhibited relatively less cytotoxicity &= 3.32uM) toward a normal human
cell line, HK2. According to the flow cytometry rdts, compoun®6f induced the apoptosis of MDA-MB-231
cells in a dose-dependent manner and effectivelgstad MDA-MB-231 cells in GO/G1 phase. Further
investigations revealed that compouf potently suppressed the migration of MDA-MB-231liseCollectively,
these data support the further development of comg26f as a lead compound for FAK-targeted anticanceg dru

discovery.
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1. Introduction

Focal adhesion kinase (FAK) is an intracellular -neceptor tyrosine kinase that is activated bygrites or
growth factor receptors in various types of humancers[1]. Accumulating evidence indicates that FalKys
significant roles in survival, motility, metastasiadhesion, lymphangiogenesis, angiogenesis, thouu
microenvironment, cancer stem cell functions arel épithelial-to-mesenchymal transition[2-6]. Ovemession
of FAK has been clinically observed in primary humaepatocellular carcinomas[7], human colorectal
carcinomas[8], human ovarian carcinomas[9] and mubraast cancers[10], implicating a role of FAKciancer
development. The overexpression and activatiorA#f Rave been investigated primarily in primary oetastatic
cancers and correlate with poor clinical outcomes]2]. Furthermore, recent research has identiied as a key
mediator of the immune response in certain carexetsprovides strong evidence that FAK inhibitors/rirayger
immune-mediated tumour regression, revealing prsho unrecognized therapeutic opportunities[13-T#je
mechanisms of FAK activation and signalling haverbextensively studied, with FAK being highlightad a
potential target for anticancer therapeutics.

Given the upregulation of FAK in cancer, severatrag are logically being developed to target FAK fo

cancer therapy. In particular, many small moleduolebitors have been designed and developed tattirblock



ATP-kinase interactions. As shown kigure 1, TAE226[15] exhibits antitumour activityn vitro andin vivo
against several types of malignant tumours andtenaused as a positive reference compound in mesein
addition, several FAK inhibitors are being evaldate clinical trials at different stages, includivp-4718 2,
phase I)16], CEP-37440 3, phase I)17], GSK2256098 4, phase I1)[18], PF-5622715,( phase [19], and
defactinib 6, phase 11)[20], among others. These compounds &glkibited potent inhibition of FAK and potent
antitumour activities in a panel of vitro andin vivo cancer models.
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Figure 1. Structures of potent and selective FAK inhibitors.

Among the scaffolds of currently available FAK ibhors, the 2,4-diaminopyridine and
2,4-diaminopyrimidine scaffolds are the major solaff used in compounds described by pharmaceutical
companies and academic research institutions[21/28Eneral representation of the diaminopyrimidinetif at
the ATP active site of the kinase is showrrigure 2. The diaminopyrimidine derivatives bind to the Abding
site of FAK by adopting a U-shaped ligand confoiorat The compounds are anchored to the hinge relgyon
double-dentate hydrogen bonding of the pyrimidiiteogen and aniline NH to the hinge region. Morepibe
aryl residues back toward the DFG motif of activatioop and orient toward solvent region. We padtd that
we could take advantage of the active site conftiamaof this pharmacophore to further diversify ttteemical
space by constraining the core structure and dmgrthe side chains into bioactive trajectories. éghen a
cyclization strategy, a novel 2,7-disubstitutecettn[3,2d]pyrimidine scaffold was designed as a novel kinase
inhibitor platform that mimics the bioactive confuaition of the well-known diaminopyrimidine motifoThe best
of our knowledge, no thieno[3@pyrimidine derivatives serving as FAK inhibitorawe been reported, and a
systematic investigation of the effects of subsitins has not yet been conducted. In addition SAR of these
compounds was discussed in this manuscript, antbusrsubstituents with hydrogen bond receptors were
introduced at Rto form hydrogen bond interactions with Asp564te DFG motif. Based on the SAR a, Re
decided to introduce ammethoxyl group at the Rposition and explore the,RR;, R, and R positions to obtain a
series of potent FAK inhibitors using a structuesdéd drug design approach.
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2. Chemistry

Compoundslla-h and intermediatesl4, 17, 20 and 23 were synthesized using the method depicted in
Scheme 1. Palladium-catalysed regioselective dechlorinatidr?,4-dichlorothieno[3,2fpyrimidine (7) in the
presence of N&G; occurred exclusively at the C-4 position[23], a&belctrophilic iodization of compouriusing
NIS in AcOH yielded the desired C-7 iodine internagel 9. IntermediateslOa-h were obtained in a rapid and
efficient mannervia Suzuki coupling of compound® with the corresponding boric acid or borate.
Palladium-catalysed Buchwald cross-coupling with etiml(4-aminobenzyl)phosphonate afforded compounds
11a-h[24]. Acetylation of 3-bromoanilinel@) followed by Suzuki coupling with bis(pinacolaté)dron generated
intermediate 14[25]. Compound12 was reacted with methanesulfonyl chloride to yiéhdermediate 15.
Subsequent methylation yielded the N-methyl sulfoide 16. Treatment with bis(pinacolato)diboron and
Pd(dppf)C} produced the required Suzuki coupling partner[Z@grmediatel?7. 3-Bromobenzoic acidlB) was
converted into an acid chloride and condensed mithylamine to produce intermedidi®, a subsequent Suzuki
coupling reaction with bis(pinacolato)diboron affed intermediate 20. Commercially available
1-(chloromethyl)-4-nitrobenzene 2X) was reacted with trimethyl phosphate to providee tdimethyl
(4-nitrobenzyl)phosphonat@?), which was reduced under P/G-¢bnditions to form the anilin23.

Compounds?4a-j, 26a-i, 27a-b, and28c-g were prepared using similar reaction conditiongl@gicted in
Scheme 2. The synthesis of compoun@8a-i was used as an example for illustration. Buchwabds-coupling of
compoundlOa with appropriate substituted amines in the presexidd(dbg) BINAP and CgCO;0r Pd(AcO),
X-phos and C£0;yielded the intermediate2ba-i. Then, the Boc group was subsequently removedriatdéic
conditions to produce compoung&a-i.

Intermediate8la-f, 34a-g, 36, 38 and40 were synthesized as depictedStheme 3. Intermediate8la-f and
34a-g were synthesized using a two-step synthetic appreacording to our previously reported methods[27]
1-(chloromethyl)-4-nitrobenzene 2Y) was reacted with triethyl phosphate to providee thdiethyl
(4-nitrobenzyl)phosphonate3x)[28], followed by a reduction of nitro ¢HPd/C) to generate intermediasé.
Additionally, compound35 was treated with oxalyl chloride and then direatgacted with morpholine or
CH3NH,*HCI in the presence of TEA base to prepare the gitmramide intermediate®7 and 39, which were
reduced under P/C-4tonditions to form the aniline28 and40.
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Scheme 1. Synthesis of compound4da-h and intermediate$4, 17, 20 and23. Reagents and conditions: (a) Pd/C,
H,, N&CO; EtOH, 30 °C; (b) NIS, CECOOH, 80 °C; (c) corresponding boric acid or borBt#(dppf)C}, K,CO;,
1,4-dioxane/HO, 90 °C; (d) dimethyl (4-aminobenzyl)phosphonai(Ae0),, X-phos, CgCO;, dioxane, 90 °C;
(e) acetic anhydride, TEA, GBI, rt; (f) Bis(pinacolato)diboron, Pd(dppf)£lIAcOK, dioxane, 80 °C; (g)
methanesulfonyl chloride, pyridine, GEl,, 0 °C; (h) CHI, K,COs;, DMF, rt; (i) I) oxalyl chloride, DMF, CKCl,,

60 °C;II) CH3NH,*HCI, TEA, CH,Cl,, rt; (j) trimethyl phosphite, 120 °C; and (k) PdH, EtOH, 40 °C.
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Scheme 2. Synthesis of compound®la-j, 26a-i, 27a-b and 28c-g. Reagents and conditions: (a) corresponding
aromatic amines, Pd(Ac®)X-phos, CgCO;, dioxane, 90 °C; (b) corresponding aromatic amirR(dbay,
BINAP, CsCQ;, dioxane, 90 °C; and (c) HCI-EA, rt.
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Scheme 3. Synthesis of intermediate3la-f, 34a-g, 36, 38 and 40. Reagents and conditions: (a) tert-butyl
4-aminopiperidine-1-carboxylate, HATU, DIPEA, gEl,, 25-40 °C; (b) Pd/C, §l EtOH, 40 °C; (c) BNH,,
HATU, DIPEA, CHCl,, 2540 °C; (d) triethyl phosphite, 130 °C; {gpxalyl chloride, DMF, CHCl,, 60 °C;II)
morpholine, TEA, CHCls, rt; and (f)I) oxalyl chloride, DMF, CHCI,, 60 °C;II) CH;NHo*HCI, TEA, CH.Cl,, rt.

3. Resultsand discussion
3.1.Biological evaluation and analysis of the structactvity relationship

All newly synthesized compounds were evaluated tf@ir activities against the FAK enzyme using
homogeneous time-resolved fluorescence (HTRF) a3dmjr abilities to inhibit the proliferation of 87MG
(human glioma cancer cell), A549 (human lung camedl) and MDA-MB-231 (human breast cancer cellll ce
lines, which overexpress FAK [10, 29, 30], were lested using the MTT assay. TAE-226 was tested for
comparison.

We first focused on the ;Rmoiety by fixing the R moiety as a phosphonate grouifferent fragments
containing hydrogen bond acceptors were introdateR] to form hydrogen bond interactions with Asp564taf
DFG motif. As shown inTable 1, most compounds exhibited moderate inhibitory atidgainst FAK at
submicromolar concentrations. In particular, thelusion of a 2-methoxyl group at;R11a) exhibited the
strongest inhibition of FAK (1= 134.0 nM), whereas switching b a 2-acetaldehyde grouflb) resulted in a
marked loss of activity (I = 1083 nM). We deduced that the interaction of @D bond and C6 of the
thieno[3,2d]pyrimidine resulted in an unfavourable conformatif the ligand and that this steric clash resuibed

reduced activity. The 3-substituted derivativié$c{g) retained moderate potency against FAK, withglZalues



ranging from 140.1 to 638.4 nM. However, switchthg methoxyl group to the para positidih) resulted in a
pronounced loss of activity (kg= 1064 nM).
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Table 1 The enzymatic activity of FAK in the presence ofnmmundslia-h.

Compd. R: 1Cgo (NM)? Compd. R, 1Cgo (NM)?
1lla 2-OCH; 134.0 1lle 3-CONHCH, 3245
11b 2-COCH 1083 11f 3-NHCOCH, 377.0
1lic 3-COCH 351.0 11g 3-NCH;SO,CH3 638.4
11d 3-SOCH; 140.1 11h 4-OCH; 1064

TAE-226 6.3

2The 1G, values are presented as the mean (nM) valuestfvorseparate experiments.

Compoundlla, which contained a 2-methoxy group at Bxhibited stronger inhibitory activity against kA
than compound4lb-h. Thus, we next conducted SAR exploration at thgésition, as shown iftable 2. The
diethyl phosphonate-substituted analod4a (ICso = 156.8 nM) was equally potent as compoutiéh. The
incorporation of solubilizing groups into compoudh to produce compound®b-d decreased the potency of
FAK inhibition, presumably due to the suboptimatdtion of the methylamino group, hydroxyl group and
morpholine ring. The introduction of thd-methylformamide groupZ2de), which is identical to defactinib,
produced a 2-fold higher potency than exhibiteddympoundlla. Because the para-substitution vectgmpRints
toward the solvent region, the introduction of omtrilic fragments at the fposition may increase the activity. A
class of hydrophilic fragment-containing derivativ@4f-j) bearing an amide linker directly attached to @e
phenyl moiety were designed and synthesized. Antbese derivatives, the piperidine-4-yl substitidedlogues
24f and?24g exhibited much higher potency g§values of 38.8 and 57.7 nM, respectively) than coumol 24e.
However, compound®4h-j exhibited lower potency against FAK, withsifalues of 143.6-199.1 nM.

In cell-based assays, most of the target compoposisessed moderate to excellent anticancer agsivitiith
ICs values less than 5i(M. Three of these compound®4{, 24h, and24i) potently inhibited the proliferation of
U-87MG, A-549 and MDA-MB-231 cancer cell lines, witCs, values ranging from 0.11 to 0.684. Notably,
compound4f, which had an Iggvalue of 0.36uM against A549 cells and of 0.1M against MDA-MB-231 cells,
was the strongest inhibitor of these two cancer loeds. Since compoung4f displayed potent enzymatic and
cellular activity, it was selected for molecularcliimg studies with the FAK crystal structure (PDBKK). As
shown inFigure 3A, compound4f was located deep in the ATP-binding site, and fédronds were observed in
the binding mode: two were established betweenthteno[3,2€d]pyrimidine scaffold and Cys502 in the hinge
region of the kinase, another formed between théhamgl group and Asp564 of the DFG motif, and tbarth
formed between NH (piperidine) and Cys427. In additias shown ifFigure 3B, the structural model of the
drug-protein complex showed that the binding maxfetompound24f to FAK was similar to that of TAE-226,
indicating that the 2,7-disubstituted-thieno[8]pyrimidine scaffold mimicked the bioactive confation of the
well-known diaminopyrimidine motif. Compouri2#if also exhibited good spatial matching with the Fative
pocket Figure 3C). Notably, the gatekeeper+2 residue is a smaker5D1 in FAK Figure 3D). Therefore, the
substituents on the [g-aryl moiety will occupy the lower hinge area pocked form a hydrophobic interaction
with the side chain of Leu501, thus potentially impng the inhibition of enzyme activity.
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Table 2 Biological activities of compound®la-j.
FAK, Antiproliferative activity, | Cso (uM)°
Compd. R,
[Cso(NM)? U-87TM G A549 MDA-MB-231
\0 |
la ?{\IF';/O 134.0 1.71+0.22 1.80 +0.24 7.81£0.22
o]
o
24a EAﬁ’OV 156.8 1.30+0.11 0.96 £0.13 494 +0.14
o]
o B~
24b 3{\5';’”\ 183.6 1.30 £ 0.07 1.73+0.04 1.21 +0.19
o]
OHO/\
24c ?z)\l;':fov 3215 1.95+0.22 0.35+0.03 2.64 £0.23
o
Lo o
24d PN 351.5 1.22 +0.14 0.85+0.15 8.35+0.18
ICI)
o)
24e ;%JLN/ 79.3 0.71 £0.03 0.31 £0.02 2.12+0.14
H
o NH
24f E‘JLN 38.8 0.65 £ 0.07 0.36 £ 0.06 0.11 +0.01
H
H NH
24g %N 57.7 1.06 +0.04 0.45 +£0.08 1.05+0.11
o
24h EHYGJH 167.1 0.30 £0.04 0.50 £0.03 0.44 £0.03
(o]
24i ?"H\n‘“ NH 199.1 0.36 £0.01 0.41 £0.05 0.41 £0.05
(o]
N
24j % \n/\NHz 143.6 0.21 £0.02 1.95+0.26 2.77 £0.19
o
TAE-226 6.3 1.67:0.02 1.16t0.20 4.06-0.21

2The 1Gy values are presented as the mean (nM) valuestfworseparate experiments.
P Concentration that inhibits the proliferation of cancells by 50 %. Cell proliferation was measursig the
MTT assay after incubation with the compounds ®h7 The mean values of three independent expetimeSE

are reported.
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CYS-502

Figure 3. The predicted docked pose of compowddl (yellow sticks) in the FAK active site (PDB: 2JKKA)
Detailed interactions with the protein residuesctEaashed red line represents hydrogen borR)s.Iiage
showing the overlap of compoudf and TAE-226 (blue sticks)C) Three-dimensional space matching diagram
of compound4f and the active siteD) The red frame represents the pocket in the Idwege area.

Based on the analysis described above, we staredopkimization of compoun@4f by varying the
substituent on the benzene ring. As showifahle 3, the introduction of F-, Me- or MeO- intogRnd of F- or
Me- into R, yielded compound®6a-c and26f-g, respectively, which retained high potency agai#gt, with 1Cs,
values ranging from 25.7 to 48.3 nM. Further suibStin of the R moiety to larger EtO-26d) and Ck- (26€)
groups both resulted in a pronounced loss of agtteward FAK (IG, = 165.6 nM and 709.0 nM, respectively).
Clearly, increasing the size of the substituent peed a significant reduction in activity, presunyadue to
deleterious steric interactions with the amino aesidues of the protein skeleton. The introductiéra fluoro
group para to the methoxy substituent or a fluarbsttuent on the 2-substituted aniline resultedhim potent
inhibitors 26h (ICso = 38.2 nM) an®6i (ICso = 24.2 nM).

In cell-based assays, most of the target compomodsessed significant anticancer activities, with |
values ranging from 0.19 to 3uM. Analogues26b, 26f, 26g and26i exhibited much greater antitumour activities
than TAE-226 in U-87MG and MDA-MB-231 cells. Moratérestingly, the most promising compouraéf,
displayed stronger potency than TAE-226 in U-87M&49 and MDA-MB-231 cells, with I§; values of 0.16,
0.27, and 0.19 uM, respectively. Furthermore, as shown iRigure 4, a significant time- and
concentration-dependent decrease was observedeiwvidbility of both A549 and MDA-MB-231 cells after

treatment with inhibito26f.
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Table 3 Biological activities of compoundba-i.
FAK, Antiproliferative activity, | Csy (uM)P
Compd. R3 R4 ot
ICso(NM)? U-87TMG A549 MDA-MB-231
24f H H 38.8 0.65 +0.07 0.36 +0.06 0.11+0.01
26a F H H 48.3 2.37+0.01 2.75+0.42 1.61+0.33
26b Me H H 26.5 0.25 +0.05 3.42+0.17 3.24+0.40
26¢ OMe H H 27.2 6.40 £ 0.01 2.88+0.28 2.24 +0.13
26d OEt H H 165.6 2.03+0.14 5.77+0.14 4.39+0.13
26e Ck H H 709.0 2.09+0.16 4.11+0.19 2.75+0.18
26f H F H 28.2 0.16 +0.02 0.27 +0.05 0.19 +0.02
269 H Me H 25.7 0.46 +0.09 0.87 +0.09 0.24 £0.04
26h OMe F 38.2 3.59+0.33 1.90 £0.05 1.16 £0.05
26i F H F 24.2 1.48 £0.25 5.39 £ 0.09 257 +0.10
TAE-226 6.3 1.67:0.02 1.16:0.20 4.06t0.21

2The 1Gy values are presented as the mean (nM) valuestfworseparate experiments.
P Concentration that inhibits the proliferation of cancells by 50 %. Cell proliferation was measursig the
MTT assay after incubation with the compounds ®h7 The mean values of three independent expetimeSE

are reported.

A549 cells MDA-MB-231 cells
 24h® 48hE 72h & 24h@ 48hE 72h
100100100 g7

Cell Viablility (%)
Cell Viability (%)

control 0.1 0.5 25 control 0.1 0.5 25
26f (uM) 26f (uM)
Figure 4. The effects of treatment time and concentratioB6bon viability of A549 and MDA-MB-231 cells.

At this stage, we had identified compow&f as displaying potent enzymatic and cellular atitigi We next
addressed the effects of variation in the solubijzgroup at the Rposition, the results are reportedTiable 4.
Compared to the piperidine-4-yl-substituted compao2éfdthe tetrahydro-pyran-4-yl analog@éa was more than
4-fold less potent, and the 1-methylpiperidine-4&wyhlogue7b showed a 1.5-fold reduction in potency. Similarly,
a lower potency was observed for the pyrrolidink3apalogues28c-d and the piperidine-methyl-substituted
analogue8e-g, indicating that the piperidine-4-yl moiety was iamportant contributor to the potency of FAK
inhibition. In cell-based assays, most compoundss@ssed moderate anticancer activities, witly W@lues less

than 5.0uM. Three of these compound&7b, 28c, and28d) displayed much higher antiproliferative activihan



the others toward the A549 and MDA-MB-231 cell inwith 1G, values in the submicromolar range.
NS,
e
07 "NH
Re

Table 4 Biological activities of compound&/a-b and28c-g.

Combd . FAK, Antiproliferative activity, | Cso (M )P
ompd.
® | Cap (NM)? AB549 M DA-MB-231
26f -§—CNH 28.2 0.27 +0.05 0.19 +0.02
27a -§—<:/\0 117.7 5.71-0.91 5.35-0.01
27b E—C — 4738 0.66+0.03 0.35-0.03
28¢ -E—G,HS 132.3 0.87-0.10 0.56+0.16
28d é--CA,HR 71.3 0.43-0.13 0.26+0.02
28e B‘UH 120.2 3.410.14 1.53-0.19
5
28f U“ o 111.2 5.05-0.46 2.89+0.28
.
28g O“S 148.9 4.45-0.21 8.62+0.50
TAE-226 6.3 1.16:0.20 4.06-0.21

2The 1Gy values are presented as the mean (nM) valuestfworseparate experiments.
P Concentration that inhibits the proliferation of cancells by 50 %. Cell proliferation was measursig the
MTT assay after incubation with the compounds ®h7 The mean values of three independent expetimeSE

are reported.

3.2. Cellular selectivity assay

We evaluated the antiproliferative activities ofjlegi compounds toward a normal human cell line, HK2
(normal human tubular epithelial cell line), usitige MTT assay to assess the cytotoxicity of thettmsized
compounds. These eight compounds potently inhil#tetyme activity and cancer cell proliferation. gkown in
Table 5, six of these compound&4f, 24g, 24h, 26c, 26f, and26g) displayed low cytotoxicity toward the normal
HK2 cells, indicating that these compounds exeltsd of an effect on HK2 cells than on the canedis.cTwo
compoundsZ4e and26h) displayed significant cytotoxicity to HK2 cellwjth ICso values < 1.QuM.
Table 5 Antiproliferative activities of compounds towardH cells

Compd. HK2 (uM)? Compd. HK2 (uM)?
24e 0.71 £0.02 26¢ 12.21 £0.11
24f 11.39 +1.30 26f 3.32+£0.20
24q 11.69 + 0.50 269 4.45 +0.22
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24h 4.89+0.14 26h 0.78 +0.04
TAE-226 8.20+1.01

&Concentration that inhibits the proliferation of cancells by 50 %. Cell proliferation was measureihg the

MTT assay after incubation with the compounds ®h7 The mean values of three independent expetimeSE

are reported.

3.3. Kinase selectivity profile

The kinase selectivity of compour2éf was profiled against a panel of 25 kinases couettie major tumor
progression, metastasis, angiogenesis, oncogetivatian and mitogenic stimulation kinases of themtan
protein kinome at a concentration of LM, and the percent inhibition values are reportedable 6. Compound
26f is a multi-target kinase inhibitor, with five kises (ALK, BTK, CDK2, FAK and RET) producing greatkamn
80% inhibition.

Table6 Kinase selectivity profile of compourgf.?

Kinase %inhibition at 1uM kinase %inhibition at 1uM kinase %inhibition at 1uM

AKT1 15 IKBKE 66 PAK1 67

ALK 95 IRAK4 72 PIM1 3

BRAF 51 KIT 41 PKA 63

BTK 88 MEK1 27 PRKCQ 48
CAMKK2 77 ERK2 1 FAK 100

CDK2 97 MET 72 RET 97

CHK1 38 MKNK1 13 ROCK1 33

FGFR4 66 mTOR 2 ZAP70 6

HIPK3 72

aSelectivity profile of compoun@6éf measured at a concentration QiM in a panel of 25 kinases generated with
the SelectScre&nProfiling Service from Life Technologies. The rissurepresent the mean of three independent

experiments performed in triplicate.

3.4. Cell apoptosis assay

The apoptosis of MDA-MB-231 cells treated with diffnt concentrations of the optimal derivat2éé (0.1,
0.2 and 0.4:M) was analysed by staining cells with Annexin \FEl and Pl and performing flow cytometry to
explore whether the antiproliferative activity afrapound26f toward MDA-MB-231 cells was accompanied by
an increase in cancer cell apoptosis. As illustrad=igure 5, compound6f substantially increased the apoptosis
of MDA-MB-231 cells in a concentration-dependentnmer, with apoptotic rates of 11.57 %, 23.33 %, and
41.82 % at concentrations of 0.1, 0.2 and 0¥ respectively.
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Figure 5. Flow cytometry analyses of apoptosis induction iBAMMB-231 cells treated with compourgsf (0.1,
0.2 and 0.4:M) and untreated cells (control) as a reference cbfuir@d8 h. The lower left quadrant represents live
cells, the lower right quadrant represents earbypégtic cells, the upper right quadrant represéatts apoptotic

cells, and the upper left quadrant represents tieaells.

3.5. Cell cycle analysis

The effect of compoun@6f on cell cycle progression in MDA-MB-231 cells wasalysed using flow
cytometry Figure 6). Compared with the control group, the percentajesells in GO/G1 phase increased from
43.43 % to 56.27 %, whereas the percentage of tel32/M phase decreased from 17.40 % to 3.55 %r aft
treatment with 0.1, 0.2 or 0OM compound26f for 48 h. The percentage of cells in S phase stiamy minor
changes. Evidently, derivatiasf induced the arrest of a significant percentageeti in GO/G1 phase of the cell

cycle compared with untreated cells.

CON 0.1 uM 0.2 uM

G1: 43.43% G1: 45.25% g G1: 51.40%
g 8:39.17% S:41.96% S:39.11%
H 3 1 e

] G2: 17.40% £ G2: 12.79% L\ G2: 9.49%

& % 120 150 %0 s« & %
Channels (FL2-A) Channels (FL2-A) Channsis (FL2-A)

0.4 uM -
~ 1004
E )
e G1: 56.27% £ g0
. ] S:40.18% g 0 uG2%
£ G2: 3.55% o msy
25 4 2 a0d nG1%
>
g o
&7 3 20
N o
8 o
& & & »
T T T QO 3 ¥ X
T Beandh 0™ RN AN

Concentration
Figure 6. Effects of compoun@6f on the cell cycle of MDA-MB-231 cells. Flow cytotmg analysis of the cell
cycle in MDA-MB-231 cells treated with compougéif (0.1, 0.2 or 0.44M) or no treatment (control) for 48 h.

3.6. Cell migration assay

Wound healing assays were performed to investi¢faee effect of compoun@6f on the migration of
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MDA-MB-231 cells. MDA-MB-231 cells were incubatedttv DMSO or compoun@6f (0.15, 0.3 or 0.M) for
48 h. As illustrated in the photomicrographs shamfigure 7, untreated MDA-MB-231 cells filled most of the
wounded area 48 h after scratching the cell momeolayhereas treatment with the indicated doseoofpound
26f significantly suppressed wound healing in a tisved concentration-dependent manner. These resditsate
that compoun@6f possesses a significant ability to inhibit the as&isis of MDA-MB-231 cells.

0.15 uM

0.30 M 0.60 pM

Oh

48h

Figure 7. Compound?26f inhibited the migration of MDA-MB-231 cancer celisa wound healing assay.

3.7.1nvitro metabolic stability
We investigated thim vitro metabolic stability of compour®bf in rat liver microsomes. As shownTiable 7,

compound26f was significantly stable in rat liver microsomesg ¥ 133.8 min ).

Table7 Liver microsomal stability

- Remaining (%) Remaining(%) CLint(mic) CLing(iver)
parameters T1/2 (mMin) : )
T=1h T=1h («L/min/mq) («L/min/mq)
in rat 133.8 72.4 92.1 10.4 18.6

2The NADPH regeneration system (replaced with blffeas not added to the sample during the one hour

incubation.

3.8. Molecular docking study

A docking study of compoung6f in the ATP-binding site of FAK (PDB: 2JKK) was penfned to elucidate
its interaction mode. The best predicted bindinglenis shown irfFigure 8 and has a calculated binding energy of
-10.51 kcal/mol. Compoun@6f is anchored to the hinge regiafa the canonical donor-acceptor hydrogen
bonding motif between the nitrogen molecules on 2hedisubstituted thieno[3 @pyrimidine moiety and the
backbone of residue Cys502, and further stabilinatiay be achieved through the hydrophobic intevastof the
thieno[3,2d]pyrimidine ring with the hydrophobic side chairfd.@u553 and Ala452. Moreover, the bending of the
o-methoxy moiety back toward the activation loopioegesults in the formation of a hydrogen bonchwisp564
of the DFG motif. Furthermore, the water-solublail“t of the piperidine moiety points toward the waht by
forming a hydrogen bond with Cys427, which is lechat the edge of the active pocket, confirming tha
piperidine-4-yl moiety is an important contributorthe potency of FAK inhibition. The binding modsipported
the data obtained from the biological assays desdriabove and provides a structural basis for tinther

structure-guided design of FAK inhibitors.
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Figure 8. The predicted docked pose of compo@bél (yellow sticks) in the FAK active site (PDB: 2JKKA)
Detailed interactions with the protein residuesctiedashed red line represents hydrogen bonds. (Blia@jpam of

the interaction between compou2gf and the active site cavity of FAK.

4. Conclusions

In conclusion, we designed and synthesized a ndvetisubstituted-thieno[3,8lpyrimidine scaffold as a
constrained diaminopyrimidine pharmacophore minmgportantly, we validated this scaffold as a newalse
inhibitor platform for designing FAK inhibitors. Ehstructure-activity relationships of these commsumre
discussed in this paper from the perspective ofyrmatic and cellular activities. Most compounds ptie
suppressed the enzymatic activities of FAK, witl,l@lues ranging from 16-10% M, and potently inhibited the
proliferation of U-87MG, A-549 and MDA-MB-231 carnceells. In particular, the optimized compou@éf
potently inhibited the enzyme (k= 28.2 nM) and displayed stronger potency than -PRE against U-87MG,
A-549 and MDA-MB-231 cells, with 163 values of 0.16, 0.27, and 0.LM, respectively. Furthermore, compound
26f effectively induced apoptosis and arrest at théG&Ophase of the cell cycle in MDA-MB-231 cells and
suppressed the migration of MDA-MB-231 cells. Akiog study of compoun#6f was performed to elucidate its
possible binding modes and to provide a structbeais for the structure-guided design of FAK intuks. The
findings reveal that 2,7-disubstituted-thieno[8]@yrimidine derivatives represent a new class oKRAhibitors

that warrant further investigation to generate ptig anticancer agents.

5. Experimental section
5.1. Chemistry

Starting materials, reagents and solvents werer@starom commercial suppliers and used withouthferr
purification unless otherwise indicated. Anhydrosslvents were dried and stored according to standar
procedures. All reactions were monitored by thigetachromatography (TLC) on silica gel plates with
fluorescence F-254 and visualized with UV light.l@on chromatography was carried out on silica §e0¢300
mesh).!H NMR and**C NMR spectral data were recorded in DM8MeOD or CDC} on Bruker ARX-600
NMR or Bruker ARX-400 NMR spectrometers with TMS asiaternal standard. High-resolution accurate mass
spectrometry (HRMS) determinations for all finalgeir compounds were obtained on a Bruker micromass af
flight mass spectrometer equipped with an electeysjpnization (ESI) detector. All melting pointere obtained

on a Bichi melting point B-540 apparatus and as®mected.

5.1.1. Preparation of 2-chlorothieno[ 3,2-d] pyrimidine (8)
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A solution composed of 2,4-dichlorothieno[3ipyrimidine (1 equiv) and NaC{{1 equiv) in EtOH was
mixed with 10 % Pd/C (0.1 equiv). The suspension staeed at 30 °C under an atmosphere efdd 24 h. The
reaction mixture was filtered through a Celite pathviEtOAc washes. The filtrate was washed witfOHand
saline, dried over anhydrous $2,, and filtered. The filtrate was concentrated ttaobthe crude produ@ for
the next step'H NMR (600 MHz, DMSOsg) § 9.50 (d,J = 0.5 Hz, 1H), 8.64 (dl = 5.4 Hz, 1H), 7.63 (dd] = 5.4,
0.6 Hz, 1H). MS (ESI) m/z(%): 170.9 [M+H]

5.1.2. Preparation of 2-chloro-7-iodothieno[ 3,2-d] pyrimidine (9)

The intermediat® (1 equiv) andN-iodosuccinimide (3 equiv) were mixed in aceticdaand heated at 80 °C
for 24 h. The reaction was then partitioned betweater and EtOAc, and the aqueous layer was egttdetice
with EtOAc. The combined organic fractions were e with saline, dried over anhydrous,8@, and filtered.
The filtrate was concentrated and purified usinmpotatography to yield the intermedi&e™H NMR (600 MHz,
DMSO-dg) 5 9.49 (s, 1H), 8.85 (s, 1H). MS (ESI) m/z(%): 29pvB-H] .

5.1.3. General procedure for the synthesis of intermediates 10a-h.

Pd(dppf)C} (0.1 equiv) was added to a solution of compo@rd equiv), the corresponding boric acid or
borate (1.1 equiv), and-,KO; (3 equiv) in 1,4-dioxane:® (4:1) under a nitrogen atmosphere. The mixturs wa
purged with nitrogen for 5 min and then heated0at® until the reaction was complete. The mixtuaswliluted
with ethyl acetate, and the organic layer was washi¢h saline, dried over anhydrous J8&, and filtered. The
filtrate was concentrated and purified using colwwhromatography to produce the coupling intermedit®a-h.
5.1.3.1. 2-chloro-7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidine (10a). *H NMR (600 MHz, DMSOds) & 9.52 (s,
1H), 8.65 (s, 1H), 7.62—7.60 (m, 1H), 7.44)t 7.2 Hz, 1H), 7.19 (d] = 8.3 Hz, 1H), 7.08 (d] = 7.4 Hz, 1H),
3.77 (s, 3H). MS (ESI) m/z(%): 277.1 [M+H]

5.1.3.2. 2-chloro-7-(3-(methylsul fonyl)phenyl)thieno[ 3,2-d] pyrimidine (10d). *H NMR (600 MHz, DMSOds) &
9.61 (s, 1H), 9.07 (s, 1H), 8.54 Jt= 1.5 Hz, 1H), 8.38 (d] = 7.9 Hz, 1H), 7.99 (d] = 8.2 Hz, 1H), 7.84 (] =
7.8 Hz, 1H), 3.30 (s, 3H). MS (ESI) m/z(%): 324MH] "

5.1.4. General procedure for the synthesis of compounds 11a-h.

Dimethyl (4-aminobenzyl)phosphonate (1.1 equiv),ph6s (0.1 equiv) and @80; (3.0 equiv) in
1,4-dioxane, and Pd(Ac®}0.05 equiv) were added to solutions of compout@idsh (1 equiv) under a nitrogen
atmosphere. The mixture was purged with nitrogen5fonin and then heated at 90 °C until the reactias
complete. The mixture was diluted with ethyl asetand the organic layer was washed with salineddsver
anhydrous Nz50, filteredand concentrated. The residue was purified usihgmao chromatography to afford
compounddla-h.
5.1.4.1. dimethyl (4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)phosphonate (11a). White
solid; yield: 73%; mp: 139.6-141.2 °&4 NMR (600 MHz, DMSOds) & 9.65 (s, 1H), 9.20 (s, 1H), 8.38 (s, 1H),
7.80 (ddJ = 7.5, 1.5 Hz, 1H), 7.77 (d,= 8.3 Hz, 2H), 7.43 (dd] = 11.5, 4.2 Hz, 1H), 7.19 (d,= 8.1 Hz, 1H),
7.12-7.11 (m, 2H), 7.10-7.08 (m, 1H), 3.79 (s, 3:H8 (d,J = 10.7 Hz, 6H), 3.17 (d} = 21.1 Hz, 2H)*C NMR
(150 MHz, DMSO€g) 6 159.55, 157.55, 156.86, 153.62, 139.42)(d,3.5 Hz), 136.10, 131.15, 131.03, 129.60 (d,
J=6.5 Hz, 2C), 129.26, 124.04 @z 9.1 Hz), 122.19, 121.80, 119.94, 118.39)(d,1.9 Hz, 2C), 111.39, 55.47,
52.32 (d,J = 6.5 Hz, 2C), 30.39 (dl = 135.2 Hz). HRMS calcd for £H,,N;0,PS, [M+Na], 478.0961; found
478.0946.
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5.1.4.2. dimethyl (4-((7-(2-acetyl phenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)phosphonate (11b). Yellow
solid; yield: 68%; mp: 171.8-172/5; *H NMR (600 MHz, DMSOsg) § 9.55 (s, 1H), 9.18 (s, 1H), 8.25 (s, 1H),
7.89 (d,J = 7.6 Hz, 1H), 7.66 (] = 7.3 Hz, 1H), 7.62 (d] = 8.3 Hz, 2H), 7.58 ({f = 7.5 Hz, 1H), 7.54 (d] = 7.4

Hz, 1H), 7.09 (dJ = 6.7 Hz, 2H), 3.58 (d] = 10.7 Hz, 6H), 3.16 (d} = 21.1 Hz, 2H), 2.32 (s, 3HYC NMR (150
MHz, DMSO-+g) § 200.95, 159.00, 157.66, 153.64, 139.92, 139.19 £d3.0 Hz), 135.62, 134.34, 132.03, 131.62,
131.30, 129.65, 129.58 (d,= 6.5 Hz, 2C), 128.12, 124.27 @= 9.3 Hz), 121.94, 118.60 (d,= 1.9 Hz, 2C),
52.31 (d,J = 6.6 Hz, 2C), 30.40 (d] = 135.1 Hz), 28.63. HRMS calcd for4l,,N:0,PS, [M+Na], 490.0961;
found 490.0963.

5.1.4.3. dimethyl (4-((7-(3-acetylphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)phosphonate (11c). Light
yellow solid; yield: 59%; mp: 89.2-90.1; *H NMR (600 MHz, DMSOd) & 9.76 (s, 1H), 9.26 (s, 1H), 8.67 (s,
1H), 8.57 (tJ = 1.4 Hz, 1H), 8.31 (d] = 7.8 Hz, 1H), 8.02—-8.00 (m, 1H), 7.80 {c; 8.4 Hz, 2H), 7.68 (] = 7.7
Hz, 1H), 7.15 (ddJ = 8.6, 2.2 Hz, 2H), 3.59 (d, = 10.8 Hz, 6H), 3.18 (d] = 21.1 Hz, 2H), 2.65 (s, 3H}*C
NMR (150 MHz, DMSO¢dg) 6 197.95, 158.25, 157.75, 154.19, 139.17)&, 3.4 Hz), 137.15, 135.21, 133.97,
133.28, 132.67, 129.76 (d~= 6.4 Hz, 2C), 128.89, 127.79, 127.38, 124.43@ 9.2 Hz), 122.82, 118.63 (d~
1.9 Hz, 2C), 52.33 (d] = 6.6 Hz, 2C), 30.44 (d, = 135.2 Hz), 26.88. HRMS calcd fopEl,,N;0,PS, [M+Na],
490.0961; found 490.0948.

5.1.4.4. dimethyl (4-((7-(3-(methylsulfonyl)phenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)phosphonate (11d).
Light yellow solid; yield: 76%; mp: 107.0-108.1; *H NMR (600 MHz, DMSOdg) & 9.76 (s, 1H), 9.27 (s, 1H),
8.75 (s, 1H), 8.50 (s, 1H), 8.46 (= 7.8 Hz, 1H), 7.98 (d] = 7.8 Hz, 1H), 7.81 (t) = 7.8 Hz, 1H), 7.77 (d] =
8.3 Hz, 2H), 7.22 (dd] = 8.5, 2.1 Hz, 2H), 3.60 (d,= 10.7 Hz, 6H), 3.29 (s, 3H), 3.19 (= 21.2 Hz, 2H)**C
NMR (150 MHz, DMSO€dg) 6 158.04, 157.82, 154.29, 141.31, 139.02)(&, 2.6 Hz), 136.09, 134.63, 132.92,
132.32, 129.89 (d] = 6.5 Hz, 2C), 129.59, 125.98, 125.96, 124.51(d9.2 Hz), 122.83, 118.77 (2C), 52.34 (d,
J = 6.8 Hz, 2C), 43.56, 30.49 (d,= 135.2 Hz). HRMS calcd for GH,,N;0sPS, [M+Na]*, 526.0631; found
526.0641.

5.1.4.5. dimethyl (4-((7-(3-(methyl carbamoyl )phenyl)thi eno[ 3,2-d] pyrimidin-2-yl)Jamino)benzyl ) phosphonate (11€).
Light yellow solid; yield: 83%; mp: 98.3-99/0; *H NMR (600 MHz, DMSOdq) & 9.75 (s, 1H), 9.25 (s, 1H),
8.61 (s, 1H), 8.54 (g] = 4.1 Hz, 1H), 8.46 (s, 1H), 8.21 @@= 7.8 Hz, 1H), 7.86 (d] = 7.8 Hz, 1H), 7.81 (d] =
8.4 Hz, 2H), 7.60 (t) = 7.7 Hz, 1H), 7.15 (ddl = 8.6, 2.2 Hz, 2H), 3.59 (d,= 10.7 Hz, 6H), 3.17 (d] = 21.1 Hz,
2H), 2.84 (dJ = 4.5 Hz, 3H)X*C NMR (150 MHz, DMSQd) § 166.67, 158.29, 157.70, 154.14, 139.15J(¢,
2.9 Hz), 135.01, 134.79, 133.67, 133.52, 130.59,72(d,J = 6.5 Hz, 2C), 128.40, 126.88, 126.34, 124.30 &,
9.2 Hz), 122.81, 118.68 (d,= 1.9 Hz, 2C), 52.32 (d,= 6.5 Hz, 2C), 30.54 (d,= 135.3 Hz), 26.31. HRMS calcd
for C,3H,3N,O4PS, [M+Naf, 505.1070; found 505.1065.

5.1.4.6. dimethyl (4-((7-(3-acetamidophenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)phosphonate (11f). Light
yellow solid; yield: 56%; mp: 188.7-190.%; *H NMR (600 MHz, DMSO#€) 5 10.07 (s, 1H), 9.72 (s, 1H), 9.23
(s, 1H), 8.44 (s, 1H), 8.17 (s, 1H), 7.83Jds 8.3 Hz, 2H), 7.67 (d] = 7.7 Hz, 1H), 7.64 (d] = 8.1 Hz, 1H), 7.43
(d,J = 7.9 Hz, 1H), 7.15 (dd] = 8.5, 2.0 Hz, 2H), 3.59 (d,= 10.7 Hz, 6H), 3.18 (d] = 21.1 Hz, 2H), 2.11 (s,
3H). 3C NMR (150 MHz, DMSOds) § 168.40, 158.36, 157.65, 154.05, 139.45, 139.20 (2.7 Hz), 134.39,
134.33, 133.93, 129.66 (d= 6.4 Hz, 2C), 128.66, 124.23 @= 9.2 Hz), 123.07, 122.84, 119.06, 118.66](d,
1.9 Hz, 2C), 118.63, 52.32 (d,= 6.5 Hz, 2C), 30.50 (d = 135.4 Hz), 24.02. HRMS calcd for$,5N,04PS,
[M+Na]*, 505.1070; found 505.1081.
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51.4.7.

Dimethyl  (4-((7-(3-(N-methyl methyl sulfonamido)phenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl) phosphonate
(11g). Yellow solid; yield: 53%; mp: 185.9-186(5; *H NMR (600 MHz, DMSOds) 5 9.73 (s, 1H), 9.24 (s, 1H),
8.62 (s, 1H), 8.07 (d] = 7.8 Hz, 1H), 8.04-8.02 (m, 1H), 7.79 {d= 8.3 Hz, 2H), 7.56 () = 7.9 Hz, 1H), 7.48
(dd,J = 8.0, 1.2 Hz, 1H), 7.20 (dd,= 8.6, 2.2 Hz, 2H), 3.60 (d,= 10.8 Hz, 6H), 3.33 (s, 3H), 3.20 @= 21.2
Hz, 2H), 2.98 (s, 3H)*C NMR (150 MHz, DMSOd,) 5 158.24, 157.76, 154.19, 142.06, 139.16J(¢,2.7 Hz),
135.09, 134.43, 133.25, 129.79 Jd; 6.5 Hz, 2C), 129.11, 126.66, 126.04, 125.44,924d,J = 9.2 Hz), 122.90,
118.79 (d,J = 1.9 Hz, 2C), 52.36 (d] = 6.5 Hz, 2C), 37.98, 35.26, 30.45 (U= 135.3 Hz). HRMS calcd for
CoaHosN4OsPS, [M+H]*, 533.1077; found 533.1085M+Na]*, 555.0896; found 555.0891.

5.1.4.8. dimethyl (4-((7-(4-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)phosphonate (11h). Light
yellow solid; yield: 78%; mp: 128.2—-12818 H NMR (600 MHz, DMSOds) 5 9.70 (s, 1H), 9.21 (s, 1H), 8.45 (s,
1H), 8.07-8.06 (m, 2H), 7.81 (d= 8.3 Hz, 2H), 7.22—7.20 (m, 2H), 7.08-7.06 (m),28484 (s, 3H), 3.60 (d =
10.7 Hz, 6H), 3.21 (d] = 21.2 Hz, 2H)}3C NMR (150 MHz, DMSOdq) 5 158.92, 158.41, 157.63, 153.95, 139.26
(d, J = 3.3 Hz), 133.66, 132.62, 129.70 {d= 6.5 Hz, 2C), 129.14 (2C), 126.06, 124.41)¢, 9.2 Hz), 122.83,
118.80 (dJ = 1.8 Hz, 2C), 113.80 (2C), 55.21, 52.32J¢; 6.5 Hz, 2C), 30.41 (d, = 135.2 Hz). HRMS calcd for
CoHaNzO,PS, [M+Naf, 478.0961; found 478.0954.

5.1.5. Preparation of N-(3-(4,4,5,5-tetramethyl-1,3,2-di oxaborol an-2-yl ) phenyl )acetamide (14)

Triethylamine (1.2 equiv) and acetic anhydride (E&uiv) in CHCI, were added to a solution of
3-bromoaniline (1 equiv). The reaction mixture vgéisred at rt. Upon completion, the mixture wasutditl with
water and extracted with GBI,. The organic phases were combined, washed withesalried over anhydrous
N&SO, and evaporated to afford crude prodd& Pd(dppf)C} (0.05 equiv) was added to a solution of
compoundl3 (1 equiv), bis(pinacolato)diboron (1.2 equiv), ahdOK (3 equiv) in dioxane. The mixture was
degassed with nitrogen and heated at 80 °C overniglet mixture was diluted with ethyl acetate, ameldrganic
layer was washed with saline, dried over anhydidasSO, and filtered. The filtrate was concentrated and

purified using chromatography to provide the caupiintermediatd4. MS (ESI) m/z(%): 262.1 [M+H]

5.1.6.Preparation of N-methyl-N-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborol an-2-yl ) phenyl )methanesul fonamide (17)

Pyridine (2 equiv) was added to a solution of 3pbwaniline (1 equiv) in CkCl,at 0 °C; methanesulfonyl
chloride (1 equiv) was then added in a dropwise maanAfter 3 h, 1 M HCI was added, and the mixtugsw
diluted with CHCl,. The organic phases were combined, washed withesalried over anhydrous b&0O, and
evaporated to afford crude proddd&. Intermediatel5 (1 equiv) and KCOs (3 equiv) were dissolved in DMF,
and iodomethane (1.1 equiv) was then added in pwdse manner at rt. After 2 h, water was added dincpwise
manner, and the solution was extracted with,Clll The organic extracts were dried and concentiatedcuo.
The extract was purified using chromatography todpce the intermediat&6, after which treatment with
bis(pinacolato)diboron and Pd(dppfiQirovided the Suzuki coupling partner intermediBteMS (ESI) m/z(%):
312.2 [M+HT.

5.1.7. Preparation of N-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborol an-2-yl )benzamide (20)

Oxalyl chloride (3 equiv) was added to a solutidrBdromobenzoic acid (1 equiv) in GEl,, to which a
catalytic amount of DMF (2 drops) was added. Afteing stirred at 60 °C for 4 h, the reaction migtuvas
concentrated and dried under a vacuum. A susperwid@H;NH,*HCI (1.5 equiv) and BN (1.5 equiv) in
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anhydrous CHCI, was then added. The mixture was stirred at 25 P@ fo The mixture was diluted with GEll,,
and the organic layer was washed with saline, daedr anhydrous N8O, and filtered. The filtrate was
concentrated and purified using chromatography igdythe intermediatel9, after which treatment with
bis(pinacolato)diboron and Pd(dppfiQirovided the Suzuki coupling partner intermed2@eMS (ESI) m/z(%):
262.1 [M+HT.

5.1.8. Preparation of dimethyl (4-aminobenzyl)phosphonate (23)

To a solution of 1-(chloromethyl)-4-nitrobenzenegduiv) in trimethyl phosphite (1.5 equiv). The ¢tan
mixture was stirred at 120 °C for 10 h. Upon coniptgtthe mixture was diluted with water and exteactvith
CH,Cl,. The organic phases were combined, washed wiihesalried over anhydrous b&0, and evaporated to
afford crude produc22. Intermediate22 (1 equiv) was dissolved in ethanol, and Pd/C (Ouiv@gvas added. The
flask was flushed with Hand stirred for 3 h at 40 °C. The reaction mixtweas filtered through a Celite pad; the
filtrate was concentrated and purified using chrmmgeaphy to produce intermedia®8. 'H NMR (600 MHz,
DMSO-dg) 6 6.91 (ddJ = 8.4, 2.2 Hz, 2H), 6.50 (d,= 8.2 Hz, 2H), 4.98 (s, 2H), 3.56 @= 10.7 Hz, 6H), 3.02
(d, J=20.6 Hz, 2H). MS (ESI) m/z(%): 216.0 [M+H]

5.1.9. Preparation of compounds 24a-j, 26a-i, 27a-b and 28c-g.

Compound®4a-j, 26a-i, 27a-b and28c-g were prepared in a similar manner as compouhds.
5.1.9.1. diethyl (4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)phosphonate (24a). White
solid; yield: 67%; mp: 141.2-142[1; *H NMR (600 MHz, DMSOs) 5 9.67 (s, 1H), 9.20 (s, 1H), 8.37 (s, 1H),
7.79 (d,J = 6.7 Hz, 3H), 7.41 (] = 7.6 Hz, 1H), 7.17 (d] = 8.3 Hz, 1H), 7.13 (d] = 7.6 Hz, 2H), 7.09 (] = 7.4
Hz, 1H), 3.95-3.91 (m, 4H), 3.79 (s, 3H), 3.13X¢, 21.1 Hz, 2H), 1.17 (] = 7.0 Hz, 6H)*°C NMR (150 MHz,
DMSO-dg) 6 159.54, 157.54, 156.87, 153.63, 139.37)(d,3.3 Hz), 136.08, 131.16, 131.07, 129.64)(d,6.4 Hz,
2C), 129.25, 124.27 (d,= 9.2 Hz), 122.20, 121.78, 119.92, 118.22 (2C),34,161.28 (dJ = 6.5 Hz, 2C), 55.46,
31.53 (d,J = 135.7 Hz), 16.25 (d] = 5.3 Hz, 2C). HRMS calcd for @H,eN;0,PS, [M+Na], 506.1274; found
506.1259.

5.19.2. ethyl P-(4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl)-N-methyl phosphonamidate
(24b). White solid; yield: 58%; mp: 116.7-117.4; *H NMR (600 MHz, DMSOds) § 9.63 (s, 1H), 9.19 (s, 1H),
8.37 (s, 1H), 7.81 (d] = 7.3 Hz, 1H), 7.76 (d] = 6.6 Hz, 2H), 7.42 (t) = 7.7 Hz, 1H), 7.18 (d] = 8.3 Hz, 1H),
7.12-7.08 (m, 3H), 4.34 (s, 1H), 3.88-3.83 (m, 2HJ9 (s, 3H), 2.97 (dd] = 19.6, 4.6 Hz, 2H), 2.38 (dd,=
11.3, 4.8 Hz, 3H), 1.19 (8 = 7.0 Hz, 3H).**C NMR (150 MHz, DMSOdy) 5 159.56, 157.58, 156.85, 153.58,
139.04 (dJ = 2.6 Hz), 136.04, 131.14, 131.00, 129.61)(d,6.1 Hz, 2C), 129.23, 125.60 @= 8.0 Hz), 122.19,
121.68, 119.92, 118.18 (d,= 1.7 Hz, 2C), 111.37, 58.70 (@= 6.5 Hz), 55.47, 32.81 (d,= 123.7 Hz), 26.67,
16.36 (d,J = 6.1 Hz). HRMS calcd for GH,sN,04PS, [M+Na], 491.1277; found 491.1275.

5.1.9.3. diethyl (hydroxy(4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)phenyl)methyl)phosphonate
(24c). White solid; yield: 43%; mp: 143.2-144.1; *H NMR (600 MHz, DMSOds) § 9.70 (s, 1H), 9.21 (s, 1H),
8.38 (s, 1H), 7.83-7.78 (m, 3H), 7.45-7.41 (m, TH26 (d,J = 7.1 Hz, 2H), 7.19 (d] = 8.2 Hz, 1H), 7.09 (§) =
7.4 Hz, 1H), 6.04 (dd] = 16.0, 5.7 Hz, 1H), 4.83 (dd,= 12.4, 5.7 Hz, 1H), 3.98-3.85 (m, 4H), 3.79 (4),3..19
(d,J = 7.1 Hz, 3H), 1.14 (d] = 7.1 Hz, 3H)**C NMR (150 MHz, DMSOd,) § 159.51, 157.50, 156.86, 153.63,
140.24 (d,J = 2.2 Hz), 136.09, 131.14, 131.10, 130.60, 12927), 127.53 (dJ = 6.0 Hz), 122.20, 121.85,
119.91, 117.62 (2C), 111.36, 69.09 Jd; 163.9 Hz), 61.89 (dd}, = 48.2, 6.6 Hz, 2C), 55.45, 16.33 (dds 14.3,
5.2 Hz, 2C). HRMS calcd for gH,gN;OsPS, [M+NaJ, 522.1223; found 522.1227.
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5.1.9.4. ethyl (4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)benzyl) (mor pholino)phosphinate (24d).
White solid; yield: 36%; mp: 108.7-109.5 *H NMR (600 MHz, DMSOd) 5 9.66 (s, 1H), 9.19 (s, 1H), 8.37 (s,
1H), 7.80 (tJ = 7.6 Hz, 3H), 7.42 (i) = 7.2 Hz, 1H), 7.17 (d] = 8.3 Hz, 1H), 7.13 (d] = 6.9 Hz, 2H), 7.09 ()

= 7.4 Hz, 1H), 3.93-3.85 (m, 2H), 3.79 (s, 3H),63.2.42 (m, 2H), 3.09-3.03 (M, 2H), 2.97-2.93 (m),2H
2.86-2.82 (m, 2H), 1.22 (d,= 7.0 Hz, 3H)X*C NMR (150 MHz, DMSOds) & 159.56, 157.58, 156.88, 153.63,
139.31 (dJ = 2.7 Hz), 136.08, 131.17, 131.08, 129.79)(d,6.2 Hz, 2C), 129.28, 124.82 (= 8.3 Hz), 122.22,
121.78, 119.94, 118.14 (2C), 111.37, 66.46)(d 4.5 Hz, 2C), 59.09 (d,= 6.9 Hz), 55.48, 43.77 (2C), 31.90 {d,
= 125.7 Hz), 16.26 (d] = 6.0 Hz). HRMS calcd for £H,dN,0,PS, [M+Na], 547.1539; found 547.1545.

5.1.9.5. 4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-methylbenzamide (24€). White solid; yield:
76%; mp: 210.5-211.3; 'H NMR (600 MHz, DMSOdg) 5 9.98 (s, 1H), 9.26 (s, 1H), 8.40 (s, 1H), 8.25)¢,

4.4 Hz, 1H), 7.92 (d] = 8.7 Hz, 2H), 7.77 (ddl = 7.4, 1.3 Hz, 1H), 7.72 (d,= 8.7 Hz, 2H), 7.47-7.44 (m, 1H),
7.21 (d,J = 8.3 Hz, 1H), 7.13 (tJ = 7.4 Hz, 1H), 3.80 (s, 3H), 2.77 (@= 4.4 Hz, 3H)**C NMR (150 MHz,
DMSO-dg) § 166.27, 159.40, 157.20, 156.86, 153.74, 143.48,363 131.26, 131.14, 129.40, 127.61 (2C), 126.53,
122.46, 122.12, 120.01, 117.14 (2C), 111.39, 5224815. HRMS calcd for £H1gN4O,S, [M+H]", 391.1223;
found 391.1226.

5.1.9.6. 4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(piperidin-4-yl)benzamide Hydrochloride
(24f). Light yellow solid; yield: 87%; mp: 211.7-212.4; *H NMR (600 MHz, DMSO¢g) & 10.00 (s, 1H), 9.27 (s,
1H), 9.11 (s, 2H), 8.42 (s, 1H), 8.34 (b= 7.4 Hz, 1H), 7.91 (d] = 8.8 Hz, 2H), 7.79-7.76 (m, 3H), 7.47-7.44 (m,
1H), 7.21 (dJ = 8.2 Hz, 1H), 7.13 (] = 7.4 Hz, 1H), 4.06—4.02 (m, 1H), 3.79 (s, 3HRB(d,J = 12.5 Hz, 2H),
2.97 (dd,J = 8.0, 3.6 Hz, 2H), 1.95 (d, = 10.9 Hz, 2H), 1.83 (ddl = 18.3, 7.9 Hz, 2H)**C NMR (150 MHz,
DMSO-dg) 6 165.55, 159.46, 157.03, 156.88, 153.65, 143.58,783 131.24, 131.12, 129.48, 128.11 (2C), 126.37,
122.54, 122.10, 120.07, 117.05 (2C), 111.47, 581887, 42.16 (2C), 28.24 (2C). HRMS calcd foerG:sNs0O,S,
[M+H] *, 460.1802; found 460.1798.

5.1.9.7. N-(4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)phenyl )piperidine-4-carboxamide  (249).
Light yellow solid; yield: 83%; mp: 250.1-251(2; *H NMR (400 MHz, DMSOdg) & 9.68 (s, 1H), 9.57 (s, 1H),
9.17 (s, 1H), 8.36 (s, 1H), 7.80 (= 6.8 Hz, 1H), 7.74 (d] = 8.8 Hz, 2H), 7.44 (dd] = 14.4, 8.1 Hz, 3H), 7.18
(d, J = 8.3 Hz, 1H), 7.08 (t) = 7.4 Hz, 1H), 3.79 (s, 3H), 2.97 (@= 11.7 Hz, 2H), 2.46 (d] = 11.9 Hz, 2H),
2.40-2.33 (m, 1H), 1.96 (s, 1H), 1.64Jt 11.2 Hz, 2H), 1.50 (dt] = 12.0, 8.7 Hz, 2H)**C NMR (150 MHz,
DMSO-dg) 6 173.24, 159.55, 157.57, 156.85, 153.57, 136.15,963 133.13, 131.16, 131.01, 129.24, 122.23,
121.52, 119.89, 119.30 (2C), 118.48 (2C), 111.354/545.67 (2C), 43.65, 29.54 (2C). HRMS calcd for
CasH25N50,S, [M+H]", 460.1802; found 460.1805.

5.1.9.8. (9-N-(4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-ylJamino)phenyl ) piperidine-3-carboxamide
(24h). Light yellow solid; yield: 90%; mp: 219.1-220.2 *H NMR (400 MHz, DMSOdq) & 9.78 (s, 1H), 9.57 (s,
1H), 9.17 (s, 1H), 8.35 (s, 1H), 7.80 (tk 7.4 Hz, 1H), 7.74 (d] = 8.9 Hz, 2H), 7.44 (d] = 9.0 Hz, 3H), 7.18 (d,
J=8.2 Hz, 1H), 7.08 ({ = 7.4 Hz, 1H), 3.79 (s, 3H), 2.99 @= 11.8 Hz, 1H), 2.84 (dl = 11.6 Hz, 1H), 2.61 (d,
J=10.5 Hz, 1H), 2.42-2.33 (m, 2H), 1.85 Jd= 9.2 Hz, 1H), 1.62-1.55 (m, 2H), 1.41-1.35 (m).1¥C NMR
(150 MHz, DMSO#€) 6 172.51, 159.55, 157.57, 156.85, 153.57, 136.28,9773 133.00, 131.16, 131.01, 129.25,
122.23, 121.53, 119.90, 119.33 (2C), 118.48 (2C),361155.48, 49.08, 45.94, 44.26, 27.89, 25.31. HRyISd
for CasH2sN50,S, [M+H]*, 460.1802; found 460.1813.
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5.1.9.9. (R)-N-(4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino) phenyl ) piperidine-3-carboxamide (24i).
Light yellow solid; yield: 82%; mp: 220.0-220.8 *H NMR (600 MHz, MeOD) 8.97 (s, 1H), 8.23 (s, 1H), 7.87
(dd,J = 7.5, 1.6 Hz, 1H), 7.75 (d,= 9.0 Hz, 2H), 7.42-7.36 (m, 3H), 7.13 (d= 8.1 Hz, 1H), 7.08 (td] = 7.5,
0.9 Hz, 1H), 3.82 (s, 3H), 3.10 (d#i= 12.4, 3.1 Hz, 1H), 2.97 (d,= 12.4 Hz, 1H), 2.84-2.78 (m, 1H), 2.62 (d,
=125, 2.7 Hz, 1H), 2.54-2.49 (m, 1H), 2.02-1.87 {H), 1.78-1.70 (m, 2H), 1.60-1.54 (m, 1HE NMR (150
MHz, MeOD)§ 175.08, 161.46, 159.06, 158.65, 154.13, 138.58,803 133.50, 133.03, 132.52, 130.27, 123.83,
123.71, 121.83 (2C), 121.21, 120.01 (2C), 112.240FH646.71, 45.37, 29.06, 25.97. HRMS calcd for
CasH25N50,S, [M+H]", 460.1802; found 460.1810.

5.1.9.10. 2-amino-N-(4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)phenyl)acetamide (24j). Light
yellow solid; yield: 81%; mp: 205.4—206.3 *H NMR (400 MHz, DMSOd) 5 9.60 (s, 1H), 9.17 (s, 1H), 8.36 (s,
1H), 7.81-7.75 (m, 3H), 7.49 (d= 8.9 Hz, 2H), 7.43 (dd} = 11.2, 4.4 Hz, 1H), 7.18 (d,= 8.2 Hz, 1H), 7.08 (t,
J=7.4 Hz, 1H), 3.79 (s, 3H), 3.24 (s, 2H), 1.942(d).*°C NMR (150 MHz, DMSOdg) § 171.48, 159.56, 157.57,
156.85, 153.58, 136.37, 135.98, 132.46, 131.16,003129.24, 122.21, 121.56, 119.91, 119.28 (233,6BL(2C),
111.35, 55.47, 45.44. HRMS calcd foy;8:0Ns0,S, [M+Na]", 428.1152; found 428.1150.

5.1.9.11. 3-fluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(piperidin-4-yl )benzamide
Hydrochloride (26a). White solid; yield: 79%; mp: 222.5-223.3 *H NMR (600 MHz, DMSO#dg) § 9.32 (s, 1H),
9.28 (s, 1H), 9.09 (s, 2H), 8.50 (= 7.4 Hz, 1H), 8.45 (s, 1H), 8.28 {§t= 8.4 Hz, 1H), 7.79 (dd = 12.3, 1.9 Hz,
1H), 7.77 (ddJ = 7.5, 1.7 Hz, 1H), 7.66 (dd,= 8.5, 1.7 Hz, 1H), 7.43-7.40 (m, 1H), 7.18 J&; 7.9 Hz, 1H),
7.07 (td,d = 7.5, 0.9 Hz, 1H), 4.08-4.02 (m, 1H), 3.79 (s),3430 (d,J = 12.7 Hz, 2H), 3.01-2.96 (m, 2H), 1.95
(dd,J = 13.4, 2.8 Hz, 2H), 1.86-1.80 (m, 2KIC NMR (150 MHz, DMSOd,) § 164.31, 159.52, 156.91, 156.84,
153.71, 152.51 (d] = 245.3 Hz), 137.12, 131.07, 131.00, 130.97, 129128.42 (d,J = 6.2 Hz), 123.53 (d] =
1.9 Hz), 123.13, 121.92, 121.23, 120.05, 114.24 (d,21.1 Hz), 111.45, 55.56, 44.52, 42.12 (2C), 2§2Q).
HRMS calcd for GsH»4FNsO,S, [M+H]*, 478.1708; found 478.1709.

5.1.9.12. 4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-3-methyl-N-(piperidin-4-yl )benzamide (26b).
Light yellow solid; yield: 82%; mp: 224.6—-225(1; '"H NMR (400 MHz, DMSOdg) & 9.10 (s, 1H), 8.33 (s, 1H),
7.96 (t,J = 9.5 Hz, 2H), 7.81 (dd] = 7.6, 1.7 Hz, 1H), 7.67 (d,= 1.3 Hz, 1H), 7.58 (dd] = 8.5, 1.9 Hz, 1H),
7.37 (ddJ = 11.2, 4.5 Hz, 1H), 7.14 (d,= 8.1 Hz, 1H), 7.02 (td] = 7.5, 0.8 Hz, 1H), 3.83-3.78 (m, 4H), 2.95 (d,
J = 11.6 Hz, 2H), 2.48-2.45 (m, 2H), 2.29 (s, 3HY2L(dd,J = 11.7, 2.1 Hz, 2H), 1.46-1.35 (m, 2HjC NMR
(150 MHz, DMSO#€) 6 165.54, 159.73, 156.84, 156.60, 152.82, 140.58,483 131.07, 130.90, 129.49, 129.44,
129.07, 128.79, 125.37, 122.28, 121.76, 121.50,0620111.46, 55.57, 44.42, 42.15 (2C), 28.21 (2C)14.8
HRMS calcd for GeHo7NsO,S, [M+H]", 474.1958; found 474.1958.

5.1.9.13. 3-methoxy-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(pi peridin-4-yl)benzamide
(26¢). Yellow solid; yield: 86%; mp: 109.1-111(0; *H NMR (600 MHz, DMSOdg)  9.26 (s, 1H), 8.53 (d] =
8.4 Hz, 1H), 8.44 (s, 1H), 8.15 (s, 1H), 8.13 Jds 7.9 Hz, 1H), 7.79 (dd] = 7.5, 1.3 Hz, 1H), 7.51 (s, 1H),
7.48-7.44 (m, 1H), 7.42 (dd,= 8.5, 1.3 Hz, 1H), 7.21 (d,= 8.3 Hz, 1H), 7.13 () = 7.4 Hz, 1H), 3.95 (s, 3H),
3.86-3.77 (m, 4H), 2.96 (d,= 12.1 Hz, 2H), 2.51-2.48 (m, 2H), 1.73 Jc 9.8 Hz, 2H), 1.46-1.40 (m, 2HJC
NMR (150 MHz, DMSOdg) é 164.85, 159.37, 156.82, 156.71, 153.96, 147.06,803 131.63, 131.10, 131.06,
129.65, 129.46, 127.47, 122.97, 121.96, 120.05,4816111.46, 109.28, 56.09, 55.53, 47.44, 45.46,(38)L6
(2C). HRMS calcd for GH»7NsOsS, [M+H]", 490.1907; found 490.1911.
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5.1.9.14. 3-ethoxy-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(pi peridin-4-yl )benzamide (26d).
Light yellow solid; yield: 78%: mp: 200.9—201.7; *H NMR (600 MHz, DMSOsdg) & 9.27 (s, 1H), 8.55 (d] =
8.4 Hz, 1H), 8.45 (s, 1H), 8.12-8.09 (m, 2H), 7(@8,J = 7.5, 1.6 Hz, 1H), 7.50 (d,= 1.4 Hz, 1H), 7.48-7.45
(m, 1H), 7.41 (ddJ = 8.5, 1.4 Hz, 1H), 7.22 (d,= 8.2 Hz, 1H), 7.14 (t) = 7.4 Hz, 1H), 4.20 (q] = 6.9 Hz, 2H),
3.83-3.80 (m, 4H), 2.96 (d,= 11.3 Hz, 2H), 2.50-2.46 (m, 2H), 1.73 {d= 10.7 Hz, 2H), 1.47-1.41 (m, 5H).
13C NMR (100 MHz, DMSOdg) & 164.79, 159.32, 156.81, 156.60, 153.92, 146.08,763 131.67, 131.49, 131.11,
131.03, 129.44, 127.36, 122.96, 121.95, 120.02,3016111.46, 110.08, 64.30, 55.50, 47.47, 45.48,(38)019
(2C), 14.60. HRMS calcd for £H,gNs0sS, [M+H]*, 504.2064; found 504.2064.

5.1.9.15.

4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(piperidin-4-yl)-3-(trifluoromethyl ) benzamide

(266). Light yellow solid; yield: 84%: mp: 99.3-100(5; *H NMR (400 MHz, CDCJ) & 8.95 (s, 1H), 8.89 (d] =
8.7 Hz, 1H), 8.19 (s, 1H), 8.01 (s, 1H), 7.86)(t 8.0 Hz, 2H), 7.72 (s, 1H), 7.38 {t= 7.5 Hz, 1H), 7.11-7.01 (m,
2H), 6.36 (dJ = 7.4 Hz, 1H), 4.08-4.02 (m, 1H), 3.81 (s, 3HP&(d,J = 12.0 Hz, 2H), 2.69 (dl = 11.5 Hz, 2H),
2.00 (d,J = 10.8 Hz, 2H), 1.47-1.40 (m, 2HFC NMR (150 MHz, DMSOdg) & 163.71, 159.50, 157.67, 156.82,
154.00, 140.25, 137.03, 131.72, 131.48, 131.05,8630.29.50, 129.29, 125.52, 125.31, 123.94 &1273.3 Hz),
123.39, 121.89, 120.01, 111.47, 55.54, 47.01, 4@7), 31.97 (2C). HRMS calcd for, 8,4 sN0,S, [M+H]",
528.1676; found 528.1685.

5.1.9.16. 2-fluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(piperidin-4-yl)benzamide (26f).
Light yellow solid; yield: 88%; mp: 131.0-132.1; 'H NMR (400 MHz, DMSOdg) & 10.17 (s, 1H), 9.28 (s, 1H),
8.41 (s, 1H), 8.09 (dl = 13.8 Hz, 1H), 7.80 (dd,= 7.7, 3.1 Hz, 1H), 7.74 (dd,= 7.5, 1.7 Hz, 1H), 7.51-7.42 (m,
3H), 7.19 (d,J = 8.2 Hz, 1H), 7.11 (td) = 7.5, 0.7 Hz, 1H), 3.81-3.77 (m, 4H), 2.94 Jd= 12.0 Hz, 2H),
2.53-2.47 (m, 2H), 1.77-1.72 (m, 2H), 1.43-1.35 Zi). *°C NMR (100 MHz, DMSOdy) § 162.67 (dJ = 1.6
Hz), 159.78 (d,) = 245.2 Hz), 159.25, 156.92, 156.81, 153.83, 1244 J = 12.2 Hz), 136.53, 131.41, 131.00,
130.16 (dJ = 4.4 Hz), 129.44, 122.90, 122.07, 120.10, 11%61 = 14.2 Hz), 113.51, 111.41, 104.41 Jd; 29.4
Hz), 55.41, 47.25, 45.11 (2C), 32.83 (2C). HRMS cébed,5H,,FNsO,S, [M+H]", 478.1708; found 478.1716.

5.1.9.17. 4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-2-methyl-N-(pi peridin-4-yl )benzamide (26g).
Light yellow solid; yield: 83%; mp: 193.0-193.8 *H NMR (400 MHz, CDC}J) & 8.93 (s, 1H), 8.19 (s, 1H), 7.97
(d,J=7.3 Hz, 1H), 7.69 (s, 1H), 7.47-7.38 (m, 3HR87(d,J = 8.6 Hz, 1H), 7.12 (] = 7.4 Hz, 1H), 7.06 (d] =
8.3 Hz, 1H), 5.74 (d) = 7.9 Hz, 1H), 4.10-4.01 (m, 1H), 3.84 (s, 3HLB(d,J = 12.2 Hz, 2H), 2.76 (] = 11.3
Hz, 2H), 2.41 (s, 3H), 2.05 (d,= 10.6 Hz, 2H), 1.42 (dJ = 8.8 Hz, 2H).2*C NMR (150 MHz, DMSOd) 5
168.22, 159.44, 157.38, 156.83, 153.70, 141.63,263@.35.82, 131.08, 130.97, 129.66, 129.25, 127.89.23,
122.15, 120.14, 119.48, 114.90, 111.51, 55.50, 74541.09 (2C), 31.24 (2C), 20.10. HRMS calcd for
CueH2Ns0,S, [M+H]Y, 474.1958; found 474.1913.

5.1.9.18.

2-fluoro-5-methoxy-4-((7-(2-methoxyphenyl ) thieno[ 3,2-d] pyrimidin-2-ylJamino)-N-(piperidin-4-yl )benzamide
Hydrochloride (26h). Light yellow solid; yield: 87%; mp: 207.9-208.5; 'H NMR (400 MHz, DMSOdg) & 9.33
(s, 1H), 9.13-9.03 (m, 2H), 8.48 {t= 6.7 Hz, 2H), 8.32 (s, 1H), 8.21 (db= 7.2, 1.9 Hz, 1H), 7.73 (dd,= 7.5,
1.6 Hz, 1H), 7.49-7.46 (m, 1H), 7.23-7.16 (m, ZH)0 (t,J = 7.4 Hz, 1H), 4.05-4.01 (m, 1H), 3.93 (s, 3HYB.
(s, 3H), 3.27 (dJ = 12.5 Hz, 2H), 2.99 (dl = 11.2 Hz, 2H), 2.02-1.95 (m, 2H), 1.83-1.73 (i).2°C NMR (150
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MHz, DMSO-dg) & 163.09, 159.35, 156.77, 155.68, 155.31)(d,234.2 Hz), 153.64, 143.30, 137.96, 132.04)(d,
= 12.6 Hz), 131.42, 130.97, 129.65, 123.43, 121180,20, 114.69 (dl = 15.5 Hz), 111.49, 110.51 @z 3.8 Hz),
104.88 (d,J = 32.4 Hz), 56.54, 55.45, 44.40, 41.95 (2C), 2&@3). HRMS calcd for GH,6FN:O5S, [M+H]*,
508.1813; found 508.1828.

5.1.9.19. 2,5-difluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-ylJamino)-N-(piperidin-4-yl)benzamide
Hydrochloride (26i). Light yellow solid; yield: 80%; mp: 235.4—236(6; 'H NMR (600 MHz, DMSO#ds) & 9.49

(s, 1H), 9.33 (s, 1H), 9.12-9.00 (m, 2H), 8.461¢d), 8.41 (ddJ = 13.0, 6.6 Hz, 1H), 8.35 (d,= 7.1 Hz, 1H),
7.71 (dd,d = 7.5, 1.7 Hz, 1H), 7.46-7.41 (m, 2H), 7.18 Jd= 7.9 Hz, 1H), 7.08 (tdJ = 7.5, 0.8 Hz, 1H),
4.04-3.98 (m, 1H), 3.79 (s, 3H), 3.26 {dr 12.7 Hz, 2H), 2.98 (q] = 12.0 Hz, 2H), 1.97 (dd} = 13.4, 3.0 Hz,
2H), 1.80-1.73 (m, 2H)}:3C NMR (150 MHz, DMSOd,) § 162.22, 159.20, 156.79, 156.49, 155.21)(d, 243.7
Hz), 153.99, 147.83 (d = 241.8 Hz), 137.10, 131.59 @,= 12.5 Hz), 131.42, 131.01, 129.54, 123.65, 121.95
120.17, 115.95 (dd] = 16.7, 6.0 Hz), 115.37 (dd,= 22.9, 4.3 Hz), 111.44, 107.84 (t 31.9 Hz), 55.45, 44.33,
41.89 (2C), 27.93 (2C). HRMS calcd fogsH,3F:Ns0,S, [M+H]", 496.1613; found 496.1617.

5.1.9.20.

2-fluor 0-4-((7-(2-methoxyphenyl )thieno[ 3,2-d] pyrimidin-2-ylJamino)-N-(tetrahydro-2H-pyran-4-yl )benzamide

(274). Light yellow solid; yield: 88%; mp: 230.1-231.0, *H NMR (400 MHz, DMSO#ds) & 10.16 (s, 1H), 9.28 (s,
1H), 8.41 (s, 1H), 8.09 (d,= 14.4 Hz, 1H), 7.90 (d} = 5.3 Hz, 1H), 7.73 (d] = 7.1 Hz, 1H), 7.53-7.43 (m, 3H),
7.20 (d,J = 7.9 Hz, 1H), 7.11 ( = 7.1 Hz, 1H), 3.97 (s, 1H), 3.86 (@= 10.4 Hz, 2H), 3.79 (s, 3H), 3.42-3.38
(m, 2H), 1.76 (dJ = 11.2 Hz, 2H), 1.58-1.50 (m, 2HFC NMR (150 MHz, DMSQdg) & 162.86, 159.80 (d] =
245.8 Hz), 159.26, 156.91, 156.82, 153.86, 144d52 £ 12.2 Hz), 136.57, 131.45, 131.01, 130.19)(d,4.1 Hz),
129.48, 122.94, 122.08, 120.13, 115.45J¢; 14.2 Hz), 113.55, 111.44, 104.40 {dr 29.4 Hz), 66.04 (2C),
55.43, 45.63, 32.34 (2C). HRMS calcd foil,s-N,03S, [M+Na]', 501.1369; found 501.1362.

5.1.9.21.

2-fluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(1-methyl pi peridin-4-yl )benzamide (27b).
Yellow solid; yield: 83%; mp: 222.5-223(2; 'H NMR (600 MHz, DMSOd) & 10.17 (s, 1H), 9.29 (s, 1H), 8.41
(s, 1H), 8.09 (dJ = 14.1 Hz, 1H), 7.87 (dl = 5.4 Hz, 1H), 7.73 (ddl = 7.4, 1.1 Hz, 1H), 7.51-7.43 (m, 3H), 7.20
(d,J = 8.3 Hz, 1H), 7.11 (J = 7.4 Hz, 1H), 3.79 (s, 3H), 3.76-3.72 (m, 1HR2(d,J = 10.7 Hz, 2H), 2.23 (s,
3H), 2.10 (d,J = 9.0 Hz, 2H), 1.79 (d] = 10.7 Hz, 2H), 1.61-1.55 (m, 2HC NMR (150 MHz, DMSOd;) &
163.00, 159.79 (d] = 245.4 Hz), 159.27, 156.92, 156.82, 153.89, 1814d5J = 12.4 Hz), 136.61, 131.45, 131.03,
130.18 (d,J = 4.0 Hz), 129.49, 122.94, 122.08, 120.13, 11552 = 14.1 Hz), 113.53, 111.44, 104.40 J&; 29.2
Hz), 55.44, 54.00 (2C), 45.98, 45.45, 30.93 (2C). HR6&Rd for GeHoeFNsO,S, [M+H]*, 492.1864; found
492.1874.

5.19.22. (9-2-fluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(pyrrolidin-3-yl)benzamide
(28c). Light yellow solid; yield: 76%; mp: 162.8—-163.6 'H NMR (600 MHz, DMSO#dg) & 10.18 (s, 1H), 9.28 (s,
1H), 8.41 (s, 1H), 8.09 (d,= 14.4 Hz, 1H), 7.98 (dl = 4.8 Hz, 1H), 7.73 (d] = 7.2 Hz, 1H), 7.50 (d] = 8.3 Hz,
1H), 7.47-7.44 (m, 2H), 7.20 (d,= 8.3 Hz, 1H), 7.11 () = 7.4 Hz, 1H), 4.31-4.27 (m, 1H), 3.79 (s, 3HR.
(dd,J = 11.1, 6.6 Hz, 1H), 2.91 (dd,= 11.8, 5.1 Hz, 1H), 2.75 (dd,= 11.5, 5.0 Hz, 1H), 2.66 (dd,= 11.1, 3.8
Hz, 1H), 2.01-1.95 (m, 1H), 1.63-1.60 (m, 1HC NMR (150 MHz, DMSQds) 5 163.30, 159.86 (d] = 245.6
Hz), 159.28, 156.93, 156.84, 153.91, 144.56J(¢ 12.0 Hz), 136.62, 131.48, 131.04, 130.24J(¢ 4.0 Hz),
129.52, 122.97, 122.09, 120.15, 115.37X¢; 14.2 Hz), 113.56, 111.44, 104.41 {d+ 29.6 Hz), 55.44, 52.89,
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50.57, 45.40, 32.61. HRMS calcd fog,8,,FNs0,S, [M+H]*, 464.1551; found 464.1561.

5.1.9.23. (R)-2-fluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(pyrrolidin-3-yl)benzamide
(28d). Light yellow solid; yield: 81%; mp: 161.9-162(8; '"H NMR (400 MHz, MeOD)s 9.04 (s, 1H), 8.25 (s,
1H), 8.15 (dJ = 15.1 Hz, 1H), 7.79 (dl = 7.2 Hz, 1H), 7.62 (] = 8.6 Hz, 1H), 7.41-7.34 (m, 2H), 7.18-7.04 (m,
2H), 4.50 (s, 1H), 3.82 (s, 3H), 3.23 (dds 11.6, 6.9 Hz, 1H), 3.18-3.10 (m, 1H), 3.04-1B32H), 2.23 (dt] =
14.4, 7.6 Hz, 1H), 1.85 (dd,= 12.0, 5.8 Hz, 1H):3C NMR (150 MHz, MeODY¥ 166.63 (dJ = 1.7 Hz), 162.39
(d,J = 245.9 Hz), 161.07, 158.59, 158.32, 154.34, 1{d)J = 12.9 Hz), 137.08, 133.39, 132.35, 131.64)(d,
3.5 Hz), 130.43, 125.04, 123.71, 121.41, 114.93,8H, 112.31, 105.87 (d, = 30.4 Hz), 55.99, 53.22, 52.11,
46.33, 33.22. HRMS calcd for1,,FNsO,S, [M+H]*, 464.1551; found 464.1560.

5.1.9.24. 2-fluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl)amino)-N-(piperidin-4-ylmethyl )benzamide
(28e). Yellow solid; yield: 91%; mp: 182.5-183.2; *H NMR (600 MHz, DMSOds) 5 9.05 (s, 1H), 8.27 (s, 1H),
7.94 (d,J = 16.2 Hz, 1H), 7.87 (dl = 7.4 Hz, 1H), 7.67 (s, 1H), 7.45 {t= 9.0 Hz, 1H), 7.43-7.39 (m, 1H), 7.30
(d,J = 8.6 Hz, 1H), 7.17 (d] = 7.8 Hz, 1H), 7.08 (td] = 7.5, 0.9 Hz, 1H), 3.80 (s, 3H), 3.10 (s, 2HR®@(d,J =
12.0 Hz, 2H), 2.39 () = 11.3 Hz, 2H), 1.85-1.82 (m, 1H), 1.57 Jc& 10.2 Hz, 2H), 1.01 (qd = 12.6, 3.7 Hz,
2H). °C NMR (150 MHz, DMSQdg) § 163.69 (dJ = 2.0 Hz), 160.53 (d] = 243.9 Hz), 160.11, 159.87, 156.75,
153.08, 134.87, 131.02, 130.97, 129.74)(¢, 4.3 Hz), 129.01, 122.54, 119.99, 119.79, 116108,57, 111.32,
104.97 (d,J = 27.0 Hz), 55.41, 45.99 (2C), 45.26, 36.54, 3122). HRMS calcd for GH,eFN=0,S, [M+H]",
492.1864; found 492.1876.

5.1.9.25.

(R)-2-fluoro-4-((7-(2-methoxyphenyl)thieno[ 3,2-d] pyrimidin-2-yl Jamino)-N-(piperidin-3-ylmethyl ) benzamide (28f).
Light yellow solid; yield: 82%; mp: 213.1-214.3 *H NMR (600 MHz, CDCJ) & 8.96 (s, 1H), 8.19 (s, 1H), 8.12
(d, J = 15.0 Hz, 1H), 7.97 (t) = 8.8 Hz, 1H), 7.90 (dJ = 6.5 Hz, 1H), 7.77 (s, 1H), 7.44 &= 7.3 Hz, 1H),
7.17-7.14 (m, 2H), 7.08 (d,= 8.3 Hz, 1H), 6.83-6.78 (m, 1H), 3.84 (s, 3H%23:3.38 (m, 1H), 3.36-3.31 (m,
1H), 3.18 (d,J = 11.7 Hz, 1H), 3.07 (d] = 11.9 Hz, 1H), 2.63 (J = 10.8 Hz, 1H), 2.47 (§ = 11.0 Hz, 1H),
1.91-1.86 (m, 2H), 1.74 (d,= 13.5 Hz, 1H), 1.59-1.53 (m, 1H), 1.23-1.19 (i).£3C NMR (150 MHz, CRCI)

§ 163.78 (dJ = 3.4 Hz), 161.60 (d] = 243.7 Hz), 160.09, 157.04, 156.67, 152.89, 144d8J = 13.5 Hz), 135.97,
132.32 (dJ = 3.4 Hz), 131.98, 131.41, 129.66, 124.16, 12212P,.62, 114.05, 113.24 (d,~= 12.3 Hz), 111.27,
104.89 (dJ = 32.4 Hz), 55.65, 50.15, 46.49, 43.43, 36.9982825.27. HRMS calcd for ggH,FNsO,S, [M+H]",
492.1864; found 492.1876.

5.1.9.26.

(9)-2-fluoro-4-((7-(2-methoxyphenyl ) thieno[ 3,2-d] pyrimidin-2-yl Jamino)-N-(piperidin-3-ylmethyl ) benzamide

(28g). Light yellow solid; yield: 85%; mp: 214.2—215.0, *H NMR (600 MHz, DMSOds) § 10.18 (s, 1H), 9.29 (s,
1H), 8.42 (s, 1H), 8.08 (dd,= 14.5, 1.3 Hz, 1H), 7.97 (dd,= 9.1, 5.3 Hz, 1H), 7.73 (dd,= 7.5, 1.6 Hz, 1H),
7.51 (t,J = 8.5 Hz, 1H), 7.48-7.43 (m, 2H), 7.20 {cs 8.2 Hz, 1H), 7.11 (§ = 7.4 Hz, 1H), 3.79 (s, 3H), 3.08 (t,
J = 6.4 Hz, 2H), 2.90 (d] = 9.6 Hz, 1H), 2.80 (d] = 11.6 Hz, 1H), 2.40 (td] = 11.4, 2.4 Hz, 1H), 2.19-2.15 (m,
1H), 1.74-1.70 (m, 1H), 1.64-1.61 (m, 1H), 1.55, (td 10.6, 4.4 Hz, 1H), 1.31-1.28 (m, 1H), 1.07-1(®1 1H).
13C NMR (150 MHz, DMSOdg) § 163.42, 159.84 (d] = 245.0 Hz), 159.27, 156.93, 156.83, 153.90, 12145J

= 12.3 Hz), 136.62, 131.44, 131.05, 130.27)(¢;, 4.3 Hz), 129.48, 122.94, 122.09, 120.13, 11508 = 14.2
Hz), 113.61, 111.44, 104.41 (d,= 29.4 Hz), 55.44, 50.58, 46.56, 43.04, 36.7802925.71. HRMS calcd for
CogHasFN:O,S, [M+H]*, 492.1864; found 492.1875.
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5.1.10. General procedure for the synthesis of intermediates 31a-f and 34a-g.

HATU (1.2 equiv) and DIEA (1.5 equiv) were addedat@olution of 2-fluoro-4-nitrobenzoic acid (1 egui
and R-NH, (1 equiv) in CHCI, at rt. The resulting mixture was heated to 25-@@Ad stirred until the reaction
was complete. The mixture was diluted with ethytate, and the organic layer was washed with salimed over
anhydrous Nz#80, and filtered. The filtrate was concentrated andifigar using chromatography to yield the
intermediate83a-g. Intermediate83a-g (1 equiv) were dissolved in ethanol, and Pd/C égdiv) was added. The
flask was flushed with Hand stirred for 6 h at 40 °C. The reaction mixtwees filtered through a Celite pad and

the filtrate was concentrated to dryness, yieldimgrmediate$4a-g.

5.1.11. Preparation of diethyl (4-aminobenzyl)phosphonate (36)
Intermediate36 was prepared in a similar manner as interme@atd1S (ESI) m/z(%): 244.0 [M+H]
5.1.12. General procedure for the synthesis of intermediates 38 and 40.

To a solution of 1-(chloromethyl)-4-nitrobenzenedduiv) in triethyl phosphite (1.5 equiv). The réac
mixture was stirred at 130 °C for 10 h. Upon conipletthe mixture was diluted with water and extealctvith
CH,CI,. The organic phases were combined, washed withesalried over anhydrous b&0, and evaporated to
afford crude producB5. Oxalyl chloride (3 equiv) was added to a solutimihcompound35 (1 equiv) in
CH,ClI,, to which a catalytic amount of DMF (2 drops) vealed. The reaction was stirred at 60 °C for 4he T
reaction mixture was concentrated and dried undeacaum. A suspension of GNH,*HCI (1.2 equiv) or
morpholine (1.2 equiv) and & (1.5 equiv) in anhydrous GBI, was then added. The mixture was stirred at
25 °C for 4 h and then diluted with GEl,, and the organic layer was washed with salineddoiver anhydrous
NaSQ, and filtered. The filtrate was concentrated andfigar using chromatography to yield intermediieor
39. Intermediate37 or 39 (1 equiv) was dissolved in ethanol, and Pd/C (0div@qgvas added. The flask was
flushed with H and stirred for 6 h at 40 °C. The reaction mixtwess filtered through a Celite pad, and the filtrate
was concentrated to dryness, yielding intermed8ter 40. 38: MS (ESI) m/z(%): 285.1 [M+H] 40: MS (ESI)
m/z(%): 229.1 [M+H].

5.2. Pharmacological assay
5.2.1. FAK HTRF assay

The FAK kinase assay was performed using the FTRIREASE™-TK kit (Cisbio Bioassays, France) in
white 384-well small volume plates with a total Wiog volume of 20uL. The purified FAK enzyme was
purchased from Carna Biosciences (Japan). Compounds dilated with kinase reaction buffer in a stewis
manner from a concentrated stock of 8 mM in 100 M8D. The 1G, measurements were performed in replicates.
For each assay, 4L of dispensed compoundsudl of mix 1 (ATP +Substrate TK) and & of the kinase (0.111
ng/ul) were added to the assay wells. The assay plates imeubated at 25 °C for 50 min, and reactionsewer
terminated by adding 10 pL of mix 2 (Sa-XL665+TKkmdy-Cryptate). After a final incubation (60 mih a
room temperature), HTRF signals were obtained bysoragy the fluorescence of the plates at 620 nM (ftatg)
and 665 nM (XL665) using an InfinfteF500 microplate reader (Tecan, Switzerland). Aoratas calculated
(665/620) for each well. For kgmeasurements, values were normalized and fittddRvism software (GraphPad

software).
5.2.2. Cdll proliferation assay

U-87MG, A549, MDA-MB-231 and HK2 cells were cultarén a 96-well plate at a density of 4000-5000

cells/well and were maintained at 37 °C in a hufigdiatmosphere of 5 % GQor 24 h. The tested compounds
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were added to the culture medium at the indicaiteal £oncentrations and incubated for 72 h. FreSfTr Mias
added to each well at a final concentration of 3mhigin phosphate-buffered saline (PBS), and thescedire then
incubated at 37 °C for 4 h. The formazan crystaleach well were dissolved in 150 mL DMSO, and the
absorbance of each test well was measurggh@t,using a Thermo reader (Multiskan GO).

5.2.3. Cell apoptosisanalysis

The ability of compoun@®6f to induce the apoptosis of MDA-MB-231 cells wasaatified by performing
annexin V and PI staining and flow cytometry. Biyefhfter treatment with compouriéf for 48 h, cells were
harvested, washed twice with PBS, and subjectesnexin V and propidium iodide staining using theexin V
FITC apoptosis kit (US Everbrightnc.) according to the manufacturer's protocoteAstaining, flow cytometry
(Becton-Dickinson FACSCalibur) was performed to qugritie number of apoptotic cells.

5.2.4. Cell cycle analysis

MDA-MB-231 cells (1x16 cells) were seeded in six-well plates and cultfoed24 h. Then, the cells were
treated with DMSO or one of several concentratioh€ompound26f for 48 h. After incubation, cells were
collected, washed twice with cold PBS and thendixgth ethanol (70 %) at 4 °C overnight. The cellerev
centrifuged to remove the fixative solution and e twice with cold PBS. Finally, the cells wereargtd with Pl
at 4 °C in the dark for 30 min. The cells were asetiyusing a flow cytometer with the Cell Quest asitjoh and
analysis software program (Becton-Dickinson FACSQCal)ib

5.2.5. Wound healing assay

MDA-MB-231 cells (2x16/well) were seeded in six-well plates and grown ajproximately 100 %
confluence in culture medium. Subsequently, afteé-line was manually created by scratching thelaent cell
monolayers with a 20QuL pipette tip. The wounded cell monolayers were heds three times with
phosphate-buffered saline (PBS) and incubated veitbns-free medium. Then, cells were treated witfiecéht
concentrations of compoung6f, incubated for 48 h, and photographed at 24 anch48ith an inverted

microscope.

5.2.6. Liver microsomal stability assay

The liver microsomal stability assay was perform®d incubating with microsomes (rat microsome,
Biopredic, Lot No. MIC254034) (0.5 mg/mL) at 37 °C witompound26f at a final concentration of AM in
potassium phosphate buffer (pH 7.4, 100 mM withndd MgCl,). The incubation was initiated by the addition of
prewarmed cofactors (1 mmol NADPH). After incubatat 37 °C for different times (0, 5, 10, 20, 30d & min),
the protein was precipitated by the addition oficatetonitrile. Then, the precipitated proteinsenttien removed
by centrifugation , and the supernatants were fegento an LC-MS/MS system. The metabolic stapilists of
rat livers are fully in accordance with the Guidethe Care and Use of Laboratory Animals.

5.2.7. Molecular docking study

Ligand structures were prepared using Maestro &imthe Schrédinger package. The crystal strgstuof
FAK (PDB ID: 2JKK) were retrieved from the RCSB Protéata Bank (http://www.pdb.org) and prepared for
molecular docking using Protein Preparation Wizarte ligand structures were optimized with the Miaes
Ligprep module, regulated to a protonated statptdf7.4, and minimized with an OPLS 2005 force figdd
produce low-energy conformers. Compounds were doakiedbinding sites with the Glide module withineth
Schrédinger package using the united-atom scommgtion. For all docking simulations, the grid agentvas
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placed on the centroid of the included ligand bigdite, and a 20x20%20 A grid box size was uské.docking
simulation was performed twenty times to provideufficient number of constellation groups, and déut was
characterized by the favourable binding affinityuea In addition, the figures were prepared usipil©L.
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A series of thieno[3,2]pyrimidine derivatives were designed and synthazkiz

Most compounds suppressed the enzymatic actifiEAK with 1Cs, values of 10-10° M.
26f displayed stronger potency than TAE-226 in U-87M&49 and MDA-MB-231 cells.
26f promoted apoptosis and suppressed the migratiMDe$-MB-231 cells.

26f arrested MDA-MB-231 cells in the GO/G1 phase.
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