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Conception of DYRK1A Kinase Inhibitors via Metal-Catalyzed C-
H Arylation inspired by Fragment-Growing Studies
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Abstract:

Efficientmetal catalyzedGH arylation of 8-alkytthiazolop,4-f]-quinazolinr9-ones
wasexploredfor SARstudies Applicationof this powerful chemicaltool at the last
stage of the synthesisof kinase inhibitors allowed the synthesisof arrays of
moleculesinspiredby fragmentgrowingstudiesgeneratedby molecularmodeling
calculations Among the potentially active compounds designed through this
strategy FC162 (Cc) exhibitsnanomolarlG,, valuesagainstsomekinasesandisthe
bestcandidatefor developmentasa DY RKinaseinhibitor.

Keywords: thiazold5,4-flquinazolinr9(8H)-ones microwaveassistedsynthesis G-H
arylation;protein kinases; DYRK1A; CDK5;-GSBLK1; CK1
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Introduction

Kinasegatalyseprotein phosphorylation,a key cellularregulatorymechanismwhich
s frequently dysregulatedn humandiseasesProteinkinaseshaveconsequentlybeen
linkedto the progressof a variety of diseasesncludingcancerand neurodegenerative
disorders Therefore,the searchfor therapeuticinhibitors of specifickinaseshasbeen
developedin the lastthree decadesasa majorapproachto discovemew drugs[1,2].

Our group is focusedon the regulation of dualspecificitytyrosine phosphorylation
regulatedkinaselA (DYRK1A), a conserveceukaryotickinasethat belongsto the DYRK
family and the CMGCgroup, which includes cyclindependent kinases (CDK}
mitogenactivated protein kinases(MAP kinases),glycogensynthasekinases(GSK),
and Cc®-like kinaseqCLK}[3]

(1) Martin, L.;Latypova X.; Wilson, C.MNMagnaudeixA.; Perrin, ML.;Terrg F.AgeingRes. Re2013, 12, 289-309.d0i:10.1016/j.arr.2012.06.003
(2)Weinmann H.; Metternich, RChembiocher2005, 6, 455-459. doi:10.1002/cbic.200500034.
(3)Varjosalg M.; Keskitalg S.; VaibDrogen A.;Nurkkala H.;VichalkovskiA.;Aebersold R.;Gstaiger M. CellRep 2013, 3, 1306-1320.

doi: 10.1016/j.celrep.2013.03.027
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Introduction

Five years agq a series of tricyclic aminopyrimidine derivatives was synthesizedand
evaluatedon DYRKA and DYRKB. Five derivatives (EHT series) displayedsingledigit
nanomolaror subnanomolai G, values,and were quite specifictowardsthe CMGQyroup

[5,6].
NH R’ R? Compound R' R2? DYRK1A/1B*
P :©/ | (EHT 5372) ol 022/028
Me 7—S HN Il (EHT 1610 OMe

Cl
F 0.36 / 0.59
N Il (EHT9851) F F 0.94 /1.07
XN IV (EHT6840) F Cl  0.99/1.63
) V (EHT3556) H Me 0.98/2.83
~
N * |Cg (NM)
-V

(5) LeblondB.;CasagrandeA-S.; Désiré, LEoucourtA.; Besson, T. DYRiKhibitorsand useghereof WO2013026806.
(6) Coutadeur S.;BenyamingH.;Delalonde L.; de Oliveira, C.; Leblond, Boucourt A.; Besson, TCasagrandeA-S.; Taverne, T.Girard, A; Pandg
M.P.; Désiré, LJ.Neurochem2015, 133, 440-451. doi:10.1111/jnc.13018.
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Introduction

Basedon the resultsobtainedwith the crystalstructure of DYRE in complexwith EHT 5372 and
EHT 1610 products,dockingexperimentsand calculationsvere performed,andresultingmodels
suggestedthat 9-oxo-inhibitors displayed binding modes identical to that of their 9-amino
congeners
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(7) ChaikuaglA.;Diharce J.;Schoder, M.; Foucourt A.; Leblond, BCasagrand,eA.—S.;Désiré, L.; Bonnet, PKnapp S.; Besson, J.Med.Chem 2016,
59, 10315-10321 doi:10.102%¥acs.jmedchentb01083
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Introduction

A fragmentgrowing approachwas performed using a novel in silico tool that drills down
through, to evaluate hundreds of thousands fragments extracted from co-crystallized
kinase/inhibitor complexes Addition of aromatic fragmentson 2 seemedto increasethe
interaction with the hinge region A library of novel C-arylated N8-alkyl thiazold5,4-
flguinazolin9(8H)-oneswasenvisionedoy addition of (hetero}aromaticfragments

Z-Y
- 7
In silico fragment g2x__
growingcalculations s 0o
/2
N R
A 8 N
[ D N//l
R = Alkyl
R? = Ewg or Edg
X and/orY and /orZ =CH, N
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Introduction

Asaresultin our recentexperiencen carbon-carbonbond formation [8-10], a regioselective
GH bond activation was performed to provide corresponding C2-arylated valuable
compounds Most of the syntheseswere achievedunder microwaveirradiation asa powerful

alternativeto traditional heatingwith economicandenvironmentalbenefits

Y
\\ R? = Ewg or Edg
X and/orY and for Z=CH, N

6 steps '/ S o

02N CO2Me N Bn
\©i  — N~
NH, > J

N C2-H arylation

5-nitroanthranilic acid Target molecules

(8) HarariM.;Couly F.; Fruit, C.; Bessoh,Org Lett 2016, 18, 3282-3285. doi:10.1021/acs.orglett.6b01552.
(9) Couly F.;DubouilrBenard C.; Besson, T.; Fruit,Synthesi2017, 49, 4615-4622. doi:10.1055/49036-1588434
(10) BessonT.; FruitC Synthesi2016, 48, 3879-3889. doi:10.1039/C60B00227G.
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Results and discussion

The inhibitory potency of NB8-benzylated thiazold5,4-f]quinazolir9(8H)-ones obtained was
evaluated accordingto standard methods [11,12] on a panel of kinases(for details see kinase
profiling paragraph)

Amongthe tested molecules,only two (A and B) exhibited micromolar IG,; valuesagainstkinases
CLK and GSRK, andnanomolarrangeinhibition againstDYRKA . CompoundA wasthe mostactive
Takingthesepreliminaryresultsinto account,a new seriesC wasdesignedby keepingthe 3-pyridinyl
moiety in position @, and modifying the alkyl substituentsin position N8 of the thiazold5,4-

flguinazolin9(8H)-ones

a Me
/N 7N /N //b%
s o A

=
—~S 0O —~S 0O
N N N ——
Alkyl ?
6 \O
e - N
A B c f \Q
ICs5 (umol) ICso (pmol) b

DYRK1A: 0.012 DYRK1A: 0.113
CLK1: 2.0 CLK1: 3.3
GSKa3: 3.7 GSK3: 6.0

(11)Hédoy D.;Godeay J.;,Loaég N.; Meijer, L.; Fruit, Besson T.Molecules2016, 21, 578.doi:10.3390/molecules21050578
(12)Hédoy D.;DubouilhBenard C.;Loaé¢ N.; Meijer, L.; Fruit, Besson T.Molecule016, 21, 794. doi:10.3390/molecules210607.94
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Results and discussion

Retrosynthetic route of serieGproducts using compountl asintermediate.

1 Decyanation

N
I
1
1

N : and

2 1C-H arylation:
— : NG Cu-mediated
/ S O : >/_\S E CYC"SZtion Cl Br
' COTT T : an
N N~ Alkyl ' - N A ' COZMe i N-Deprotection N)\///N Cone 5 steps 02N COZH
N + NHy NHBoc NH,
| N-alkylation :

Ca-f 1 ------------ Imino-1 ,2,3-dithiazole via 5-nitroanthranilic acid

Appel salt chemistry

Thetarget molecules(seriesC) were synthesizedria the polyfunctionalizednethyl 6-amino-
2-cyanobenzo[d]thiazol&-carboxylate(1) [13]. Here,again,the key step in the synthesisof
1 involvesthe sulfurrich Appels salt, and cyclization of the intermediate imino-1,2,3-
dithiazole which was transformed into the target benzothiazole In this pathway, the
pyrimidinonepart wasformed at the laststageof the synthesis

(13) Couly F.; Harari, MDubouilkBenard C.; Bailly, L.; Petit, Btharce J.; Bonnet, PMeijer, L.; Fruit, C.; Besson,Molecule2018, 23,
2181 DOI 10.3390molecule23092181
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Results and discussion Synthesis of serie%a—f, 4a—f, andCa—f.

NC ClL ®/ NC NC
s H>_(§\ s s o
N@C%Me Cl N, i CO,Me R'-NH, (1.05 equiv) N N/R
[E— '
CH,CI N AcOH (0.5 M) /)
NH, r.t.,22 h N 'T‘ 100°C (uw), 15 min N
1 2 (90%) 3a-f (43-86%)

HBr aqg. 48% (0.3 M)
— 100°C (uw), 45 min

Ny 7

1) Cul (1 equiv.)
TBD (2 equiv.)

H
N/ S Q R DMF (0.4 M) >/\S Q 1
@\)J\N/ 120 °C (uw),10 min N@\)J\ R
N
N/) 2) Pd(OAc), (10 mol %) N/)
3-iodopyridine (2 equiv)
Ca-f (14-64%) 120 °C (uw), 5 h 4a-f (86-99%)

The second step consisted in substitutx{pyridin-3-yl)thiazold5,4-f]quinazolin9(8H)-one with
alkyl groups, such as methidp-propyl, orcycloakykontaining at least 4arbons. The last step
concerns GH arylationof the tricyclic core.

(14)Couly F.; Harari, MDubouilhBenard C.; Bailly, L.; Petit, Biharce J.; Bonnet, PNeijer, L.; Fruit, C.; Besson,Molecule2018, 23,
2181 DOI 10.3390/molecules23092181
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Results and discussion

Table 2. Chemical structures {Rand yields obtained for the synthesis
of series3a—f, 4a—f, andCa—.

Ny
\ 3b 43 ab 99 Cb 64
/ S O 3c 86 4c 86 Cc 43
N R’
N/
) 3d 65 4d 97 cd 57
=
N
3e 60 de 98 Ce 55
Ca-f
3f 50 af 98 cf 54

a|solated yield.

(14) Couly F.; Harari, MDubouilhBenard C.; Bailly, L.; Petit, Btharce J.; Bonnet, PMeijer, L.; Fruit, C.; Besson,Molecule2018, 23,
2181 DOI 10.3390molecule23092181
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Results and discussion

Synthetic route to seriePa—j and compounck, for completionof SARstudies

N

3 / \
H 1) DBU (2 equiv) R — OMe

>\S o) Cul (1 equiv)

/ f} DMF (0.4 M) ) 0 —s o
N 120°C (uw), 10 min N N

<% e oo m

p
N 2) Pd(OAc)2 (10 mol %) N//' \ A

Ar-X (2 equiv),
120°C (uw), 5 h Dasj E (33%)

S
(1]

= H H H Br 58
_ Me H H Br 64
_ NMe, H H Br 31
_ cl H cl [ 65
R cl cl H | 69

Chemical structures and yields obtained for the synthtsfseriesDa—j (R, R, and R).
aPremixingdc, DBYand Cu| 10 min before addinghrl or ArBr, PdOAQ, and stirring for5 h;
blsolated yields: Not obtained.
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Results and discussion

Kinase inhibitory activit§?cof the thiazold5,4-flquinazolinederivatives A, B, Ca-j, Da-j andE)

Results demonstratéhat the thiazold5,4-fl]quinazolir9(8H)-one Cc also calledrC162, showssignificant inhibitory
activity againsa set of five kinases.

Compounds CDK5/p25 CK168/¢ CLK1 DYRK1A GSK-3a/B
A >10 >10 2.0 0,012 3.7
B >10 >10 3.33 0.133 6.0
Cc (FC162) n.t. 6.0 0.018 0.011 0.068
Ca, Cb, Cd-f n.t. >10 >10 >10 >10
Da-i >10 >10 >10 >10 >10
E >10 >10 >10 >10 =10
Harmine >10 1.5 0,026 0,029 >10

2 |G, valuesare reported in p M The most significantresults are presentedin bold; ? Kinaseactivities
were assayedn triplicate; ¢ Typically,the standarddeviation of singledata points was below 10% 9 n.t.,
not tested

All compoundswere first tested at a final concentrationof 10 y M Compoundsshowinglessthan 50%
inhibition were consideredasinactive(IG,>10y M. Compoundslisplayingmore than 50%inhibition at 10
M Mwere next tested over a wide range of concentrations(usuallyfrom 0.01 to 10 p M, and IG,, values
were determinedfrom the doseresponsecurves(SigmaPlot). Harmine a b-carbolinealkaloidknown to
inhibit DYRKA , wasusedasa positivecontrol.

(13)Couly F.; Harari, MDubouilrBenard C.; Bailly, L.; Petit, Btharce J.; Bonnet, PMeijer, L.; Fruit, C.; Besson,Molecule2018, 23,
2181 DOI 10.3390/molecules23092181
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Results and discussion

Dockingcalculationswere next performedin order to predictthe molecularinteractionsof
FC162 with DYRKA. Two main binding modes were obtained Left, first predicted binding
mode (green),with the sameorientation of the skeleton,but slightly shifted. Right, second
predicted binding mode, in which the skeletonis flipped comparedto its initial placement(in
brown).

Thedockingscoreof the two poseswasquite similar,thus, both bindingmodesare equally
possiblefor this compound
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(13)Couly F.; Harari, MDubouilhBenard C.; Bailly, L.; Petit, Btharce J.; Bonnet, PMeijer, L.; Fruit, C.; Besson,Molecule2018, 23,
2181 DOI 10.3390/molecules23092181
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Results and discussion

The SARstudy revealedthat FC162 with a 3-pyridinyl group in position 2 had a higher
activity than the seriesof phenylatedderivativesA and B. Theseresults are notably in
agreementwith the fragmentgrowing experiments,which suggestedreplacementof the
imidate group by a more stableheteroaromaticsubstituent

J N
ICs0 (wmol) \ Inactive (C2-aryl or heteroaryl)

DYRK1A: 0.011 R
FC162 (40) CLK1: 0.018 (unpublished results)
GSK3: 0.068 /ZJ\S)V»
N
JR“ AryI /Bn

/ JJM Less active (methyl imidate in C2)
Less active \ <« HN (unpublished results)
. P
N2 oSM / A ;\ Jn=123,
/I JJW Less active C2-(methyl imidate)
\ Inactive (C2-heteroaryl)
Inactive OMe ' )
IC5p (umol) ,s"s\ /Aryl Previous studies [14,15]
DYRK1A: 0.091 N
/2 CLK1: 0.031 JJW Inactive (C2- methyl imidate)
GSK3: 0.082 (unpublished results)
N_ Previous studies [14,15]
Inactive QNH
JrS
N s A

(14)Hédouy D.; Godeau, Jpaég N.;Meijer, L.; Fruit, C.; Besson,Molecule2016, 21, 578. doi:10.3390/molecules21050578.
(15)Hédou D.;DubouilhBenard C.;Loaég N.;Meijer, L.; Fruit, C.; Besson,Molecule2016, 21, 794. doi:10.3390/molecules21060794.
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Conclusions

Thiswork demonstratesthe efficacy of synthetic methodologies,suchas G-H

arylation of arenesand hetero-arenesfor SARstudies The applicationof this

powerful tool at the last stageof the synthesisof kinaseinhibitors allowed the

synthesisof arraysof moleculesinspiredby fragmentgrowingstudiesgenerated
by molecular modeling calculations Among the potential active compounds
generatedthrough this strategy,FC162 (Cc) wasfound to be the best candidate
for developmentasa DY RKnhibitor.
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