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Abstract.

The protein kinase DyrklA modulates several prazesselevant to the development or
progression of Alzheimer’s disease (AD), e. g. tigto phosphorylation of tau protein, amyloid
precursor protein (APP) as well as proteins invdlire the regulation of alternative splicing of
tau pre-mRNA. Therefore, Dyrk1A has been proposed aotential target for the treatment of
AD. However, the co-inhibition of other closely at#d kinases of the same family of protein
kinases (e.g. Dyrk1B and Dyrk?2) or kinases fromeottamilies such as CIk1 limits the use of
Dyrk1A inhibitors, as this may cause unpredictadiie effects especially over long treatment
periods. Herein, we describe the design and syistloésa series of amide functionalized 2,4-
bispyridyl thiophene compounds, of which the 4-fhlmenzyl amide derivative3{b) displayed
the highest potency against Dyrk1A and remarkablecsivity over closely related kinases {C
Dyrk1A = 14.3 nM; Dyrk1B = 383 nM, Clkl1 > 2uM). Thidegree of selectivity over the
frequently hit off-targets has rarely been achietcedate. Additionally31b inhibited Dyrk1A in
intact cells with high efficacy (1§ = 79 nM). Furthermore31b displayed a high metabolic
stability in vitro with a half-life of 2h. Altogether, the benzamided benzylamide extension at
the 2,4-bispyridyl thiophene core improved sevém} properties, giving access to compound

suitable for futuren vivo studies.

Keywords: Dyrk1A, Alzheimer’s disease, bispyridgidphenes amides, selectivity, metabolic

stability



1. Introduction

Dual-specificity tyrosine-regulated kinases (Dyrksg a family of eukaryotic kinases that
belong to a larger super family known as the CM@@&ug. [1] The Dyrk family consists of five
mammalian subtypes including Dyrk1A, 1B, 2, 3, dnfR] Dyrk1B is highly expressed in some
types of cancers, where it is claimed to exertrairagpoptotic role in tumour cells by mediating
some survival signals. [3] For Dyrk2, several conérsial roles were reported in cancer biology:
this isoenzyme was found to be amplified and ovamessed in lung and esophageal
adenocarcinoma as well as gastrointestinal straomaburs. [4, 5] However, a previous study
proposed that a Dyrk2 inactivation contributeshe invasiveness of human tumours due to the
decreased levels of phosphorylated c-Jun and ciMyrscription factors as well as the lowered
activation of the p53 tumour suppressor protein.7[éComparably little information exists on
the remaining Dyrk isoforms. Dyrk3, which is mosbsely related to Dyrk2 among the Dyrk
family, was shown to attenuate erythropoiesis Hiciehtly inhibiting NFAT transcriptional
activation. [8] Dyrk4, for which few reports existas found expressed in human brain during
neuronal differentiation. [9] Dyrk1A, the most sked isoform of this family, also has a well-
established neurodevelopmental role, as confirnyetthé examination of Dyrk1A expression in
the developing mouse brain. [10] In humans, Dyrkias identified in the Down syndrome (DS)
critical region (DSCR) of chromosome 21 [11, 12Jaagotential candidate gene causing the DS
phenotype. DS individuals are characterized by alaetardation, cognitive as well as cranio-
facial characteristics, congenital heart diseaseénereased risk of childhood leukemia, and an
early onset of Alzheimer’s Disease (AD). [13] In DSividuals, the 1.5-fold overexpression of
Dyrk1A is believed to cause an imbalance in therogevelopmental processes such as

neurogenesis and neuronal differentiation, [14-@&ntually resulting in reduced brain size,



neuronal deficits and altered neuronal morphologgpecially the early onset of AD was
attributed to an increased phosphorylation of #wegrotein and presenilin-1 by Dyrk1A. [19]
Importantly, Dyrk1A was found to be involved in thegulation of alternative splicing of pre-
mMRNA, which is crucial for controlling embryonic\dopment, cell growth and apoptosis. [20]
The splicing process is catalyzed by a macromadeculachine called spliceosome which is
controlled by protein phosphorylation. [21] Splgige recognition is determined mainly through
the interaction of serine-arginine-rich (SR) progei and heterogeneous nuclear
ribonucleoproteins with specific exonic and intomre-mRNAsequences. [22] DyrklA was
reported to phosphorylate several SR proteins, tmosglulating their activity. [23, 24] In
addition, Dyrk1A is known to phosphorylate the rfeR-protein SF3b1 which plays an important
role in the basic splicing reaction since it ised¢ed only in functional spliceosomes. [25]
Among the important SR proteins phosphorylated PykDA are SRp55, SC35 and ASF, which
regulate the inclusion of exon 10 in the tau mRNA the brain. [23, 24, 26] Indeed,
overexpression of DyrklA led to the increase of t&8R-with incorporated exon 10 in the
neonatal brains of Ts65Dn mice, a model of Dowrdsyme. [27] In the same study, inhibition
of Dyrk1A restored the balance of 3R/4R tau protaympreventing the inclusion of exon 10 in
the tau mRNA. The relatively increased amount oft8R relative to 4R-tau facilitates tau
aggregation, one of the main hallmarks of AD. [R®}t surprisingly, increased Dyrk1A activity
in DS brains and DyrklA overdosage models was fowumdchange further transcript
compositions, e. g. in the mMRNAs of neuroligin aofd acetylcholinesterase variants, thus
producing key synaptic proteins with unusual fesguf29]

In addition, Dyrk1A was reported to phosphorylae protein and APP directly [1, 13, 30], thus

promoting tau aggregation and formation of amylpl@ques, the main molecular hallmarks of



sporadic as well as DS-linked AD neurodegenerat[8t, 32] A recent study proved that
normalization of the gene dosage of Dyrk1A couldue several phenotypes of AD in a mouse
model of DS. [33] Another group showed that DyrkibAibition could improve AD pathologies
in mouse model. [34] Altogether, there is ampledence that Dyrk1A is a promising target in
AD [27, 33, 34] and possibly in splicing-relategatiders, [35] although the latter indication has

scarcely been explored up to now.

Any therapeutic use of Dyrk1A inhibitors requiraghselectivity over closely related kinases in
the Dyrk family, such as Dyrk1B and Dyrk2, as wadl frequently co-inhibited kinases from
other families, including Clks, to prevent unwantadverse effects. However, most of the
previously published Dyrk1A inhibitors affected ethkinases known to maintain or promote
cell proliferation, mainly Clk1/4, haspin, and CKP1, 36-39] Indeed, several Dyrk1A
inhibitors, including harmine, [40] meridianin deatives [41] and pyrido[2,3-d]pyrimidines,
[42] were reported to affect cell growth at low pébncentrations, which could well be
explained by off-target activities. With respectdancer, multi-targeted inhibitors might even
have advantages over specific ones; for instamce, study by Zhou et al., 7-azaindole—based
compounds that simultaneously targeted Dyrk1A, Dirkand Clkl1, efficiently blocked cell
proliferation and migration of glioblastoma ce[¥3] In contrast, potentially cytotoxic effects of
Dyrk inhibitors are expected to limit the therapewapplicability in neurodegenerative diseases,

where the cell viability is already affected by méul peptide and protein aggregates.

In a previous report, we introduced bispyridyl {fiienes as a novel scaffold for the inhibition of
Dyrk and CIk kinases. [38] While the overall selety of these inhibitors was promising, they

did not show a pronounced preference among thee dmsnologues Dyrk1A/B, Dyrk2 or



CIk1/4; only slight selectivity shifts could be aeved by the introduction of different small
substituents; the most potent compo@&9 (compound9in ref. [38]) is depicted in Fig..1

In the current study, we present new derivativeshef bispyridyl thiophene scaffold with a
crucial amide extensiothat greatly enhanced the potency and selectifithe compounds for

Dyrk1A as well as the metabolic stabilityvitro.

2. Results and Discussion
Compound design.We previously described the development of a sexdfieSTP-competitive,
bisheterocyclic substituted thiophenes based orotiggnal hit compoundC4 (compound4 in
ref. [38]), depicted in Fig. 1 (I6ss: Dyrk1A = 300 nM; Dyrk1B = 300 nM; Dyrk2 = 300 nM
The optimized compoun@?29 displayed higher potency against Dyrk1A, [38] hoer still
lacked selectivity for Dyrk1A over the closely redd kinases Dyrk1B and Dyrk2 as well as
CIk1.
Small substituents at one of the pyridine ringsG#f, such as methyl, methoxy, cyano or
halogens effected only a slight modulation of thgrkDsubtype selectivity; however, it was
found that particularly at theeeta position, diverse substituents were tolerated outraffecting
the potency. Hence we surmised that an amino famctivhich would give access to a focused
library of amides, could also be installed on thgrigine ring. In light of the good
physicochemical properties and the low moleculaighte(238.31 g/mol) of the core structure
C4, [38] the attachment of benzamide, sulfonamide aedzyamide moieties was deemed
acceptable to enhance binding affinity and sel@gtiwhilst keeping molecular weight and

lipophilicity in a drug-like range.



Based on our docking simulation (Fig. 2), the twportant hydrogen bonds with the conserved
Lys188 and the hinge region residue Leu241 as agetlhe CH= interactions involving Lys188,
Leu241 and the Phe238 benzene ring were not expeztee compromised by the probe amino
function that was added to ring A G#. In accordance, the potency of the resulting camg@
was even somewhat higher than thaCdf(Table 1).

Firstly, further aminopyridine derivatives @4 were synthesized as probe compounds to
identify the optimum position with respect to patgnand selectivity. Similar to what was
observed with other substituents, the amino functias best tolerated in the 3-position of ring
A (Compound 2, Table 1), however, it did not improve the selatti over Dyrk1B.
Interestingly, the amino function could be introddat both pyridine rings (ring A and B) with
basically the same outcome (cf. compo@bdTable 1), indicating that it was equally tolechsg
each end of the ATP binding pocket or, as alsoasstgg by our docking simulation (Fig. 2), that
the inhibitor could flip in the binding site by 18@grees without loss of affinity due to the rather
symmetric shape of the 2,4-bispyridyl scaffoghifting the pyridine nitrogen of ring B by
incorporating 4-pyridyl (compoun8) almost abolished the potency, indicating thatatided 3-
amino did not induce a new binding mode that wdaldur or tolerate another position of the
acceptor nitrogen in pyridine ring B (cf. Fig. Eventually, we selected probe compouhds

basis for further modifications.

Since in both possible binding orientations, thenanfunction pointed to the borders of the ATP

binding pocket, molecule extensions utilizing andarliinkage could potentially address several
side chains and/or backbone peptide functions ekpioited residues located at the borders of
the ATP binding pocket (encircled in yellow, Fig. Zhese included the lle165 and Tyr243 side

chains at the hinge region side (Fig. 2A) as welttee Phel70 and Asp307 residues located at



the opposite edge of the pocket (Fig. 2B). Usimtyvarsification strategy involving an extension
of probe compound through amide and sulfonamide couplings, we aiateghhancing both the
potency towards Dyrk1A and the selectivity overestlkinases, in particular Dyrk1B, Dyrk2,

CIk1 and haspin.

Chemistry. The synthesis of the planned amide functionalizegywidyl thiophene compounds
was accomplished through a four-step synthesisiasnarized in Scheme 1. Firstly, a Miyaura
reaction was carried out on 2/3-amino-5-bromopyedand bis(pinacolato)diboron in presence
of potassium acetate and Pd(dppf)&@$ a catalyst to afford the corresponding boromwid a
pinacol ester. Next, the produced boronic acidvdgitie became accessible by a consecutive
Suzuki cross coupling reaction with 2,4-dibromofiiene in the presence of L£€; and
palladium-tetrakis(triphenylphosphine) to give #imothiophen-2-yl pyridine amines
(compoundsC-D). In the third step and starting from compoubda coupling reaction took
place with diverse acid chlorides or benzenesulfamorides to yield a series of amides in
addition to one sulfonamide derivative, respectivdlihe final reaction was a second Suzuki
reaction to synthesize the bispyridyl thiophenectiomalized amides4p-34b). This was done
using 3-pyridine boronic acid and Pd(dpph)@ presence of N&O; as a base. It is worth
mentioning that the poor yield of the later Suztéaction hindered diversification via amide
coupling as a last step. Few compounti8)(were synthesized by direct coupling of the 4-
bromothiophen-2-yl pyridine amine intermediateS-0§) with 3/4-pyridine boronic acids
(Scheme 1). To synthesize the inverted positiosaimer of compoun@, compoundE was
synthesized by coupling 2,4-dibromothiophene witpyBdine boronic acid, followed by

coupling with compound to yield compoun®5 (Scheme 2).



Biological evaluation.

The inhibitory activity of the synthesized composnd@as evaluated against recombinant
Dyrk1A by screening at 250 nM. For compounds shgwimore than 60% inhibition, the 4
values were determined (Tables 1 and 2). In oml@btain an early indication of the selectivity,
all new compounds were tested in parallel agairyskIB, the most closely related isoenzyme.
In the present study, we generally focused on ris&llation of an aromatic system, that could
engage in several of the potential interactiond Wit residues indicated in Fig. 2.
Structure-Activity-Relationships (SAR). Evaluation of the carboxamide vs. sulfonamide
extension.We started with the attachment of a plain pheny through an amide linkage to
obtain the benzamide derivativih. When compared to the probe compouwjddb gave a
slightly reduced inhibition without enhancementsedectivity over Dyrk1B (Tables 1 and 2).
However, this did not argue for a poor steric fittbe benzoyl moiety, because the amide
coupling strongly decreased the mesomeric effedhefamino function on the pyridyl, thus
weakening the acceptor strength of the ring nimo@é Fig. 3A). Considering that this caused a
partial loss of affinity, we concluded that the beyl moiety was overall tolerated.

In contrast, the substitution of the amide functiob with a sulfonamide moiety yielded a
totally inactive analogue5p), clearly indicating that the carboxamide groupswauch more

preferred by the binding site (Table 2).

Evaluation of electron—donating substituents.In an attempt to improve the potency of
compound4b, different electron—donating as well as electroitk@vawing groups were tested as
substituents on the phenyl ring. Firstly, mono-sitdson by electron—donating groups was

investigated, starting with the addition of theolglilic methyl group in thertho, meta andpara



positions. Theo- and m-toluoyl derivatives (compound8b and 7b) showed slightly lower
inhibitory activity than compoundb while the p-methyl substitution ir8b proved to be more
favourable (IGy = 51.4 nM), raising the potency over that of thelbjg compoun@ (ICso = 101
nM, Table 2). In addition8b retained the selectivity over Dyrk1B. To confirimetoptimum
substitution position, the more polar and strong&ctron—donating methoxy group was
explored in the same manner. However, the methoxypeffected leveling of potency between
the ortho-, meta- and para-regioisomers, as all of the compounds showed aindegrees of
inhibition (compound®b-11b, inhibition between 53.5 and 59.5%, Table 2). €heas only a
marginal preference for thpara-position. Altogether, it could be concluded thhe para-
position is superior in case of electron—donatirmugs, but that the potential activity—enhancing
effect of the methoxy substituent might be courtise by steric clashes. To probe the available
space surrounding thmra-position, the bulky, lipophilic and electron domaftert-butyl group
was introduced 12b); this modification abolished the inhibitory acdtw against Dyrk1A,
suggesting that substituents which are essentiatyer than methyl — such as methoxy and
particularlyt-butyl — are likely to produce a steric clash witle ATP binding pocket. Of note,
the methoxy—substituted congen@®is and 10b exhibited diminished activity toward Dyrk1B
(Table 2), indicating that the variation of suhstitts at the benzoyl moiety permits to modulate

the selectivity.

Evaluation of electron—withdrawing substituents. The preference of the benzowara

position, as found with the electron—donating stipstts, was not observed when electron—
withdrawing groups were explored. In light of thading described above, we restricted to
substituents that did not largely exceed the sizz methyl group. First, we analyzed the effect

of a chloro substituent; among the three positiss@hers, th@-chlorobenzamide analogd&b
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(ICs¢= 90.5 nM, Table 2) was clearly more active thaant or p-chloro isomersi4b and15b,
respectively) and represented the most potent rsabstituted benzamide analogue. By
examining Dyrk1B inhibition,13b showed considerable preference for Dyrk1A overkDB:
Similarly, the smaller fluoro substituent was alested; on average, the three positional isomers
showed a higher activity than the chlorinated agads (cf.16b-18b, Table 2), which might be
attributable to the lower steric demand of the flo@, in particular at theneta- and para-
positions. Additionally, all fluoro derivatives pessed superior selectivity for Dyrk1A over
Dyrk1B. However, the most active-fluorobenzamide derivative6b (ICs;= 106.7 nM) did not
fully reach the potency level of the chlorinatechgenerl3b. Finally, we investigated whether
the trifluoromethyl group could boost the activéironger than fluorine, which was, however,
not the case (compound®b-21b, Table 2); all three regioisomers displayed lowdtribitory
activity than compoundib. Altogether, there was no clear correlation betwten inhibitory
activity and the modulation of the electron denditythe substituents in the benzamide class.
Most probably, the influence of the substituents pmtency is governed by more than one
parameter, e. g. by direct interaction with thedmg site, modulation of the electron density,
conformational stabilizations, and potential stemterference. Various substituents, in particular
methyl, chlorine and fluorine, favourably enhandbd selectivity for Dyrk1A over Dyrk1B,

which had not been observed with the unsubstitheezamidelb.

Effect of multiple substitutions. Assuming that some of the favourable effects oleskmwith

different substituents at several ring positionsilddbe additive, disubstitution patterns were
investigated using combinations of the substituetdgscribed above. Initially, disubstitution
using identical groups was investigated, startinigh whe 2,3-dichlorobenzamide analogue

(compound22b) which led to a decrease in the inhibitory acyivabmpared with the benzamide

11



derivative4b and with theo-chloro derivativel3b, confirming the deleterious effect of the
chloro on potency. On the other hand, the 2,4-difiu congener23b showed a great
improvement in the inhibitory activity with an 4€of 49 nM, indicating that the effect of
combining two fluorine atoms is indeed additive.wéwer, changing the nature of substituents
to 2-chloro-4-fluoro (compound®4b) decreased the inhibitory activity below that dfet
unsubstituted analoguéb, again confirming that the electron withdrawingoperties of the
halogens do not play a major role, as they woulteHzeen additive. Similarly, the 3-chloro-4-
fluoro substitution was detrimental to the actiitpmpound25b). Consequently, the compound
design was extended to include a combination offéiveurable 2-fluorine with an electron—
donating 5-methoxy grou®€b). 26b showed a further improved activity with ans$@©f 37.3
nM, indicating that the 2-fluoro substitution caavburably be combined with other substituents
to enhance the potency. Fortunately, the resulliisgbstituted compound&3b and 26b also
exhibited a good selectivity towards Dyrk1A ovexr dosely related isoform Dyrk1B. Prompted
by the favourable effects especially by the difination, we tested whether a trifluorinated
analogue, bearing another fluorineontho, would even show higher activity. Indeed, compound
27b with the 2,4,6-trifluoro substitution proved to Itlee most potent inhibitor among the
benzamide series (¥¢= 23.5 nM). Moreover, this improvement of potencly 2vb was
accompanied by a remarkable 13-fold increase irecteity over Dyrk1lB. Somewhat
unexpectedly, the 3-fluoro in the 2,3,4-trifluorabstituted isomer28b), completely neutralized

the activity—enhancing effects of the other fluergubstituents.

Changing the nature of the benzamide ring.To decouple effects of electron withdrawing
effects of substituents from potential secondafgat$ such as steric clashes, we replaced the

benzamide phenyl by the electron deficient 4-pyr{@®b), which was supposed to mimic the 4-

12



fluoro substitution inl8b. Indeed, the inhibitory activity d29b followed the same trend 48h:
Reaching an 16 of 107 nM,29b was more active than the unsubstituted benzadbdbut less
active than the 4-methyl-substituted analo8b€1Cso = 51.4 nM). However, since the absence
of a p-substituent in29b diminished the selectivity toward Dyrk1B (compaséth the 4-
fluorobenzamide derivativé8b) no further 4-pyridyl derivatives were synthesizéa many
cases, placing substituents at the benzamide faliyureduced the inhibitory activity against

Dyrk1B, in particular methoxy9p-11b), 2-chloro ¢3b) and fluoro 16b-190h.

Insertion of a spacer in some benzamide derivativehomologation). In our last set of
modifications, alkyl spacers were introduced betwé®e amide group and the phenyl ring.
Compared with its direct benzamide homolodgbethe benzyl amide derivatiadb displayed a
marked improvement in the inhibitory activity toagh an 1G, of 14.9 nM, which was even
slightly superior to the most potent benzamide@give 27b. However, the introduction of a 4-
fluoro substituent (analogous 18b) did not further increase the potency toward DWwKB1b,
ICs0 = 14.3 nM), and substitution of the benzyl by #lectron—-donating 3-methoxy strongly

diminished the activity.

The main advantage of the benzylamide the benzamide group was that it did not
concomitantly enhance the activity towards DyrkiBys increasing the selectivity factor to
almost 27 for31b (ICsp ratio Dyrk1B/Dyrk1A). Further elongation of the aer by one

methylene unit to afford compound@3b and 34b did not give any indication that further

homologations could be beneficial for the inhibjtactivity.

Prediction of the binding mode of 31b to Dyrk1A.As described above, the addition of a
benzamide and especially of a benzylamide moietiigdasic bispyridyl thiophene scaffold led

to a boost of potency against Dyrk1A. In order tedict a potential binding mode to the ATP

13



pocket of Dyrk1A, the most potent compouldb, was docked in the coordinates from PDB
entry 5A3X. [44] As depicted in Fig. 3A, our docgistudy predicted two new interactions that
are brought about by the benzylamide group: an killmetween the amide NH and the Asp307
carboxylate, and a CH-interaction (edge-to-face) between the phenyl end Phel70 at the

Dyrk1A ATP binding pocket. Moreover, the latter @rdaction forces the benzyl group to
sterically occlude this part of the pocket, thugelsling the H-bond between Asp307 and the
amide NH from competing water molecules (Fig. 3Bdken together, this ensemble of effects
might explain the 21-fold increase in potency résglfrom the addition of the benzylamide

group to the basic scaffold (cf. Table 1).

14



Extended selectivity profiling of 31b.

As mentioned earlier, one of our major objectiveswo improve the selectivity of the previous
bispyridyl thiophene compound class for Dyrk1A. ékftonfirming its superior selectivity over
Dyrk1B, our most potent inhibitoB1lb was further evaluated for its selectivity against a
extended panel of kinases that were frequentlyrtegoas being co-inhibited by chemically
diverse classes of Dyrk1A inhibitors (Table 3).r@te,31b showed only negligible inhibition of
CIk1, which was frequently hit by previous Dyrk1Ahibitors published by us and others. [37-
39, 45-47] In addition, compourlLb showed no or only moderate inhibitory activity tods
the other frequently reported off-target kinaseshsas CDK5/p25, CK1 delta, Dyrk2, HIPK1,
TRKB, PIM1, MLCK2, SRPK1 and STK17A (Table 3). Alsmonsidering the remarkable
selectivity towards the closest homologue, Dyrk3Bbh was found to be one the most selective
Dyrk1A inhibitors described to date. Howeverstill inhibited the known off-target haspin, with
about 2.5-fold lower potency than Dyrk1A. Haspiraisistone H3 kinase and required for cell
proliferation; hence chemical inhibition of intrdlcéar haspin leads to cell growth arrest. [48]
However, we did not observe strong effects on Hetlaproliferation with31b (see below for

details).

How was selectivity over Clkl achieved®f note, while the core compou@ had shown the
same affinity to both Dyrk1A and CIk1, [38] the lzgtamide extension decreased the potency of
31b against Clk1 below that of the parent compourdd Although all residues except Leul67
(corresponds to llel65 in Dyrk1A) are conservedClkl, small spatial shifts of the backbone
and the side chains are detectable in the publi¥hey structures of the two kinases and may
account for the affinity difference. A docking silation revealed that the small topology

differences translated into a less efficient bigdii31b to Clk1 than to Dyrk1A, as reflected by

15



the reduction in number of CH-bonds (6 vs. 8) and H-bonds (2 vs. 3) (cf. Fig, S1
Supplementary Information). In accordance withdbhserved structure—selectivity relationships,
the benzyl extension was predicted to have a kkyinoselectivity tuning towards Dyrk1A: in
contrast to that of Dyrk1A, the ATP pocket of Clititl not allow favourable interaction of the 4-
fluorobenzyl ring with Phel72 (corresponding to Pf& in Dyrk1A, cf. Fig. 3A) inside the
pocket; instead, the Ch-interaction is only possible with Gly170 from tglcine-rich loop,
which can only occur at the expense of some interes inside the pocket (Fig. S1,

Supplementary Information).

Inhibition of Dyrk1A by 31b in HeLa cells.

To assess the ability of our most potent anal@fi®to inhibit Dyrk1A in intact cells, we tested
its effect on the DyrklA-catalysed phosphorylatiai splicing factor 3bl (SF3bl).
Phosphorylation of SF3bl on Thr434 correlated wiitle cellular activity of endogenous
Dyrk1A. [25] HeLa cells were transiently transfettwith a GFP-SF3b1 expression vector and
treated with31b. As can be seen in Fig. &1binhibited theDyrk1A—catalyzed phosphorylation
of SF3b1 at Thr434 with high efficacy; a signifitaeduction of phosphorylated SF3b1l was

already noted at 30 nM (k= 79 nM, Fig. 4).

Evaluation of cytotoxicity in HeLa cells.

Selective Dyrk1A inhibitors are not expected touoe cell growth arrest, since Dyrk1A activity
was even reported to diminish cell proliferationseveral cell types. [49-51] Therefore, we
evaluated our most potent compouBdb, for cytotoxicity, which would indicate potentiaff-
target effects or non-specific toxicity. The calibility assay was performed using HelLa cells, in

which the inhibition of intracellular Dyrk1A had &e quantified for the same compound (see

16



above). As shown in Table 3@1b exerted minimal cytotoxicity up to a concentratafr8 uM, at
which almost full inhibition of cellular Dyrk1A wasbserved before (cf. Fig. 4,4&= 79 nM).

A weak inhibition of cell proliferation was notet! B0 uM; this could be due to the inhibition of
haspin, which might become effective in the cetlghés higher concentration. In accordance,
chemical inhibition of haspin in HeLa cells was\poeisly shown to induce cell cycle arrest.
[48] In the former study, compound HSD972, possessin 1G, of 12 nM against purified

haspin, inhibited HeLa cell proliferation with a@sh of 4.8 pM.

Altogether, our results corroborated that — attl@asieLa cells — inhibition of Dyrk1A does not
affect cell proliferation. It is therefore likehhat the effects of previously published Dyrk1A
inhibitors on cell growth of HelLa or other cell déis (e. g. harmine, Kgwith HelLa cells: 8 uM

[40]) were rather caused by co-inhibition of DyrkIaspin or other kinases.

Evaluation of the metabolic stability.

We further assessed the suitability of two of thestmpotent analogue2{b and 31b) for a
potential applicatiomn vivo. To this end, we tested their phase | and phasestabolic stability
against S9 fraction from human liver homogenatéfe@nt samples were taken at various time
points, and the remaining fraction of parent conmubwas determined by LC-MS/MS. As
shown in Table 5, bott27b and 31b exhibited a metabolic half-life of about 2h. Even
considering that the metabolic stability assay$ wilir previous series were performed using rat
liver microsomes, this was a substantial improvantenthe non-amide extended precursor
series; for instanceC29 (Fig. 1) had shown a half-life of only 27 min. [38hus, both the
benzamide and the benzylamide modification yieldethpounds27b and 31b, respectively

with promising metabolic stability, permitting test them in futurén vivo studies.
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Calculation of key physicochemical propertiesin order to assess whether the most potent
compound31b might be able to enter the CNS, we calculated spinysicochemical parameters
that were found to have a predictive value in sgieztive studies. [52, 53] In our previous study,
the calculated values were found in good agreenmvéhtthe corresponding experimental values
for this compound class. [38] It can be concludeat the values foB1b (Table 6) are still in a
good range with respect to a potential applicatiothe CNS, although the clogP is above the
average value found for CNS drugs. However, in gan¢he lipophilicity reported for CNS
drugs tends to be higher than that of non-CNS driarsinstance, in the survey from Mahar
Doan et al. the respective clogP median values ®&@ for CNS drugs (range 0.16-6.59), and

2.78 for non-CNS drugs (range: -2.81-6.09).

3. Conclusions

The current work presented a series of novel DyrkfhAibitors bearing a crucial amide
extension. Various benzamide derivatives were ®gited by probing mono-, di- and
trisubstitutions with distinct electron—modulatipgoperties. Finally, the insertion of a spacer
was tested, which resulted in a dramatic improvenrepotency as observed with compounds
30b and 31b (IC5 = 14.9 nM and 14.3 nM, respectively). ImportantBib also showed a
remarkable selectivity over the closely relatedakes Dyrk1B and Clk1, which has rarely been
reported for previous Dyrk1A inhibitors (3¢ Dyrk1B = 383 nM, CIk1 > 2uM). Since Dyrk1A
and CIk1 share several splicing factors as sulestratcluding AF2/ASF, SC35, and SRp55, [23,
24, 26] our selective inhibitdd1b will allow to dissect Dyrk1A— from Clkl-mediateglging
regulations; moreover, potential side effects doeatsynergistic modulation of SR protein

activities through Dyrk1A/Clk1 co-inhibition willdavoided in potential therapeutic trials.

18



Furthermore 31b successfully inhibited Dyrk1A—mediated phosphoiglatof SF3bl1 in Hela
cells in the two-digit nanomolar range G 79 nM) while no cytotoxic effects were noted3at
UM, and only marginal effects at 10 uM, thus prawydan appropriate toxicity window fon
vivo applications. The absence of cytotoxic side effecespecially important when a prolonged
treatment of neurodegenerative diseases is endsagkere the cell viability is already
compromised by harmful peptide and protein aggesgat

The metabolic stability was also found to be sigaifitly improved by the new benzamide and
benzylamide modification of the previous scaffofdtogether, the new modification led to an
optimization of the key parameters potency, seldgtand metabolic stability, thus allowing to

envisagen vivo studies in the next step.

4. Experimental Section

Chemistry. Solvents and reagents were obtained from commestippliers and used as
received. Melting points were determined on a $t8MP3 melting point apparatus. All final
compounds had a percentage purity of at least ¥6%,this could be verified by means of
HPLC coupled with mass spectrometry. Mass spe¢tRLC-ESIMS) were obtained using a
TSQ quantum (Thermo Electron Corp.) instrument aregp with a triple quadrupole mass
detector (Thermo Finnigan) and an ESI source. &thgles were injected using an autosampler
(Surveyor, Thermo Finnigan) by an injection voluroé 10 uL. The MS detection was
determined using a source CID of 10 V and carrigidad a spray voltage of 4.2 kV, a nitrogen
sheath gas pressure of 4.0 ¥ P@, a capillary temperature of 400 °C, a capillasifage of 35

V, and an auxiliary gas pressure of 1.0 ¥ P@. The stationary phase used was an RP C18

NUCLEODUR 100-3 (125 mm x 3 mm) column (MachereyN&agel). The solvent system
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consisted of water containing 0.1% TFA (A) and 0.T%A in acetonitrile (B). The HPLC
method used a flow rate of 4@@/min. The percentage of B started at 5%, was as®d up to
100% during 7 min, was kept at 100% for 2 min, a@s flushed back to 5% in 2 min and was
kept at 5% for 2 min. A Bruker DRX 500 spectrometas used to obtain tHel NMR and™*C

NMR spectra. The chemical shifts are referencdti¢aesidual protonated solvent signals.

General synthetic procedures and experimental dets for some key compounds.

Procedure A, Procedure for synthesis of Compounds A D. A mixture of 5 mmol of the
appropriate amino-5-bromo pyridine and 1.96 gm r{#@ol) of potassium acetate and 0.18 gm
(0.25 mmol) of Pd(dppf)Gland 5.08 gm (20 mmol) of bis(pinacolato)diborondioxane was
heated to reflux under argon for 2 hours to yiedhpoundsA andB. The mixture was left to
attain room temperature and then filtered undeuwat Without further purification, a reaction
flask containing the filtrate was charged with &% (20 mmol) of Cg£0O; 0.29 gm (0.25
mmol) of palladium-tetrakis(triphenylphosphine) ahdnmol of 2,4-dibromothiophene together
with 30% water in a Suzuki coupling reaction. Thaation was left to reflux under argon for 3.5
hours. The mixture was concentratedvacuo. The residue was partitioned between 150 mL
ethyl acetate and 50 mL brine solution and thenatjeeous layer was re-extracted using 3
portions of 100 mL ethyl acetate. The organic layeere collected and the volume was reduced

under reduced pressure. Afterwards the productpweagied by CC to yield compound3-D.

Procedure B, General procedure for amide synthesigla, 6a-34a)A solution of 0.18 gm (0.7
mmole) of compoun® dissolved in acetone was treated with 0.84 mmaehefappropriate acid

chloride followed by the addition of 0.12 gm (1.@8nol) of TEA. The reaction mixture was left
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to stir at room temperature for 2 hours which wakted by evaporation of solveirt vacuo

and the product was purified by CC.

Procedure C, General procedure for synthesis of comounds 1-3, 4b-34b, 35The bromo
derivative was added to a suspension of 4 equiMa®€CO; and 5 mmol% of Pd(dppf)&lin
dioxane/water mixture. This was followed by the iadd of the pyridine boronic acid
derivative. The reaction was heated to reflux fdra2irs under argon atmosphere. The solvent
was removedn vacuo. Small amount of brine solution was added and etitna was done using
ethyl acetate (3 x 50 mL). The ethyl acetate pogiwere collected and the volume was reduced

in vacuo. Afterwards the product was purified by CC.

5-(4-Bromothiophen-2-yl)pyridin-2-amine (C). The compound was synthesized according to
proceduréA using 2-amino-5-bromopyridine: yield: 42%. Thegwot was purified by CC (ethyl
acetate/petroleum ether 7:3} NMR (500 MHz, DMSO) 8.23 (d,J = 2.5 Hz, 1H), 7.64 (dd]

= 8.6, 2.6 Hz, 1H), 7.51 (d,= 1.4 Hz, 1H), 7.32 (d] = 1.4 Hz, 1H), 6.47 (d] = 8.7 Hz, 1H),
6.27 (s, 2H).°C NMR (126 MHz, DMSOY» 159.71, 144.87, 143.27, 134.41, 123.36, 120.71,

117.24, 109.61, 107.94; MS (ESI) m/z = 254.79 (M)+

5-(4-Bromothiophen-2-yl)pyridin-3-amine (D). The compound was synthesized according to
ProceduréA using 3-amino-5-bromopyridine: yield 80%. The proowas purified by CC (ethyl
acetate)*H NMR (500 MHz, DMSO) 8.08 (d,J = 2.0 Hz, 1H), 7.91 (d] = 2.5 Hz, 1H), 7.70
(d,J = 1.4 Hz, 1H), 7.51 (d] = 1.5 Hz, 1H), 7.16 — 7.05 (m, 1H), 5.50 (s, 2HE NMR (126
MHz, DMSO) 6 144.98, 142.31, 136.28, 133.61, 128.34, 126.18,472 115.68, 109.89; MS

(ESI) m/z = 254.82 (M+H)
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3-(4-Bromothiophen-2-yl)pyridine (E). The title compound was synthesized by reactingy5
(4 mmol) 3-pyridine boronic acid with 1.2 gm (4.8nol) 2,4-dibromothiophene in presence of
5.2 gm (16 mmol) GE€0O; and 0.14 gm (0.2 mmol) palladium-tetrakis(triphighpsphine) in
dioxane/water. The mixture was left to stir undefiux in inert conditions for 3 hours. The
solvent was concentrat@avacuo, a small amount of brine solution was added ta¢iselue and
extracted with ethyl acetate (3 X 50 mIIhe organic layers were collected and the solvexst w
evaporatedn vacuo: yield 77%. The product was purified by CC (ethgktate/petroleum ether
6:4); '"H NMR (500 MHz, DMSO)5 8.92 (dd,J = 2.4, 0.8 Hz, 1H), 8.54 (dd,= 4.8, 1.5 Hz,
1H), 8.06 (dddJ = 8.0, 2.4, 1.6 Hz, 1H), 7.78 (d= 1.4 Hz, 1H), 7.72 (d] = 1.5 Hz, 1H), 7.46
(ddd,J = 8.0, 4.8, 0.8 Hz, 1H)*C NMR (126 MHz, DMSOY 149.17, 146.14, 141.14, 132.72,

128.55, 127.15, 124.28, 124.08, 110.15; MS (E13€.80 (M+H]J

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)benzamide (4). The compound was synthesized
according to procedurB using benzoyl chloride: yield 79%. The product vasified by CC
(ethyl acetate/petroleum ether 7'8):NMR (400 MHz, DMSO) 10.59 (s, 1H), 8.94 (d, = 2.0
Hz, 1H), 8.71 (d,J = 1.9 Hz, 1H), 8.48 () = 2.1 Hz, 1H), 8.05 — 7.98 (m, 2H), 7.70 Jc& 1.2
Hz, 1H), 7.66 — 7.49 (m, 4H}*C NMR (101 MHz, DMSO) 166.51, 141.67, 141.58, 136.57,
134.55, 132.49, 129.50, 129.16, 128.96, 128.20,5827124.85, 123.73, 110.67; MS (ESI) m/z =

358.85 (M+HJ

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)benzenesulfmamide (5a).The title compound was
synthesized through adding 1.4 mmol of the benzéfweg/ chloride to a stirred solution of
0.18 gm (0.7 mmol) of compouriél dissolved in pyridine. The reaction was heatetC and

left overnight. This was followed by the removal saflventin vacuo: yield 89%. The product
was purified by precipitation in ethyl acetalid;NMR (500 MHz, DMSO 10.17 (s, 1H), 8.65
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(d,J = 2.0 Hz, 1H), 8.28 (d] = 2.3 Hz, 1H), 7.72 (] = 2.2 Hz, 1H), 7.65 (d] = 1.5 Hz, 1H),
7.64 — 7.56 (M, 6H)*C NMR (126 MHz, DMSOY 148.22, 141.33, 140.14, 138.86, 134.95,

133.40, 129.53, 127.67, 126.75, 125.48, 124.92512310.32; MS (ESI) m/z = 387.94 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-methylbenzamide (6a). The compound was
synthesized according to proceduBeusing o-toluoyl chloride: yield 96%. The product was
purified by CC (ethyl acetate/petroleum ether 2*8)NMR (400 MHz, DMSO) 10.63 (s, 1H),
8.83 (d,J = 2.1 Hz, 1H), 8.70 (d] = 2.1 Hz, 1H), 8.47 (s, 1H), 7.80 @@= 1.4 Hz, 1H), 7.69 (d,
J=1.3 Hz, 1H), 7.53 (d] = 7.6 Hz, 1H), 7.47 — 7.38 (m, 1H), 7.33Jt& 7.4 Hz, 2H), 2.41 (s,
3H);**C NMR (101 MHz, DMSO)s 168.46, 141.13, 140.99, 140.63, 136.28, 136.19,553
130.69, 130.09, 128.37, 127.38, 127.12, 125.70,442422.55, 110.21, 19.38; MS (ESI) m/z =

372.9 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-3-methylbenzamide (7a). The compound was
synthesized according to procediBeusing m-toluoyl chloride: yield 87%. The product was
purified by CC (ethyl acetate/petroleum ether 2*B)NMR (500 MHz, DMSO) 10.53 (s, 1H),
8.93 (d,J = 2.3 Hz, 1H), 8.71 (d] = 2.1 Hz, 1H), 8.46 (t] = 2.2 Hz, 1H), 7.82 (s, 1H), 7.81 (d,
J= 1.4 Hz, 1H), 7.80 — 7.77 (m, 1H), 7.70 {d= 1.4 Hz, 1H), 7.45 (dd] = 3.9, 1.8 Hz, 2H),
2.42 (s, 3H)**C NMR (126 MHz, DMSO) 166.17, 141.22, 141.15, 141.01, 137.86, 136.15,
134.13, 132.62, 128.42, 128.28, 128.19, 127.09,9824124.41, 123.28, 110.21, 20.96; MS

(ESI) m/z = 372.96 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-4-methylbenzamide (8a). The compound was
synthesized according to procedueusing p-toluoyl chloride: yield 90%. The product was

purified by CC (ethyl acetate/petroleum ether I*H)NMR (500 MHz, DMSO) 10.48 (s, 1H),
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8.93 (d,J = 2.3 Hz, 1H), 8.70 (d] = 2.1 Hz, 1H), 8.47 (] = 2.2 Hz, 1H), 7.93 (s, 1H), 7.91 (s,
1H), 7.81 (dJ = 1.4 Hz, 1H), 7.70 (d] = 1.4 Hz, 1H), 7.37 (d] = 7.9 Hz, 2H), 2.40 (s, 3HYC
NMR (126 MHz, DMSOQ)$§ 165.87, 142.19, 141.23, 141.18, 140.95, 136.20,283 129.05,

128.27, 127.80, 127.09, 124.40, 123.29, 110.2D52MS (ESI) m/z = 372.89 (M+F)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-methoxybenzamide (9a). The compound was
synthesized according to proced&@sing 2-methoxybenzoyl chloride: yield 60%. Thedarct
was purified by CC (ethyl acetate/petroleum eth@&);3H NMR (500 MHz, DMSO) 10.43 (s,
1H), 8.84 (dJ = 2.2 Hz, 1H), 8.69 (d] = 2.1 Hz, 1H), 8.47 (= 2.1 Hz, 1H), 7.81 (d] = 1.4
Hz, 1H), 7.70 (d,J) = 1.3 Hz, 1H), 7.68 (dd] = 7.6, 1.7 Hz, 1H), 7.57 — 7.49 (m, 1H), 7.21Xd,

= 8.4 Hz, 1H), 7.09 (dd) = 7.7, 7.2 Hz, 1H), 3.92 (s, 3H)Y°C NMR (126 MHz, DMSO)
165.26, 156.62, 141.11, 140.97, 140.83, 135.94,583229.78, 128.38, 127.16, 124.43, 124.12,

122.68, 120.55, 112.08, 110.19, 55.96; MS (ESI)#388.95 (M+H]

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-3-methoxybenzamide (10a). The compound was
synthesized according to proced@&eising 3-methoxybenzoyl chloride: yield 84%. Thedurct
was purified by CC (ethyl acetate/petroleum ethaj;3H NMR (500 MHz, DMSO)» 10.53 (s,
1H), 8.92 (dJ = 2.3 Hz, 1H), 8.72 (d] = 2.1 Hz, 1H), 8.46 () = 2.2 Hz, 1H), 7.81 (d]=1.4
Hz, 1H), 7.70 (dJ = 1.4 Hz, 1H), 7.62 — 7.57 (m, 1H), 7.55 — 7.52 {), 7.49 (tJ = 7.9 Hz,
1H), 7.24 — 7.14 (m, 1H), 3.85 (s, 3HJC NMR (126 MHz, DMSOY 165.79, 159.26, 141.30,
141.12, 136.05, 135.50, 129.72, 128.30, 127.13,4824 23.39, 121.54, 119.93, 117.75, 113.06,

110.22, 55.40; MS (ESI) m/z = 388.89 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-4-methoxybenzamide (11a). The compound was

synthesized according to proced@&esing 4-methoxybenzoyl chloride: yield 72%. Thedurct
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was purified by CC (ethyl acetate/petroleum eth8);?H NMR (500 MHz, DMSO) 10.46 (s,
1H), 8.93 (d,J = 2.3 Hz, 1H), 8.68 (dJ = 2.1 Hz, 1H), 8.46 (tJ = 2.2 Hz, 1H), 8.02 (s, 1H),
8.00 (s, 1H), 7.80 (dl = 1.4 Hz, 1H), 7.69 (d] = 1.4 Hz, 1H), 7.10 (s, 1H), 7.09 (s, 1H), 3.85 (s
3H); °C NMR (126 MHz, DMSO) 165.41, 162.26, 141.25, 141.23, 140.78, 136.38,7R

128.25, 127.05, 126.12, 124.36, 123.25, 113.74.20165.49; MS (ESI) m/z = 388.95 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-4-(tert-butyl)benzamide (12a).The compound was
synthesized according to proced@resing 4tert-butylbenzoyl chloride: yield 79%. The product
was purified by CC (ethyl acetate/petroleum ethé);2H NMR (500 MHz, DMSO) 10.49 (s,
1H), 8.92 (dJ = 2.2 Hz, 1H), 8.70 (d] = 2.1 Hz, 1H), 8.47 (J = 2.2 Hz, 1H), 7.94 (d] = 8.4
Hz, 2H), 7.81 (dJ = 1.4 Hz, 1H), 7.70 (dl = 1.4 Hz, 1H), 7.58 (d] = 8.4 Hz, 2H), 1.33 (s, 9H);
13C NMR (126 MHz, DMSOY¥ 165.97, 154.96, 141.15, 140.93, 136.19, 131.38,152 128.26,
127.61, 127.07, 126.43, 125.34, 125.28, 124.39,162310.19, 34.73, 30.89; MS (ESI) m/z =

414.92 (M+H]

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-chlorobenzamide (13a). The compound was
synthesized according to procediBeusing 2-chlorobenzoyl chloride: yield 59%. The garot
was purified by CC (ethyl acetate/petroleum ethj;3H NMR (500 MHz, DMSO) 10.88 (s,
1H), 8.80 (dJ = 2.2 Hz, 1H), 8.73 (d] = 2.0 Hz, 1H), 8.44 (§ = 2.1 Hz, 1H), 7.81 (d]=1.4
Hz, 1H), 7.74 — 7.66 (m, 1H), 7.66 (di= 7.5, 1.6 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.55 (e
7.7, 1.7 Hz, 1H), 7.49 (td, = 7.4, 1.2 Hz, 1H)**C NMR (126 MHz, DMSO) 165.60, 141.34,
140.97, 140.44, 136.16, 135.85, 131.54, 129.96,7829.29.06, 128.47, 127.35, 127.24, 124.54,

122.43, 110.25; MS (ESI) m/z = 392.9 (M+H)
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N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-3-chlorobenzamide (14a). The compound was
synthesized according to procedieaising 3-chlorobenzoyl chloride: yield 65%. The garot
was purified by CC (ethyl acetate/petroleum eth@);3H NMR (500 MHz, DMSO) 10.65 (s,
1H), 8.92 (dJ = 2.3 Hz, 1H), 8.73 (d] = 2.1 Hz, 1H), 8.44 () = 2.2 Hz, 1H), 8.06 (J = 1.8

Hz, 1H), 7.98 — 7.92 (m, 1H), 7.81 @z 1.4 Hz, 1H), 7.71 (qd} = 2.2, 1.0 Hz, 2H), 7.61 (§,=

7.9 Hz, 1H);*3C NMR (126 MHz, DMSO) 164.61, 141.32, 141.27, 141.04, 136.10, 135.85,
133.32, 131.86, 130.57, 128.33, 127.49, 127.17,6P2824.48, 123.43, 110.24; MS (ESI) m/z =

392.81 (M+HJ

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-4-chlorobenzamide (15a). The compound was
synthesized according to procediBeusing 4-chlorobenzoyl chloride: yield 78%. The garot
was purified by CC (ethyl acetate/petroleum eth8);?H NMR (500 MHz, DMSO) 10.62 (s,
1H), 8.91 (dJ = 2.2 Hz, 1H), 8.72 (d] = 2.0 Hz, 1H), 8.44 (J = 2.2 Hz, 1H), 8.03 (d] = 1.9

Hz, 1H), 8.02 (s, 1H), 7.81 (d,= 1.3 Hz, 1H), 7.70 (dl = 1.4 Hz, 1H), 7.66 (d] = 1.9 Hz, 1H),
7.65 (s, 1H)*C NMR (126 MHz, DMSO) 164.98, 141.28, 141.24, 141.07, 136.92, 135.93,

132.82, 129.72, 128.63, 128.32, 127.15, 124.46422310.23; MS (ESI) m/z = 392.89 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-fluorobenzamide (16a). The compound was
synthesized according to proced®eusing 2-fluorobenzoyl chloride: yield 68%. The guot
was purified by CC (ethyl acetate/petroleum eth8);?H NMR (500 MHz, DMSO 11.16 (s,
1H), 9.01 (dJ = 2.0 Hz, 1H), 8.91 (d) = 1.9 Hz, 1H), 8.66 (s, 1H), 7.89 @= 1.4 Hz, 1H),
7.83 (d,J=1.4 Hz, 1H), 7.77 (td] = 7.5, 1.7 Hz, 1H), 7.69 — 7.62 (m, 1H), 7.39 (0t 12.0,
9.0 Hz, 2H);"*C NMR (126 MHz, DMSO}) 163.58, 159.09 (dlc..= 250.4 Hz), 139.63, 138.12,

136.94, 136.79, 133.40 (dc.= 8.5 Hz), 130.10 (dJor = 2.2 Hz), 129.87, 128.32, 125.57,
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125.51, 124.69 (dJc.e= 3.5 Hz), 123.62 (dJc.r= 14.1 Hz), 116.38 (dlc.r= 21.5 Hz), 110.41;

MS (ESI) m/z = 376.89 (M+H)

N-(5-(4-bromothiophen-2-yl)pyridin-3-yl)-3-fluorobenzamide (17a). The compound was
synthesized according to procedeusing 3-fluorobenzoyl chloride: yield 79%. The ¢uot
was purified by CC (ethyl acetate/petroleum eth#&y; tH NMR (500 MHz, DMSO)» 10.63 (s,
1H), 8.92 (d,J = 2.3 Hz, 1H), 8.73 (d] = 2.1 Hz, 1H), 8.45 (s, 1H), 7.86 @@= 7.8 Hz, 1H),
7.83 —7.80 (m, 2H), 7.71 (d,= 1.4 Hz, 1H), 7.63 (td] = 8.0, 5.9 Hz, 1H), 7.50 (td,= 8.1, 2.2
Hz, 1H); *C NMR (126 MHz, DMSO) 164.67, 161.94 (dl c.r = 244.5 Hz), 141.29 (d}c.r =
4.4 Hz), 141.04, 136.40 (d,cr = 7.0 Hz), 135.85, 130.77 (dc.r = 8.0 Hz), 128.32, 127.16,
124.47, 124.01, 123.98, 123.43, 118.97Xk = 21.2 Hz), 114.60 (dlc.r = 23.0 Hz), 110.23;

MS (ESI) m/z = 377 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-4-fluorobenzamide (18a). The compound was
synthesized according to procedBeusing 4-fluorobenzoyl chloride: yield 98%. The gwuot
was purified by CC (ethyl acetate/petroleum eth@);3H NMR (500 MHz, DMSOY 10.57 (s,
1H), 8.91 (dJ = 2.3 Hz, 1H), 8.72 (d] = 2.1 Hz, 1H), 8.44 () = 2.2 Hz, 1H), 8.12 — 8.05 (m,
2H), 7.81 (dJ = 1.4 Hz, 1H), 7.70 (d] = 1.4 Hz, 1H), 7.41 () = 8.9 Hz, 2H)*C NMR (126
MHz, DMSO) § 164.96, 164.34 (dlc.== 249.7 Hz), 141.26, 141.12 (d.«= 5.1 Hz), 136.03,
132.10 (d,Jc.= 9.5 Hz), 130.60, 127.13, 124.44, 123.37, 1152){~ 22.0 Hz), 115.61,

115.44, 110.23; MS (ESI) m/z = 376.98 (M+H)

N-(5-(4-bromothiophen-2-yl)pyridin-3-yl)-2-(trifluor omethyl)benzamide fluorobenzamide
(19a). The compound was synthesized according to procé®luising 2-trifluoromethylbenzoyl

chloride: yield 86%. The product was purified by C&hyl acetate/petroleum ether 3:2)
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NMR (500 MHz, DMSO)$ 10.96 (s, 1H), 8.78 (dl = 2.3 Hz, 1H), 8.74 (dJ = 2.1 Hz, 1H),
8.40 (s, 1H), 7.89 (d] = 7.8 Hz, 1H), 7.83 — 7.81 (m, 2H), 7.76 (ddd; 8.2, 7.4, 4.9 Hz, 2H),
7.71 (d,J = 1.4 Hz, 1H);®*C NMR (126 MHz, DMSO)5 166.24, 141.40, 140.90, 140.45,
135.80, 132.69, 132.62, 131.16, 130.46, 129.64,612828.47, 127.23, 126.46 (4= 5.0, 2.2

Hz), 124.52, 122.48, 110.23; MS (ESI) m/z = 426093H)"

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-3-(trifluor omethyl)benzamide fluorobenzamide
(20a). The compound was synthesized according to proceBluising 3-trifluoromethylbenzoyl
chloride: yield 84%. The product was purified by C&hyl acetate/petroleum ether 3:2j
NMR (500 MHz, DMSO)$ 10.78 (s, 1H), 8.93 (d] = 2.3 Hz, 1H), 8.75 (d] = 2.1 Hz, 1H),
8.44 (t,J = 2.2 Hz, 1H), 8.30 (d] = 7.9 Hz, 1H), 8.23 (d] = 7.8 Hz, 1H), 8.18 (s, 1H), 7.81 (d,
J=1.4 Hz, 1H), 7.77 (s, 1H), 7.72 @= 1.4 Hz, 1H);*C NMR (126 MHz, DMSO) 166.00,
141.02, 135.78, 135.03, 133.22, 130.10, 129.89,402@,Jc.— 3.5 Hz) , 128.58 (qlc.= 7.2,
3.6 Hz), 128.36, 127.20, 125.50 (.= 3.9 Hz), 124.50, 124.35 (§¢c~ 7.7, 3.9 Hz), 123.60,

122.71, 110.25; MS (ESI) m/z = 426.88 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-4-(trifluor omethyl)benzamide fluorobenzamide
(21a). The compound was synthesized according to procéBluising 4-trifluoromethylbenzoyl
chloride: yield 80%. The product was purified by C&hyl acetate/petroleum ether 7:3y
NMR (500 MHz, DMSO)$ 10.78 (s, 1H), 8.92 (d] = 2.3 Hz, 1H), 8.74 (d] = 2.1 Hz, 1H),
8.46 (t,J = 2.2 Hz, 1H), 8.20 (s, 1H), 8.19 (s, 1H), 7.971¢d), 7.95 (s, 1H), 7.81 (d,= 1.4 Hz,
1H), 7.71 (dJ = 1.4 Hz, 1H);*C NMR (126 MHz, DMSOY 164.93, 141.44, 141.31, 141.01,
137.93, 135.80, 131.87, 128.71, 128.36, 127.21,9526.25.55 (qJc— 7.4, 3.7 Hz), 124.51,

123.49, 110.25; MS (ESI) m/z = 426.93 (M+H)
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N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2,3-dichlorobenzamide (22a)The compound was
synthesized according to proceduBeusing 2,3-dichlorobenzoyl chloride: yield 78%. The
product was purified by CC (ethyl acetate/petrolestirer 1:1):*H NMR (500 MHz, DMSO)
10.98 (s, 1H), 8.76 (dd,= 13.1, 2.2 Hz, 2H), 8.42 (,= 2.2 Hz, 1H), 7.81 (td] = 4.1, 1.5 Hz,
2H), 7.72 (dJ = 1.4 Hz, 1H), 7.64 (dd] = 7.6, 1.5 Hz, 1H), 7.52 (8, = 7.8 Hz, 1H)*C NMR
(126 MHz, DMSO)s 164.80, 141.52, 140.88, 140.42, 138.40, 135.68,2P3 131.75, 128.78,

128.51, 128.16, 127.51, 127.29, 124.57, 122.482B104S (ESI) m/z = 426.78 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2,4-difluor obenzamide (23a)The compound was
synthesized according to proceduBeusing 2,4-difluorobenzoyl chloride: yield 75%. The
product was purified by CC (ethyl acetate/petrolestirer 3:2):*H NMR (500 MHz, DMSO)
10.75 (s, 1H), 8.81 (dl = 2.1 Hz, 1H), 8.73 (d] = 2.1 Hz, 1H), 8.41 (s, 1H), 7.91 — 7.78 (m,
2H), 7.71 (dJ = 1.4 Hz, 1H), 7.54 — 7.40 (m, 1H), 7.28 (dd; 8.3, 2.3 Hz, 1H)**C NMR (126
MHz, DMSO0)$ 163.73 (dd, dr = 251.1, 12.3 Hz), 162.54, 159.70 (dd.r = 253.1, 13.0 Hz),
141.40, 140.96, 140.74, 135.70, 131.87 (@d,= 10.3, 4.0 Hz), 128.42, 127.23, 124.52, 122.84,
120.79 (dd, dr = 14.6, 3.6 Hz), 112.01 (dder = 21.8, 3.5 Hz) , 110.24, 104.83 J6.- = 26.2

Hz); MS (ESI) m/z = 394.87 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-chloro-4-fluorobenzamide (24a). The
compound was synthesized according to proceBuusing 2-chloro-4-fluorobenzoyl chloride:
yield 81%. The product was purified by CC (ethyetmte/petroleum ether 3: 244 NMR (500
MHz, DMSO)¢ 10.90 (s, 1H), 8.78 (d,= 2.3 Hz, 1H), 8.74 (d] = 2.1 Hz, 1H), 8.42 (1 = 2.2
Hz, 1H), 7.81 (dJ = 1.4 Hz, 1H), 7.76 (dd] = 8.6, 6.1 Hz, 1H), 7.71 (d,= 1.4 Hz, 1H), 7.64
(dd,J = 9.0, 2.5 Hz, 1H), 7.40 (td,= 8.5, 2.5 Hz, 1H)!}*C NMR (126 MHz, DMSO) 164.81,

162.47 (dJcr = 250.5 Hz), 141.40, 140.94, 140.46, 135.77, 132181.53 (dJcr = 10.9 Hz),
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131.00 (dJc.r = 9.4 Hz), 128.47, 127.25, 124.55, 122.48, 117dR6cr = 25.4 Hz), 114.62 (d,

Jor = 21.7 Hz), 110.26; MS (ESI) m/z = 410.8(M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-3-chloro-4-fluorobenzamide (25a). The
compound was synthesized according to proceBunsing 3-chloro-4-fluorobenzoyl chloride:
yield 82%. The product was purified by CC (ethyktate/petroleum ether 1:T4 NMR (500
MHz, DMSO)$ 10.64 (s, 1H), 8.90 (d,= 2.2 Hz, 1H), 8.73 (d] = 2.1 Hz, 1H), 8.42 (] = 2.2
Hz, 1H), 8.24 (ddJ = 7.1, 2.2 Hz, 1H), 8.03 (ddd,= 7.0, 4.4, 1.9 Hz, 1H), 7.81 (d= 1.4 Hz,
1H), 7.70 (dJ = 1.3 Hz, 1H), 7.64 (] = 8.9 Hz, 1H);}*C NMR (126 MHz, DMSO) 163.72,
159.37 (dJc.r = 252.2 Hz), 141.30 (dc.r = 14.2 Hz), 141.02, 135.80, 131.73 Jd¢ = 3.5 Hz),
130.28, 129.23 (dlc.r = 8.4 Hz), 128.34, 127.18, 124.49, 123.42, 119199,76, 117.22 (dlc-r

= 21.6 Hz), 110.25; MS (ESI) m/z = 410.82 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-fluoro-5-methoxybenzamide (26a). The
compound was synthesized according to proceBwsing 2-fluoro-5-methoxybenzoyl chloride:
yield 68%. The product was purified by CC (ethyetmte/petroleum ether 3: 24 NMR (500
MHz, DMS0)$ 10.72 (s, 1H), 8.83 (d,= 2.2 Hz, 1H), 8.73 (d] = 2.1 Hz, 1H), 8.43 (§ = 2.1
Hz, 1H), 7.81 (dJ = 1.4 Hz, 1H), 7.70 (d] = 1.4 Hz, 1H), 7.32 (] = 9.3 Hz, 1H), 7.24 (dd] =
5.5, 3.2 Hz, 1H), 7.15 (df = 9.0, 3.7 Hz, 1H), 3.81 (s, 3HYC NMR (126 MHz, DMSO)
163.17, 155.30, 155.28, 153.17 {ds = 242.1 Hz), 141.35, 140.86 (@ = 33.1 Hz), 135.75,
128.41, 127.22, 124.51, 124.38, 122.79, 118.24d4d,= 8.2 Hz), 117.21 (d)cr = 23.8 Hz),

114.10 (dJcr = 2.4 Hz), 110.24, 55.89.

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2,4,6-trifluorobenzamide (27a). The compound

was synthesized according to procedBresing 2,4,6-trifluorobenzoyl chloride: yield 69%h&
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product was purified by CC (ethyl acetate/petrolestirer 3:2):*H NMR (500 MHz, DMSO)
11.20 (s, 1H), 8.76 (dd, = 4.8, 2.2 Hz, 2H), 8.38 (§, = 2.2 Hz, 1H), 7.82 (d] = 1.4 Hz, 1H),

7.73 (d,J = 1.4 Hz, 1H), 7.44 (dd = 9.3, 7.8 Hz, 2H); MS (ESI) m/z = 412.81(M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2,3,4-trifluorobenzamide (28a). The compound
was synthesized according to procedBresing 2,3,4-trifluorobenzoyl chloride: yield 81%h&
product was purified by CC (ethyl acetate/petroleathrer 1:1);'H NMR (500 MHz, DMSO)»

11.03 (s, 1H), 8.83 (d,= 2.2 Hz, 1H), 8.74 (d] = 2.1 Hz, 1H), 8.42 ({ = 2.1 Hz, 1H), 7.81 (d,
J=1.4Hz, 1H), 7.71 (d] = 1.4 Hz, 1H), 7.53 — 7.47 (m, 1H), 7.25 dd 9.2, 1.8 Hz, 1H); MS

(ESI) m/z = 412.80 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)isonicotinamide (29a). The compound was
synthesized according to procediausing isonicotinyl chloride: yield 71%. The prodweas
purified by CC (ethyl acetate/MeOH 100:7) NMR (500 MHz, DMSO) 10.83 (s, 1H), 8.91
(d,J = 2.3 Hz, 1H), 8.83 (dd] = 4.4, 1.7 Hz, 2H), 8.76 (d,= 2.1 Hz, 1H), 8.45 (] = 2.2 Hz,
1H), 7.90 (dd,) = 4.4, 1.7 Hz, 2H), 7.82 (d,= 1.4 Hz, 1H), 7.72 (d] = 1.4 Hz, 1H)}*C NMR
(126 MHz, DMSO)s 164.61, 150.43, 141.61, 141.32, 141.16, 140.96,583 128.39, 127.24,

124.54, 123.56, 121.56, 110.27; MS (ESI) m/z = @6gM+H)"

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-phenylacdgamide (30a). The compound was
synthesized according to proced®aising phenylacetyl chloride: yield 81%. The prodwets
purified by CC (ethyl acetate/petroleum ether 3*)NMR (500 MHz, DMSO 10.53 (s, 1H),
8.66 (dd,J = 14.6, 2.2 Hz, 2H), 8.32 (,= 2.2 Hz, 1H), 7.78 (dl = 1.4 Hz, 1H), 7.66 (d] = 1.4

Hz, 1H), 7.37 — 7.31 (m, 4H), 7.26 (ddbz 8.6, 5.6, 2.7 Hz, 1H), 3.70 (s, 2HjC NMR (126
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MHz, DMSO)6 170.01, 141.04, 140.71, 140.05, 136.05, 135.49,212 128.32, 127.09, 126.65,

124.38, 121.97, 115.90, 110.18, 43.09; MS (ESI)#372.98 (M+Hj)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-(4-fluorophenyl)acetamide (31a). The
compound was synthesized according to proceBuising 4-fluorophenyl chloride: yield 84%.
The product was purified by CC (ethyl acetate/getnm ether 3:2);H NMR (500 MHz,
DMSO0) 10.34 (s, 1H), 8.48 (dd,= 10.4, 2.2 Hz, 2H), 8.13 (,= 2.2 Hz, 1H), 7.60 (d] = 1.4
Hz, 1H), 7.47 (dJ = 1.4 Hz, 1H), 7.26 — 7.09 (m, 2H), 6.97 (ddd; 14.7, 8.4, 5.2 Hz, 2H),
3.52 (s, 2H)*C NMR (126 MHz, DMSOP 164.59, 161.19 (dlc.r= 242.3 Hz), 141.06, 140.76,
140.09, 136.04, 131.56 (dc.= 3.0 Hz), 131.16 (dJc= 8.1 Hz), 128.36, 127.12, 124.41,

122.02, 115.04 (dlc./= 21.3 Hz), 110.21, 42.06; MS (ESI) m/z = 390.93-()"

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-2-(3-methoxyphenyl)acetamide (32a). The
compound was synthesized according to proce8uusing 3-methoxyphenyl acetyl chloride:
yield 97%. The product was purified by CC (ethyétte);"H NMR (500 MHz, DMSO) 10.52

(s, 1H), 8.68 (dJ = 2.2 Hz, 1H), 8.65 (d] = 2.1 Hz, 1H), 8.32 () = 2.1 Hz, 1H), 7.78 (d] =

1.2 Hz, 1H), 7.66 (dJ = 1.2 Hz, 1H), 7.25 (t) = 8.0 Hz, 1H), 7.01 — 6.88 (m, 2H), 6.85 — 6.78
(m, 1H), 3.75 (s, 3H), 3.67 (s, 2HYC NMR (126 MHz, DMSO)s 170.39, 159.26, 141.10,
140.77, 140.10, 136.87, 136.11, 129.41, 128.39,1627124.45, 122.01, 121.46, 115.06, 112.09,

110.26, 59.80, 55.02; MS (ESI) m/z = 404.84 (M*H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-3-(3-methoxyphenyl)propanamide  (33a). The
compound was synthesized according to procedresing 3-(3-methoxyphenyl)propanoyl
chloride: yield 92%. The product was purified by C&hyl acetate/petroleum ether 3:2)

NMR (500 MHz, DMSO) 10.29 (s, 1H), 8.65 (dd,= 3.8, 2.2 Hz, 2H), 8.30 (s, 1H), 7.79 {d,
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= 1.3 Hz, 1H), 7.66 (d] = 1.3 Hz, 1H), 7.19 (ddl = 13.3, 5.2 Hz, 1H), 6.83 (d,= 6.7 Hz, 2H),
6.76 (dd,J = 8.1, 2.3 Hz, 1H), 3.72 (s, 3H), 2.91J& 7.7 Hz, 2H), 2.68 (t) = 7.7 Hz, 2H)*C
NMR (126 MHz, DMSO)s 171.35, 159.31, 142.56, 141.14, 140.05, 136.09,412 128.37,
127.10, 124.43, 121.94, 120.48, 113.95, 113.91,4711110.25, 54.91, 35.17, 30.64; MS (ESI)

m/z = 416.9 (M+H)

N-(5-(4-Bromothiophen-2-yl)pyridin-3-yl)-3-(pyridin- 3-yl)propanamide (34a). The
compound was synthesized according to proceBuusing 3-(pyridin-3-yl)propanoyl chloride:
yield 82%. The product was purified by CC (DCM/Me@B0:5)*H NMR (500 MHz, DMSO)»
10.31 (s, 1H), 8.64 (dl = 2.1 Hz, 2H), 8.49 (d] = 1.7 Hz, 1H), 8.41 (dd] = 4.8, 1.6 Hz, 1H),
8.28 (t,J=2.2 Hz, 1H), 7.79 (d] = 1.4 Hz, 1H), 7.72 — 7.58 (m, 2H), 7.32 (dd&; 7.8, 4.8, 0.8
Hz, 1H), 2.95 (tJ = 7.5 Hz, 2H), 2.72 (1) = 7.6 Hz, 2H);**C NMR (126 MHz, DMSO)5
171.02, 149.59, 147.37, 141.09, 140.65, 140.04,3838.35.96, 135.84, 128.36, 127.09, 124.40,

123.45, 121.97, 110.21, 37.25, 27.63; MS (ESI) #887.94 (M+H]J

5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-2-amine (1). The compound was synthesized
according to procedur€ to give a yellow solid: yield 12%. The product wasified by CC
(DCM/MeOH 100:3); mp161.8-162.8 °CH NMR (500 MHz, DMSO0)s 9.45 (d,J = 1.7 Hz,
1H), 8.96 (ddJ = 4.7, 1.5 Hz, 1H), 8.83 (d,= 2.1 Hz, 1H), 8.55 (ddd,= 7.9, 2.3, 1.6 Hz, 1H),
8.23 — 8.20 (m, 2H), 8.19 (d,= 1.5 Hz, 1H), 7.86 (ddd} = 7.9, 4.8, 0.8 Hz, 1H), 7.08 (dd=
8.6, 0.7 Hz, 1H), 6.13 (s, 2HY’C NMR (126 MHz, DMSO) 170.13, 158.84, 158.00, 155.85,
154.00, 150.13, 145.26, 143.55, 141.88, 134.19,783@30.03, 129.84, 118.52; MS (ESI) m/z =

253.93 (M + HjJ

33



5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-3-amine  (2). The compound was synthesized
according to procedur@ to give a dark brown solid: yield 32%. The prodwets purified by CC
(DCM/MeOH 100:5); mp134.7-135 °¢:1 NMR (500 MHz, DMSO 9.04 (d,J = 1.7 Hz, 1H),
8.52 (dd,J = 4.7, 1.5 Hz, 1H), 8.20 — 8.16 (m, 2H), 8.06Jd; 1.5 Hz, 1H), 8.05 (d] = 1.5 Hz,
1H), 7.91 (dJ = 2.3 Hz, 1H), 7.46 (ddd] = 8.0, 4.8, 0.8 Hz, 1H), 7.20 — 7.17 (m, 1H), 551
2H); °C NMR (126 MHz, DMSO) 148.28, 147.17, 144.98, 142.00, 139.14, 135.93,853

133.22, 130.55, 129.27, 123.88, 122.80, 122.06.90154S (ESI) m/z = 253.94 (M + H)

5-(4-(Pyridin-4-ylthiophen-2-yl)pyridin-3-amine  (3). The compound was synthesized
according to procedui@ to give a light brown solid: yield 23%. The protiuwas purified by CC
(DCM/MeOH 100:3); mp199.2-202 °GH NMR (500 MHz, DMS0)5 8.62 (s, 2H), 8.23 (s,
1H), 8.20 (s, 1H), 8.09 (d,= 1.0 Hz, 1H), 7.92 (s, 1H), 7.80 (s, 2H), 7.191¢d), 5.52 (s, 2H);
3¢ NMR (126 MHz, DMSOY 150.28, 145.04, 142.19, 141.51, 139.69, 136.08,883 129.19,

124.12, 122.66, 120.51, 115.90; MS (ESI) m/z = 963M + H)'

N-(5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)benzamide (4b). The compound was
synthesized according to proced@¢o give a red solid: yield 29%. The product wasfpd by

CC (DCM/MeOH 100:3); mp 88.2-90.5 °&4 NMR (500 MHz, DMSO) 10.59 (s, 1H), 9.08
(s, 1H), 8.87 (ddJ = 53.6, 1.9 Hz, 2H), 8.54 (dd= 5.1, 2.9 Hz, 2H), 8.25 — 8.12 (m, 3H), 8.07
— 7.96 (m, 2H), 7.67 — 7.61 (m, 1H), 7.58 (dbt 8.2, 6.7, 1.3 Hz, 2H), 7.48 (dd= 7.8, 4.7

Hz, 1H); *C NMR (126 MHz, DMSO)5 166.08, 148.39, 147.20, 141.19, 140.92, 140.82,
139.41, 136.12, 134.17, 133.28, 132.05, 130.43,262928.54, 127.77, 123.92, 123.74, 123.49,

122.94; MS (ESI) m/z = 358.05 (M + H)
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N-(5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zenesulfonamide (5b).The compound
was synthesized according to procedGréo give a white solid: yield 29%. The product was
purified by CC (DCM/MeOH 100:4); mp 213.4-214.7 °8;NMR (500 MHz, DMSO) 10.74
(s, 1H), 9.06 (s, 1H), 8.73 (s, 1H), 8.54 (s, 18416 (dd,J = 19.5, 8.3 Hz, 4H), 7.83 (d,= 7.5
Hz, 2H), 7.73 (s, 1H), 7.63 (d,= 7.2 Hz, 1H), 7.58 (] = 7.4 Hz, 2H), 7.48 (s, 1H}*C NMR
(126 MHz, DMSO)s 148.41, 147.19, 141.94, 140.47, 140.00, 139.48,983 134.71, 133.34,
133.27, 130.32, 129.64, 129.51, 126.73, 124.12,882323.28, 123.22; MS (ESI) m/z = 393.92

M+ H)’

2-Methyl-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (6b). The compound
was synthesized according to proced@réo give a brown solid: yield 47%. The product was
purified by CC (DCM/MeOH 100:2.5); mp 171.6-173@*H NMR (500 MHz, DMSO) 10.65

(s, 1H), 9.08 (dJ = 1.5 Hz, 1H), 8.83 (s, 1H), 8.81 @= 1.7 Hz, 1H), 8.54 (d] = 2.4 Hz, 2H),
8.27 — 8.20 (m, 2H), 8.16 (d,= 1.4 Hz, 1H), 7.55 (d] = 7.6 Hz, 1H), 7.49 (dd] = 7.7, 4.7 Hz,
1H), 7.43 (dd,J = 10.7, 4.3 Hz, 1H), 7.34 (d,= 7.3 Hz, 2H), 2.43 (s, 3H}°C NMR (126 MHz,
DMSO) 6 168.45, 148.27, 147.09, 141.09, 140.82, 140.2B,363 136.34, 136.20, 135.56,
133.41, 130.69, 130.47, 130.07, 129.32, 127.39,7029.23.95, 123.74, 122.99, 122.71, 19.39;

MS (ESI) m/z = 372.08 (M + H)

3-Methyl-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (7b). The compound
was synthesized according to proceddr® give a dark grey solid: yield 26%. The prodweis
purified by CC (DCM/MeOH 100:3); mp 103-103.7 *8;NMR (500 MHz, CDCY) § 9.19 (s,
1H), 8.96 (dJ = 10.0 Hz, 3H), 8.91 (s, 1H), 8.87 (s, 1H), 8.81)= 7.8 Hz, 1H), 8.06 (s, 1H),
8.04 (s, 1H), 7.95 (s, 1H), 7.84 (s, 1H), 7.69)(d,4.5 Hz, 2H), 7.67 (d] = 7.0 Hz, 1H), 2.73 (s,
3H); *C NMR (126 MHz, CDGJ) & 166.78, 148.58, 147.57, 142.35, 141.59, 140.50,953
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138.98, 135.52, 134.14, 133.72, 133.28, 131.37,4130.28.90, 128.10, 124.39, 124.31, 123.91,

123.51, 122.28, 24.98; MS (ESI) m/z = 372.08 (M}¥ H

4-Methyl-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (8b). The compound
was synthesized according to proceddr® give a dark grey solid: yield 45%. The prodweis
purified by CC (DCM/MeOH 100:3); mp 185.9-186.9€t NMR (500 MHz, DMSO) 10.50
(s, 1H), 9.09 (s, 1H), 8.94 (s, 1H), 8.82 (s, 18154 (s, 2H), 8.22 (d] = 13.0 Hz, 2H), 8.16 (s,
1H), 7.94 (dJ = 7.9 Hz, 2H), 7.48 (s, 1H), 7.38 @= 7.8 Hz, 2H), 2.40 (s, 3H}°C NMR (126
MHz, DMSO)6 165.83, 148.33, 147.15, 142.12, 141.01, 140.80,8%4 139.39, 136.21, 134.38,
133.23, 131.24, 130.48, 129.01, 127.77, 123.93,6B2323.42, 122.88, 21.02; MS (ESI) m/z =

372.02 (M + HjJ

2-Methoxy-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (9b).The compound
was synthesized according to proceddrto give a greyish white solid: yield 44%. The puot
was purified by CC (DCM/MeOH 100:3); mp 185.9-18€9H NMR (500 MHz, DMSO)s
10.44 (s, 1H), 9.10 (s, 1H), 8.81 (s, 2H), 8.552(4), 8.22 (s, 2H), 8.15 (s, 1H), 7.69 &+ 6.2
Hz, 1H), 7.54 (s, 1H), 7.49 (s, 1H), 7.21 {d& 7.9 Hz, 1H), 7.10 (d] = 6.8 Hz, 1H), 3.93 (s,
3H); °C NMR (126 MHz, DMSO) 165.24, 156.59, 148.35, 147.17, 141.06, 140.78,454
139.37, 134.39, 133.25, 132.47, 130.44, 129.74,382924.19, 123.92, 123.76, 122.92, 122.80,

120.52, 112.04, 55.94: MS (ESI) m/z = 388.03 (M)} H

3-Methoxy-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (10b). The
compound was synthesized according to proce@ute give a white solid: yield 47%. The
product was purified by CC (DCM/MeOH 100:2); mp 15071.3°C*H NMR (500 MHz,

DMSO0) § 10.54 (s, 1H), 9.07 (s, 1H), 8.92 (s, 1H), 8.821{4), 8.53 (d,J = 1.9 Hz, 2H), 8.28 —
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8.18 (m, 2H), 8.15 (s, 1H), 7.61 (@z= 7.5 Hz, 1H), 7.55 (s, 1H), 7.48 (db= 14.3, 6.4 Hz, 2H),
7.21 (d,J = 8.2 Hz, 1H), 3.86 (s, 3H}*C NMR (126 MHz, DMSO) 165.77, 159.26, 148.39,
147.20, 141.22, 140.97, 140.80, 139.40, 136.04,5438.33.27, 130.42, 129.71, 129.24, 123.90,

123.74, 123.55, 122.93, 119.94, 117.74, 113.08,B3S (ESI) m/z = 388.09 (M + H)

4-Methoxy-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (11b). The
compound was synthesized according to proce@uiegive a dark brown solid: yield 32%. The
product was purified by CC (DCM/MeOH 100:4); mp Z210.8°C'H NMR (500 MHz,
DMSO0)§ 10.41 (s, 1H), 9.07 (s, 1H), 8.92 (s, 1H), 8.79{), 8.53 (s, 2H), 8.21 (d,= 9.4 Hz,
2H), 8.15 (s, 1H), 8.02 (d,= 8.5 Hz, 2H), 7.50 — 7.37 (m, 1H), 7.10 Jcs 8.5 Hz, 2H), 3.86 (s,
3H); °C NMR (126 MHz, DMSO) 165.39, 162.25, 148.38, 147.19, 140.93, 140.89,383
136.29, 133.26, 130.62, 130.43, 129.77, 129.20,142623.90, 123.67, 123.42, 122.88, 113.75,

55.49: MS (ESI) m/z = 388.1 (M + H)

4-(tert-Butyl)- N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (12b). The
compound was synthesized according to proce@ute give a white solid: yield 51%. The
product was purified by CC (DCM/MeOH 100:3); mp 20205.9°C'H NMR (500 MHz,
DMSO0) § 10.50 (s, 1H), 9.07 (d, = 1.8 Hz, 1H), 8.92 (d] = 2.3 Hz, 1H), 8.80 (d] = 2.1 Hz,
1H), 8.57 — 8.51 (m, 2H), 8.25 — 8.19 (m, 2H), 8d&) = 1.4 Hz, 1H), 7.96 (d] = 1.8 Hz, 1H),
7.95 (d,J = 1.8 Hz, 1H), 7.59 (d] = 1.8 Hz, 1H), 7.58 (d] = 1.8 Hz, 1H), 7.51 — 7.44 (m, 1H),
1.33 (s, 9H):*C NMR (126 MHz, DMSO)Y 165.98, 154.95, 148.39, 147.20, 141.07, 140.84,
139.40, 136.20, 134.42, 133.27, 131.45, 130.42,22927.65, 125.30, 123.90, 123.71, 123.35,

122.91, 34.75, 30.91; MS (ESI) m/z = 414.04 (M £ H)
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2-Chloro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (13b). The compound
was synthesized according to procedGréo give a brown solid: yield 53%. The product was
purified by CC (DCM/MeOH 100:3); mp 159-159.6*8;NMR (500 MHz, DMSO) 10.89 (s,
1H), 9.08 (s, 1H), 8.82 (d,= 17.7 Hz, 2H), 8.53 (dl = 12.2 Hz, 2H), 8.26 — 8.18 (m, 2H), 8.16
(s, 1H), 7.67 (dJ = 7.4 Hz, 1H), 7.55 (1) = 6.8 Hz, 2H), 7.49 (d] = 7.3 Hz, 2H);**C NMR
(126 MHz, DMSO)s 165.59, 149.14, 148.38, 147.78, 147.20, 141.48,664 140.09, 139.44,
136.22, 134.41, 133.28, 131.50, 129.96, 129.78,062927.34, 123.91, 123.86, 123.03, 122.56;

MS (ESI) m/z = 391.96 (M + H)

3-Chloro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (14b). The compound
was synthesized according to proceddr® give a dark grey solid: yield 56%. The prodweis
purified by CC (DCM/MeOH 100:3); mp 98.5-100.5°8;NMR (500 MHz, DMSO) 10.66 (s,
1H), 9.08 (s, 1H), 8.93 (s, 1H), 8.84 (s, 1H), 8(541H), 8.51 (s, 1H), 8.23 (s, 1H), 8.20 Jc

8.0 Hz, 1H), 8.16 (s, 1H), 8.07 (s, 1H), 7.97J¢; 7.8 Hz, 1H), 7.71 (d] = 8.0 Hz, 1H), 7.61 (t,
J=7.9 Hz, 1H), 7.48 (dd] = 7.6, 4.8 Hz, 1H)**C NMR (126 MHz, DMSOY 164.58, 148.36,
147.17, 141.40, 140.91, 140.72, 139.41, 136.12,8833.33.31, 133.26, 131.83, 130.54, 130.44,

129.30, 127.49, 126.61, 123.92, 123.77, 123.55972MS (ESI) m/z = 391.97 (M + H)

4-Chloro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (15b). The compound
was synthesized according to proceddr® give a dark grey solid: yield 46%. The prodweis
purified by CC (DCM/MeOH 100:3); mp 196-196.4*8;NMR (500 MHz, DMSO) 10.63 (s,
1H), 9.07 (s, 1H), 8.91 (s, 1H), 8.82 (s, 1H), 8:68.47 (m, 2H), 8.29 — 8.17 (m, 2H), 8.15 (s,
1H), 8.04 (dJ = 8.4 Hz, 2H), 7.65 (d] = 8.4 Hz, 2H), 7.48 (dd] = 7.7, 4.8 Hz, 1H)**C NMR

(126 MHz, DMSO)s 164.95, 148.37, 147.18, 141.33, 140.93, 140.79,413 136.89, 135.93,
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133.25, 132.85, 130.42, 129.72, 129.27, 128.61,902323.76, 123.56, 122.95; MS (ESI) m/z =

392.02 (M + HJ

2-Fluoro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (16b). The compound
was synthesized according to procedGré¢o give a grey solid: yield 52%. The product was
purified by CC (DCM/MeOH 100:3); mp 169.3-169.6%@;NMR (500 MHz, DMSO)5 10.53
(s, 1H), 9.08 (s, 1H), 8.94 (s, 1H), 8.82 (s, 181B3 (t,J = 2.2 Hz, 2H), 8.25 — 8.19 (m, 2H),
8.15 (d,J = 1.4 Hz, 1H), 7.84 (s, 1H), 7.82 — 7.79 (m, 1H}2 — 7.47 (m, 1H), 7.47 — 7.42 (m,
2H); 3C NMR (126 MHz, DMSO)s 163.44, 159.00 (dJc.r = 249.5 Hz), 149.15, 147.19,
141.45, 140.69, 140.35, 139.43, 135.82, 133.31,003R1, Jc.— 8.4 Hz), 130.04 (dJc.—= 2.5
Hz),130.43, 129.39, 123.93,124.69 Jd+= 3.3 Hz), 124.20 (dJc.r = 14.6 Hz), 123.86, 123.03,

122.90.16.32 (dJc.= 21.6 Hz); MS (ESI) m/z = 376.05 (M + H)

3-Fluoro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (17b). The compound
was synthesized according to procedQréo give a dark brown solid: yield 41%. The product
was purified by CC (DCM/MeOH 100:3); mp 152.1-15Z2H NMR (500 MHz, DMSO)5
10.63 (s, 1H), 9.08 (s, 1H), 8.92 (s, 1H), 8.831@8), 8.52 (s, 2H), 8.30 — 8.17 (m, 2H), 8.16 (s,
1H), 7.85 (dd, = 20.5, 8.6 Hz, 2H), 7.64 (dd,= 13.8, 7.5 Hz, 1H), 7.53 — 7.45 (m, 2K}
NMR (126 MHz, DMSQO) 164.66, 161.94 (dlc. = 244.5 Hz), 148.38, 147.18, 141.40, 140.92,
140.71, 139.41, 136.44 (der = 6.9 Hz), 135.86, 133.26, 130.79, 130.75J¢s = 8.1 Hz),
129.28, 124.00 (dJc-~= 2.6 Hz), 123.90, 123.78, 123.57, 122.97, 1188Q4{r = 21.1 Hz),

114.60 (dJo-e= 23.0 Hz); MS (ESI) m/z = 376.06 (M + H)

4-Fluoro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (18b). The compound

was synthesized according to proced@r¢éo give a brown solid: yield 34%. The product was
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purified by CC (DCM/MeOH 100:3); mp 175.1-176*8;NMR (500 MHz, DMSO) 10.58 (s,
1H), 9.07 (dJ = 1.9 Hz, 1H), 8.91 (d] = 2.2 Hz, 1H), 8.81 (dJ = 2.0 Hz, 1H), 8.53 (dd] =
4.7, 1.3 Hz, 1H), 8.51 (= 2.1 Hz, 1H), 8.21 (dd} = 7.9, 4.7 Hz, 2H), 8.15 (d,= 1.3 Hz, 1H),
8.10 (dd,J = 8.8, 5.5 Hz, 2H), 7.47 (dd,= 7.9, 4.7 Hz, 1H), 7.41 (§,= 8.8 Hz, 2H)*C NMR
(126 MHz, DMSO)5 164.94, 164.32 (dlc.= 249.8 Hz), 148.37, 147.19, 141.24, 140.85)(d
= 19.3 Hz) , 139.40, 136.01, 133.26, 130.62, 130d52c.r = 26.4 Hz), 130.41, 129.24, 123.88,

123.73, 123.54, 122.92, 115.59, 115.41; MS (ESE)#376.08 (M + H)

N-(5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)-2- (trifluoromethyl)benzamide (19b). The
compound was synthesized according to proce@uie give grey solid: yield 53%. The product
was purified by CC (DCM/MeOH 100:3); mp 81.4-83.1%CNMR (500 MHz, DMSOY 10.96
(s, 1H), 9.08 (dJ = 2.0 Hz, 1H), 8.84 (d] = 1.9 Hz, 1H), 8.78 (d] = 2.1 Hz, 1H), 8.59 — 8.51
(m, 1H), 8.47 (tJ = 2.1 Hz, 1H), 8.22 (dd} = 7.1, 4.7 Hz, 2H), 8.16 (d,= 1.2 Hz, 1H), 7.90 (d,
J=7.9 Hz, 1H), 7.87 — 7.78 (m, 2H), 7.76X& 7.6 Hz, 1H), 7.48 (ddl = 7.9, 4.8 Hz, 1H)**C
NMR (126 MHz, DMSO)s 166.23, 148.34, 147.16, 141.50, 140.59, 140.09,413 135.81,
135.42, 133.31, 132.69, 130.45, 130.39, 129.43,682826.45 (qJ c.r = 8.9, 4.1 Hz), 125.76,

124.79, 123.88, 123.86, 123.04, 122.61; MS (ESE)#425.97 (M + H)

N-(5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)-3- (trifluoromethyl)benzamide (20b). The
compound was synthesized according to proce@ui@ give light brown solid: yield 47%. The
product was purified by CC (DCM/MeOH 100:3); mp 184886.4°C'H NMR (500 MHz,
DMSO0)$ 10.79 (s, 1H), 9.08 (s, 1H), 8.93 (s, 1H), 8.85Lf3), 8.54 (dJ = 3.9 Hz, 1H), 8.51 (s,
1H), 8.36 (s, 1H), 8.32 (&, = 7.9 Hz, 1H), 8.24 (s, 1H), 8.21 (@~ 8.1 Hz, 1H), 8.16 (s, 1H),

8.02 (d,J = 7.5 Hz, 1H), 7.83 () = 7.7 Hz, 1H), 7.48 (dd] = 7.7, 4.8 Hz, 1H)**C NMR (126
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MHz, DMSO) & 164.57, 141.28 (dJo= 61.5 Hz), 148.39, 147.19, 140.68, 139.42, 135.78,
135.06, 133.26, 131.96, 130.41, 129.89, 129.30,2B2@,Jc.= 32.2 Hz) , 128.57 (dlc.= 3.3
Hz), 125.02, 124.35 (Gle.r= 7.6, 3.8 Hz) , 123.90, 123.81, 123.73, 122.92.8@ MS (ESI)

miz = 426.03 (M + H)

N-(5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)-4- (trifluoromethyl)benzamide (21b). The
compound was synthesized according to proce@ute give a greyish white solid: yield 34%.
The product was purified by CC (DCM/MeOH 100:3); 2@8.8-210.1°CH NMR (500 MHz,
DMSO0) 5 10.78 (s, 1H), 9.07 (s, 1H), 8.92 (s, 1H), 8.841¢d), 8.53 (s, 2H), 8.27 — 8.18 (m,
4H), 8.16 (s, 1H), 7.97 (s, 1H), 7.95 (s, 1H), 7(dd,J = 7.6, 4.8 Hz, 1H)**C NMR (126 MHz,
DMSO) 6 164.89, 148.38, 147.18, 141.52, 141.52, 140.99,6B4 139.41, 137.95, 135.77,
133.25, 131.85, 130.39, 129.29, 128.69, 125.52){¢, = 3.7 Hz), 123.88, 123.80, 123.62,

122.97; MS (ESI) m/z = 426 (M + H)

2,3-Dichloro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (22b). The
compound was synthesized according to proce@uie give dark brown semi-solid: yield 58%.
The product was purified by CC (DCM/MeOH 100:3 NMR (500 MHz, DMSO) 11.01 (s,
1H), 9.18 (s, 1H), 8.92 (s, 2H), 8.64 (s, 1H), 8(81J = 9.2 Hz, 1H), 8.25 — 8.20 (m, 2H), 8.17
(s, 1H), 7.82 (ddJ = 8.1, 1.3 Hz, 1H), 7.66 (dd,= 7.6, 1.2 Hz, 1H), 7.53 (8, = 7.8 Hz, 2H);
13C NMR (126 MHz, DMSOY 164.79, 148.30, 147.12, 141.51, 140.61, 140.09.488 138.45,
134.38, 133.24, 132.20, 131.82, 131.71, 130.53,762828.15, 127.50, 126.60, 123.93, 123.08,

122.55; MS (ESI) m/z = 426.07 (M + H)

2,4-Difluoro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (23b). The

compound was synthesized according to procedur® give brown solid: yield 56%. The
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product was purified by CC (DCM/MeOH 100:3); mp 2AT2.8°C*H NMR (500 MHz,
DMSO0) § 10.77 (s, 1H), 9.08 (s, 1H), 8.83 (b= 11.0 Hz, 2H), 8.54 (s, 1H), 8.49 (s, 1H), 8.24
(d,J = 1.3 Hz, 1H), 8.21 (d] = 8.0 Hz, 1H), 8.16 (d] = 1.3 Hz, 1H), 7.84 (dd] = 15.1, 8.4 Hz,
1H), 7.52 — 7.45 (m, 2H), 7.28 (td= 8.5, 2.4 Hz, 1H)*°C NMR (126 MHz, DMSO) 163.70
(dd, Jc.r = 250.8, 12.2 Hz),159.70 (ddec.= 252.7, 13.0 Hz), 162.52, 149.11, 148.36, 147.75,
147.17, 141.47, 140.62, 140.36, 139.42, 134.39,263331.85 (ddJ)c.-= 10.5, 4.1 Hz), 123.85,
123.00, 122.96, 120.83 (dds.= 14.5, 3.6 Hz), 111.98 (ddc.= 21.5, 3.5 Hz), 105.02, 104.81

(d, Je.e= 52.5 Hz); MS (ESI) m/z = 394 (M + H)

2-Chloro-4-fluoro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (24b). The
compound was synthesized according to proce@Qute give dark grey solid: yield 50%. The
product was purified by CC (DCM/MeOH 100:3); mp 16669°C'H NMR (500 MHz,
DMSO0)§ 10.90 (s, 1H), 9.08 (s, 1H), 8.84 (s, 1H), 8.79H), 8.54 (s, 1H), 8.50 (d,= 1.9 Hz,
1H), 8.22 (dd,J = 12.9, 4.6 Hz, 2H), 8.16 (d,= 1.2 Hz, 1H), 7.77 (dd} = 8.5, 6.1 Hz, 1H), 7.64
(dd,J = 9.0, 2.4 Hz, 1H), 7.48 (dd,= 7.7, 4.8 Hz, 1H), 7.40 (td,= 8.5, 2.4 Hz, 1H)**C NMR
(126 MHz, DMS0)& 164.78, 162.43 (dJc.r = 250.5 Hz), 148.36, 147.17, 141.47, 140.60,
140.08, 139.42, 135.77, 134.40, 133.27, 132.87.,513,JcF = 11.0 Hz), 130.98 (dcr = 9.3
Hz) , 130.40, 123.91, 123.85, 123.03, 122.58, M {dRJc.F = 25.2 Hz), 114.60 (dlc.r = 21.6

Hz); MS (ESI) m/z = 409.95 (M + H)

3-Chloro-4-fluoro-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (25b). The
compound was synthesized according to proce@ute give a brown solid: yield 44%. The
product was purified by CC (DCM/MeOH 100:3); mp 12827.7°C'H NMR (500 MHz,

DMSO0) § 10.66 (s, 1H), 9.15 (s, 1H), 8.93 (z 36.4 Hz, 2H), 8.61 (s, 1H), 8.49 (s, 1H), 8.26
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(dd,J = 7.1, 2.1 Hz, 1H), 8.21 (d,= 11.4 Hz, 2H), 8.15 (s, 1H), 8.05 (ddik 8.3, 4.6, 2.2 Hz,
1H), 7.64 (tJ = 8.9 Hz, 1H), 7.51 (s, 1H}’C NMR (126 MHz, DMSOY 163.64, 159.29 (dlc.

= 252.4 Hz), 148.25, 147.07, 141.31, 141.30, 141126.80, 140.69, 140.68, 139.42, 133.17,
131.70, 131.69 (dJc= 3.4 Hz), 129.19, 129.16 (dc= 8.5 Hz), 123.75, 123.45, 122.94,

119.77 (dJo.e= 18.0 Hz), 117.14 (dlc.= 21.5 Hz); MS (ESI) m/z = 409.94 (M + H)

2-Fluoro-5-methoxyN-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide (26b).The
compound was synthesized according to procedur® give white solid: yield 49%. The
product was purified by CC (DCM/MeOH 100:3); mp 18182.9°C'H NMR (500 MHz,
DMSO0)§ 10.73 (s, 1H), 9.07 (d,= 1.9 Hz, 1H), 8.83 (d] = 1.9 Hz, 2H), 8.53 (ddl = 4.7, 1.4
Hz, 1H), 8.50 (s, 1H), 8.22 (ddd= 8.0, 4.6, 1.5 Hz, 2H), 8.16 (d= 1.3 Hz, 1H), 7.48 (dd] =
7.9, 4.8 Hz, 1H), 7.33 (1] = 9.3 Hz, 1H), 7.26 (dd] = 5.5, 3.2 Hz, 1H), 7.18 — 7.13 (m, 1H),
3.82 (s, 3H);"*C NMR (126 MHz, DMSO)s 163.16, 153.19 (dJ c.r = 242.2 Hz), 149.14,
148.37, 147.78, 147.18, 141.46, 140.67, 140.39,4139.35.75, 133.31, 130.41, 129.35, 124.50
(d, J c.r = 16.5 Hz), 123.91, 123.84, , 122.98 Jtk.r = 11.1 Hz),118.22 (d] c.r = 8.0 Hz),

117.21 (dJ c.r = 23.8 Hz), 114.11 (dlc.r = 2.5 Hz), 55.87; MS (ESI) m/z = 405.99 (M +'H)

2,4,6-Trifluoro- N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide(27b). The
compound was synthesized according to proce@ute give dark grey solid: yield 59%. The
product was purified by CC (DCM/MeOH 100:3); mp 15870.5°C'H NMR (500 MHz,
DMSO0) § 11.22 (s, 1H), 9.15 (s, 1H), 8.91 (s, 1H), 8.60L(), 8.46 (s, 1H), 8.26 (s, 1H), 8.22
(d,J = 7.7 Hz, 1H), 8.17 (s, 1H), 7.58 — 7.50 (M, 2”4 (t,J = 8.7 Hz, 2H); MS (ESI) m/z =

411.95 (M + Hj
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2,3,4-Trifluoro- N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)ben zamide  (28b). The
compound was synthesized according to procedurt® give a grey solid: yield 49%. The
product was purified by CC (DCM/MeOH 100:3); mp 16161.9°C'H NMR (500 MHz,
DMSO0) 6 10.89 (s, 1H), 9.08 (s, 1H), 8.83 (b= 23.4 Hz, 2H), 8.54 (s, 1H), 8.47 (s, 1H), 8.24
(d,J=1.2 Hz, 1H), 8.21 (d] = 8.0 Hz, 1H), 8.16 (d] = 1.2 Hz, 1H), 7.66 (dd] = 13.5, 6.2 Hz,

1H), 7.57 — 7.51 (m, 1H), 7.48 (d#i= 7.7, 5.0 Hz, 1H); MS (ESI) m/z = 412.13 (M +'H)

N-(5-(4-(Pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)iso nicotinamide (29b). The compound was
synthesized according to proced@¢o give a white solid: yield 35%. The product vpasified

by CC (DCM/MeOH 100:8); mp 152.1-152.3%8; NMR (500 MHz, DMSO)5 10.87 (s, 1H),
8.53 (s, 1H), 8.36 (s, 1H), 8.25 (s, 1H), 8.22X¢, 7.9 Hz, 1H), 8.17 (s, 1H), 7.96 (s, 2H), 7.58
(s, 1H), 7.50 (s, 2H), 7.17 (s, 1H), 6.56 (s, 2K% NMR (126 MHz, DMSO) 164.59, 150.34,
148.32, 148.18, 147.12, 147.07, 141.61, 141.49,1P4140.93, 140.64, 139.45, 133.24, 123.86,

123.65, 123.04, 121.79, 121.71; MS (ESI) m/z = G8gM + HY

2-PhenylN-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)acetamide (30b). The compound
was synthesized according to proced@eo give dark grey: yield 30%. The product was
purified by CC (DCM/MeOH 100:3); mp 90.5-91.8%8;NMR (500 MHz, DMSO0)s 10.58 (s,
1H), 9.11 (s, 1H), 8.76 (d,= 27.7 Hz, 2H), 8.58 (s, 1H), 8.40 (s, 1H), 8.80,0 = 12.7, 4.6 Hz,
2H), 8.14 (dJ = 1.2 Hz, 1H), 7.49 (d] = 7.1 Hz, 1H), 7.39 — 7.31 (m, 4H), 7.29 — 7.18 (i),
3.72 (s, 2H);*C NMR (126 MHz, DMSO) 170.00, 148.16, 146.99, 140.78, 140.74, 139.65,
139.34, 135.46, 134.48, 133.39, 131.02, 130.71,22928.33, 126.65, 124.14, 123.72, 122.97,

122.10, 43.11; MS (ESI) m/z = 372.04 (M +'H)
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2-(4-Fluorophenyl)-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)acetamide (31b). The
compound was synthesized according to proce@uxegive a yellowish white solid: yield 34%.
The product was purified by CC (DCM/MeOH 100:3)p 172.5-175.1°CH NMR (500 MHz,
DMSO0)§ 10.54 (s, 1H), 9.06 (s, 1H), 8.75 (s, 1H), 8.68L&), 8.53 (d,] = 4.0 Hz, 1H), 8.39 (t,
J=2.1 Hz, 1H), 8.23 — 8.16 (m, 2H), 8.13 {d= 1.4 Hz, 1H), 7.47 (dd] = 7.9, 4.8 Hz, 1H),
7.43 — 7.35 (m, 2H), 7.22 — 7.12 (m, 2H), 3.722(3); °C NMR (126 MHz, DMSO) 169.92,
161.19 (dJcr = 242.3 Hz), 148.33, 147.15, 140.80 Jdr = 14.6 Hz), 139.71, 139.38, 136.05,
133.30, 131.59. 131.62, 131.17 @ = 8.1 Hz), 130.41, 129.31, 123.91, 123.73, 122.93,

122.14, 115.04 (dlcr = 21.2 Hz), 42.08; MS (ESI) m/z = 390.02 (M +H)

2-(3-Methoxyphenyl)-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)acetamide (32b).The
compound was synthesized according to proce@ute give a white solid: yield 26%. The
product was purified by CC (DCM/MeOH 100:3); mp 1%857.4°C'H NMR (500 MHz,
DMSO0) § 10.53 (s, 1H), 9.06 (d = 1.7 Hz, 1H), 8.75 (d] = 1.9 Hz, 1H), 8.68 (d] = 2.0 Hz,
1H), 8.52 (dJ = 3.7 Hz, 1H), 8.39 () = 2.0 Hz, 1H), 8.22 — 8.17 (m, 2H), 8.14 Jc& 1.2 Hz,
1H), 7.46 (ddJ = 7.9, 4.8 Hz, 1H), 7.25 (8,= 8.0 Hz, 1H), 7.00 — 6.88 (m, 2H), 6.88 — 6.79 (M
1H), 3.75 (s, 3H), 3.68 (s, 2HY’C NMR (126 MHz, DMSOY 169.85, 159.20, 148.40, 147.16,
140.81, 140.71, 139.67, 139.36, 136.85, 136.05,2433.30.36, 129.36, 129.27, 123.87, 123.70,

122.89, 122.07, 121.42, 115.03, 112.02, 54.96,74386 (ESI) m/z = 402.02 (M + H)

2-(3-Methoxyphenyl)-N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)acetamide (33b).The
compound was synthesized according to proce@uite give a beige solid: yield 26%. The
product was purified by CC (DCM/MeOH 100:3); mp 15455.7°C'H NMR (500 MHz,

DMSO0) § 10.30 (s, 1H), 9.06 (d} = 2.1 Hz, 1H), 8.70 (dd] = 45.9, 2.1 Hz, 2H), 8.53 (dd,=
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4.7, 1.4 Hz, 1H), 8.37 (8, = 2.1 Hz, 1H), 8.22 — 8.18 (m, 2H), 8.14 Jd& 1.2 Hz, 1H), 7.47 (dd,
J=7.9, 4.8 Hz, 1H), 7.20 (§,= 8.1 Hz, 1H), 6.84 (d] = 6.8 Hz, 2H), 6.76 (dd] = 8.3, 2.2 Hz,
1H), 3.72 (s, 3H), 2.92 () = 7.7 Hz, 2H), 2.69 (&) = 7.7 Hz, 2H);**C NMR (126 MHz,
DMSO) & 171.27, 159.26, 148.36, 147.17, 142.54, 140.7D.674 139.63, 139.37, 136.02,
133.25, 130.37, 129.36, 129.26, 123.87, 123.66,882222.05, 120.44, 113.87, 111.42, 54.86,

37.70, 30.61; MS (ESI) m/z = 415.96 (M +H)

3-(Pyridin-3-yl)- N-(5-(4-(pyridin-3-yl)thiophen-2-yl)pyridin-3-yl)pro panamide (34b). The
compound was synthesized according to proce@ute give a brown solid: yield 10%. The
product was purified by CC (DCM/MeOH/TEA 100:3:hp 92.8-94.2°CH NMR (500 MHz,
DMSO0)§ 10.25 (s, 1H), 8.79 (s, 1H), 8.42 (tk 30.0 Hz, 2H), 8.34 (s, 1H), 8.25 (db= 13.8,
4.6 Hz, 2H), 8.09 (s, 1H), 7.97 @z 8.1 Hz, 1H), 7.89 (d] = 13.1 Hz, 2H), 7.67 (d = 7.7 Hz,
1H), 7.24 (ddJ = 12.8, 5.5 Hz, 2H), 2.21 (s, 4HY)C NMR (126 MHz, DMSO)5 170.94,
147.81, 147.15, 146.55, 145.05, 140.81, 140.64,623939.13, 138.94, 137.85, 136.06, 134.00,
130.67, 129.35, 124.48, 124.19, 123.74, 123.22,2B2286.92, 27.55; MS (ESI) m/z = 387.03

M+ H)"

5-(5-(Pyridin-3-yhthiophen-3-yl)pyridin-3-amine (35) The compound was synthesized
according to procedur@ usingcompound Bto give a brown solid: yield 19%. The product was
purified by CC (DCM/MeOH 100:4); mp 142.2-142.3 %6 NMR (500 MHz, DMSO)5 8.98
(dd,J = 2.4, 0.8 Hz, 1H), 8.53 (dd,= 4.7, 1.5 Hz, 1H), 8.19 (d,= 1.9 Hz, 1H), 8.12 (ddd), =
8.0, 2.4, 1.6 Hz, 1H), 8.06 (d,= 1.5 Hz, 1H), 7.91 (dd] = 3.9, 2.0 Hz, 2H), 7.47 (ddd= 8.0,

4.8, 0.9 Hz, 1H), 7.23 (dd, = 2.5, 2.1 Hz, 1H), 5.39 (s, 2HYC NMR (126 MHz, DMSO)»
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148.70, 146.20, 144.84, 140.48, 140.28, 135.62,0833.32.67, 130.41, 129.58, 124.08, 123.81,

122.09, 116.71; MS (ESI) m/z = 253.84 (M +'H)
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Biological Assays. Protein Kinases and Inhibition Asays Human Dyrk1A was expressed and
purified as described earlier. [38] Dyrk1B and Clkére purchased from Life Technologies (lot
no. 877059G, Catalog no. PV4649 and lot no.109572&#Ralog no. PV3315). Woodtide
substrate peptide for DyrklA and DyrklB (KKISGRL®HIEQ) and RS repeat substrate
peptide for Clkl (GRSRSRSRSRSRSRSR) were custonthaymed at the Department of
Medical Biochemistry and Molecular Biology, Saadddniversity, Homburg, Germany. Kinase
inhibition assays for Dyrk1A, DyrklB, Clkl were pmmmed as described previously, in the
presence of 1.uM ATP. [38] The calculated I§ values are representative of at least two
independent determinations. The larger panel adides shown in TableBas screened by the
SelectScreen Kinase Profiling Service, Thermo FiStugentific, Paisley, U.K.

Cell-Based Assays.Stock solutions of the inhibitors were prepared dimethylsulfoxide
(DMSO). All effects were compared to vehicle cotgnhich contained DMSO at the respective
final concentration in growth mediurRrotein kinase activity of endogenous Dyrk1A in ldelL
cells was assayed by measuring the phosphorylafid®34 in overexpressed GFP-SF3b1-NT
as described previously. [54] Briefly, HeLa cellsre transiently transfected in 6-well plates and
treated with test compounds for 18 h. Total ceflUlsates were subjected to Western blot
analysis with the help of a custom-made rabbitoaty for phosphorylated T434 in SF3b1 and a
commercial goat antibody for GFP (no. 600-101-Rd&ckland Immunochemicals, Gilbertsville,
PA, USA). Blots were developed using horseradistoypdase (HRP)—conjugated secondary
antibodies and enhanced chemiluminescent subst@iggsals were quantified using the AIDA
Image Analyzer 5.0 program (Raytest, Straubenh&wetmany). pT434 signals were normalised
to total protein levels as determined from GFP imoreactivity. GraphPad Prism 5.0

(GraphPad Software, La Jolla, CA, USA) was usedh@or-linear curve fitting (Hill slope -1).
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Viability assays were performed using a 96-wellepgirmat (20,000-30,000 cells per well).
Cells were cultivated for 3 days before cell vidpilvas assessed with the help of a tetrazolium
dye assay (XTT assay, AppliChem GmbH, Darmstadti@ay).

Molecular docking studies. Molecular docking was performed as previously dbsd using
MOE. [55]

Metabolic stability in a cell free assayEvaluation of metabolic stability and determinatimin
half-lives was carried out using human S9 fractierdescribed previously. [56]

Physicochemical properties calculationCalculation of key physicochemical properties was
performed using ACD/Labs software (ACD/ PerceptaZ®dvanced Chemistry Development,

Inc) as described previously. [38]

49



compound C29

Fig. 1.Previously published Dyrk1A inhibitors.

compound C4
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lle165

N Asp3

Fig. 2. Extension strategy envisaging amide couplings eb@rcompoun@. The amino—functionalized
compound? (cyan) was docked in the ATP binding pocket of Oykkderived from PDB entry 3ANR)
using MOE. As predicted for the scaffold before8][3 showed the crucial hydrogen bond interactions as
well as CH= interactions with amino acid residues Lys188, [4luand Phe238 (exemplarily indicated
in A, red letters). Because of the rather synmetnape of the bispyridyl thiophene scaffold, commati

and amide derivatives thereof might bind in twdediént orientations, with the molecule extensiomge
placed either at the hinge region (A) or at theasite end of the ATP binding pocket (B). As indézht

by the yellow circles (a 4A radius from probe amifumction) in A and B, several H-bond donor/
acceptor functions (e.g., from the peptide backboofelle165, Ser242 and Tyr243) in addition to an
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acidic (Asp307), polar (Asn244), and an aromatiecfion (Phel70) are all located within reach of a
putative amide—linked molecule extension. Intemaxtiare indicated by dashed lines. In the colodeco
of the ATP binding pocket surface, green denotesntiost lipophilic and magenta the most hydrophilic

areas.
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ACCEPTED MANUSCRIPT

Fig. 3. Predicted binding mode 8fLb in the ATP binding pocket of Dyrk1A. Compou8dbwas docked
to the Dyrk1A coordinates derived from the co-caystructure with harmine (PDB code: 3ANR) using
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MOE. (A) The pose with the highest score is depicted, shpwinding of31b (cyan) in the lowest
energy conformation of the ligand. Inside the pocR&b is anchoredia two crucial H-bonds involving
the backbone carbonyl of the hinge region residee21, and the conserved Lys188 as a donor. An
additional H-bond is formed between the amide N Asp307 (H-bonds are indicated by dashed blue
lines). Several CHtinteractions additionally enhance the affinitydicated by brown dashed lines). The
assigned numbers denote the distances in RTKBough the interaction with Phe170, the 4-fluoruhg

ring (shown with transparent Connolly surface) odels the right part of the binding pocket, thus
shielding the H-bond between Asp307 and the amitefiém competing water molecules. Surface

colours indicate lipophilic (green) and hydrophilmagenta) areas.

31b
0 0030.103 1 3 puM

100 - pT434

100 -
- e ey e e oo GFP

rel. activity (%)

0 1) L) L}
-8 7 6 5
log([31b], M)

Fig. 4. Inhibition of Dyrk1A activity in cell culture. HeLaells were transiently transfected with an
expression vector for GFP-SF3b1-NT. Cells weretéicbavith variable concentrations 81b for 18 h
before the phosphorylation of SF3b1l on T434 wassomea by immunoblot analysis (left panels). The
ICso value for Dyrk1A inhibition was determined frometltoncentration-response curve fitted to the
results of three experiments (means + SEM). Dyrkt#vity is shown relative to that in vehicle-tredt

cells
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Scheme 1Reagents and conditions: (i) 4 equiv of IOK, 4 equiv bis(pinacolato)diboron, 5 mmol%
of Pd(dppf)C} in dioxane, reflux 2 hours; (ii) 4 equiv of £0;, 5 mmol% of Pd(PR)y, 1.2 equiv of
2,4-dibromothiophene in dioxane/water, reflux 3obits; (iii) 1.5 equiv BN, 1.2 equiv of the appropriate
acid chloride in acetone, room temperature, 2 haur2 equiv of benzenesulfonyl chloride in pyrigin
60°C, overnight; (iv) 4 equiv of N&Os, 5 mmol% of Pd(dppf)G) 2 equiv of 3/4-pyridine boronic acid

in dioxane/water, reflux, 2 hours

Cpd No.

No

4a

20a

6a

R
)
5a @\é’)\ 2l1a
O
0]

22a

7a

23a

R
CF3
o]
Fgcm
®)
Cl
@;C'(\
0]
RSO
o

55



Cl

Cl

24a

25a

26a

27a

28a

29a

30a

3la

32a

33a

Cl

Cl

Cl

8a

9a

10a

11la

12a

13a

14a

15a

16a

17a

56



F /l
18a \©\’R\ 34a Ny
O] )
CF;
19a QR\
o)
o PN
|/ —
N
E 35

Scheme 2.Reagents and conditions: (i) 4 equiv 06@8;, 5 mmol% of Pd(PRjy, 1.2 equiv of 2,4-
dibromothiophene in dioxane/water, reflux 3 houii$4 equiv of NaCOs, 5 mmol% of Pd(dppf)GJ 1.5
equiv of compoundB in dioxane/water, reflux, 2 hours.

Table 1

Inhibition of Dyrk1A and Dyrk1B kinases (compournti8, 35)

Compound C4

[CSIES

Dyrk1A Dyrk1B
% %
Cpd.No. R X Y R? inhibition ICs | inhibition ICso
at 250 (nM)? at 250 (nM)?
nM? nMm?
1 2-NH, N C H 30.5 614.3 59.5 251.
2 3- NH, N C H 64.7 101 65.1 154.
3 3- NH, C N H 8.4 ND 21.7 ND
35 H N C NH 60 ND 67 130
C4 300 300

#Values are mean values of at least two indeperslgrariments, each done in duplicates; standarditieni<9%;
ND: not determined. The ATP concentration in theagisvas 15 pM.
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Table 2

Inhibition of Dyrk1A and Dyrk1B kinaseg-34b)

H S N\ =N
RN\
w»
N
Dyrk1A Dyrk1B

Cpd.No. R % inhibition at ICso % inhibition at ICso

250 nM? (nM)? 250 nM? (nM)?

4b % 59.5 ND 57.6 ND
O
e

5 g}; 9.9 ND 18.8 ND
6

6b Q;)\ 50.1 ND 395 ND
(0]

7b ©\ﬁ\ 45.2 ND 60.5 ND
(0]

8b \©\V(\ 60.5 51.4 54.6 ND
O
|
(@)

9b ©iﬂ)\ 57.3 ND 15.4 ND
(@)

o

10b ©\ﬁ‘ 53.5 ND 29 ND

(0]
/O
11b m 59.5 ND 25.2 ND
(@)
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£

12b 21 ND 3.4 ND
Cl
13b @8\ 72 90.5 26.3 ND
o
Cl
14b ©\ﬁ‘ 44.5 ND 59.8 ND
ol
Cl
15b \Q\K\ 25.9 ND 52.2 ND
O
F
16b Q;R\ 65.1 106.7 30 ND
o
F
17b ©\ﬁ‘ 59.4 ND 26.2 ND
ol
F
18b m 62.6 183.2 23.5 ND
®)
CF3
19b Q;R\ 37.7 ND 26 ND
o
CF3
20b ©\ﬁ‘ 46.7 ND 36 ND
ol
21b 8.5 ND 32 ND

o
O
O ;
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ND

ND

ND

ND

ND

298.5

ND

ND

326.3

383

ND

32

41

33.6

5.6

43.8

38.7

25.1

55.1

31.2

36.5

48.7

ND

49

ND

ND

37.3

23.5

ND

107

14.9

14.3

ND

42

80.2

54.2

23.3

85.2

93.1

55.5

63.7

99.6

86.9

49.7

Cl

Cl

Cl

Cl

22b

23b

24b

25b

26b

27b

28b

29b

30b

31b

32b
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33b O

49.7

ND

49.5

ND

=
34b Nx

10

O)

ND

33.9

ND

@Values are mean values of at least two indeperagrgriments, each performed in duplicates; S.D%;lt@e
assay was carried out at an ATP conc. of 15 pM; N determined

Table 3

Selectivity profiling of compoun81b

kinase % Inhibition at 2 pM? (IC50)°
CDK5/p25 0
Clk1 40
Clk2 19
CK1 delta 4
Dyrk1A 87 (14.3 nM)
Dyrk2 40
Haspin 95 (36 nM)
HIPK1 0
MLCK?2 9.8
TRKB 10
PIM1 8
SRPK1 2
STK17A 60

#The screening list was especially composed to teclall kinases that were frequently reported adaotfets for

diverse chemical classes of Dyrk inhibitors [38, 83-61]. Screenings were performed as a servicEhatmo

Fisher Scientific at an ATP concentration of 100;wM., no inhibition. Data represent mean valugduplicates

that differed by less than 129%ICs, values were determined for inhibition values >608%P concentration: 15
uM) and represent mean values of at least two inubg® experiments, each performed in duplicaté3; §10%.

Table 4
Effect of31b on HelLa cell growth
1uM {3 uM | 10 uM
31b 99+2 | 97+5| 88+2
Staurosporin®| 33+4

Viability of treated HeLa cells is given in percemrtative to control cells treated with vehicle @ns of two
experiments with duplicate measurement + S i5jaurosporine is a known inducer of apoptosis andesl as

a positive control.
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Table 5
Metabolic stability of27b and31bagainst human liver S9 fractidn

Cpd No. Half-life [min]
27b 123
31b 118
Testosterond | 8.5

210 mg/mL, NADP regenerating system, MgCIUDPGA, PAPS, [inhibitor] = 0.3 uM, incubation a7° C,
samples taken at 0, 15, 30, 60, 90 and 120 mieymétation of the parent compound by LC-MS/M$cluded as
a positive control for a rapidly metabolized compdu

Table 6
Calculated physicochemical properties3&b
MW TPSA | TPSA
Cpd.No. [g/mol] logP [AZ] [AZ]b HBD | HBA

31b 389.45 4.11 83.1] 54.88 1 3

c29° 244.34 2.48 82.3 25.§ 0 2

2 C29 values are shown for comparison (taken frorh R&]) ° Sulphur was not considered for the calculation of
TPSA. Ideal ranges for CNS active drugs: MW: 18T-g2mol, logP: 0.4-5.1 (median: 2.8), TPSA < 7§ BBD:
0-1; HBA: 2-3. [62]

Notes
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Highlights

* 2,4-Bispyridyl thiophenes aryl and aralkyl amides were developed from the 2,4-
bispyridinyl thiophene lead.

» Benzyl amides showed the highest potency against Dyrk1A with excellent selectivity
profile vs. Dyrk1B.

»  Compound 31b showed a dramatic enhancement of Dyrk1A inhibition (ICso = 14.3 nM)

» 31b could strongly inhibit Dyrk1A in HelLa cells with an ICs of 79 nM.



