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1. Streszczenie w jezyku polskim

Kinazy PI3K (ang.: Phosphoinositide 3-kinase) to rodzina kinaz lipidowych
zdolnych do fosforylacji grupy hydroksylowej znajdujacej si¢ w pozycji 3 pierscienia
fosfatydyloinozytolu. Enzymy te biorg udziat w wielu kluczowych procesach komoérkowych
takich jak proliferacja, wzrost, migracja, produkcja cytokin czy apoptoza [1-4]. Ze wzgl¢du na
budowe strukturalng oraz powinowactwo wzgledem substratow zostaly one podzielone na trzy
klasy (I, II, IIT). Najlepiej poznang jest klasa I, w ktorej sktad wchodzg cztery heterodimeryczne
biatka PI3Ka, PI3KS, PI3Ky i PI3Kd. Wszystkie opisane funkcje sprawiaja, ze klasa I kinazy
PI3K jest doskonalym celem terapeutycznym w ujeciu choréb nowotworowych, zapalnych i
autoimmunologicznych, takich jak rak piersi, jelita grubego, toczen rumieniowaty uktadowy
(SLE; ang.: Systemic Lupus Erythematosus) lub stwardnienie rozsiane (MS; ang.: Multiple
Sclerosis) [1-8]. Poszukiwanie i tworzenie nowych, odpowiednich, aktywnych i selektywnych
zwigzkow wzgledem kinazy PI3K (szczegdlnie I klasy) moze pozwoli¢ na przeprowadzenie
skutecznych terapii w leczeniu pacjentdw obcigzonych powaznymi i coraz powszechniejszymi

chorobami.

Prace badawcze begdace podstawa dysertacji polegaty na zaprojektowaniu, opracowaniu
1 syntezie nowych, innowacyjnych zwigzkow maloczasteczkowych o wysokiej aktywnosci 1
selektywnos$ci wzgledem wszystkich kinaz, a w szczegdlnosci w obrebie klasy | kinazy PI3K
(przede wszystkim P13Ko). Prowadzone byly rowniez prace nad syntezg analogdw w oparciu
0 modyfikacje zwiazku, potencjalnego rdzenia inhibitora PI3K & (opracowanego i otrzymanego
przez firmg¢ Celon Pharma S.A., zabezpieczona poprzez zgloszenie patentowe [9]).
Modyfikacje dotyczyly podstawnikow znajdujacych si¢ przy pierscieniu pirazolo[1,5-
a]pirymidyny stanowigcym rdzen czasteczki [10,11]. Wykonano szereg reakcji chemicznych
prowadzacych do otrzymania biblioteki ponad 100 zwigzkéw chemicznych, potencjalnych
inhibitorow kinazy PI3K. Wszystkie struktury poddano identyfikacji i charakterystyce przy
wykorzystaniu réznorodnych technik (m.in. NMR; ang.: Nuclear Magnetic Resonanse, HPLC;
ang.: High Performance Liquid Chromatography, MS; ang.: Mass Spectroscopy). Zbadano ich
wplyw na hamowanie aktywno$ci enzymu, a takze zwrocono uwage na korelacje dotyczace
oddziatywania zsyntezowanych struktur (w zalezno$ci od ich budowy i charakterystyki

podstawnikow) z biatkiem.

Metodologia i1 zakres badan obejmowaly badania literaturowe i patentowe, badania

modelowania molekularnego w oparciu o odpowiednie programy, zaprojektowanie inhibitorow
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kinaz PI3K, zaprojektowanie §ciezki syntetycznej prowadzacej do otrzymania pozadanych
struktur, synteze biblioteki zwigzkow, wybor kandydata do rozwoju (ang.: hit compound) na
podstawie analizy otrzymanych danych biologicznych i fizykochemicznych, optymalizacje
struktury z otrzymaniem jednego lub kilku zwigzkow wiodgcych (ang.: lead compound). Dla
wybranego zwigzku wiodacego przeprowadzono prace nad powickszeniem skali (do
otrzymania szarz walidacyjnych w standardach GMP; ang.: Good Manufacturing Practise), a
takze badania ADMET, in vitro oraz in vivo. Na podstawie biblioteki otrzymanych struktur i
analizy wszystkich wynikéw badan, wyselekcjonowano potencjalnego kandydata na nowsg
substancj¢ leczniczg. Zakres prac wykonanych w ramach doktoratu wdrozeniowego pozwolit
na przygotowanie wybranego zwigzku do rozpoczecia I fazy badan klinicznych. CPL302415,
jako aktywny i selektywny inhibitor o bardzo dobrych wiasciwosciach i parametrach
farmakokinetycznych zostal poddany badaniom toksykologicznym, a obecnie jest

przygotowywany do rozpoczgcia I fazy badan klinicznych w leczeniu tocznia rumieniowatego.

Stowa kluczowe: kinaza PI3K, toczen rumieniowaty (SLE), inhibitor, domena katalityczna

biatka, synteza chemiczna, badania kliniczne.



2. Streszczenie w jezyku angielskim (Abstract in English)

Phosphoinositide 3-kinases (PI3K) are the family of lipid kinases that are capable of
catalyzing the phosphorylation reaction of the hydroxyl group at the third position of the
phosphatidylinositol ring. These enzymes are involved in many key cellular processes such as
proliferation, growth, migration, cytokine production, and apoptosis [1-4]. Due to their
structure and substrate affinity, they are divided into three classes (I, I, I11). The best known
and described is the first class (I) which consists of four heterodimeric proteins PI13Ka, PI3KS,
PI3Ky, and PI3Ks. Due to all the functions described above, class | PI3K is an excellent
therapeutic target in the treatment of cancer, inflammatory and autoimmune diseases, such as:
breast cancer, colon cancer, systemic lupus erythematous (SLE), multiple sclerosis (MS),
rheumatoid arthritis (RA), chronic obstructive pulmonary disease (COPD), or inflammatory
bowel disease (IBD) [1-8]. Designing and synthesis of new, active, and selective inhibitors of
PI3K (especially the first class) may be very promising for patients with many troublesome

diseases.

The studies described in this work is based on the design, synthesis, and development
of new, innovative small molecules with high activity and selectivity I class PI3K inhibitors, in
particular the PI3Ky and PI3K¢. The synthesis of compounds was multistep and created in two
paths. The first one was synthesis ,,de novo” from simple substrates and the second one based
on modifications of the pyrazolo[1,5-a]pyrimidine core [10,11] of described PI3K¢ inhibitor
which was synthesized in Celon Pharma S.A. [9]. Many chemical reactions were carried out to
obtain a library of over 100 chemical compounds, potential PI3K kinase inhibitors. All
structures have been identified and characterized using a variety of technics such as NMR —
Nuclear Magnetic Resonanse, HPLC — High Performance Liquid Chromatography, MS — Mass
Spectroscopy. Their influence on the inhibition of enzyme activity was determined, and
attention was paid to the correlations concerning the interaction of the synthesized structures

(depending on their characteristics of the appropriate substituents) with the protein.

The research methodology included literature and patent research, molecular docking
analysis based on appropriate programs, designing the structures of PI3K inhibitors, designing
the synthetic path leading to the desired structures, synthesizing the appropriate library of
compounds, selection the hit and lead (hit to lead path), selection the candidate for

development. For the lead compound selected for further development, scale-up work has been



performed (to obtain validation batches in GMP - Good Manufacturing Practice standards), as

well as ADMET and other in vitro and in vivo tests to select a clinical candidate.

Based on the library of obtained structures and the analysis of all results, one lead
compound with the best parameters was selected. CPL302415, an active and selective inhibitor
with very good properties and pharmacokinetic parameters, has been subjected to toxicological

studies and is currently being prepared to start phase I clinical trials in the treatment of SLE.

Key words: PI3K kinase, SLE, inhibitor, catalytic domain of protein, chemical synthesis,

clinical trials.



3. Spis publikacji stanowiacych podstawe rozprawy doktorskiej

P1 - Publikacja 1:

Tytul publikac;ji:

,,Design, Synthesis, and Development of Pyrazolo[1,5-a]pyrimidine Derivatives as a Novel

Series of Selective PI3K6 Inhibitors: Part —Indole Derivatives.”
Spis autorow:

Stypik, M.; Zagozda, M.; Michatek, S.; Dymek, B.; Zdzalik-Bielecka, D.; Dziachan, M.;
Ortowska, N.; Gunerka, P.; Turowski, P.; Hucz-Kalitowska, J.; Stanczak, A.; Stanczak, P.;
Mulewski, K.; Smuga, D.; Stefaniak, F.; Gurba-Bryskiewicz, L.; Leniak, A.; Ochal, Z.; Mach,
M.; Dzwonek, K.; Lamparska-Przybysz, M.; Dubiel, K.; Wieczorek, M.

Czasopismo: Pharmaceuticals (Pharmaceuticals 2022, 15, 949)

Doi: https://doi.org/10.3390/ph15080949

Oznaczenie manuskryptu: pharmaceuticals-1805645

IF =5.215; MNiSW =100

P2 - Publikacja 2:

Tytut publikacji:

,,Design, Synthesis, and Development of Pyrazolo[1,5-a]pyrimidine Derivatives as a Novel

Series of Selective PI3KJ Inhibitors: Part |l—Benzimidazole Derivatives.”
Spis autorow:

Stypik, M.; Michalek, S.; Orlowska, N.; Zagozda, M.; Dziachan, M.; Banach, M.; Turowski,
P.; Gunerka, P.; Zdzalik-Bielecka, D.; Stanczak, A.; Kedzierska, U.; Mulewski, K.; Smuga, D.;
Maruszak, W.; Gurba-Bryskiewicz, L.; Leniak, A.; Pietrus, W.; Ochal, Z.; Mach, M.; Zygmunt,
B.; Pieczykolan, J.; Dubiel, K.; Wieczorek, M.

Czasopismo: Pharmaceuticals (Pharmaceuticals 2022, 15, 927)

Doi: https://doi.org/10.3390/ph15080927

10


https://doi.org/10.3390/ph15080949
https://doi.org/10.3390/ph15080927

Oznaczenie manuskryptu: pharmaceuticals-1805734
IF =5.215; MNiSW = 100

P3 — Publikacja 3:

Tytul publikacji:

,» runing the biological activity of PI3K¢ inhibitor by the introduction of a fluorine atom using

the computational workflow.”
Spis autorow:

Pietrus W.; Stypik, M.; Banach M.; Zagozda M.; Gurba-Bryskiewicz L.; Maruszak W.; Leniak
A.; Kurczab R.; Ochal Z.; Dubiel K.; Wieczorek M.;

Czasopismo: Molecules (Moleculess 2023, 28(8), 3531)
Doi: https://doi.org/10.3390/molecules28083531
Oznaczenie manuskryptu: molecules-2260696

IF =4.927; MNiSW =100

IFsredani = 5.119; MNiSWsumaryczne =300

11



4. Komentarz do rozprawy doktorskiej

4.1. Wstep/Wprowadzenie

Kinaza PI3K¢ (kinaza 3-fosfatoinozytydylu) to kinaza lipidowa wchodzaca w sktad
rodziny kinaz PI3K sktadajacej si¢ z trzech klas: I, II oraz III. W sktad I klasy wchodzg cztery
heterodimeryczne biatka PI3Ka, PI3KS, PI3Ky i PI3Ké. Klasa II ztozona jest z trzech
enzyméw: PI3KC2a, PIBKC24, PI3BKC2y, natomiast klasa Il ma jednego reprezentanta —
PI3KC3[1,4] . Wszystkie izoformy PI3K klasy [ ulegaja ekspresji w wielu tkankach organizmu.
PI3Ky oraz PI3K¢ charakteryzujg sie szczegdlnie wysokim poziomem ekspresji w leukocytach
(neutrofile, makrofagi, limfocyty T i limfocyty B) [1-3, 5-8, 12], co ma wptyw na udzielanie
odpowiedzi immunologicznej przez organizm. PI3Ka i PI3Kf natomiast biorg udzial w
regulacji metabolizmu, s niezb¢dne do prawidtowej embriogenezy i utrzymania homeostazy
glukozy. Ze wzglgdu na zaangazowanie tych enzyméw w fosforylacje fosfatydyloinozytydylo-
4,5-difosfonianu (PIP2) do fosfatydyloinozytydylo-3,4,5-trifosfonianu (PIP3), kinazy PI3K
zapoczatkowujg kaskade aktywacji wielu waznych procesow komorkowych, takich jak wzrost

komorkowy, proliferacja, czy roznicowanie (Rysunek 1) [13-16].

LPA or
RTKs chemokines

Ptdins{4.5)P, Ptdins{34.5)P, Prdins{4,5)P,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

::::::::

m |
Mot-lny = Apoptosis = Cell cycle regulation
. 1 . 1
Tnnsfomnnon e ICD::A cz':pt.;eguam Glucose metabolism L O N

Rysunek 1. Rodzaje bialek zaangazowanych w $ciezke PI3K/AKT oraz ich rola w komoérce ludzkiej, Nature
Reviews Drug Discovery, 2009

Wszystkie opisane funkcje sprawiaja, ze klasa I kinazy PI3K jest doskonatym celem
terapeutycznym w ujeciu choréb nowotworowych, zapalnych i autoimmunologicznych, takich
jak rak piersi, jelita grubego, toczen rumieniowaty uktadowy (SLE; ang.: Systemic Lupus
Erythematosus), stwardnienie rozsiane (MS; ang.: Multiple Sclerosis), reumatoidalne zapalenie
stawow (RA; ang. Rheumatoid Arthritis), przewlekta obturacyjna choroba ptuc (POChP; ang.
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COPD; ang.Chronic Obstructive Pulmonary Disease) czy nieswoiste zapalenie jelit (IBD;
ang.: Inflammatory Bowel Disease) [1-8]. Poszukiwanie i tworzenie nowych, odpowiednich,
aktywnych i selektywnych zwiazkow wzgledem kinazy PI3K (szczegélnie I klasy) moze
pozwoli¢ na przeprowadzenie skutecznych terapii w leczeniu pacjentow obcigzonych

powaznymi i coraz powszechniejszymi chorobami.

Pierwszym inhibitorem PI3K byta Wortmanina, odkryta na poczatku lat 90., jako
nieodwracalny inhibitor wigzacy si¢ kowalencyjnie w kieszeni ATP kinazy. Jest to zwigzek
pochodzenia naturalnego, wyizolowany z grzybow z gatunku Penicillum funiculosum [12].
Pierwszym syntetycznym zwigzkiem hamujacym ten enzym jest LY294002 [17]. Niestety oba
inhibitory charakteryzuja si¢ bardzo ograniczong specyficzno$cig w obrebie kinaz PI3K, duza
toksyczno$cig oraz niekorzystnym profilem farmakologicznym. Wszystko to sprawia, ze
poszukiwanie nowych, aktywnych i selektywnych zwigzkéw matoczasteczkowych,

inhibitorow kinazy PI3K, jest bardzo potrzebnym i wymagajacym wyzwaniem.

Wszystkie izoformy I klasy wystepuja jako biatka regulatorowe (p85) z odpowiednig
podjednostka katalityczng (odpowiednio p110a, p1104 i p1100) [18,19]. W przypadku kinazy
P13Ko wspomniana podjednostka p1106 i jej miejsce wigzania z ATP zawiera kilka istotnych
funkcjonalnie fragmentow, takich jak region zawiasowy, tzw. ,hinge region”, kieszen
powinowactwa, czy region hydrofobowy potozony ponizej miejsca aktywnego enzymu.
Interakcja potencjalnego inhibitora z duza, plaska powierzchniag hydrofobowego
zakonserwowanego fragmentu tyrozyny (Tyr-876) zostata zaobserwowana podczas wielu prac
badawczych i opisana w wielu publikacjach [3,7,16,17,19]. Ponadto wiele zwigzkow
wykazywato obecnos¢ dodatkowych wigzan wodorowych z kieszenig powinowactwa enzymu,
gdzie moga wystapi¢ dodatkowe oddzialywania, np. wigzania wodorowe z lizyng (Lys-833)
[20-22]. Wigkszo$¢ selektywnych inhibitorow kinazy PI3Ko wykazuje kluczowe
oddziatywania z dwoma aminokwasami, tryptofanem-760 (Trp-760) oraz metioning-752 (Met-
752) [23-25]. Oddzialywanie z tzw. ,,potka tryptofanowa” (Trp-760) ma wplyw na
selektywno$¢ wzgledem omawianej kinazy. Wynika to z faktu, Ze pozostate izoformy zawieraja
inne, dodatnio naladowane aminokwasy, co wplywa na sposob wigzania zasadowego
fragmentu aminokwasu wzgledem enzymu. Zawady steryczne w obrgbie rejonu
tryptofanowego maja wplyw na selektywno$¢ ze wzgledu na niekorzystne wigzania z innymi
izoformami kinazy PI3K. Charakterystycznym, istotnym wigzaniem niekowalencyjnym jest
wigzanie wodorowe (HB; ang. Hydrogen Bond) z waling Val-828 (szczeg6lnie w przypadku
inhibitorow PI3Ko) [23,25]. Oddziatywanie to najczesciej obserwowane jest pomiedzy atomem
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tlenu z ugrupowania (fragmentu) morfolinowego w czgsteczce inhibitora a Val-828 w rejonie

zawiasowym enzymu (Rysunek 2).

Ser 831

\-
Asp 897 Rysunek 2. Model wigzania, zwiazku CPL302415 i jego
Lys 779 odpowiednika 'z mostkiem karbonylowym w  Kieszeni

katalitycznej kinazy PI3K¢ (PDB ID:2WXL).

Struktura zwigzku chemicznego, zaréwno rdzenia, jak i pozostatych czgéci, ma
kluczowe znaczenie w projektowaniu aktywnych i selektywnych inhibitorow, w tym
inhibitorow PI3Kd. Wybdr odpowiednich podstawnikow decyduje o wiasciwosciach
czagsteczki. Kazdy fragment ma swojg funkcje, moze wptywac na wlasciwosci fizykochemiczne
i jest odpowiedzialny za tworzenie swoistych dla danego receptora oddziatywan. W przypadku
wybranych struktur opartych na szkielecie pirazolo[1,5-a]pirymidynowym fragment
benzimidazolowy odpowiada za aktywnos¢ i selektywno$¢ zwigzku, natomiast cz¢$¢ aminowa
w pozycji drugiej rdzenia odpowiada za jego selektywnos¢ (Rysunek 3). W najbardziej
aktywnym zwigzku - CPL302415 s3 to odpowiednio difluorometylobenzimidazol (R?) oraz N-
tert-butylopiperazyna (RY).

l 2
N R
T
s
N Rysunek 3. Struktura ogdlna pochodnych pirazolo[1,5-a]pirymidynowych z
zaznaczonymi fragmentami: rdzeniem (zaznaczony na czarno), fragmentem
o odpowiadajacym za selektywno$¢ (zaznaczona na fioletowo), fragmentem

odpowiadajacym za aktywno$¢ 1 selektywno§¢ (zaznaczony na
pomaranczowo).

Nadaktywno$¢ oraz rozregulowanie systemu immunologicznego sa najczgstsza
przyczyna powstawania choréb zapalnych 1 autoimmunologicznych, do ktorych zaliczaja si¢
toczen rumieniowaty (SLE), reumatoidalne zapalenie stawow (RA), czy astma [22]. Choroby
te postepuja kaskadowo, prowadza do wuszkodzenia poszczegdlnych narzadow, a w
konsekwencji takze dysfunkcji wielonarzadowej, ponadto sg zwykle progresywne i ucigzliwe

dla pacjentow (Schemat 1).
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Schemat 1. Kaskada uszkodzenia wielonarzagdowego
w SLE.

Zostato udowodnione i udokumentowane, ze PI3KJ zaangazowana jest w rozwoj
procesow alergicznych prowadzacych do astmy (poprzez np. aktywacje ekspres;ji cytokin przez
komorki Th2, aktywacje produkcji przeciwciat (m.in. IgE) przez limfocyty B, lub aktywacje
bazofili [1, 2, 26-30]. Selektywnymi znanymi inhibitorami sg Idealisib (selektywny wzgledem
P13Ko) [31] oraz Duvelisib (selektywny wzgledem PI3K¢ i PI3Ky) [32] (Rysunek 4), jednak

ich toksycznos$¢ oraz efekty uboczne wykluczyly je jako potencjalnych kandydatow w leczeniu

astmy.
—N
HN/ N\
N
) B
P )
HN N Z

Rysunek 4. Wzory strukturalne inhibitorow: Idealisib (A) oraz Duvelisib (B).

Z kolei w SLE kluczowa okazata si¢ niekontrolowana nadprodukcja przeciwciat w ktorej
gtéwna role odgrywaty limfocyty T oraz B. Wzmozona aktywno$¢ szczeg6lnie dwoch izoform
gamma i delta kinazy PI3K (PI3Ky i PI3K¢ ) wskazuje na rozwdj tego schorzenia. Aktywacja
PI3Ko w limfocytach T zostata zaobserwowana u 70% pacjentéw z toczniem [2]. Ze wzglgdu
na zaangazowanie podjednostki p1104 kinazy P13Kd w produkcji interleukiny 17 (1L-17) przez
komorki Th17 [2,33,34], enzym ten jest obiecujagcym celem terapeutycznym w leczeniu np.
SLE. Jest to choroba wielonarzadowa o ztozonym mechanizmie. 90% pacjentow

(zachorowalno$¢ jest szacowana na ok. 50 przypadkéw na 100 000) [35] to kobiety w réznym
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wieku(15-60 lat). W terapii na SLE obecnie nie ma skutecznego leku [36,37]. Leczenie polega
jedynie na tagodzeniu objawdw oraz obnizenie degradacji narzagdow. Ponadto, dobrze poznany
mechanizm dziatania tej kinazy na poziomie molekularnym stwarza doskonate warunki do
racjonalnego projektowania, syntezy i wdrazania nowych lekéw przeciwzapalnych i
autoimmunologicznych. Opracowanie nowych, aktywnych zwigzkow pozwoli na rozwdj
terapii 1 dobdr odpowiedniego leczenia dla pacjentow zmagajacych si¢ z tego typu
schorzeniami. Jest to szczegdlnie wazne z punktu widzenia chorych, ktorzy wiaza nadzieje z
powstawaniem nowych lekéw, dzieki ktorym mozliwe jest zatrzymanie choroby badz jej

catkowity regres. Ma to znaczenie rowniez w ujeciu rozwoju nauki.

Selektywne inhibitory PI3Ké moga zosta¢ otrzymane na drodze odpowiednich
modyfikacji, np. zamiany heterocykla okupujacego kieszen katalityczng (wiazaca, ang. binding

pocket) enzymu.

Przyktadowo dla znanego inhibitora GDC-0941(Rysunek 5) [38] zamiana grupy indazolowej

na 2-metylobenzimidazolowa skutkowata poprawieniem selektywnos$ci czasteczki [24,39].

o\\S/
o” \N
®.
N J N | "
XN —N
N
[oj Rysunek 5. Wzor strukturalny inhibitora GDC-0941.

Na selektywno$¢ oraz wiasciwosci farmakodynamiczne majg réwniez wplyw takze
oddzialywania z potka tryptofanowa (Trp-760) i innymi aminokwasami [22,24,39].
Optymalizacja podstawnikéw w wybranych zwiazkach moze prowadzi¢ do poprawy
aktywnosci 1 selektywnos$ci wzgledem interesujagcego nas enzymu, a takze poprawy

wlasciwos$ci farmakokinetycznych.

Zwigzki o strukturach opartych na rdzeniach bicyklicznych zostaty opisane jako
efektywne i aktywne inhibitory PI3K. Wigkszos¢ z nich, wliczajac tienopirymidyny czy
pirydynopirymidyny znane sa jako inhibitory pan-PI3K (nieselektywne) [23-25, 38]. Ze
wzgledu na pojawiajace si¢ problemy z zalezng od czasu inhibicja CYP, selektywnoscia,
biodostepnoscia i rozpuszczalnoscia, zaprojektowano, zsyntezowano i opisano nowe Struktury
oparte na rdzeniach, takich jak izoksazolopirymidyny, imidazopirymidyny czy
pirazolopirymidyny (Rysunek 6) [23,39,40-42].
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Rysunek 6. Wzory strukturalne inhibitoréw PI3K¢ lub PI3Ky/d, kandydatow w leczeniu astmy i POChP: A —
Nemiralisib (GSK2269557), B — RV-1729, C — LAS195319, D — AZD8154.

Wiele inhibitorow PI3K wykazatlo potencjat w oddziatywaniu ugrupowania
morfolinowego z rejonem zawiasowym enzymu, tzw. ,hinge-binding motif”. Czasteczki
zawierajagce wspomniane ugrupowanie charakteryzowaly si¢ zazwyczaj lepsza aktywnoscia niz
struktury, ktore go nie zawieraly. Rola morfoliny polegala na tym, Ze jest akceptorem wigzania
wodorowego w tej pozycji. Waznym oddziatywaniem jest, co zostato udowodnione i opisane
w wielu badaniach, interakcja morfoliny z aminokwasem waling w pozycji 828 (Val-828)
[23,25,26]. Od roku 2012 zostalo otrzymanych i opublikowanych wiele inhibitorow
zawierajacych grupe morfolinowa, w tym rowniez zwiazkéw opartych na pochodnych 2-
difluorometylo-1H-benzimidazolu [23,43-45]. Opisane struktury opieraly si¢ na 1,3,5-
triazynowym rdzeniu oraz pierscieniu morfoliny oddzialujacym z rejonem zawiasowym

enzymu. Rozbudowa monocyklicznych rdzeni do bi- i multi-cyklicznych z r6znymi,
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odpowiednio dobranymi podstawnikami umozliwita stworzenie biblioteki zwigzkéw i wybor
zwigzku wiodgcego, a co za tym idzie, pozwolita na rozwdj i znalezienie najlepiej dobranego,
aktywnego i selektywnego inhibitora PI3K¢ [23,26,46].

4.2. Cel pracy
Gléwnymi celami pracy byty:

e Dbadania in silico — modelowanie molekularne, m.in. dokowanie z indukowanym
dopasowaniem, dynamika molekularna uwzgledniajagca wykrystalizowane
struktury kinaz PI3K;

e projektowanie struktur nowych zwigzkow chemicznych: spetniajacych reguty
Lipinskiego, potencjalnie aktywnych i selektywnych wzgledem poszczegolnych
izoform PI3K, mato toksycznych i o odpowiednich wlasciwosciach
fizykochemicznych;

e synteza biblioteki inhibitorow PI3K — nowych struktur opartych na szkielecie
pirazolo[1,5-a]pirymidyny, wyselekcjonowanych na podstawie wczeéniejszych
badan i modelowania;

e przeprowadzenie analizy SAR (ang.: Structure-Active Relationship), a nastgpnie
na jej podstawie zaprojektowanie i otrzymanie grupy zwigzkow oraz wybor
zwigzku wiodacego (lead compound) o odpowiednich wiasciwosciach
fizykochemicznych i farmakologicznych;

e projektowanie $ciezki syntetycznej i optymalizacja procesu dla wybranego
zwigzku wiodgcego, W tym zmniejszenia liczby etapow syntezy oraz
zredukowanie kosztow otrzymania produktu koncowego przy wykorzystaniu
wybranych techniki technologii takich jak TLC-MS, HPLC, HPLC-MS, UPLC,
NMR, a takze wydajnych sprzetow, takich jak reaktor do reakcji w przeptywie
(flow chemistry), reaktor do reakcji mikrofalowych;

e otrzymanie zwigzku bedacego kandydatem na substancje czynng do stosowania
w leczeniu SLE i wdrozenie do produkcji opracowanej technologii syntezy—
otrzymanie do badan toksykologicznych oraz wdrozenie do I fazy badan
klinicznych.
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4.3. Metodologia i zakres badan
4.3.1. Projektowanie inhibitorow kinazy PI3K

Struktury chemiczne zwigzkow o potencjalnym charakterze inhibitorow kinazy PI3K
zostaly zaproponowane na podstawie analizy pismiennictwa dotyczacego PI3K, zaré6wno
inhibitoréw typu pan (nieselektywnych wzgledem izoform) oraz inhibitorow selektywnych
wzgledem podjednostki ¢ [1-8,10,19,21-25,29]. Nastepnie, w oparciu o badania czystosci
patentowej i potwierdzeniu dostepnej przestrzeni patentowej (bazy Espacenet, Patentscope)
zaprojektowano mozliwe do zsyntezowania struktury. Biatka do dokowania zostaly wybrane w
oparciu 0 opisane uprzednio badania 1 dokowania dostepnych, opracowanych i
wykrystalizowanych z kinazg inhibitoréw. Procedura dokowania molekularnego zostata
opracowana w oparciu o struktur¢ PI3Ko zdeponowang w krystalograficznej bazie PDB, ang.:
Protein Data Bank (PDB ID: 2WXP, 2WXL) za pomocg programu AutoDock Vina [47-49].
Troéjwymiarowa struktura zwigzkoéw zostala przygotowania na podstawie obliczonych wartosci
odpowiednich parametrow, m.in. pKa z zastosowaniem programu JChem 21.13.0 [50]
(ustalenie odpowiednich stanéw protonacyjnych struktur). Po przeanalizowaniu wynikoéw
dokowania zaproponowane zostaly modyfikacje wybranych struktur w celu poprawy ich
wiasciwosci. Wybor 1 dostosowanie poszczegolnych grup funkcyjnych (wzbogacajacych rdzen
czasteczki) oparty byt na wynikach wyzej wspomnianego dokowania molekularnego, a takze
wynikal z obliczonych i przyblizonych za pomocg odpowiednich programow (np.
MarvinSketch) wartosci parametrow fizykochemicznych. Badania zaleznosci pomiedzy
strukturg a aktywnoscig biologiczng zwigzkow (SAR, ang.: Structure — Activity Relationship)
pozwolity na zbudowanie bazy danych i selekcj¢ najlepszych pretendentow do syntezy |
stworzenia odpowiedniej biblioteki zwigzkéw. Dodatkowo, w celu znalezienia idealnego
kandydata na lek, opatentowany zwigzek firmy Celon Pharma S.A. [12] zostat poddany
modyfikacjom — synteza szkieletu pirazolo[1,5-a]pirymidyny 2z réznymi, nowymi
podstawnikami. Dzigki takim zmianom otrzymano wysoce aktywny i selektywny inhibitor
PIBKé — potencjalng substancje czynng do =zastosowania w leczeniu chordb

autoimmunologicznych i zapalnych.

4.3.2. Wybor kandydatéw do rozwoju i okreslenie zwiazku wiodacego

Dysponujgc  zsyntezowang  bibliotekg  zwigzkéw  (Synteza ~ chemiczna

wyselekcjonowanych molekut o najlepszych parametrach po wstepnych badaniach in silico, a
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mianowicie =~ wspomnianym  wyzej dokowaniu oraz = pordéwnaniu  wilasciwosci
fizykochemicznych obliczonych w oparciu o konkretne programy, opisanych w punkcie 4.3.1.)
wybrane struktury poddane zostaty dalszej optymalizacji w celu poprawy ich wiasciwosci
fizykochemicznych (rozpuszczalnos¢, lipofilowosé, stabilno$¢ chemiczna) oraz parametréw
farmakokinetycznych. Modyfikacji ulegty rézne grupy funkcyjne odpowiedzialne za wigzanie
z biatkiem, a takze fragmenty wplywajace na rozpuszczalno$¢ (tzw. fragment
dorozpuszczalnikowy inhibitora). Po dokonaniu syntezy i przeprowadzeniu wstgpnych badan
wybrana zostata niewielka grupa kandydatéw do dalszego rozwoju (zwiazki o najwiekszym
powinowactwie do kinazy i najbardziej optymalnych wiasciwosciach fizykochemicznych). W
celu przeprowadzenia dalszych badan fizykochemicznych oraz biologicznych badan
przedklinicznych wykonano synteze wybranych kandydatow w wigkszej skali (do 10 g). Dla
zwigzkow wykonano kolejne badania fizykochemiczne, stabilno$ciowe, testy na komorkach i
zwierzetach w celu wylonienia zwigzku wiodacego (proces ,,hit to lead”). Kolejnym etapem
dla zwigzku wiodgcego sg badania toksykologiczne, a nastgpnie kliniczne (wejscie do I fazy

badan klinicznych).

4.3.3. ADMET, badania in vitro oraz in vivo

Badania ADMET (ang.: (A) Absorption - wchianianie (D) Distribution - dystrybucja
(M) Metabolism - metabolizm (E) Excretion - wydalanie and (T) Toxicity - foksycznosc)
wykonano w Laboratorium Analiz Fizykochemicznych oraz Dziale Badan Przedklinicznych
firmy Celon Pharma S.A. Wspolpraca z wyzej wymienionymi dziatami pozwolila takze na
wykonanie niezb¢dnych badan in vitro oraz in vivo. Okres$lone zostaly eksperymentalne
wartosci parametrow fizykochemicznych takich jak lipofilowo$¢ czy rozpuszczalno$é, jak
roOwniez zbadana zostata stabilno$¢ chemiczna 1 metaboliczna wybranych zwigzkow.
Wykonane testy biochemiczne i komérkowe pozwolity na wyznaczenie parametru ICso
$wiadczacego o aktywnosci 1 selektywnosci badanych czasteczek (mierzone przez zdolnosé
zwigzkow do hamowania konwersji ATP do ADP podczas reakcji enzymatycznej).
Wykorzystano zestaw do oznaczania kinazy ADP-Glo firmy Promega, kinazy PI3Ka, PI3KS,
PI3Ky i PI3Ké firmy Merck Millipore). Okreslono takze parametry farmakokinetyczne takie
jak klirens (Cl), maksymalne stezenie substancji (Cmax, &ng.: maximum concentration), czas
poéttrwania (t12), czas od podania do osiggni¢cia maksymalnego stezenia substancji (tmax) CZy
objetos¢ dystrybucji (V). Zbadana zostata stabilnos¢ w mikrosomach mysich oraz ludzkich,

gdzie jako zwiazki referencyjne zastosowano verapamil jako kontrole pozytywna oraz
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donepezil jako kontrole negatywng. Analiza otrzymanych danych pozwolita na dokonanie
wyboru wlasciwego zwigzku wiodgcego do dalszych badan toksykologicznych oraz badan

klinicznych.

5. Oméwienie wynikow stanowiacych podstawe rozprawy doktorskiej
5.1. Publikacja 1 - P1

Na podstawie opisanego w literaturze znaczenia w strukturach inhibitorow PI3K uktadow
typu ,,morfolina-pirymidina”, a takze wybranego w oparciu o badania czystoSci patentowej
bicyklicznego rdzenia pirazolo[1,5-a]pirymidynowego, opracowana, otrzymana i opisana
zostata w przytoczonej publikacji biblioteka nowych zwigzkow, ktore docelowo miaty zostaé
potencjalnymi kandydatami w leczeniu POChP (Przewlekte Obstrukcyjna Choroba Phuc) [48].
Uwaga zostala skupiona na morfolinie podstawionej w pozycji C(7) pirazolo[1,5-
a]pirymidynie  (motyw 7-(morfolin-4-ylo)pirazolo[1,5-a]pirymidyny) jako najbardziej

kluczowym do zachowania aktywno$ci fragmencie (Rysunek 7).

N R

~I

N/

N
[ j Rysunek 7. Wzoér strukturalny motywu ,,morfolina-pirymidyna” — 2-metylo-7-(morfolin-4-
o ylo)pirazolo[1,5-a]pirymidyna.

Na podstawie dostgpnej literatury zauwazy¢ mozna, ze zwigzki oparte na szkielecie
bicyklicznym skondensowanych pierscieni pigcio- i sze$ciocztonowych sg bardziej aktywne i
potencjalnie bardziej obiecujace jako kandydaci kliniczni w leczeniu astmy lub POChP, niz
zwigzki oparte na szkielecie bicyklicznym skondensowanych pierscieni sze$cio- |

szesciocztonowych, np. zwigzek CDZ 173 (A) [51-53] lub UCB-5857 (B) (Rysunek 8) [54-57].
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Rysunek 8. Wzory strukturalne inhibitorow PI3K: A - CDZ 173 (Leniolisib), B — UCB-5857 (Seletalisib).

Z tego powodu gtéwna cz¢$¢ pracy poswiecona zostata otrzymaniu pochodnych zbudowanych
na szkielecie pierscienia bicyklicznego pirazolo[1,5-a]pirymidyny (podobnie jak w przypadku
m.in. pan-inhibitora GDC-0941) [58-60], co z odpowiednimi modyfikacjami moze prowadzi¢

do otrzymania aktywnych i selektywnych zwigzkow o aktywnosci inhibitoréw PI3KJ.

Do weryfikacji i wybrania najbardziej odpowiedniego podstawnika w pozycji C(5), przy
zachowanym, wczesniej wspomnianym uktadzie z morfoling w pozycji C(7), otrzymana zostala
grupa pochodnych 2-metylopirazolo[1,5-a]pirymidyny. Na podstawie analizy warto$ci ICsg
wzgledem PI3Kd i PI3Ka oraz wyliczonej selektywnosci PI3K a/d jako najbardziej obiecujacy
rdzen zostata wybrana 5-indol-4-ilo-pirazolo[1,5-a]pirymidyna (Rysunek 9).

2
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Rysunek 9. Wzér ogdlny wybranego szkieletu - 5-indol-4-ilo-pirazolo[1,5-a]pirymidyny.

Nastepnym etapem byla optymalizacja podstawnika R2 Fragment ten jest
odpowiedzialny za poprawg rozpuszczalnosci zwigzku (tzw. czg$¢ ,,dorozpuszczalnikowa”), a
dodatkowo obecno$é w samym R? heteroatoméw (N, O, S) lub odpowiednich grup (NH, OH,
CO, SO) pozwolito na wytworzenie dodatkowego wigzania wodorowego pomiedzy ligandem i
biatkiem, co powinno mie¢ wptyw na poprawe aktywnosci czasteczki. Optymalizacja polegata
na funkcjonalizacji aminy heterocyklicznej, np. piperydyny, z wprowadzeniem podstawnikow
rozbudowanych sterycznie. Wyniki badan wskazatly, ze cykliczne aminy pigeciocztionowe lub

szeSciocztonowe, np. morfolina, pochodne mocznikowe, jak réwniez ugrupowanie metylowe
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czy estrowe w tej pozycji nie sg preferowane i charakteryzujg si¢ nizszg aktywnos$cig wzgledem
PI3KJ. Ze wzgledu na fakt, ze podstawnik mesylopiperazynowy obecny w GDC0941 wptynat
na poprawe inhibicji kinazy, zostat on takze wlaczony w strukturg pirazolo[1,5-a]pirymidyny
jako R? co jednak nie przyczynito sic do poprawy aktywnosci. Najbardziej aktywnymi
czasteczkami  okazaly sie¢ analogi  N,N-dimetylo-4-aminopiperydyny oraz  4-(N-
metylopiperazyn-1-ylo)piperydyny (ICso wzglgdem PI13Ko rowne odpowiednio 37 nM oraz 52
nM). Analiza wynikéw optymalizacji fragmentu R? pozwolita na sformutowanie wniosku iz,
obecno$¢ pierscieni piperazynowych lub piperydynowych z odpowiednimi, duzymi
podstawnikami alifatycznymi pozwala na otrzymanie aktywnych i selektywnych inhibitorow
kinazy PI3K. W celu weryfikacji selektywnosci otrzymanych struktur wzgledem pozostatych
izoform, dla dwoch wybranych amin (N-tert-butylopiperazyny oraz 2-(piperydyn-4-ylo)
propan-2-olu) w pozycji R?) zsyntezowano analogi z réznymi ugrupowaniami w pozycji piatej
rdzenia. Otrzymana zostala grupa pochodnych z szeregiem podstawnikéw R! (azaindol,
fluoroindol) (Tabela 1, Tabela 2). Najbardziej selektywne okazaty si¢ pochodne indolowe lub

azaindolowe.

Tabela 1. Poziom inhibicji PI3Kd wyznaczony dla pochodnych pirazolo[1,5-a]pirymidyny.

S

Numer 1Cs50 PIBK 6 1Cs0 PI3K & IC50 PI3K f 1Cs0 PI3K p Selektywnos$¢

1
Zwiazku R ["M] [NM] [NM] M ol Bl o
36 é@ 13 15820 4310 15900 1217 332 1223
NH
a9 F N 40 34400 11300 47800 860 283 1195
50 % 28 3650 5 260 130 188
N
51 &y 23 9750 26800 424 1165
T NH

Wartosci ICso zostaly wyliczone jako $rednia arytmetyczna z dwoch niezaleznych eksperymentow.
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Tabela 2. Poziom inhibicji PI3Kd wyznaczony dla pochodnych pirazolo[1,5-a]pirymidyny.

)

1Cso

1Cs0 1Cso 1Cs 1Cs ,
Numer 1 Selektywnos$¢ CD19
Zwiazku R PISK ¢ PI3K a PI3BKgS  PI3Ky [M]

[nM] [nM] [nM] [nM]

s P e

12 470 5470 >60000 1889 829 >9091 20

N
Fé[‘\ 11 19 300 19450 >60000 1754 1768 >5455
2,8
45

2670 21 600 34400 954 7714 12286 19

=4
I

37
H
53
5N
NN

Wartosci ICso zostaly wyliczone jako $rednia arytmetyczna z dwoch niezaleznych eksperymentow.

2 960 32 000 66 711

Zwigzkami najbardziej obiecujagcymi sposrod catej otrzymanej biblioteki okazaty sie¢
czasteczki zawierajace indol lub azaindol jako podstawnik R oraz N-tert-butylopiperazyne

jako grupa R?

Dokowanie molekularne pokazato silne oddziatywanie zwigzku z tzw. ,potka
tryptofanowg” — Trp-760, w ktore zaangazowana jest hydrofobowa/lipofilowa grupa N-tert-
butylowa we fragmencie aminowym (N-tert-butylopiperazyna). Ponadto wybrany zwigzek,
CPL302253 (Rysunek 10) wykazywal wysokg stabilno§¢ metaboliczng oraz dobra

rozpuszczalno$¢ kinetyczng (Tabela 3).

7, N
N
QW\N“: e

N/

NH

N

)

0 Rysunek 10. Wz6r strukturalny CPL302453 (54).
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Tabela 3. Porownanie wybranych parametréw dla zwigzkéw 37 i 54; MLM (ang.: Mouse Liver Microsomes) —
badanie na mikrosomach mysich, HLM (ang.: Human Liver Microsomes) — badania na mikrosomach ludzkich.

Numer Rozpuszczalnos¢ MLM MLM Cl1 HLM ti HLM C1
zwiazku [pM] 1,/2 [ml x min' x mg1] [min] [mlx minx mg1]
[min]
37 444 126 13.7 76 22.8
54 >500 198 7.0 370 3.7

CPL302253 zostat wyselekcjonowany jako obiecujacy kandydat kliniczny w leczeniu astmy.

Wyniki powyzszych badan zostaly szczegdétowo opisane w publikacji P1, stanowigcej czesé

rozprawy doktorskiej.

5.2. Publikacja 2 — P2

W pracy uwaga zostata skupiona na rdzeniu pirazolo[1,5-a]pirymidyny, ktory stanowi
najkorzystniejszg bazg do dalszej funkcjonalizacji oraz projektowania potencjalnych lekow do
zastosowania w terapii chorob nowotworowych, jak rowniez schorzen autoimmunologicznych
i wirusowych [61-67]. W pracy opisane zostaty biblioteki zwigzkéw z roznymi podstawnikami
(aminami) w pozycji C(2) rdzenia oraz odmiennymi ugrupowaniami benzimidazolowymi w
pozycji C(5). W poprzedniej pracy wykazano, ze pochodne 5-indol-4-ilo-pirazolo[1,5-
a]pirymidyny, jako inhibitory PI3Ko wykazywaly najwyzsza selektywno$¢ wzgledem
pozostatych izoform a,f i y [48]. Z drugiej strony okreslono, iz pochodna 2-
difluorometylobenzimidazolu (Rysunek 11) wykazuje najwigksza aktywno$¢ wzgledem
PI3KoJ.

N %
—T
\ 1
N— NN F F

N
Rysunek 11. Wzor strukturalny wyjsciowej pochodnej do budowania biblioteki —
2-metylo-5-(2-difluorometylo)pirazolo[1,5-a]pirymidyna; ICso PI3K3=475 nM,

o 1Cs0 PI3Ka=1060 nM.

Na podstawie otrzymanych danych, zaprojektowano odpowiednie modyfikacje rdzenia
5-beznimidazol-1-ilo-pirazolo[1,5-a]pirymidyny, ktére przyczynity si¢ do poprawy zar6wno

aktywnosci, jak i selektywnosci otrzymywanych struktur. Z tego powodu, w oparciu o badania
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SAR (ang. Structure-Activity Relationship) w pracy zostaty opisane i otrzymane nowe, bardzo

aktywne i obiecujace inhibitory PI3KJ [49].

Na drodze wieloetapowej syntezy zostaly otrzymane zwigzki z modyfikacjami w
pozycjach C(2) — podstawnik R? (Schemat 2), oraz C(5) — podstawnik R (Schemat 1). W
przypadku R? byly to réznego rodzaju benzimidazole (dla dwoch wybranych amin: piperazyny

i piperydyny).
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Schemat 1. Synteza pochodnych benzimidazolowych. Reagenty i warunki prowadzenia reakcji: (i) CaCly,
NaBH4, EtOH, t.wrz., 3 h, 99%; (ii) odczynnik Dess—Martina, DMF, t.pok., 2 h, 46%; (iii) 1-tert-
butylipiperazyna, triacetoksyborowodorek sodu, DCM, t.pok., 18 h, 84%; (iv) benzimidazol,
tris(dibenzylidenoaceton)dipalladu(0), 9,9-dimetylo-4,5-bis(difenylofosfino)xanten, Cs,COs, toluen, 150 °C, 6 h,
200 W, MW, 4-93%; (v) 2-(4-piperydylo)-2-propanol, triacetoksyborowodorek sodu, DCM, t.pok., 63%; (vi)
benzimidazol, tris(dibenzylidenoaceton)dipalladu(0), 9,9-dimetylo-4,5-bis(difenylofosfino)xanten, Cs,COs,
toluen, 150 °C, 6 h, 200 W, MW, 52-66%.

W zaleznos$ci od rodzaju 1 wielko$ci podstawnika, aktywno$¢ zwigzkéw wykazywala
wartosci ICsop PI3Ko od 0,1 uM do ponad 1 puM. Jako najlepszy zostal wybrany 2-
(difluorometylo)-1H-benzimidazol. Po wyselekcjonowaniu najlepszego podstawnika w pozycji

R?, optymalizacji zostat poddany R? (Schemat 2).
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Schemat 2. Synteza pochodnych 5-(2-difluorometylobenzimidazo-1-ylo)pirazolo[1,5-a]pirymidyny. Reagenty i
warunki prowadzenia reakcji: (i) 2-(difluorometylo)-1H-benzimidazol, TEACI, K>COs, DMA, 160 °C, 3 h, 89%;
(ii) LiAlH4, THF, 0 °C, 3 h, 89%, (iii)odczynnik Dess—Martina, DMF, t.pok., 1 h, 78% or MnO, toluen:octan
butylu, t.wrz. 1.5 h, 68%; (iv) amina, triacetoksyborowodorek sodu, DCM, t.pok., 18 h, 38-93%; (v) LiOH,
MeOH, H;0, t. pok., 98%; (vi) amina, HATU, TEA, t.pok., 2 h, 33-81%.

W tym wypadku, w oparciu o analiz¢ wynikéw dokowania molekularnego, wybrano réznego
rodzaju heterocykliczne aminy, takie jak np. pochodne piperazyny, piperydyny, aminy
heterocykliczne piecioczionowe oraz inne aminy z rozbudowanymi sterycznie grupami.
Ponadto, analiza modelu wigzania w kieszeni Kkatalitycznej wykazata, ze mozliwe jest
powstanie dodatkowych wigzan wodorowych, w zaleznosci od heterocyklu, stabilizujacych
utozenie 1 konformacje ligandu w biatku. Moze to by¢ uzyskane dzigki zastgpieniu mostka
metylenowego (X, Rysunek 12), mostkiem karbonylowym (powstanie uktadu amidowego).
Synteza takich zwigzkdéw nie byta skomplikowana, skladata si¢ z mniejszej liczby etapow, a

dodatkowo nie wymagata drogich reagentow.
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Zmiana wspomnianego mostka X pozwolita na sformutowanie wniosku dotyczacego

Rysunek 12. Wzér ogbélny analogdéw inhibitorow PI3KJ.

wplywu obecnosci lub braku grupy HBD (ang. Hydrogen Bond Donor) w strukturze

podstawnika R?. Dla zwigzkéw z mostkiem metylenowym bardziej aktywne sa analogi bez
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wyzej wspomnianej grupy. Z kolei dla zwigzkéw z mostkiem karbonylowym obecno$s¢ HBD

jest bardziej preferowana (Schemat 3).
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Korelacja zwigzkéw z réznym mostkiem - CH, i -CO

- - zwiazki bez HBD
- - zwigzki z HBD

pICy, PI3KS

6,50
6,25
6,00
5,75
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Schemat 3. Schemat przedstawiajacy korelacje zwigzkow z r6znym mostkiem w pozycji ,,X” dla wybranych
zwigzkow posiadajacych HBD i bez HBD.

Z calej biblioteki otrzymanych struktur, na podstawie ich wlasciwosci, zostato
wybranych pig¢ zwigzkoéw najbardziej obiecujacych, tzw. ,hitow” (jedenascie zwigzkow
wykazywato aktywno$¢ inhibitorow wzgledem PI3KJ z warto$cig ponizej 100 nM,
wspomniane pig¢ osiggato warto$¢ 1Cso na poziomie rownym 52 nM lub ponizej tej wartosci;
Tabela 3).
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Tabela 3. Warto$ci aktywnosci i selektywnosci dla wybranych, najbardziej obiecujacych zwigzkow.

R2
\—N
S

=
= F F

ot

N N4

.

Numer ICs0 PI3KS  1Cs0 PI3Ka  1Cs0 PIBKS  1Cs0 PI3Ky 1Cs0 CD19
) R2 s P W
zwigzku [nM] ["M] ["M] [nM] [M]
6 ¢ N—y 18 1428 25475 16904 79 1415 939 41
NS
11 HO)TC” ;52 1729 6347 33 122
16 )/S\fN@N% 43 44 13577 111 10 316 26 114
o 0
SN
17 N 3 624 44753 2197 20 1444 71 52
25N
18 o et 24 73 47360 156 30 1973 65 58

Wartosci ICso zostaly wyliczone jako warto$¢ §rednia z dwoch niezaleznych eksperymentow.

Sposréd aktywnych zwiazkéw, biorac pod uwage aktywno$¢ enzymatyczng i

komorkowa, stabilno$¢ metaboliczna, jak rowniez stopien wigzania z biatkami oraz szereg

innych waznych z

punktu widzenia

chemii

medycznej

parametrow  (parametry

farmakokinetyczne, farmakodynamiczne oraz ADMET), wyselekcjonowany zostat jeden jako

najbardziej obiecujacy inhibitor PI3Ko - (1-{2-[(4-tert-butylopiperazyn-1-ylo)metylo]-7-
(morfolin-4-ylo)pirazolo[1,5-a]pirymidyn-5-ylo}-2-(difluorometylo)-1H-benzimidazol
(CPL302415) (Rysunek 13).
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(0]
Zwigzek charakteryzuje si¢ wysoka aktywnoscig (ICso =18 nM) oraz selektywnoscig

(P13Ka/PI3Kd = 79; PI3Kp/o = 1415; PI3Ky/PI13Ko = 939). Analiza modelu wigzania zwigzku
CPL302415 wykazala, ze zwigzek ten tworzy wigzania wodorowe z Val-828 oraz Lys-779, jak

Rysunek 13. Wzoér strukturalny CPL302415.

rowniez widoczne jest oddziatywanie z ,poitka tryptofanowa” — Trp-760, co ma

odzwierciedlenie w bardzo dobrej aktywnosci i selektywnosci struktury (Rysunek 14).
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Rysunek 14. Model dokowania 3D kluczowych wigzan z
wiof /3 aminokwasami na przyktadzie zwigzku CPL302415 (PDB
- ID:2WXL).

Pozostate parametry, takie jak rozpuszczalno$¢, stabilno$¢ mikrosomalna, przepuszczalnosé
przez btony czy zdolno$¢ do wigzania innych bialek (ang. PPB: Protein Protein Binding) takze

sg optymalne i gwarantujgce wysoki potencjat terapeutyczny (Tabela 4).

Tabela 4. Wybrane parametry zwigzku CPL302415 (6).

Procent wiazania z biatkiem

Rozpuszczalnosé Stabilnos$¢ metaboliczna
kinetyczna PAMPA PPB [%]
[10-¢ cm X s71]
pH 7.4 [mM] MLM t MLM CL HLM te HLM CL Cztowiek Malpa Mysz Szczur
[min] [mL X mn~' X mg] [min] [mL X min X mg]
6 >500 378 3,7 145 9,6 13,3 79 81 83 82

Przeprowadzono takze analiz¢ kosztéw, a nastgpnie synteze w wiekszej skali (etap
powigkszania skali) celem otrzymania czasteczki w skali jednego kilograma do badan
toksykologicznych. Zwiazek CPL302415 zostat wyselekcjonowany jako zwigzek wiodacy,
tzw. ,,lead” do badan toksykologicznych oraz jako doskonaty kandydat do pierwszej fazy badan

klinicznych w leczeniu tocznia rumieniowatego.
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Wyniki powyzszych badan zostaty opisane szczegdétowo w publikacji P2, stanowigcej czgsé

rozprawy doktorskiej.

5.3. Publikacja 3 — P3

W celu racjonalnego projektowania nowych biologicznie aktywnych zwigzkéw
chemicznych, m.in. inhibitoréw enzyméw, potencjalnych kandydatow na leki,
wykorzystywane s3 metody modelowania molekularnego. Zalicza si¢ do nich miedzy innymi
dokowanie molekularne, dokowanie z indukowanym dopasowaniem (IFD; ang.: Induced-Fit
Docking), gauntum-polarized ligand docking ,QPLD - ligand traktowany na poziomie
kwantowym, otoczenie—aminokwasy na poziomie pola sit OPLS3e, (ang.: Quantum Polarized
Ligand Docking), dynamika molekularna (MD; ang.: Molecular Dynamic), czy zaburzenia
energii swobodnej. Wykorzystywane sa one do oceny mozliwosci tworzenia kompleksow
ligand-receptor i umozliwiajg szybka ocene dopasowania struktur do kieszeni katalitycznej z
obszernej biblioteki zwigzkéw. Najczesciej wykorzystywana jest metoda dokowania
molekularnego, jednak ma ona gldwne dwa ograniczenia, a mianowicie Sztywna konformacja
kieszeni wigzacej enzymu (ograniczenia systemowe), a takze przypisane tadunki atomowe
(brak ztozonych efektow indukcyjnych lub rezonansowych), co ma znaczenie w przypadku np.
pochodnych fluorowych. Z tych powodéow w pracy opisano nowy, zaawansowany model
obliczeniowy do projektowania i1 okreslania aktywnosci biologicznej zwigzkoéw, inhibitoréw
kinazy P13Ko. Skupiono si¢ na fluorowanych pochodnych, analogach CPL302415 (Rysunek
15) oraz przedstawiono wplyw atomu fluoru na wiasciwosci wybranych struktur. W celu
weryfikacji metody, dane otrzymane z modelu obliczeniowego zestawiono i skorelowano z

wynikami aktywnoS$ci zwigzkoéw otrzymanymi w badaniach in vitro (warto$ci I1Cso).
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Rysunek 15. Model wigzania CPL302145 w centrum katalitycznym kinazy PI3K¢ otrzymany poprzez dokowanie
molekularne (po lewej); struktura CPL302415 (po prawej).
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Atom fluoru odgrywa bardzo wazng role w chemii medycznej 1 projektowaniu lekow.
Wplywa na zmiang¢ parametrow, takich jak lipofilowo$¢, zasadowos$¢ badz kwasowos$¢
sasiadujacych grup funkcyjnych oraz aktywno$¢ biologiczng, w tym biodostepnos¢ i
metabolizm. Potwierdzajg to wyraznie statystyki — ponad 50% najbardziej dochodowych lekow
na $wiecie (ang.: blockbusters drugs) stanowg fluorowane farmaceutyki, a w przeciggu
ostatniego dziesigciolecia FDA zatwierdzito prawie 30% lekow zawierajacych w swojej

strukturze atom fluoru lub grupy fluoroalkilowe [68, 69].

Dokowanie molekularne struktury CPL302415 [48,49] za pomoca oprogramowania
Maestro Schrodinger potwierdzity sposdb wigzania z kinazg PI3KJ, ktéry wczesniej zostat
okreslony za pomoca oprogramowania AutoDock Vina. Wszystkie obecne kluczowe
oddzialywania inhibitora z aminokwasami Lys-779, Val-828 oraz Trp-760 pokrywaty si¢ w
obu modelach. Warto podkresli¢, ze standardowe podejscie dokowania nie zaklada
dynamicznego charakteru struktur biologicznych, jedynie statyczne, dlatego potrzebne sg
bardziej zaawansowane metody (IFD, QPLD) [70]. Zbadane i zaprojekowane zostaly zwigzki
zawierajace atom fluoru, zarowno w strukturze rdzenia pirazolo[1,5-a]pirymidynowego, jak i
odpowiednio sfunkcjonalizowanej aminy stanowiacej podstawnik w pozycji C(2) rdzenia.
Porownanie polozenia (tzw. pdz) kazdego zwigzku w biatku oraz zbadanie zmian
molekularnych pozwolily okre$li¢ rdéznice sposobu wigzania fluorowanych struktur
(oddziatywania ligand-receptor), co wptywa na aktywnos$¢ biologiczng inhibitoréw. Wyniki

porownano z otrzymanymi eksperymentalnie warto$ciami ICso dla PI3KJ.

Ze wzgledu na duza elektroujemnos$¢ atomu fluoru (najwigksza sposrod pierwiastkow
uktadu okresowego), wptywa on na zmiang¢ efektow w rozkladzie gestosci elektronowej
poprzez efekty rezonansowe i indukcyjne. W tym celu wykorzystano QPLD, aby uwzglednic¢
wspomniane efekt, a ponadto zminimalizowa¢ niepewno$¢ pozycji 1 jednoczesnie przy pomocy
modelu GBSA (ang.. Generalized Born Surface Area) oszacowano entalpi¢ swobodng
oddziatywan ligand-receptor. Dodatkowo, atom fluoru moze by¢ uzyty jako bioizoster atomu
wodoru (ze wzglgdu na zblizony promien atomowy), dlatego tez fluor nie powinien powodowacé
duzych zmian konformacyjnych [71-74]. Zastosowany model obliczeniowy opieral si¢ na
wykorzystaniu dokowania z dopasowaniem indukowanym, symulacji dynamiki molekularnej
oraz kwantowego dokowania spolaryzowanego ligandu polaczonego z obliczeniami
energetycznymi (metoda MM-GBSA, ang.: Molecular Mechanics Generalized Born Surface
Area) [75-77].
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Analiza trajektorii dynamiki molekularnej dla CPL302415 wykazata i potwierdzita, ze
oddziatywania z kinazg sg stabilne, a atom fluoru nie tworzy dodatkowych oddziatywan z
biatkiem. W celach porownawczych zsyntezowano i przeanalizowano réwniez pochodne z
podstawionym chlorem i bromem (Tabela 5). Niestety ze wzgledow syntetycznych nie udato
si¢ otrzymac analogicznej pochodnej fluorowej. Wyraznie zaobserwowano, ze CPL302415 jest

najbardziej aktywng i obiecujacg czasteczka, co potwierdzajg obliczenia (Tabela 5).

Tabela 5. Wplyw atomu/atomow fluoru na PI3KJ oraz wyznaczone wartosci parametrow dokowania dla kazdego

zwiazku.
/ N
O R’ Q
N
e O
s R’
)
o
. ICs0 PIBK 6 —
1 2
Zwiazek R R M AG AAG
1 CHs H 236 -75.0 -
2 CHF, H 18 -82.6 -7.6
3 CF3 H 907 -69.6 -5.4
4 CHF, Cl 44 -81.3 1.3°
5 CHF. Br 50 -81.2 1.4°

& Wartosci ICso zostaty wyliczone jako warto§¢ $rednia z dwoch niezaleznych eksperymentéw; ® Wartosci AAG obliczono
jako réznice pomigdzy dang pochodna a jej niehalogenowanym analogiem 2-(difluorometylo)-1H-benzimidazolu.

Dla pochodnych z obecnym atomem fluoru w czgsci aminowej inhibitora, aktywnos¢
zmienia si¢ wraz z pozycja podstawienia fluoru, co potwierdzaja wartosci zardéwno

obliczeniowe, jak i eksperymentalne (Tabela 6).
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Tabela 6. Wpltyw atomu/atomow fluoru na PI3KJ oraz wyznaczone wartosci parametrow dokowania dla kazdego

zwiazku.
V5
N
Q Ny N//N
\ S
X
)
0
. ICso PIBK 6 -
1
Zwiazek X R [M]? AG AAG
6 CH - 118 -86.7 -
7 CH o-F 640 -83.4 3.3
8 CH m-F 751 -81.8 4.9
9 CH p-F 489 -84.1 2.6
10 CO - 275 -78.9 -
11 CO o-F 212 -83.8 -4.9
12 CO m-F 92 -86.6 -1.7
12 CO p-F 181 -83.8 -4.9

& Wartosci ICso zostaty wyliczone jako warto$¢ $rednia z dwoch niezaleznych eksperymentow; ® Wartoéci AAG obliczono
jako réznice pomigdzy dang pochodng a jej niehalogenowanym analogiem (difluorometylo)-1H-benzimidazolu.

W pracy wykazano, ze wykorzystanie wyzej wymienionego protokotu obliczeniowego
moze by¢ wykorzystane do projektowania oraz oceny nowych zwigzkow biologicznie
aktywnych. Dodatkowo, pozwala oceni¢ wptyw atomu fluoru na czasteczke z uwzglednieniem
efektow rezonansowych 1 indukcyjnych. Wyniki dalszych badan potwierdzity, ze proponowany
model jest wlasciwym narzedziem obliczeniowym do projektowania nowych zwigzkéw, 0

potencjalnych wlasciwosciach leczniczych.
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Wyniki powyzszych badan zostaly szczegdétowo opisane w publikacji P3, stanowigcej czes$é
rozprawy doktorskiej.

6. Wyniki wchodzace w sklad publikacji w trakcie przygotowania

Interesujacym zagadnieniem jest wptyw podstawnika w pozyc;ji trzeciej uktadu pirazolo[1,5-
aJpirymidynowego. Wprowadzenie modyfikacji w tym miejscu poprzez zamian¢ atomu
wodoru na halogen lub fancuch alifatyczny pozwoli okresli¢ wplyw na aktywnos$¢ i
selektywno$¢. Uzyskanie danych z hamowania aktywnosci enzymatycznej biatka PI3K¢o dla
tych zwiazkow pozwoli okresli¢ mozliwosci oddziatywania z odpowiednimi aminokwasami.
Optymalizacji poddano zwiazek wiodacy, wybrany jako kandydat do I fazy badan klinicznych,
CPL302415.

CPL302415 tworzy charakterystyczne wigzania wodorowe z miejscem wigzacym enzymu.
Naleza do nich: oddziatywanie migdzy waling Val-828 a ugrupowaniem morfolinowym,
oddziatywanie pomiedzy atomem azotu pochodzacym z benzimidazolu a Lys-779, oraz
pomiedzy N-tert-butylopiperazyna a Trp-760 (zwang “potka tryptofanowg”). Oddzialywania
zostaly szczegolowo opisane w P1 oaz P2. Wraz ze zmiang podstawnika w pozycji trzeciej

rdzenia czasteczki, oddziatywania mogg ulega¢ modyfikacji 1 rearanzacji.

Bardziej rozbudowane, obszerne sterycznie podstawniki moga powodowaé zwigkszenie
dystansu od poszczegdlnych aminokwasoéw oraz zmiang¢ a nawet zanik charakterystycznych
oddziatywan. Otrzymano szereg analogow CPL302415 opierajacych si¢ na szkielecie
pirazolo[1,5-a]pirymidyny. Zwiazki posiadaty rézne grupy w pozycji trzeciej rdzenia
(podstawnik R; Tabela 7). Zsyntezowano struktury zawierajace jako R grupe metylowa,
etylowa, izopropylows, a takze halogenopochodne (pochodna chlorowana, bromowana,
fluorowana). Synteza chemiczna opierata si¢ na $ciezce jedno- lub dwuetapowej z
wykorzystaniem reakcji substytucji oraz sprzggania — reakcja Suzuki z odpowiednimi kwasami
lub estrami boranowymi. Z powodu probleméw syntetycznych z otrzymaniem czgsci
analogéw, synteza kilku pochodnych nadal podlega optymalizacji, a $ciezka syntetyczna jest
zmieniana i optymalizowana. Prace nad otrzymaniem pochodnej izopropylowej oraz
fluorowanej trwaja do chwili obecnej. Otrzymane zwiazki poddane zostaty enzymatycznym
testom kinazowym w celu wyznaczenia wartosci ICso (Tabela 7). Okreslona zostanie aktywno$¢
1 selektywnos¢ otrzymanych zwigzkow, a takze znaczenie podstawnika/ugrupowania w pozycji
trzeciej rdzenia. Zweryfikowana zostanie hipoteza postawiona w wyniku przeprowadzonego

dokowania molekularnego czasteczek (podstawionych réznymi grupami w pozycji trzeciej
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rdzenia) w kieszeni wigzacej enzymu, a szczegoétowa analiza otrzymanych danych oraz wyniki

zostang opublikowane w odrebnej pracy. Obecnie manuskrypt jest w przygotowaniu.

Tabela 7. Poziom inhibicji PI3Ko wyznaczony dla pochodnych pirazolo[1,5-a]pirymidyny (modyfikacje pozyciji
O \ Ne_ NN
S
\N/Ng .
O
(o]

trzeciej rdzenia).

F

1Cs0 PI3KS  1Cs0 PI3Ka I1Cs0 PI3Kg I1Cs0 PI3Ky

N
u.mer s B Vo

zwigzku [nM] [nM] [nM] [nM]

1 H 18 1428 25475 16 904 80 1415 939

2 CHs 8 1565 37704 9 567 196 4713 1196
3 CH3CH 34 ND ND 12 730 ND ND 374
4 ipr ND ND ND ND ND ND ND

5 = ND ND ND ND ND ND ND

6 cl 47 ND ND 17 350 ND ND 369
7 B 48 1729 ND 14 191 ND ND 296

ND — dane niedostgpne, w opracowaniu, wartosci w trakcie wyznaczania/ zwigzek w trakcie syntezy lub optymalizacji.

*Wartosci [Csp zostaly wyliczone jako wartos¢ srednia z dwoch niezaleznych eksperymentow
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7. Doktorat wdrozeniowy — wdrozenie do przemystu

Powyzsza rozprawa doktorska weszta w poczet doktoratu wdrozeniowego, zostata
wykonana w ramach wspotpracy pomiedzy Politechnikg Warszawska a firmg farmaceutyczng
Celon Pharma S.A. Praca dotyczyta zaprojektowania, zsyntezowania aktywnego inhibitora
kinazy PI3KJ, (cel terapeutyczny w leczeniu tocznia rumieniowatego lub innych chordb
zapalnych i1 autoimmunologicznych) wykonania wszystkich niezbgdnych analiz
fizykochemicznych i biologicznych, a nast¢pnie powickszenia skali z otrzymaniem zwigzku w
ilosci niezbednej do wykonania badan toksykologicznych celem mozliwosci wejscia w
pierwsza faze badan klinicznych. Efektem doktoratu jest wdrozenie technologii syntezy
substancji czynnej CPL302415. Zakonczone sukcesem wdrozenie technologii syntezy
umozliwia realizacj¢ kolejnych etapow prac rozwojowych. Dalsze badania wymagane do
wprowadzenia nowego produktu leczniczego do praktyki klinicznej przekraczaja ramy

niniejszego doktoratu i obejmuja:

» badania toksykologiczne,

» opracowanie formy leku i wdrozenie jej technologii,

» wytworzenie badanego produktu leczniczego do badan klinicznych,

» ocena bezpieczenstwa i farmakokinetyki badanego produktu leczniczego w badaniu
klinicznym 1 fazy,

» oceng zalezno$ci dawka-odpowiedz terapeutyczna oraz wstgpng ocene skutecznosci w
leczeniu tocznia rumieniowatego (SLE) oraz potencjalnie innych chordb zapalnych 1
autoimmunologicznych w badaniach Il fazy,

» oceng skutecznosci i bezpieczenstwa w badaniach 11 fazy,

» zlozenie dokumentacji rejestracyjne;.

Wykonane w ramach doktoratu wdrozenie technologii syntezy jest spetnieniem warunku
koniecznego do wprowadzenia do praktyki klinicznej nowego produktu leczniczego
zawierajacego zwigzek CPL302415 jako substancje czynng. Pomyslna realizacja kolejnych
etapoéw prac rozwojowych pozwoli na poprawe jakosci zycia pacjentow z SLE, co bylo

gléwnym przestaniem podjgcia pracy doktorskiej 1 wdrozenia jej wynikow.
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8. Podsumowanie i wnioski

Celem niniejszej pracy bylo otrzymanie aktywnego i selektywnego inhibitora kinazy PI3KJ,
potencjalnego kandydata klinicznego, a w przysztosci leku w leczeniu tocznia rumieniowatego
1 innych choréb zapalnych i autoimmunologicznych. Wykorzystujac narzedzia modelowania
molekularnego z pelng analizg struktury krystalograficznej biatka zaprojektowany zostat caty
szereg zwiazkow, potencjalnych inhibitoréw PI3KJ. Modelowanie molekularne pozwolilo
okresli¢, gdzie wystepuje najwicksze prawdopodobienstwo wigzania liganda z biatkiem, oraz
ktore oddzialywania sa kluczowe do osiagnigcia pozadanej aktywnosci zwigzkéw. Dzigki tym
informacjom, a takze odpowiednim predykcjom wlasciwosci czasteczek, zaprojektowano
odpowiednie podstawniki wybranego rdzenia pirazolo[1,5-a]pirymidyny. Nast¢pnym etapem
byta synteza biblioteki wybranych, zaprojektowanych zwigzkoéw. Wieloetapowa synteza
chemiczna prowadzita do otrzymania biblioteki ponad 100 zwiazkéw — pochodnych
indolowych (czg¢s¢ z nich opisanych w pierwszej publikacji: 33 zwigzki, P1) oraz pochodnych
benzimidazolowych (cze¢s$¢ z nich opisanych w drugiej publikacji: 48 zwiagzkow, P2). Z szeregu
otrzymanych zwigzkoéw zostaty wyselekcjonowane najkorzystniejsze, zarowno pod wzgledem
aktywnosci, selektywnosci, parametrow fizykochemicznych, jak farmakokinetycznych i
toksykologicznych. Z pochodnych indolowych wybrano zwigzek CPL.302253 — kandydat w
leczeniu astmy i POChP (P1). CPL302415 zostat wyselekcjonowany jako zwigzek wiodacy w
leczeniu tocznia rumieniowatego - najbardziej aktywna i selektywna struktura oparta na
strukturze 2-metylodifluorobenzimidazolu (P2). Czasteczka zostata zsyntezowana w wigkszej
skali (Jednego kilograma) 1 poddana badaniom toksykologicznym. Jako obiecujaca struktura
jest kandydatem klinicznym do przeprowadzenia badan klinicznych, a w przypadku
pomyslnych wynikow w przysztosci moze by¢ wytwarzana jako substancja czynna produktu
leczniczego stosowanego w terapii tocznia rumieniowatego. Pomyslny przebieg dalszych prac
rozwojowych pozwoli na pelng realizacj¢ zatozen doktoratu wdrozenioweg0 — poprawe

zdrowia 1 jakoS$ci zycia pacjentow z SLE.

Opisany w pracy model predykcji aktywnosci zwigzkow w oparciu o dokowanie
molekularne potaczone z odpowiednim modelem matematycznym (P3) moze by¢ narzedziem
wykorzystywanym w kolejnych projektach badawczych. Przewidywane aktywnos$ci
wynikajace z obliczen modelowych zostaty potwierdzone eksperymentalnie z okresleniem
warto$ci parametru ICso. Pozwala to na obiecujace projektowanie nowych lekdéw, szczegdlnie

dla czgsteczek halogenopochodnych.
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Uwage skupiono takze na badaniu wplywu podstawnika w pozycji trzeciej rdzenia
pirazolo[1,5-a]pirymidyny. Poréwnano wyniki badan dokowania molekularnego,
przeanalizowano struktury krystalograficzne, wyznaczono aktywno$¢ i selektywno$¢ dla
pochodnych alifatycznych (pochodna metylowa, etylowa) i halogenowych (chloropochodna,
bromopochodna) we wspomnianej pozycji. Zsyntezowano odpowiednie struktury w oparciu o
modyfikacje aktywnego inhibitora CPL302415. Sprawdzono wplyw podstawnika w pozycji
trzeciej rdzenia czasteczki na oddzialywania z aminokwasami w kieszeni wiazacej biatka.
Przeanalizowano zalezno$¢ rodzaju i wielkosci podstawnika na zmiany sposobu wigzania z
kinazg, a w konsekwencji na aktywno$¢ i selektywno$¢ zwigzku jako inhibitora kinazy PI3K.

Wyniki opisano w kolejnym manuskrypcie, ktory obecnie jest w trakcie recenzji.
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Abstract: Phosphoinositide 3-kinase 6 (PI3K0), a member of the class I PI3K family, is an essential signaling
biomolecule that regulates the differentiation, proliferation, migration, and survival of immune cells. The
overactivity of this protein causes cellular dysfunctions in many human disorders, for example, inflammatory and
autoimmune diseases, including asthma or chronic obstructive pulmonary disease (COPD). In this work, we
designed and synthesized a new library of small-molecule inhibitors based on indol-4-yl-pyrazolo[1,5-a]pyrimidine
with ICso values in the low nanomolar range and high selectivity against the PI3K¢ isoform. CPL302253 (54), the
most potent compound of all the structures obtained, with ICso = 2.8 nM, is a potential future candidate for clinical
development as an inhaled drug to prevent asthma.
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1. Introduction

PI3Ks (phosphoinositide 3-kinases) are a family of lipid kinases that can perform the
phosphorylation reaction of the hydroxyl group at the 3-position of the phosphatidylinositol ring. More
specifically, they are capable of catalyzing the phosphorylation reaction of 4,5-phosphatidylinositol
diphosphate (PIP2) to 3,4,5-phosphatidylinositol triphosphate (PIP3) [1-3]. This family of kinases
consists of three classes (I, II, and III) in terms of the structure and affinity for the substrate. Most class
Is of PI3Ks have been described in the literature. PI3K I consist of heterodimeric proteins: PI3Ka, PI3KS,
PI3Ky, and PI3Ké [1-4]. Each of them is involved in different functions and cellular processes, such as
proliferation, migration, cytokine production, or apoptosis [1-4]. Cells involved in the body’s immune
response, such as macrophages, neutrophils, T, and B cells, highly expressed PI3Ky and PI3K6 [1-5].
The role of PI3K6 as the co-stimulator between T to B cell interactions was also reported [6,7]. In
addition, two other subunits, PI3Ka and PI3K, are involved in normal embryogenesis or metabolism
regulation. Therefore, PI3K6 has been identified as an attractive and promising therapeutic target for
the treatment of cancer, autoimmune and inflammatory diseases [8-14].

One of the manifestations of inflammatory diseases is asthma, a chronic illness with a spectrum
of respiratory symptoms burdensome for patients [15-17]. It was reported that PI3K¢ is involved in the
regulation of allergic asthma development processes, such as activation of cytokines expression by Th2
cells, activation of antibodies production (e.g., IgE) by B cells, activation of basophils, and accumulation
following the migration of eosinophil in the lungs [2,15,18]. Thus far, several selective PI3K6 inhibitors
have been developed, to name only: Idelalisib (PI3K6 selective) or Duvelisib (PI3K6 and y selective;
Figure 1) [15,19-21]. Unfortunately, the toxicity and side effects caused by these candidates’ low
selectivity in systemic action exclude them from the group of potential future therapeutics for asthma
management [15,22,23]. Therefore, new approaches focused on developing safe, selective PI3K6
inhibitors designed to be conveniently delivered by inhalation remain an unfulfilled challenge [15,23].
Rich expression of PI3K6 by lung epithelial cells provides the rationale for the new drug design against
asthma as the alternative for patients poorly responding to current treatments.
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Figure 1. Chemical structures of selected PI3 kinase inhibitors. (A)—Pan-PI3K inhibitors, (B)—Isoform-specific
inhibitors, and (C)—PI3K®d or PI3Ky/d inhibitors as the candidates for the treatment of COPD or Asthma.

The therapeutic application of PI3Ké inhibition at the molecular level utilizes particular
interactions of the respective inhibitors within the p11006 subunit of the ATP binding site [24,25]. Several
binding protein key sites are involved in this mechanism: the affinity pocket, the hinge pocket, and a
hydrophobic region located below the non-conserved part of the enzyme’s active site [25-27].
Numerous active PI3K6 inhibitors are characterized by the interactions with a conserved tyrosine
residue (Tyr-876) and hydrogen bonds with Lys-833 located at the binding pocket [27,28]. Most selective
PI3K6 inhibitors, however, form a specific hydrogen bond between two critical amino acids: Trp-760
and Met-752 [24,28,29]. In addition, opening the pocket between the Trp-812 and Met-804 has been
identified as a selectivity improvement operation [25]. Moreover, PI3K6 selectivity strongly depends on
the interaction with Trp-760, for which a ‘tryptophan shelf’ term was coined [6,24,25]. Binding to Asp-
787 was also observed.

Many inhibitors of PI3K have been designed and developed to date. Of the small molecules
[12,30,31] and non-specific inhibitors (pan-PI3K) PI-103 [32], ZSTK474 [33], Pictilisib (GDC-0941) [34],
Copanlisib (BAY80-6946) [35] and Buparlisib (BKM-120) can be mentioned [36]. More selective
inhibitors for particular enzyme isoforms were later developed, such as, e.g., Apitolisib (GDC-0980)
[37], Idelalisib (CAL-101) [38], and Duvelisib (IPI-145) were developed [39]. Most of them are applied
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in cancer therapies [31]. Only a few PI3K6 or PI3K y/6 inhibitors have been considered potential drugs
in the treatment of respiratory diseases such as chronic obstructive pulmonary disease (COPD) and
asthma, namely Nemiralisib (GSK2269557) [40], RV-1729 [41], LAS195319 [42] and AZD8154 [43,44].
Among them, Nemiralisib (Figure 1, terminated in phase II clinical trials) [45] and GSK-2292767 (which
did not cross phase I) were delivered by inhalation route [6,46]. In autoimmune and immunodeficiency
diseases therapeutic area, two oral PI3K6 inhibitors have advanced to clinical phase three development:
Leniosilib and Seletalisib [5,47-49].

Most of the pan-PI3K inhibitors hold in their molecular structure bicyclic cores such as
thienopyrimidines (GDC-0941), purines, pyridopyrimidines, or furopyrimidines (Figure 1) [6,27]. The
enormous activity and selectivity potential have been associated with the presence of the morpholine
ring in the “morpholine-pyrimidine” system (marked in red in Figure 1) [6]. In the hinge-binding
mechanism motif, the morpholine ring plays a role as an H-bond acceptor. The heteroaromatic or
aromatic ring (marked in green in Figure 1), placed in a “meta”-like position to the morpholine ring,
takes up space within the affinity pocket of the enzyme (binding to Val-828) [6,25,27]. This mutual
interaction enhances the activity and selectivity of designed inhibitors. Moreover, the heterocyclic
system (marked in blue in Figure 1) occupying the pocket responsible for the kinase’s specificity drives
the selectivity of the designed compounds [6,25,27].

In our work, utilizing known “morpholine-pyrimidine” structure-PI3K6-activity relationship
and bicyclic pyrazolo[1,5-a]pyrimidine core, we developed a novel library of compounds focused on
future COPD treatment. More specifically, we were fixed on the substitution of morpholine at the C(7)
position leading to the 7-(morpholin-4-yl) pyrazolo[1,5-a]pyrimidine structural motif. According to
mentioned in the above paragraphs’ correlations, we focused on the pyrazolo[1,5-a]pyrimidine core as
probably the most promising structure (including the nitrogen atom in the five-membered ring),
especially with the morpholine moiety in the appropriate position (to create the “morpholine-
pyrimidine” system). We noticed that based on the structure of inhibitors as the candidates for the
treatment of COPD or Asthma, cores based on bicyclic rings five-six-membered are more potent than
six-six-membered, such as in CDZ 173 or UCB-5857. Moreover, we hoped that a five-six-membered ring,
similar to pan-inhibitor GDC-0941 with appropriate modifications, could improve and increase the
selectivity for isoform 6 and thus becomes a selective PI3K¢ inhibitor. As a result, we obtained a
selection of indole derivatives with improved potency and selectivity towards PI3K6 inhibition.
Moreover, we observed that 5-indole-pyrazolo[1,5-a]pyrimidine turned out to be the most promising
core for future SAR studies.

2. Results and Discussion
2.1. Chemistry

The final compounds of our design were obtained in three different multistage approaches. The
appropriate aminopyrazole derivatives (available commercially or synthesized) were used as the
respective starting materials to provide the final inhibitors utilizing mainly the Buchwald-Hartwig
reaction, the Suzuki coupling, or the Dess—-Martin periodinane oxidation as the crucial synthetic steps.

2.1.1. Synthesis of Compounds 5-3

2-Methyl pyrazolo[1,5-a]pyrimidine derivatives were obtained in a multi-step reaction according
to Scheme 1. 5-Amino-3-methylpyrazole was reacted with diethyl malonate in the presence of a base
(sodium ethanolate) to obtain dihydroxy-heterocycle 1 (89% yield). Then, 2-methylpyrazolo[1,5-
a]pyrimidine-5,7-diol (1) was subjected to the chlorination reaction with phosphorus oxychloride to give
5,7-dichloro-2-methylpyrazolo[1,5-a]pyrimidine (2) (61% yield). Structure 3 was prepared from 2 in a
nucleophilic substitution reaction using morpholine in the presence of potassium carbonate at room
temperature (94% yield). The selectivity of the reaction results from the strong reactivity of the chlorine
atom at position 7 of the pyrazolo[1,5-a]pyrimidine core [50]. 4-{5-Chloro-2-methylpyrazolo[1,5-
a]pyrimidin-7-yljmorpholine (3) is the key intermediate in the preparation of a series of compounds 5-
13. Depending on the R! substituent, the final compounds were prepared from 3 using two types of
coupling reactions: either the Buchwald-Hartwig or the Suzuki coupling reaction. Benzimidazole
derivatives 5-7 were synthesized by carrying out the three-step reaction: again, the Buchwald-Hartwig
reaction (average yield of 61%), amidation, following the final cyclization step. The corresponding
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amides 5-7 were prepared in the presence of EDCI and HOBt from the appropriate carboxylic acids and
amine 4, resulting from the Buchwald-Hartwig synthesis by the heterocycle ring closure in the presence
of glacial acetic acid. Since this synthetic route requires no intermediate purification, the observed yields
are satisfactory in the 74-77% range. A separate synthetic route was chosen for compound 9, obtained
in two steps by the Buchwald-Hartwig reaction with a masked aminopyrazole (54% yield), followed by
the final deprotection of intermediate 8 (89% yield). Derivatives 10-13 were prepared by the Suzuki
reaction of compound 3 with the respective esters or boronic acids in the presence of a palladium
catalyst with yields in the range of 55-61%.
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Scheme 1. Synthesis of 2-methylpyrazolo[1,5-a]pyrimidine derivatives. Reagents and conditions: (i) diethyl
malonate, EtONa, reflux, 24 h, 89%; (ii) POCls, reflux, 24 h, 61%; (iii) morpholine, K2COs, acetone, RT, 1.5 h, 94%;
(iv) benzene-1,2-diamine, tris(dibenzylideneacetone)dipalladium(0), Xantphos, Cs2COs, toluene, 110 °C, 24 h, 61%;
(v) (a) carboxylic acid, EDCI x HCI, HOBt x H20, TEA, DCM, RT, 48 h, (b) AcOH, reflux, 24 h, 74-77%,; (vi) 1-tert-
butyl-3-methyl-1H-pyrazol-5-amine, tris(dibenzylideneacetone)dipalladium(0), Xantphos, Cs2CO3, toluene, 100 °C,
18 h, 54%; (vii) TFA, H20, reflux, 20 h, 89%; (viii) boronic acid pinacol ester or boronic acid,
tetrakis(triphenylphosphino)palladium(0), 2M aq Na2COs, DME, reflux, overnight, 55-61%.

2.1.2. Synthesis of Compounds 23-45

The synthesis of compounds 23-45 was more complicated and required several additional steps.
The first three steps leading to compound 16 were performed based on the available literature data [51-
54]. Initially, the reaction of benzyl alcohol with ethyl bromoacetate in the presence of sodium hydride
gave the corresponding ether 14 (Scheme 2) with a 76% yield. Then the beta-ketoester derivative 15 was
prepared by reaction with acetonitrile under basic conditions using 2,5 M n-butyllithium solution at a
lower temperature of 78 °C. Compound 15 was subsequently condensed with hydrazine to give the
corresponding aminopyrazole derivative 16 in satisfying 87% yield after two steps, as depicted in
Scheme 2. The experiences gained in the previous synthetic route could be successfully extrapolated to
accomplish the next four steps of the synthesis. Reaction of diethyl malonate with the aminopyrazole
derivative 16 gave 2-[(benzyloxy)methyl]pyrazolo[1,5-a]pyrimidine-5,7-diol (17, 84% yield).
Chlorination of 17 with phosphorus oxychloride provided the corresponding dichloro-derivative: 2-
[(benzyloxy)methyl]-5,7-dichloropyrazolo[1,5-a]pyrimidine (18) in 38% yield. A selective and efficient
(92% yield) substitution of the C(7)-chlorine atom in the heteroaromatic core with morpholine gave the
analog of 3 (Scheme 1) as intermediate 19. Applying the Suzuki coupling conditions to 19 with indole-
4-boronic acid pinacol ester led to benzyl masked alcohol 20 in 83% yield. Classical deprotection
conditions (gaseous hydrogen over palladium catalyst on activated charcoal) of the benzyloxy group
provided compound 21 in 66% yield. The subsequent oxidation reaction of primary alcohol 21 to the
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crucial aldehyde 22 was easily accomplished using the Dess—Martin reagent (Scheme 2) with a yield of
78%. A series of the reductive amination reactions utilizing compound 22 as a key intermediate with
the appropriate cyclic amines gave additional contributors (23 to 45) to the growing library of PI3K6
inhibitors in un-optimized yields varying from 25 to 93%.
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Scheme 2. Synthesis of 5-(indol-4-yl)pyrazolo[1,5-a]pyrimidine derivatives. Reagents and conditions: (i) 60% NaH,
toluene, RT, 5 h, 76%; (ii) acetonitrile, 2.5 M n-BuLi, THF, 78 °C, 3 h; (iii) hydrazine monohydrate, EtOH, reflux,
16 h, 87% after two steps; (iv) diethyl malonate, EtONa, reflux, 24 h, 84%; (v) POCls, acetonitrile, 80 °C, 5 h, 38%;
(vi) morpholine, K:COs, acetone, RT, 15 h, 92%; (vii) indole-4-boronic acid pinacol ester,
tetrakis(triphenylphosphino)palladium (0), 2M aq Na2COs, DME, reflux, 16h, 83%; (viii) Hz, 10% Pd/C, DMF/EtOH,
60 °C, 24 h, 66%; (ix) Dess—Martin reagent, DMF, RT, 2 h, 78%; (x) amine, sodium triacetoxyborohydride, DCM, RT,
2 h, 25-93%.

2.1.3. Synthesis of Compounds 49-51 and 53-55

An essential intermediate 19 (Scheme 2) was also successfully used to prepare another set of
compounds functionalized at the C(5) position to explore more deeply the structure-activity
relationship of this particular core. The synthesis of another subset of substituted pyrazolo[1,5-
a]pyrimidines is shown in Scheme 3. Due to the same reaction types, the synthesis pathways of examples
49-51 and 53-55 were similar to the synthesis of the previous compounds (23-45, Scheme 2), the
difference being the order of the Suzuki reaction and the reductive amination reaction sequence in the
multistage synthesis pathway. After deprotection of the hydroxyl group of 19, compound 46 was
oxidized to aldehyde 47 (Scheme 3). The following steps included a reductive amination reaction with
the carefully selected, based on in silico calculations, amines: (2-(4-piperidyl)-2-propanol or N-t-
butylpiperazine followed by a Suzuki coupling to provide 49-51 and 53-55, respectively (Scheme 3).
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Scheme 3. Synthesis of pyrazolo[1,5-a]pyrimidine derivatives. Reagents and conditions: (i) methanesulfonic acid,
CHCIs, RT, 2 h, 97%; (ii) Dess—Martin periodinane, DMF, RT, 2 h, 46%; (iii) 2-(4-piperidyl)-2-propanol, sodium
triacetoxyborohydride, DCM, RT, 16 h, 63%; (iv) boronic acid pinacol ester, tetrakis(triphenylphosphino)palladium
(0), 2M aq Na2COs, DME, reflux, 16 h, 60-72%; (v) N-t-butylpiperazine, sodium triacetoxyborohydride, DCM, RT,

16 h, 53%; (iv) boronic acid pinacol ester, tetrakis(triphenylphosphino)palladium (0), 2M aq Na2COs, DME, reflux,
16 h, 68-77%.

53-55

2.2. Docking Study

Several approaches have been described leading to various structural docking theories explaining
the selectivity of PI3K¢ inhibitors [25,27]. Opening the specificity pocket between the two amino acids,
Trp-812 and Met-804, and adopting the appropriate shape within the protein combined with additional
correlations, allows the identification of much more selective PI3K0 inhibitors from all PI3K Class I
isoforms [25,27,34]. It was reported that there are many meaningful interactions between ligand and
protein in the enzyme’s active site [6,24,27]. First is the hydrogen bond of the morpholine from
pyrazolo[1,5-a]pyrimidine derivative in the hinge-binding motif [6,24-26]. More precisely, the hydrogen
bonding between the oxygen atom from the morpholine mentioned above the ring and amino acid Val-
828 was crucial in the hinge region. It has been suggested that indole derivatives in the C(5) position of
the core of pyrazolo[1,5-a]pyrimidine may form an additional hydrogen bond with Asp-787 (another
important interaction in many selective inhibitors, most with the affinity pocket) [25]. For this reason,
indole heterocycle-based inhibitors are more selective for PI3K6 than other PI3K isoforms. In addition,
a suitable substituent of this structure, which can extend into the solvent, can improve the solubility,
ADME properties, and potency of the final compounds [25].

Our work is focused on the pyrazolo[l,5-a]pyrimidine scaffold and appropriate further
optimization with different C(5) substituents.

An example of our approach showing the possible binding site of compound 13 with the kinase is
presented in Figure 2. The docking procedure utilizes the PI3Ké protein (PDB: 2WXP) and the Auto-
Dock Vina program [55]. Compound 13 (magenta) binds similarity to protein as referent compound
GDC-0941 (orange, Figure 2). More specifically, the oxygen atom in the morpholine ring forms a
hydrogen bond with the amino acid (Val-828) in the hinge region of the enzyme (the importance of this
interaction has been explained before). Moreover, the indole system’s hydrogen atom (NH) is involved
in forming the hydrogen bond with the carbonyl oxygen in Asp-787 in the affinity pocket of the kinase
(Figure 2).
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Asp 787

Figure 2. Example of 3D modeling of a possible binding mode of compound 13 (green) and reference compound
GDC-0941 (orange) in 2WXP=-No protons were added, but the appropriate protonation state was maintained.

Among the structures 24, 36, and 37 additional features were found in our in silico model compared
to 13 and similars. Compared to compound 23, higher activity and selectivity can be explained by
interactions with the tryptophan shelf (2WXP: Trp-760) in PI3K6, as described by Sutherlin et al. [25].
For those compounds, the distance between the R? substituent and the tryptophan’s indole ring is
significantly shorter (Figure 3A). Moreover, the additional hydrogen bond of the hydroxyl group in (2-
(piperidin-4-yl) propan-2-ol) (36) with Lys-708 was observed (Figure 3B). On the other hand, for a
derivative containing tert-butylpiperazine (37), strong hydrophobic interactions with tryptophan (Trp-
760) were found, which may cause the withdrawal of the indole ring of 37 from the enzyme affinity
pocket. Most likely, this situation is observed due to the lack of interaction with tyrosine (Tyr-813) and
aspartic acid (Asp-787) in the mentioned pocket (Figure 3B).

A (&) B
Val ;28} Asp 787
r N | 4
b

Lys 708

Figure 3. (A,B) —examples of 3D modeling of a possible binding mode of compounds 24 (gray), 36 (yellow) and 37
(magenta) in 2WXP.*no protons were added, but the appropriate state of protonation was maintained.

2.3. Biological Evaluation
2.3.1. In Vitro PI3 Kinase Inhibition Assays
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To verify whether the 7-(morpholin-4-yl) pyrazolo [1,5-a] pyrimidine system can inhibit PI36
kinase, the synthesized compounds 6-13 were tested for inhibition of selected PI3K6 and PI3Ka kinases
activity. Enzymatic tests have been used, and the results are presented in Table 1.

Table 1. Inhibition of PI3K6 and PI3Ka by 2-methylpyrazolo[1,5-a]pyrimidine derivatives.
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The activity of these compounds ranged from 45 uM to 0.5 uM for the PI3K 6 isoform and from
over 60 uM to 1.06 uM for the PI3Ka isoform, and thus the a/0 selectivity ranged from 1 to 30 (Table 1).
Among all benzimidazole derivatives synthesized, the most promising activity with the low PI3K0o ICso
value was measured for compound 7 (ICs0 =0.47 uM) (Table 1). On the other hand, compounds 5 and 6,
keeping benzimidazole derivatives within their structures, show significantly lower activity against the
PI3K6 isoform than compound 7 (ICso value of 3.56 uM and 2.30 uM, respectively), regardless of better
selectivity against the PI3K« isoform (a/0) (9.9 for 5 and 11 for 6). We observed that compounds with a
monocyclic 5-or 6-membered heteroaromatic ring (9-11) turned out to be less active and thus showed a
lower enzyme inhibition potential than the other bicyclic structures. Structures 12 and 13 bearing
conjugated bicyclic system as the R! substituent presented a similar activity to the benzimidazole
derivatives. The most active were compounds having R! substituents in the form of 2-
difluoromethylbenzimidazole (7) and indole (13). Specifically, their ICso value against PI3Ko was 0.475
uM and 0.772 pM, respectively. Due to the much better a/0 selectivity of compound 13 over compound
7 (/6= 30 and a/0= 2.2, respectively), we have chosen the indole derivatives for further optimization.

Compared to compound 13, significantly more sterically demanding derivatives were designed
and synthesized as the next optimization step. While the indole fragments were preserved, many
different cyclic amines were linked to the scaffold core through a methylene linkage as an R? substituent
(Table 2).

Table 2. Inhibition of PI3K isoforms by 5-(indol-4-yl)pyrazolo[1,5-a]pyrimidine derivatives.
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ICso values were determined as the mean based on two independent experiments. For compounds with PI3Ko
ICso above 0.5 uM, the activity for the remaining isoforms was not determined. Compounds with PI3K6 ICso
above 50 nM were additionally checked for the potency of the PI3Ka isoform.

The synthesis of the new group of pyrazolo[1,5-a] pyrimidine derivatives (depicted in Scheme 2)
required additional steps related to the functionalization of the C(2)-position of the heteroaromatic core.
Firstly, a group of derivatives with differing sizes of heterocycle rings and different chemical properties
of substituents (23-31) was synthesized (Table 2). We noted that structures containing monocyclic five-
membered rings (25-26) and morpholine (28) turned out to be less potent PI3Ké inhibitors than
compound 13 (Table 1). The mesylpiperazine group present in the GDC0941 Reference [34] did not
significantly improve the activity of structurally similar compound 23 from our library (the ICso value
of that example for PI3K6 and PI3Ka was 0.4 uM and 2.35 uM, respectively). Urea-derivatives, 30 and
31, also showed moderate activity. The most potent compounds in this group (Table 2) turn out to be
the analogs of N,N-dimethyl-4-aminopiperidine (24), and 4-(N-methylpiperazin-lylo)piperidine (29).
Both, 24 and 29, showed promising inhibitory activity against PI3K6 (37 nM and 52 nM respectively)
and selectivity against other isoforms (a/6 = 172; /6 = 389; y/6 = 1332 for 24 and a/6 = 301 for 29). Careful
structural analysis around the R? substituent of the examples provided in Table 2 led us to several
conclusions. Relatively modest activities of the compounds containing the methyl group, aromatic ring,
or ester group at the C(4)-position of the heterocyclic ring misled us towards the synthesis of piperazine
and piperidine analogs(32-45) (Table 2). Moreover, the presence of the second ring within the R2
substituent (compounds 39-40 and 42-45) did not improve PI3Ko activity compared to previously
obtained compounds 24 or 29. Finally, only large aliphatic substituents within piperazine or piperidine
rings gain the PI3K6 potency and respective selectivity.

We observed that the best results were achieved for two compounds being the representatives of
two different modifications. More specifically 2- (piperidin-4-yl) propan-2-ol (compound 36 of
piperidine modification series) and N-tert-butylpiperazine (compound 37 of piperazine modification
series) exhibit high activities towards the PI3Ké (ICso = 6.6 and 13.0 nM, respectively) and appreciable
selectivities towards other isoforms (/0 = 1217; /6 = 332; y/6 = 1223 for 36 and /6 = 1889; /0 = 829; y/6
> 9091 for 37; Table 2). As the hit to lead optimization route continued, several indole and azaindole
derivatives at the C(5) position were introduced to the existing scaffold. While preserving the most
active amino groups, we prepared the piperidine derivatives series (summarized in Table 3) and
piperazine derivatives series (covered in Table 4). From all the synthesized structures, the N-fert-
butylpiperazine derivatives (37, 53, 54, 55, Table 4) show the highest PI3K activity, greater than the
piperidyl-propanol analogs shown in Table 3 (36, 49, 50, 51). The presence of the fluorine atom in the
C(5)-position of the indol fragment causes a slight decrease in activity against the PI3K6 isoform in both
groups without affecting the selectivity toward other isoforms. The introduction of the nitrogen atom
to the indole ring at position 7 caused a slight decrease in the activity of compound 51 (Table 3), which
was almost doubled in the case of 55 (Table 4). Moreover, slight decreases in activity related to the PI3Ka
isoform were observed for these structures. An introduction of a nitrogen atom in the 6-position of the
indole caused a decrease in activity derivate 50 but a 10-fold improvement for 54. Decreased selectivity
against the PI3K« isoform was also observed for the azaindole structures (50, 51, 53, 54) despite the good
activity in the nanomolar range (ICso value: 2.8-45 nM).
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Table 3. Inhibition of PI3K6 by pyrazolo[1,5-a]pyrimidine derivatives.
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Table 4. Inhibition of PI3K0 by pyrazolo[1,5-a]pyrimidine derivatives.

@

Comoound @ 1C%PI3K 8 ICo P3K a 1Co PBK 1 prsic y —Fld Selectivily 4, opygg
P [nM] [nM] Ml a6 B/s ylo  [nM
[nM]

37 N 66 12470 5470 >60,000 1889 829 9091 20

NH
5 v 19300 19450  >60,000 1754 1768 >5455
¥
58 Y 28 2670 21,600 34400 954 7714 12286 19
M i
55 7N 45 2960 32,000 66 711
N TNH

ICs0 values were determined as the mean based on two independent experiments.

We have found that two compounds: 37 and 54, from the entire synthesized library showed the
best activity and selectivity for PI3K6. Based on all parameters, these structures showed the highest
selectivity, the lowest ICso values, and the most promising other parameters [15]. Consequently, those
two selected examples were tested by flow cytometry towards the proliferation of B lymphocytes
capabilities. Both showed very high potency in inhibiting B cell proliferation with ICso values of 20 nM
and 19 nM, respectively (Table 5). Moreover, compound 54 had better kinetic solubility at pH 7.4 than
compound 37 (>500 and 444 uM respectively) (Table 5). We also observed that the presence of nitrogen
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atom in the 6-azaindole ring of 54 molecule results in higher metabolic stability in murine and human
microsomes (for details, see Table 5).

Table 5. Comparison of the selected properties of compounds 37 and 54.

Solubility MLM tu2 MLM Cl1 HLM ty2 HLM (I
Compound ) . ) ] . )
[uM] [min] [mlxmin?'xmg?] [min] [mlxmin?xmg7]
37 444 126 13.7 76 22.8
54 >500 198 7.0 370 3.7

3. Materials and Methods
3.1. Chemistry
3.1.1. General Information

Chemicals (at least 95% purity) were purchased from ABCR (Karlsruhe, Germany), Acros (Geel,
Belgium), Alfa Aesar (Haverhill MA, USA), Combi-Blocks (San Diego, CA, USA), Fluorochem
(Hadfield, UK), Fluka (Charlotte, NC, USA), Merck (Rahway, NJ, USA), and Sigma Aldrich (St. Louis,
MO, USA) and were used without additional purification. Solvents were purified according to standard
procedures if required. Air or moisture-sensitive reactions were carried out under an argon atmosphere.
All reaction progresses were routinely checked by thin-layer chromatography (TLC). TLC was
performed using silica gel coated plates (Kieselgel F254) and visualized using UV light. Flash
chromatography was performed using Merck silica gel 60 (230-400 mesh ASTM). 'H NMR spectra were
acquired on a Varian Inova 300 MHz NMR spectrometer, JOEL J]NMR-ECZS 400 MHz spectrometer,
JOEL JNMR-ECZR 600 MHz spectrometer, and Bruker DRX 500 NMR spectrometer with 'H being
observed at 300 MHz, 400 MHz, 600 MHz, and 500 MHz, respectively. *C NMR spectra were recorded
similarly at 75 MHz, 101 MHz, 151 MHz, and 126 MHz, frequencies for 1*C, respectively. Due to the
poor solubility of some final compounds, usual characterization by *C NMR was omitted. Chemical
shifts for TH and *C NMR spectra were reported in 6 (ppm) using tetramethylsilane as an internal
standard or according to the residual undeuterated solvent signal (2.50 ppm for DMSO-ds, and 7.26 ppm
for CDCls). The abbreviations for spin interaction coupled 'H signals are as follows: s (singlet), d
(doublet), t (triplet), m (multiplet), dd (doublet of doublets), dt (doublet of triplet), q (quartet). Coupling
constants (J) are expressed in Hertz. Mass spectra (Atmospheric Pressure Ionization Electrospray, API-
ES, and Electrospray lonization, ESI-MS) were obtained using Agilent 6130 LC/MSD spectrometer or
Agilent 1290 UHPLC coupled with Agilent QTOF 6545 mass spectrometer.

3.1.2. Synthesis

Procedure for 5,7-dihydroxy-2-methylpyrazolo[1,5-a]pyrimidine (1)

To the flask with sodium ethoxide solution (obtained from sodium (4.73 g, 0.21 mol) and ethanol
(175 mL) a solution of 3-amino-5-methylpyrazole (10.0 g, 0.10 mol) in ethanol (100 mL) and diethyl
malonate (23.5 mL, 0.15 mol) were added. The reaction was carried out at reflux for 24 h. The reaction
mixture was cooled to room temperature, and then the solvent was evaporated under reduced pressure.
The residue was dissolved in 1200 mL of water and acidified with concentrated hydrochloric acid to a
pH of about 2. Creamy solid precipitated from the solution was filtered off, washed, and dried. The title
compound 1 (15.2 g, 0.08 mol) was obtained as an off-white solid with 89% yield. MS-ESI: m/z calcd for
C7H7N3O2 [M+Na]*: 188.04; found 187.9.
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Procedure for 5,7-dichloro-2-methylpyrazolo[1,5-a]pyrimidine (2)

To the cooled to 0 °C POCIs (90 mL, 0.963 mol), compound 1 (15.2 g, 0.092 mol) was added. The
reaction was carried out at reflux for 24 h. The reaction mixture was cooled to room temperature and
poured into the water with ice. The mixture was quenched with a 6 M sodium hydroxide solution to
pH 6. The aqueous phase was extracted with ethyl acetate, and after separation, the organic phase was
dried with anhydrous sodium sulfate. After filtration of the drying agent and evaporation of the solvent,
the residue was purified by column chromatography (0-40% ethyl acetate gradient in heptane) to give
compound 2 (11.4 g, 0.056 mol) obtained as an off-white solid with 61% yield. 'H NMR (300 MHz,
CDCls) 0: 6.90 (s, 1H, Ar-H), 6.53 (s, 1H, Ar-H), 2.56 (s, 3H, CHs). MS-ESI: m/z calcd for C7HsCl2N3s
[M+H]J*: 201.99; found 201.9.

Procedure for 5-chloro-2-methyl-7-morpholin-4-yl-pyrazolo[1,5-a]pyrimidine (3)

To the solution of compound 2 (2.0 g, 9.9 mmol) in acetone (50 mL), potassium carbonate (1.64 g,
11.9 mmol), and morpholine (1.35 mL, 15.5 mmol) were added. The reaction was carried out at room
temperature for 1.5 h. Then water (100 mL) was added to the reaction mixture, and the precipitated
white solid was filtered off. The obtained solid was washed with water (50 mL) and water/acetone
mixture (2/1, v/v) (50 mL), then dried. Compound 3 (2.36 g, 0.09 mol) was obtained as a white solid with
94% yield. 'H NMR (300 MHz, CDCls) 6: 6.29 (s, 1H, Ar-H), 6.01 (s, 1H, Ar-H), 4.00-3.92 (m, 4H, morph.),
3.81-3.72 (m, 4H, morph.), 2.46 (s, 3H, CHs). MS-ESI: m/z calcd for C11H1i3CIN4O [M+H]*: 253.09; found
253.0.

Procedure for N-(2-methyl-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl)benzene-1,2-diamine (4)

The mixture of compound 3 (1.0 g, 3.96 mmol), benzene-1,2-diamine (1.31 g, 11.9 mmol), cesium
carbonate (3.87 g, 11.9 mmol), tris(dibenzylideneacetone)dipalladium(0) (0.181 g, 0.20 mmol), 9,9-
dimethyl-4,5-bis(diphenylphosphine)xanthene (0.229 g, 0.40 mmol) and dry toluene (40 mL) were
introduced to the reaction Schlenk flask. The mixture was flushed with argon and stirred at 110 °C for
24 h. After cooling to room temperature, the reaction mixture was filtered through Celite®, and the solid
was washed with ethyl acetate. The filtrate was concentrated under reduced pressure using an
evaporator. The residue was resolved and purified by column chromatography (50-100% ethyl acetate
gradient in heptane) to give the title compound 4 (0.78 g, 2.4 mmol) with 61% yield. "H NMR (300 MHz,
CDCls) 0 7.23-7.17 (m, 1H, Ar-H), 7.16-7.09 (m, 1H, Ar-H), 6.88-6.76 (m, 2H, Ar-H), 6.37 (s, 1H, Ar-H),
5.92-5.86 (m, 1H), 5.30 (s, 1H), 4.01-3.81 (m, 4H, morph.), 3.58-3.45 (m, 4H, morph.), 2.39 (s, 3H, CHs).
MS-ESI: m/z caled for Ci7H20N6O [M+H]*: 325.18; found 325.1.

General Procedure for the Synthesis of Benzimidazole Derivatives (5-7)

In the solution of compound 4 (1.0 eq) dissolved in dry DCM (10 mL/1g of compound 4), the carboxylic
acid (2.0 eq), HOBt x H20 (1.2 eq), EDCI x HCI (2.4 eq), and TEA (3.0 eq) were added. The whole reaction
mixture was stirred at room temperature for 48 h. To the reaction, mixture water was added, and organic
and water phases were separated. The aqueous phase was washed three times with DCM. Combined
organic phases were dried over anhydrous sodium sulfate. After the drying agent was filtered off and
the solvent evaporated, the reaction mixture was dissolved in glacial acetic acid. The reaction mixture
was refluxed for 24 h. Then the reaction mixture was cooled and concentrated under reduced pressure.
The residue was diluted with water and neutralized with a saturated sodium bicarbonate solution. The
aqueous phase was extracted three times with ethyl acetate. Combined organic phases were dried over
sodium sulfate. Once the drying agent was filtered off, the solvent was evaporated under reduced
pressure using an evaporator. The reaction mixture was purified by column chromatography.

2-methyl-5-(2-methylbenzimidazol-1-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine (5)

Compound 5 was prepared from compound 4 (0.20 g, 0.62 mmol), acetic acid (70 pL, 74 mg, 1.23
mmol), HOBt (0.10 g, 0.74 mmol), EDCI (0.28 g, 1.48 mmol), TEA (0.26 mL, 0.19 g, 1.85 mmol) and DCM
(6.0 mL). The crude product was purified by flash chromatography to give 5 (0.16 g, 0.46 mmol) as a
light yellow solid with 73% yield. 'H NMR (300 MHz, CDCls) 6 7.78-7.72 (m, 1H, Ar-H), 7.50-7.45 (m,

63



1H, Ar-H), 7.34-7.22 (m, 2H, Ar-H), 6.42 (s, 1H, Ar-H), 6.16 (s, 1H, Ar-H), 4.03-3.97 (m, 4H, morph.),
3.88-3.82 (m, 4H, morph.), 2.76 (s, 3H, CHs), 2.53 (s, 3H, CHs). 3C NMR (75 MHz, CDCls) 6 155.0, 151.6,
151.2,150.4, 148.5,142.7,134.5,123.0,122.9, 119.4, 110.4, 96.1, 87.5, 66.2, 48.4, 15.6, 14.8. MS-ESI: m/z calcd
for C1oH20N6O [M+H]*: 349.18; found 349.1.

2-methyl-5-(2-ethylbenzimidazol-1-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine (6)

Compound 6 was prepared from compound 4 (0.20 g, 0.62 mmol), propionic acid (92 pL, 91 mg,
1.23 mmol), HOBt (0.10 g, 0.74 mmol), EDCI (0.28 g, 1.48 mmol), TEA (0.26 mL, 0.19 g, 1.85 mmol) and
DCM (6.0 mL). The crude product was purified by flash chromatography to give 6 (0.17 g, 0.47 mmol)
as a white solid with 75% yield. "H NMR (300 MHz, CDCls) 6 7.83-7.76 (m, 1H, Ar-H), 7.47-7.41 (m, 1H,
Ar-H), 7.34-7.21 (m, 2H, Ar-H), 6.42 (s, 1H, Ar-H), 6.15 (s, 1H, Ar-H), 4.03-3.97 (m, 4H, morph.), 3.88-
3.82 (m, 4H, morph.), 3.11 (q, ] = 7.5 Hz, 2H, CHz), 2.53 (s, 3H, CHs), 1.41 (t, ] = 7.5 Hz, 3H, CHs). 13C
NMR (75 MHz, CDCls) 6 156.2, 155.0, 151.2, 150.4, 148.4, 142.7, 134.6, 123.0, 122.7, 119.5, 110.2, 96.2, 87.7,
66.2,48.4,22.1, 14.8, 11.9. MS-ESI: m/z calcd for C20H22N6O [M+H]*: 363.19; found 363.1.

2-methyl-5-(2-difluoromethylbenzimidazol-1-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine (7)

Compound 7 was prepared from compound 4 (0.20 g, 0.62 mmol), difluoroacetic acid (77 pL, 0.12
g, 1.23 mmol), HOBt (0.10 g, 0.74 mmol), EDCI (0.28 g, 1.48 mmol), TEA (0.26 mL, 0.19 g, 1.85 mmol)
and DCM (6.0 mL). The crude product was purified by flash chromatography to give 7 (0.18 g, 0.47
mmol) as a white solid with 76% yield. "H NMR (300 MHz, CDCls) 6 7.92 (d, ] = 7.1 Hz, 1H, Ar-H), 7.65
(d, ] = 7.4 Hz, 1H, Ar-H), 7.47-7.38 (m, 2H, Ar-H), 7.24 (t, | = 26.8 Hz, 1H, CHF2), 6.42 (s, 1H, Ar-H), 6.28
(s, 1H, Ar-H), 4.02-3.97 (m, 4H, morph.), 3.92-3.87 (m, 4H, morph.), 2.53 (s, 3H, CHs). MS-ESI: m/z calcd
for C1oH1sF2NeO [M+H]*: 385.16; found 385.0.

Procedure for 1-tert-butyl-3-methyl-N-[2-methyl-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl]-1H-
pyrazol-5-amine (8)

The mixture of compound 3 (0.64 g, 2.53 mmol), 1-tert-butyl-3-methyl-1H-pyrazol-5-amine (0.59 g,
3.86 mmol), cesium carbonate (1.70 g, 5.16 mmol), tris(dibenzylideneacetone)dipalladium(0) (0.13 g, 0.12
mmol), 9,9-dimethyl-4,5-bis(diphenylphosphine)xanthene (0.15 g, 0.25 mmol) and dry toluene (30 mL)
were introduced to the reaction Schlenk flask. The whole mixture was flushed with argon and stirred
at 100 °C for 18 h. After cooling to room temperature, the reaction mixture was filtered through the
Celite®, and the solid was washed with CHCls (50 mL). The filtrate was concentrated under reduced
pressure. The residue was resolved on a chromatographic column (amine-functionalized silica gel) (0-
10% ethyl acetate gradient in heptane) to give compound 8 (0.51g, 1.38 mmol) with 54% yield. '"H NMR
(300 MHz, CDCls) 6 7.02 (s, 1H, Ar-H), 6.01 (s, 1H, Ar-H), 5.77 (s, 1H), 3.96-3.86 (m, 4H, morph.), 3.59—
3.49 (m, 4H, morph.), 2.38 (s, 3H, CH3), 2.29 (s, 3H, CHs), 1.60 (s, 9H, t-Bu.). *C NMR (75 MHz, CDCls)
0156.9, 154.3,151.9, 151.0, 146.1, 137.3, 104.6, 92.1, 79.2, 66.5, 59.8, 48.8, 30.3, 15.0, 14.6. MS-ESI: m/z calcd
for C19HzzN-O [M+H]*: 370.24; found 370.1.

Procedure for 3-methyl-N-[2-methyl-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl]-1H-pyrazol-5-
amine (9)

Compound 8 (0.20 g, 0.545 mmol), trifluoroacetic acid (1.0 mL), and water (4.0 mL) were refluxed
for 20 h. Then, the reaction mixture was cooled to room temperature, water (10 mL) was added and the
whole mixture was alkalized with saturated sodium carbonate solution (12 mL). Precipitation was
observed and obtained solid was filtered off, washed with water (5 mL), and dried. The title compound
9 (0.15 g, 0.48 mmol) was isolated as a white solid with 89% yield. 'H NMR (400 MHz, DMSO-ds) 6 11.86
(s, 1H, NH), 9.41 (s, 1H, NH), 6.30 (s, 1H, Ar-H), 6.06 (s, 1H, Ar-H), 5.85 (s, 1H, Ar-H), 3.80-3.78 (m, 4H,
morph.), 3.52-3.50 (m, 4H, morph.), 2.27 (s, 3H, CHs), 2.20 (s, 3H, CHzs). *C NMR (101 MHz, DMSO-db)
0153.6, 151.6, 150.7, 150.1, 95.1, 91.4, 81.8, 65.6, 48.0, 14.4, 10.9. MS-ESI: m/z calcd for CisH1sN7O [M+H]*:
314.17; found 314.1.
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General Procedure for the Suzuki Reaction

To the solution of compound 3 (1.0 eq) dissolved in 1,2-dimethoxyethane (DME) (10 mL/1 g of
compound 3), boronic acid pinacol ester or boronic acid (1.5 eq), tetrakis(triphenylphosphino)palladium
(0) (0.2 eq) and 2M aqueous sodium carbonate solution (2.0 eq) were added. The reaction mixture was
refluxed overnight. Then, the reaction mixture was cooled to room temperature, filtered through the
pad of Celite®, and obtained solid washed with ethyl acetate. The filtrate was concentrated under
reduced pressure using an evaporator and the residue was purified by column chromatography.

2-methyl-7-(morpholin-4-yl)-5-(1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine (10)

Synthesized from compound 3 (0.15 g, 0.594 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-pyrazole-1-carboxylic acid tert-butyl ester 0.26 g, 0.890 mmol),
tetrakis(triphenylphosphine)palladium(0) (0.14 g, 0.119 mmol), 2M aqueous sodium carbonate solution
(0.59 mL, 1.19 mmol) and DME (6 mL). The crude product was purified by flash chromatography (0-
100% ethyl acetate gradient in heptane) to give 10 (0.095 g, 0.33 mmol) with 56% yield. 'H NMR (300
MHz, DMSO-ds) 6 13.18 (s, 1H, NH), 8.49 (s, 1H, Ar-H), 8.13 (s, 1H, Ar-H), 6.60 (s, 1H, Ar-H), 6.24 (s, 1H,
Ar-H), 3.90-3.78 (m, 4H, morph.), 3.78-3.63 (m, 4H, morph.), 2.37 (s, 3H, CHs). ¥C NMR (75 MHz,
DMSO-ds) 6 152.8, 151.7, 151.4, 149.8, 138.1, 128.7, 121.7, 93.9, 89.3, 65.9, 48.3, 14.7. MS-ESI: m/z calcd for
C1H1eNeO [M+H]*: 285.15; found 284.9.

2-methyl-7-(morpholin-4-yl)-5-(2-aminopyridin-5-yl)pyrazolo[1,5-a]pyrimidine (11)

Synthesized from compound 3 (0.10 g, 0.396 mmol), 2-aminopyridine-5-boronic acid pinacol ester
(0.14 g, 0.594 mmol), tetrakis(triphenylphosphine)palladium(0) (91 mg, 0.079 mmol), 2M aqueous
sodium carbonate solution (0.40 mL, 0.791 mmol) and DME (4 mL). the crude product was purified by
flash chromatography (0-100% ethyl acetate gradient in heptane) to give 11 (0.075 g, 0.032 mol) with
61% yield. 'H NMR (300 MHz, CDCls+CDsOD) 6 8.58 (d, ] = 1.8 Hz, 1H), 8.11 (dd, | = 8.8, 1.8 Hz, 1H),
6.68 (d, | = 8.8 Hz, 1H, Ar-H), 6.47 (s, 1H, Ar-H), 6.34 (s, 1H), 4.04-3.98 (m, 4H, morph.), 3.80-3.75 (m,
4H, morph.), 2.49 (s, 3H, CHs). 3C NMR (75 MHz, CDCIs+CDsOD) 6 146.6, 136.8, 108.8, 100.2, 94.7, 88.7,
74.8,70.2, 66.1, 29.5, 16.55, 14.0. MS-ESI: m/z calcd for CisHisNeO [M+H]*: 311.16; found 311.0.

2-methyl-7-(morpholin-4-yl)-5-(1H-indazole-4-yl)pyrazolo[1,5-a]pyrimidine (12)

Synthesized from compound 3 (0.10 g, 0.396 mmol), 1H-indazole-4-boronic acid (0.10 g, 0.594
mmol), tetrakis(triphenylphosphine)palladium(0) (91 mg, 0.079 mmol), 2M aqueous sodium carbonate
solution (0.40 mL, 0.791 mmol) and DME (4 mL). The crude product was purified by flash
chromatography (0-100% ethyl acetate gradient in heptane) to give 12 (0.077 g, 0.23 mmol) with 58%
yield. 'TH NMR (300 MHz, CDCls) 6 8.76-8.74 (m, 1H, NH), 7.69-7.65 (m, 1H), 7.61-7.57 (m, 1H, Ar-H),
7.53-7.46 (m, 1H), 6.59 (s, 1H, Ar-H), 6.50 (s, 1H, Ar-H), 4.06-3.98 (m, 4H, morph.), 3.85-3.76 (m, 4H,
morph.), 2.54 (s, 3H, CHs). ®C NMR (75 MHz, CDCls) 6 156.8, 154.8, 151.9, 150.6, 141.2, 135.8, 132.3,
128.9, 126.9, 121.0, 111.7, 96.3, 91.2, 66.6, 48.7, 15.2. MS-ESI: m/z calcd for CisHisN«O [M+H]*: 335.16;
found 335.1.

2-methyl-7-(morpholin-4-yl)-5-(1H-indole-4-yl)pyrazolo[1,5-a] pyrimidine (13)

Synthesized from compound 3 (0.10 g, 0.404 mmol), indole-4-boronic acid pinacol ester (0.15 g,
0.606 mmol), tetrakis(triphenylphosphine)palladium(0) (93 mg, 0.081 mmol), 2M aqueous sodium
carbonate solution (0.40 mL, 0.80 mmol) and DME (5 mL). The crude product was purified by flash
chromatography (0-50% ethyl acetate gradient in heptane) to give 13 (0.074 g, 0.22 mmol) with 55%
yield. 'H NMR (300 MHz, CDCls) 6 8.68 (s, 1H, NH), 7.63-7.55 (m, 1H, Ar-H), 7.48-7.39 (m, 1H, Ar-H),
7.33-7.21 (m, 2H, Ar-H), 7.10-7.04 (m, 1H, Ar-H), 6.61 (s, 1H, Ar-H), 6.45 (s, 1H, Ar-H), 4.05-3.93 (m,
4H, morph.), 3.82-3.70 (m, 4H, morph.), 2.52 (s, 3H, CHs). 3C NMR (75 MHz, CDCls) 6 158.4, 154.1, 151.7,
150.1, 136.6, 131.3, 125.9, 125.4, 121.9, 120.2, 112.6, 102.6, 95.5, 92.1, 66.3, 48.4, 14.8. MS-ESI: m/z calcd for
C1oH1NsO [M+H]*: 334.17; found 334.0.
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Procedure for Ethyl 2-benzyloxyacetate (14)

To the suspension of 60% NaH (21.8 g, 0.545 mol) in dry toluene (1000 mL), benzyl alcohol (47 mL,
0.454 mol) was added dropwise over 30 min. The whole mixture was stirred at room temperature for 4
h. The suspension was cooled in a water-ice bath and ethyl bromoacetate (66 mL, 0.595 mol) was added
dropwise for 45 min. The reaction mixture was heated to room temperature and stirred for one h. The
whole mixture was poured onto ice water (1200 mL) acidified with concentrated hydrochloric acid (10
mL) to pH 4. Phases were separated and the aqueous phase was extracted three times with diethyl ether
(200 mL). Combined organic phases were washed with brine and dried over anhydrous magnesium
sulfate. After filtration of the drying agent, organic solvents were evaporated under reduced pressure.
The residue was separated by distillation under reduced pressure to give (66.7 g, 0.34 mol) ethyl 2-
benzyloxyacetate (14) with 76% yield as a colorless liquid (T = 104-106°C / 0.7 tor). 'H NMR (500 MHz,
CDCls) 6: 7.39-7.28 (m; 5H, Ar-H), 4.63 (s; 2H, CH>), 4.23 (q; ] = 7.1 Hz; 2H, CH>), 4.09 (s; 2H, CH2), 1.28
(t; ] =7.1 Hz; 3H, CHs). MS-ESI: m/z caled for CiiH14Os [M+H]*: 195.23; found 195.1.

Procedure for 4-benzyloxy-3-oxobutyronitrile (15)

A flask filled with dry THF (750 mL) under an argon atmosphere was cooled to =78 °C, then 2.5 M
n-BuLi hexane solution (200 mL, 0.5 mol) was added, and after that acetonitrile (28 mL, 0.533 mol) was
added dropwise. The whole mixture was stirred at =78 °C for 2 h. The mixture was transferred dropwise
to the suspension of ethyl 2-benzyloxyacetate (77.7 g, 0.4 mol) dropwise, and stirring was continued at
-78 °C for one h. The reaction was quenched with ammonium chloride solution (500 mL). The reaction
mixture was poured onto ice water and acidified with 6 M hydrochloric acid (250 mL) to pH 3. The
aqueous phase was extracted twice with diethyl ether (400 mL). Combined organic phases were washed
with brine and dried over anhydrous magnesium sulfate. The drying agent was filtered off, and the
solvent was evaporated under reduced pressure. Compound 15 was used in the next step without
additional purification. MS-ESI: m/z calcd for CtiHuNO:2 [M+H]*: 190.22; found 190.1.

Procedure for 3-(benzyloxymethyl)-1H-pyrazol-5-amine (16)

To compound 15 (75.7 g, 0.4 mol, obtained above), ethanol (500 mL) and hydrazine monohydrate
(100 mL, 2.1 mol) were added. The mixture was refluxed for 16 h. After concentration, the residue was
dissolved with chloroform and dried over anhydrous sodium sulfate. Then, the drying agent was
filtered off, and the solvent was evaporated. The crude product was purified by column
chromatography (0-5% methanol gradient in ethyl acetate) to give 16 (70.4 g, 0.34 mol) with 87% yield
after two steps as a brown oil. 'TH NMR (300 MHz; CDCls) 6: 7.39-7.28 (m; 5H, Ar-H); 5.59 (s; 1H); 4.53
(s; 2H, CHz); 4.50 (s; 2H, CHz). MS-ESI: m/z calcd for C11HisNsO [M+H]*: 204.25; found 204.1.

Procedure for 2-(benzyloxymethyl)pyrazolo[1,5-a]pyrimidin-5,7-diol (17)

To the flask containing sodium ethanolate solution (obtained from sodium ethanolate (53 g, 0.74
mol) and ethanol (700 mL)), compound 16 (70.4 g, 0.35 mol) dissolved in ethanol (200 mL) and diethyl
malonate (80 mL, 0.53 mol) was added. The reaction was refluxed for 24 h. Then the reaction mixture
was cooled to room temperature, and the solvent was evaporated under reduced pressure. The residue
was dissolved in water (1200 mL) and acidified with concentrated hydrochloric acid (250 mL). Creamy
solid precipitated from the solution was filtered off, washed, and dried to give 17 (79.0 g, 0.27 mol) with
84% yield as a creamy solid. MS-ESI: m/z calcd for C1aH1sN3Os [M+Na]*: 294.26; found 294.1.

Procedure for 2-(benzyloxymethyl)-5,7-dichloropyrazolo[1,5-a]pyrimidine (18)

The suspension of compound 17 (30 g, 0.11 mol) in acetonitrile (270 mL) was cooled to 0 °C in a
water-ice bath, and POCI5 (206 mL, 2.2 mol) was added. The reaction was heated at 80 °C for five h. The
reaction mixture was concentrated under reduced pressure to remove acetonitrile and POCls. The
residue was poured onto the water with ice and alkalized to pH 5 with saturated sodium hydrogen
carbonate solution (350 mL). The aqueous phase was extracted with ethyl acetate, and after separation,
the organic phase was dried over anhydrous sodium sulfate. After filtration of the drying agent and
evaporation of the solvent, the residue was purified by column chromatography (0-20% ethyl acetate
gradient in heptane to give 18 (13 g, 42.3 mmol) with 38% yield as a slightly yellow oil. 'H NMR (300
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MHz, CDCls) 6: 7.41-7.27 (m; 5H, Ar-H); 6.96 (s; 1H, Ar-H); 6.80 (s; 1H, Ar-H); 4.81 (s; 2H, CH2); 4.65 (s;
2H, CH2). MS-ESI: m/z caled for CisaHnuCLNsO [M+H]*: 309.17; found 308.0.

Procedure for 2-(benzyloxymethyl)-5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine (19)

To the solution of compound 18 (13 g, 42.3 mmol) dissolved in acetone (450 mL), sodium carbonate
(56.38 g, 50.8 mmol), and morpholine (6.65 mL, 76.2 mmol) were added. The reaction was carried out at
room temperature for 1.5 h. 500 mL of water were added to the reaction mixture, and the precipitated
white solid was filtered off. The solid was washed with water (300 mL) and water/acetone mixture (2/1,
v/v) (200 mL), then dried to give 19 (14 g, 39.01 mmol) with 92% yield as a white solid. "H NMR (300
MHz, CDCls) 6: 7.41-7.27 (m; 5H, Ar-H); 6.56 (s; 1H, Ar-H); 6.06 (s; 1H, Ar-H); 4.73 (s; 2H, CH-2); 4.62 (s;
2H, CHz2); 3.98-3.90 (m; 4H, morph.); 3.82-3.74 (m; 4H, morph.). MS-ESI: m/z calcd for CisHisCIN4O:
[M+H]*: 359.83; found 359.2.

Procedure for 2-(benzyloxymethyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine
(20)

To the solution of compound 19 (1.88 g, 5.24 mmol) dissolved in 1,2-dimethoxyethane (DME) (52
mL), indole-4-boronic acid pinacol ester (1.97 g, 7.87 mmol), tetrakis(triphenylphosphino)palladium (0)
(0.61 g, 0.52 mmol) and 2M aqueous sodium carbonate solution (5.2 mL) were added. The reaction was
refluxed for 16 h. Then, the reaction mixture was cooled to room temperature, filtered through the
Celite®, and the solid was washed with ethyl acetate (50 mL). The filtrate was concentrated under
reduced pressure using an evaporator. The crude product was purified by column chromatography (0-
70% ethyl acetate gradient in heptane) to obtain compound 20 (1.91 g, 4.34 mmol) with an 83% yield. 'H
NMR (300 MHz, CDCls) 0: 8.61 (s; 1H); 7.61 (dd; | = 7.4; 0.8 Hz; 1H, Ar-H); 7.50-7.23 (m; 8H); 7.13-7.07
(m; 1H, Ar-H); 6.74 (s; 1H, Ar-H); 6.66 (s; 1H, Ar-H); 4.81 (s; 2H, CH>); 4.67 (s; 2H, CH-2); 4.02-3.95 (m;
4H, morph.); 3.81-3.73 (m; 4H, morph.). MS-ESI: m/z calcd for C2sH2sNsO2 [M+H]*: 440.21; found 440.1.

Procedure for [5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-ylJmethanol (21)

To the solution of compound 20 (5.0 g, 9.1 mmol) in DMF (120 mL) and EtOH (60 mL), 10% Pd/C
(11.3 g) and formic acid (100 uL) were added. The reaction was heated to 60 °C under hydrogen pressure
for 24 h. After cooling the reaction mixture to room temperature, the catalyst was filtered-off on a
Celite®, washed with EtOH (50 mL), and the filtrate was then concentrated under reduced pressure
using an evaporator. The crude product was purified by column chromatography (0-100% ethyl acetate
gradient in heptane) to give 21 (2.08 g, 5.95 mmol) with 66% yield. 'H NMR (300 MHz, DMSO-de) 0 11.36
(s; 1H, NH); 7.70-7.63 (m; 1H, Ar-H); 7.59-7.52 (m; 1H, Ar-H); 7.52-7.46 (m; 1H, Ar-H); 7.28-7.20 (m;
1H, Ar-H); 7.14-7.09 (m; 1H, Ar-H); 6.78 (s; 1H, Ar-H); 6.55 (s; 1H, Ar-H); 5.36 (t; ] = 6.0 Hz; 1H, OH);
4.66 (d; ] = 6.0 Hz; 2H, CH2); 3.90-3.83 (m; 4H, morph.); 3.83-3.75 (m; 4H, morph.). MS-ESI: m/z calcd for
C19H19N502 [M+H]*: 350.39; found 350.2.

Procedure for 5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-carboxyaldehyde (22)

To the solution of compound 21 (0.90 g, 2.58 mmol) in dry DMF(26 mL), Dess—Martin reagent (1.31
g, 3.09 mmol) was added. The whole mixture was stirred at room temperature for one h. The obtained
solid was filtered off and then washed with ethyl acetate (35 mL). The obtained solution was
concentrated under reduced pressure. The crude product was purified by flash chromatography (0-70%
ethyl acetate gradient in heptane) to give 22 (0.70 g, 2.01 mmol) with 78% yield. 'H NMR (300 MHz,
CDCls) 6 10.22 (s; 1H, CHO); 8.47 (s; 1H); 7.66-7.59 (m; 1H, Ar-H); 7.57-7.50 (m; 1H, Ar-H); 7.39-7.29 (m;
2H, Ar-H); 7.18-7.09 (m; 2H, Ar-H); 6.83 (s; 1H, Ar-H); 4.08-4.00 (m; 4H, morph.); 3.86-3.77 (m; 4H,
morph.). MS-ESI: m/z calcd for C1sH17NsO2 [M+H]*: 348.38; found 348.1.

General Procedure for the Reductive Amination Reaction (23-45)

To the solution of compound 22 (1.0 eq) in dry DCM (10 mL/1 g of compound 22), amine derivative
(1.2 eq) was added and then stirred at room temperature. After 1 h sodium triacetoxyborohydride (1.5
eq) was added and the mixture was stirred at room temperature for 15 h. To the reaction mixture was
added water and phases were separated. The aqueous phase was extracted three times with DCM.
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Combined organic phases were dried over anhydrous sodium sulfate, filtered, and evaporated under
reduced pressure. The residue was purified by flash chromatography.

5-(1H-indol-4-yl)-2-((4-(methyl-sulphonyl)piperazin-1-yl)methyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (23)

Compound 23 was prepared from aldehyde 22 (0.39 g, 0.65 mmol), 1-methanesulfonylpiperazine
(0.13 g, 0.78 mmol), DCM (4.0 mL) and sodium triacetoxyborohydride (0.25 g, 1.18 mmol). The crude
product was purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 23 (0.27 mg,
0.54 mmol) as a light yellow solid with 84% yield. 'THNMR (600 MHz, DMSO-ds) 6 11.31 (s, 1H, NH),
7.64 (dd, =74, 0.8 Hz, 1H, Ar-H), 7.53 (dt, ] = 8.0, 0.8 Hz, 1H, Ar-H), 7.47 (t, ] =2.8 Hz, 1H, Ar-H), 7.22
(t, J=7.7 Hz, 1H, Ar-H), 7.10-7.09 (m, 1H, Ar-H), 6.77 (s, 1H, Ar-H), 6.51 (s, 1H, Ar-H), 3.86-3.84 (m, 4H,
morph.), 3.79-3.77 (m, 4H, morph.), 3.74 (s, 2H, CH>), 3.14-3.13 (m, 4H), 2.86 (s, 3H, CHs), 2.58-2.57 (m,
4H). BCNMR (151 MHz, DMSO-ds) 6 157.9, 153.5, 151.0, 149.5, 136.7, 129.9, 126.4, 125.6, 120.7, 119.5,
113.2, 101.8, 94.7, 91.5, 65.6, 55.5, 51.8, 47.8, 45.4, 33.7. HRMS (ESI): m/z calcd for C2aH2N7OsS [M+H]*:
496.2125; found 496.2134.

2-((4-(dimethylamino)piperidin-1-yl)methyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (24)

Compound 24 was prepared from aldehyde 22 (0.18 g, 0.52 mmol), 4-(dimethylamino)piperidine
dihydrochloride (0.13 g, 0.62 mmol), DCM (3.5 mL), triethylamine (0.17 mL, 1.24 mmol) and sodium
triacetoxyborohydride (0.17 g, 0.78 mmol). The crude product was purified by flash chromatography
(0-20% MeOH gradient in AcOEt) to give 24 (0.18 g, 0.39 mmol)) as a light yellow solid with 76% yield.
'H NMR (300 MHz, CDCls) 6: 8.85 (s; 1H, NH); 7.60 (d; | = 7.2 Hz; 1H, Ar-H); 7.51 (d; ] =8.2 Hz; 1H, Ar-
H); 7.36-7.28 (m; 2H, Ar-H); 7.12-7.08 (m; 1H, Ar-H); 6.65 (s; 1H, Ar-H); 6.61 (s; 1H, Ar-H); 4.04-3.94 (m;
4H, morph.); 3.80 (s; 2H, CH?2); 3.79-3.72 (m; 4H, morph.); 3.19-3.07 (m; 2H, CHz); 2.60-2.49 (m; 1H, CH);
2.44 (s; 6H, 2xCH3s); 2.22-2.09 (m; 2H, CHz2); 1.98-1.86 (m; 2H); 1.76-1.59 (m; 2H) HRMS (ESI): m/z calcd
for C2sHssN-7O [M+H]*: 460.2819; found 460.2842.

5-(1H-indol-4-yl)-2-((3R)-1-methylpyrrolidin-3-ol)methyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (25)

Compound 25 was prepared from aldehyde 22 (0.17 g, 0.48 mmol), (R)-(+)-3-pyrrolidinol (53 mg,
0.58 mmol), DCM (2.0 mL) and sodium triacetoxyborohydride (0.18 mg, 0.86 mmol). The crude product
was purified by flash chromatography (0-30% MeOH gradient in AcOEt) to give 25 (50 mg, 0.12 mmol)
as a light yellow solid with 25% yield. "H NMR (600 MHz, DMSO-ds) 6 11.31 (s, 1H, NH), 7.64 (dd, ] =
7.4,0.6 Hz, 1H, Ar-H), 7.53 (d, ] =8.0 Hz, 1H, Ar-H), 746 (t, ] =2.8 Hz, 1H, Ar-H), 7.21 (t, ] =7.7 Hz, 1H,
Ar-H), 7.09 (t, ] =2.1 Hz, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.50 (s, 1H, Ar-H), 4.21-4.19 (m, 1H), 3.86-3.84
(m, 4H, morph.), 3.82-3.72 (m, 6H), 2.80-2.77 (m, 1H), 2.71-2.67 (m, 1H), 2.55-2.52 (m, 1H), 2.44-2.42 (m,
1H), 2.01-1.98 (m, 1H), 1.57-1.54 (m, 1H). *C NMR (151 MHz, DMSO-ds) 6 157.8, 154.6, 150.9, 149.5,
136.7, 130.0, 126.4, 125.6, 120.7, 119.5, 113.1, 101.8, 94.6, 91.4, 69.4, 65.6, 62.5, 53.3, 52.3, 47.8, 34.5. HRMS
(ESI): m/z caled for C2sH2sNeO2 [M+H]*: 419.2190; found 419.2191.

5-(1H-indol-4-yl)-2-((3S)-1-methylpyrrolidin-3-ol)methyl)-7-(morpholin-4-yl)pyrazolo[1,5-
alpyrimidine (26)

Compound 26 was prepared from aldehyde 22 (0.17 mg, 0.48 mmol), (S)-3-pyrrolidinol (52 mg, 0.58
mmol), DCM (2.0 mL) and sodium triacetoxyborohydride (0.18 mg, 0.86 mmol). The crude product was
purified by flash chromatography (0-30% MeOH gradient in AcOEt) to give 26 (70 mg, 0.17 mmol) as a
light yellow solid with 35% yield. '"H NMR (600 MHz, DMSO-ds) 6 11.33 (s, 1H, NH), 7.64 (dd, | =74,
0.7 Hz, 1H, Ar-H), 7.53 (d, | =8.0 Hz, 1H, Ar-H), 7.47 (t, ] = 2.8 Hz, 1H, Ar-H), 7.22-7.20 (m, 1H, Ar-H),
7.09-7.08 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.50 (s, 1H, Ar-H), 4.21-4.19 (m, 1H), 3.86-3.84 (m, 4H,
morph.), 3.78-3.72 (m, 6H), 2.78 (m, 1H), 2.68 (m, 1H), 2.54-2.50 (m, 1H), 2.43 (m, 1H), 2.03-1.97 (m, 1H),
1.57-1.54 (m, 1H). 3C NMR (151 MHz, DMSO- ds) 6 157.8, 154.6, 150.9, 149.6, 136.8, 130.0, 126.5, 125.6,
120.8, 119.6, 113.2, 101.8, 94.6, 91.5, 69.5, 65.6, 62.6, 53.4, 52.4, 47.9, 34.5. HRMS (ESI): m/z calcd for
C23H26NeO2 [M+H]*: 419.2190; found 419.2200.
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2-((1,1-dioxothiomorpholin-1-yl)-methyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (27)

Compound 27 was prepared from aldehyde 22 (85 mg, 0.25 mmol), thiomorpholine-1,1-dioxide (40
mg, 0.29 mmol), DCM (3.0 mL) and sodium triacetoxyborohydride (78 mg, 0,37 mmol). The crude
product was purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 27 (48 mg,
0.10 mmol) as a light yellow solid with 42% yield. '"H NMR (400 MHz, DMSO-ds) 0 11.33 (s, 1H, NH),
7.62 (dd, ] =74, 0.8 Hz, 1H, Ar-H), 7.51 (d, ] =8.1 Hz, 1H, Ar-H), 7.44 (t, ] = 2.8 Hz, 1H, Ar-H), 7.19 (t, ]
=7.7 Hz, 1H, Ar-H), 7.07-7.06 (m, 1H, Ar-H), 6.75 (s, 1H, Ar-H), 6.54 (s, 1H, Ar-H), 3.87 (s, 2H), 3.83-
3.81 (m, 3H), 3.75-3.74 (m, 3H), 3.12-3.09 (m, 4H), 2.98-2.95 (m, 4H). *C NMR (101 MHz, DMSO-ds) 6
158.0, 153.3, 151.0, 149.6, 136.8, 129.9, 126.5, 125.6, 120.8, 119.6, 113.3, 101.8, 94.8, 91.7, 65.6, 54.2, 50.6,
50.2, 47.9. HRMS (ESI): m/z calcd for C23H26N6OsS [M+H]*: 467.1860; found 467.1866.

5-(1H-indol-4-yl)-7-(morpholin-4-yl)-2-((morpholin-4-yl)methyl)pyrazolo[1,5-a]pyrimidine (28)

Compound 28 was prepared from aldehyde 22 (0.20 g, 0.23 mmol), morpholine (24 mL, 24 mg, 0.27
mmol), DCM (3.0 mL) and sodium triacetoxyborohydride (95 mg, 0.45 mmol). The crude product was
purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 28 (55 mg, 0.13 mmol) as a
light yellow solid with 59% yield. 'H NMR (500 MHz, DMSO- ds) 6 11.32 (s, 1H, NH), 7.65 (d, ] =7.4 Hz,
1H, Ar-H), 7.54 (d, ] =7.4 Hz, 1H, Ar-H), 7.49-7.45 (m, 1H, Ar-H), 7.25-7.19 (m, 1H, Ar-H), 7.12-7.08 (m,
1H, Ar-H), 6.77 (s, 1H, Ar-H), 6.52 (s, 1H, Ar-H), 3.89-3.83 (m, 4H, morph.), 3.81-3.76 (m, 4H, morph.),
3.68 (s, 2H, CH>), 3.63-3.57 (m, 4H, morph.), 2.49-2.45 (m, 4H, morph.). *C NMR (126 MHz, DMSO- ds)
0:157.9, 153.6, 151.0, 149.6, 136.8, 129.9, 126.5, 125.6, 120.8, 119.6, 113.2, 101.8, 94.8, 91.5, 66.2, 65.6, 56.4,
53.2, 47.9. HRMS (ESI): m/z caled for C2sH2sNeO2 [M+H]*: 419.2190; found 419.2196.

5-(1H-indol-4-yl)-2-((4-(4-methylpiperazin-1-yl)piperidin-1-yl)methyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (29)

Compound 29 was prepared from aldehyde 22 (0.17 g, 0.50 mmol), 1-methyl-4-(piperidin-4-
yl)piperazine (0.11 g, 0.6 mmol), DCM (3.5 mL) and sodium triacetoxyborohydride (0.16 g, 0.75 mmol).
The crude product was purified by flash chromatography (0-15% MeOH gradient in AcOEt) to give 29
(0.23 g, 0.45 mmol) as a yellow solid with 89% yield. 'H NMR (300 MHz, CDCls) 0: 9.56 (s; 1H); 7.62—
7.55 (m; 1H, Ar-H); 7.47-7.1 (m; 1H, Ar-H); 7.31-7.21 (m; 2H, Ar-H); 7.11-7.02 (m; 1H, Ar-H); 6.64 (s; 1H,
Ar-H); 6.62 (s; 1H, Ar-H); 4.00-3.90 (m; 4H, morph.); 3.86-3.62 (m; 6H); 3.19-3.05 (m; 2H); 2.81-2.45 (m;
8H); 2.34 (s; 3H); 2.39-2.29 (m; 1H); 2.21-2.08 (m; 2H); 1.91-1.79 (m; 2H); 1.75-1.54 (m; 2H). *C NMR (75
MHz, CDCls) 6 158.8, 154.2, 151.6, 150.2, 136.8, 131.1, 126.1, 125.8, 121.8, 120.1, 113.0, 102.4, 96.0, 92.5,
66.3, 61.9, 56.5, 54.8, 53.0, 48.5, 48.4, 45.6, 27.9. HRMS (ESI): m/z caled for C20H3sNsO [M+H]*: 515.3241;
found 515.3224.

3-ethyl-1-(1-((5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-yl)methyl) piperidin-4-
yl)urea (30)

The 3-ethyl-1-(piperidin-4-yl)urea was synthesizedaccording to the van Duzer et al. procedure [56].
The urea derivative was used in the reductive amination reaction (next step) as is, without additional
purification.

Compound 30 was prepared from aldehyde 22 (0.20 g, 0.58 mmol), 3-ethyl-1-(piperidin-4-yl)urea
hydrochloride (0.14 g, 0.69 mmol), DCM (4.0 mL), triethylamine (0.194 mL, 1.38 mmol) and sodium
triacetoxyborohydride (0.19 g, 0.86 mmol). The crude product was purified by flash chromatography
(0-15% MeOH gradient in AcOEt) to give 30 (0.15 g, 0.30 mmol) as a light yellow solid with 52% yield.
H NMR (400 MHz, DMSO-ds) 6 11.33 (s, 1H), 7.64 (d, ] =7.4 Hz, 1H), 7.53 (d, ] =8.0 Hz, 1H), 7.47 (t, ] =
2.7 Hz, 1H), 7.21 (t, ] =7.7 Hz, 1H, Ar-H), 7.09-7.09 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.48 (s, 1H, Ar-H),
5.71 (d, ] = 7.8 Hz, 1H), 5.65 (t, ] = 5.5 Hz, 1H), 3.86-3.84 (m, 4H), 3.78-3.77 (m, 4H), 3.64 (s, 2H), 3.36-
3.36 (m, 1H), 3.01-2.94 (m, 2H), 2.81-2.78 (m, 2H), 2.15-2.10 (m, 2H), 1.74-1.72 (m, 2H, CH>), 1.38-1.32
(m, 2H, CH>), 0.96 (t, ] = 7.1 Hz, 3H, CHs). *C NMR (101 MHz, DMSO-ds) 0 157.9, 157.3, 154.3, 151.0,
149.5, 136.8, 130.0, 126.5, 125.6, 120.8, 119.6, 113.2, 101.8, 94.7, 91.5, 65.6, 56.2, 52.0, 47.9, 46.1, 33.9, 32.5,
15.7. HRMS (ESI): m/z calcd for C2zHaaNsO2 [M+H]*: 503.2877; found 503.2882.
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1-phenyl-3-(1-((5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-
yl)methyl)piperidin-4-yl)urea (31)

The synthesis of 1-phenyl-3-(piperidin-4-yl)urea was conducted according to the van Duzer et
al.procedure [56]. The urea derivative was used in the reductive amination reaction (next step)as is,
without additional purification.

Compound 31 was prepared from aldehyde 22 (0.20 g, 0.58 mmol), 1-phenyl-3-(piperidin-4-yl)urea
hydrochloride (0.18 g, 0.69 mmol), DCM (4.0 mL), triethylamine (0.194 mL, 1.38 mmol) and sodium
triacetoxyborohydride (0.19 g, 0.86 mmol). The crude product was purified by flash chromatography
(0-15% MeOH gradient in AcOEt) to give 31 (0.18 g, 0.33 mmol) as a light yellow solid with 58% yield.
H NMR (400 MHz, DMSO-ds) 6 11.33 (s, 1H, NH), 8.30 (s, 1H), 7.65 (dd, ] =7.4, 0.8 Hz, 1H), 7.53 (d, | =
8.1 Hz, 1H), 7.47 (t, | = 2.8 Hz, 1H), 7.37-7.34 (m, 2H), 7.24-7.16 (m, 3H), 7.10-7.09 (m, 1H, Ar-H), 6.88-
6.84 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.51 (s, 1H, Ar-H), 6.11 (d, ] = 7.7 Hz, 1H), 3.86-3.84 (m, 4H,
morph.), 3.79-3.78 (m, 4H, morph.), 3.67 (s, 2H, CH2), 3.49-3.48 (m, 1H), 2.83-2.80 (m, 2H, CH>), 2.22-
2.17 (m, 2H, CHz), 1.98-1.80 (m, 2H, CH2), 1.47-1.38 (m, 2H, CHz). 3C NMR (101 MHz, DMSO-ds) 6 157.9,
154.5,154.2, 151.0, 149.6, 140.5, 136.8, 130.0, 128.6, 126.5, 125.6, 120.9, 120.8, 119.6, 117.5, 113.2, 101.8, 94.7,
91.5, 65.6, 56.2, 51.7, 47.9, 46.0, 32.2. HRMS (ESI): m/z calcd for CsiHauNsO2 [M+H]*: 551.2887; found
551.2880.

5-(1H-indol-4-yl)-2-((4-(4-methoxyphenyl)piperazin-1-yl)-methyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (32)

Compound 32 was prepared from aldehyde 22 (0.18 g, 0.52 mmol), 1-(4-methoxyphenyl)piperazine
(0.12 g, 0.63 mmol), DCM (3.5 mL) and sodium triacetoxyborohydride (0.17 g, 0.79 mmol). The crude
product was purified by flash chromatography (0-5% MeOH gradient in AcOEt) to give 32 (0.22 g, 0.42
mmol) as a light yellow solid with 81% yield. 'H NMR (300 MHz, CDCls) 6: 8.52 (s; 1H, NH); 7.61 (d; ] =
7.4 Hz; 1H, Ar-H); 7.49 (d; ] = 8.1 Hz; 1H, Ar-H); 7.35-7.27 (m; 2H, Ar-H); 7.14-7.09 (m; 1H, Ar-H); 6.96—
6.80 (m; 4H); 6.67 (s; 1H, Ar-H); 6.65 (s; 1H, Ar-H); 4.04-3.95 (m; 4H, morph.); 3.88 (s; 2H, CH>2); 3.82-
3.76 (m; 4H, morph.); 3.77 (s; 3H, CHz); 3.19-3.11 (m; 4H, piperaz.); 2.84-2.74 (m; 4H, piperaz.). 3C NMR
(75 MHz, CDCls) 6 158.8, 154.3, 153.8, 151.7, 150.3, 145.8, 136.8, 131.3, 126.1, 125.6, 122.0, 120.3, 118.3,
114.5, 112.9, 102.7, 96.1, 92.5, 66.4, 56.8, 55.7, 53.4, 50.7, 48.6. HRMS (ESI): m/z caled for CsoHssN7O2
[M+H]+*: 524.2769; found 524.2770.

5-(1H-indol-4-yl)-2-((4-methyl-piperazin-1-yl)methyl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine
(33)

Compound 33 was prepared from aldehyde 22 (85 mg, 0.24 mmol), 1-methylpiperazine, (33 mL, 29
mg, 0.29 mmol), DCM (4.0 mL) and sodium triacetoxyborohydride (78 mg, 0.37 mmol). The crude
product was purified by flash chromatography (0-20% MeOH gradient in AcOEt) to give 33 (91 mg,
0.21 mmol) as a light yellow solid with 86% yield. 'H NMR (400 MHz, DMSO-ds) 6 11.41 (s, 1H, NH),
7.64 (d, [=74Hz, 1H, Ar-H), 7.53 (d, ] =8.1 Hz, 1H, Ar-H), 7.46 (t, ] =2.7 Hz, 1H, Ar-H), 721 (t, ] =7.7
Hz, 1H, Ar-H), 7.09 (t, ] = 2.0 Hz, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.48 (s, 1H, Ar-H), 3.85-3.83 (m, 4H,
morph.), 3.78-3.76 (m, 4H, morph.), 3.65 (s, 2H, CHz), 2.50-2.45 (m, 4H, piperaz.), 2.32-2.32 (m, 4H,
piperaz.), 2.14 (s, 3H, CHs). 3C NMR (101 MHz, DMSO- ds) 0 157.9, 154.0, 151.0, 149.6, 136.8, 129.9, 126.5,
125.6, 120.7, 119.6, 113.2, 101.8, 94.7, 91.5, 65.6, 56.0, 54.7, 52.6, 47.9, 45.7. HRMS (ESI): m/z calcd for
C24H2oN7O [M+H]*: 432.2506; found 432.2511.

2-((4-ethylpiperazin-1-yl)methyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidine (34)
Compound 34 was prepared from aldehyde 22 (85 mg, 0.24 mmol), 1-ethylpiperazine (37 mL, 33
mg, 0.29 mmol), DCM (4.0 mL) and sodium triacetoxyborohydride (78 mg, 0.37 mmol). The crude
product was purified by flash chromatography (0-20% MeOH gradient in AcOEt) to give 34 (85 mg,
0.19 mmol) as a light yellow solid with 78% yield. "H NMR (400 MHz, DMSO-ds) 6 11.37 (s, 1H, NH),
7.64 (d, ]=74Hz 1H, Ar-H), 7.53 (d, ] = 8.1 Hz, 1H, Ar-H), 7.46 (t, ] =2.7 Hz, 1H, Ar-H), 721 (t, [=7.7
Hz, 1H, Ar-H), 7.09-7.08 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.49 (s, 1H, Ar-H), 3.86-3.84 (m, 4H, morph.),
3.78-3.77 (m, 4H, morph.), 3.67 (s, 2H, CHz), 2.63-2.44 (m, 8H, piperaz.), 2.39 (q, ] = 7.2 Hz, 2H, CH>),
1.00 (t, ] =7.2 Hz, 3H, CHs). 3C NMR (101 MHz, DMSO-ds) 0 172.0, 157.9, 153.8, 151.0, 149.6, 136.8, 129.9,
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126.5, 125.6, 120.7, 119.6, 113.2, 101.8, 94.8, 91.5, 65.6, 55.9, 52.1, 51.4, 47.9, 21.1. HRMS (ESI): m/z calcd
for C2sHa1N7O [M+H]*: 446.2663; found 446.2661.

Methyl 1-((5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-yl)methyl)piperidin-4-
carboxylate (35)

Compound 35 was prepared from aldehyde 22 (85 mg, 0.24 mmol), methyl isonipecotate, (42 mg,
0.29 mmol), DCM (4.0 mL) and sodium triacetoxyborohydride (78 mg, 0.37 mmol). The crude product
was purified by flash chromatography (0-10% MeOH gradient in CHCls) to give 35 (76 mg, 0.16 mmol)
as a light yellow solid with 65% yield. "H NMR (400 MHz, DMSO-ds) 0 11.35 (s, 1H, NH), 7.64 (dd, ] =
7.4,0.7 Hz, 1H, Ar-H), 7.53 (d, ] =8.1 Hz, 1H, Ar-H), 747 (t, ] =2.8 Hz, 1H, Ar-H), 7.21 (t, ]=7.7 Hz, 1H,
Ar-H), 7.10-7.09 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.49 (s, 1H, Ar-H), 3.86-3.83 (m, 4H, morhp.), 3.78-
3.77 (m, 4H, morph.), 3.65 (s, 2H, CH>), 3.58 (s, 3H, CHs), 2.87-2.84 (m, 2H, CH>2), 2.32-2.27 (m, 1H, CH),
2.11-2.06 (m, 2H, CH>), 1.82-1.79 (m, 2H, CH>), 1.63-1.57 (m, 2H). *C NMR (101 MHz, DMSO-de) 6 174.8,
157.9, 154.0, 151.0, 149.5, 136.8, 130.0, 126.5, 125.6, 120.7, 119.6, 113.2, 101.8, 94.7, 91.5, 65.6, 56.2, 52.2,
51.3,47.9, 40.1, 28.0. HRMS (ESI): m/z calcd for C26H30N«Os [M+H]*: 475.2452; found 475.2458.

2-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)methyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo|[1,5-
a]pyrimidine (36)

Compound 36 was prepared from aldehyde 22 (0.18 g, 0.52 mmol), 2-(4-piperidyl)-2-propanol (93
mg, 0.62 mmol), DCM (3.5 mL) and sodium triacetoxyborohydride (0.17 g, 0.78 mmol). The crude
product was purified by flash chromatography (0-5% MeOH gradient in AcOEt) to give 36 (0.183 g, 0.39
mmol) as an off-white solid with 74% yield. 'H NMR (300 MHz, CDCls) o: 8.57 (s; 1H, NH); 7.64-7.58
(m; 1H, Ar-H); 7.52-7.46 (m; 1H, Ar-H); 7.36-7.25 (m; 2H, Ar-H); 7.14-7.09 (m; 1H, Ar-H); 6.64 (s; 1H,
Ar-H); 6.64 (s; 1H, Ar-H); 4.03-3.95 (m; 4H, morph.); 3.82 (s; 2H, CH2); 3.81-3.71 (m; 4H, morph.); 3.20-
3.10 (m; 2H, CH?2); 2.18-2.03 (m; 2H, CHz); 1.81-1.69 (m; 2H, CH>); 1.56-1.38 (m; 2H, CH-2); 1.35-1.30 (m;
1H); 1.18 (s; 6H). ¥C NMR (75 MHz, CDCls) 6 158.7, 151.7, 150.2, 136.8, 131.3, 126.1, 125.6, 122.0, 120.3,
112.9, 102.7, 96.2, 92.4, 72.7, 66.4, 56.9, 54.2, 48.6, 47.3, 27.1, 27.0. HRMS (ESI): m/z caled for C27Hz4NeOe
[M+H]*: 475.2816; found 475.2815.

2-((4-tert-butylpiperazin-1-ylymethyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine
(37)

Compound 37 was prepared from aldehyde 22 (0.12 g, 0.35 mmol), N-tert-butylpiperazine (59 mg,
0.42 mmol), DCM (2.0 mL) and sodium triacetoxyborohydride (0.11 g, 0.52 mmol). The crude product
was purified by flash chromatography (0-20% MeOH gradient in AcOEt) to give 37 (0.15 g, 0.32 mmol)
as a yellow solid with 93% yield. 'H NMR (400 MHz, DMSO-ds) 6 11.33 (s, 1H, NH), 7.64 (dd, ] =7.4, 0.9
Hz, 1H, Ar-H), 7.53 (dt, ] = 8.1, 0.8 Hz, 1H, Ar-H), 7.46 (t, ] = 2.8 Hz, 1H, Ar-H), 7.21 (t, ] = 7.7 Hz, 1H,
Ar-H), 7.10-7.08 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.48 (s, 1H, Ar-H), 3.86-3.84 (m, 4H, morph.), 3.78-
3.76 (m, 4H, morph.), 3.63 (s, 2H, CH2), 2.53-2.45 (m, 8H, piperaz.), 0.98 (s, 9H, t-Bu.). *C NMR (101
MHz, DMSO-de) 6 157.8, 154.0, 151.0, 149.5, 136.8, 130.0, 126.5, 125.6, 120.7, 119.6, 113.2, 101.8, 94.8, 91.5,
65.6, 56.0, 53.5, 53.1, 47.9, 45.2, 25.7. HRMS (ESI): m/z calcd for CH3N7O [M+H]*: 474.2976; found
474.2976.

2-(4-((5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-2-yl)methyl)piperazin-1-yl)-2-
methylpropionamide (38)

Compound 38 was prepared from aldehyde 22 (0.20 g, 0.58 mmol), 2-methyl-2-(piperazin-1-
ylyApropenamide dihydrochloride (0.18 g, 0.69 mmol), DCM (3.0 mL), triethylamine (0.194 mL, 1.38
mmol) and sodium triacetoxyborohydride (0.18 g, 0.86 mmol). The crude product was purified by flash
chromatography (0-10% MeOH gradient in AcOEt) to give 38 (0.21 g, 0.42 mmol) as a light yellow solid
with 73% yield. 'TH NMR (500 MHz, DMSO-ds) 6 11.32 (s, 1H, NH), 7.65 (d, ] = 7.3 Hz, 1H, Ar-H), 7.54
(d, J=8.0 Hz, 1H, Ar-H), 7.49-7.45 (m, 1H, Ar-H), 7.22 (t, ] =7.7 Hz, 1H, Ar-H), 7.12-7.08 (m, 1H, Ar-H),
7.07-7.01 (m, 1H, Ar-H), 6.95-6.90 (m, 1H), 6.77 (s, 1H), 6.50 (s, 1H), 3.89-3.82 (m, 4H, morph.), 3.82-3.76
(m, 4H, morph.), 3.68 (s, 2H, CH2), 2.57-2.51 (m, 4H), 2.49-2.40 (m, 4H), 1.06 (s, 6H). *C NMR (126 MHz,
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DMSO-des) 6 178.1, 157.9, 153.9, 151.0, 149.5, 136.8, 130.0, 126.5, 125.6, 120.8, 119.6, 113.2, 101.8, 94.8, 91.5,
65.6, 62.4, 56.0, 53.2, 47.9, 46.1, 20.4. HRMS (ESI): m/z caled for C2rHasNsO2 [M+H]*: 503.2877; found
503.2901.

2-((4-cyclopropylpiperazin-1-yl)methyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-
alpyrimidine (39)

Compound 39 was prepared from aldehyde 22 (85 mg, 0.25 mmol), 1-cyclopropylpiperazine (35
mL, 37 mg, 0.29 mmol), DCM (3.0 mL) and sodium triacetoxyborohydride (78 mg, 0.37 mmol). The
crude product was purified by flash chromatography (0-15% MeOH gradient in AcOEt) to give 39 (84
mg, 0.18 mmol) as a light yellow solid with 75% yield. 'TH NMR (400 MHz, DMSO-ds) 6 11.32 (s, 1H,
NH), 7.64 (dd, J=7.4, 0.7 Hz, 1H, Ar-H), 7.53 (d, ] =8.1 Hz, 1H, Ar-H), 7.47 (t, ] = 2.8 Hz, 1H, Ar-H), 7.21
(t, ]=7.7Hz, 1H, Ar-H), 7.09 (t, ] = 2.1 Hz, 1H), 6.76 (s, 1H, Ar-H), 6.48 (s, 1H, Ar-H), 3.85-3.83 (m, 4H,
morph.), 3.78-3.76 (m, 4H, morph.), 3.64 (s, 2H, CHz2), 2.54 (s, 4H, piperaz.), 2.43 (s, 4H, piperaz.), 1.58
(s, 1H, CH), 0.38-0.36 (m, 2H, CH2), 0.26-0.24 (m, 2H, CHz). *C NMR (101 MHz, DMSO-de) § 157.9, 154.0,
151.0, 149.5, 136.8, 130.0, 126.5, 125.6, 120.7, 119.6, 113.2, 101.8, 94.7, 91.5, 65.6, 56.0, 52.7, 52.7, 47.9, 38.0,
5.6. HRMS (ESI): m/z caled for C26H31N7O [M+H]*: 458.2663; found 458.2666.

2-((4-cyclopentylpiperazin-1-ylymethyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (40)

Compound 40 was prepared from aldehyde 22 (70 mg, 0.20 mmol), 1-cyclopentylpiperazine (39
mL, 38 mg, 0.24 mmol), DCM (4.0 mL) and sodium triacetoxyborohydride (64 mg, 0.30 mmol). The
crude product was purified by flash chromatography (0-15% MeOH gradient in AcOEt) to give 40 (84
mg, 0.17 mmol) as a light yellow solid with 86% yield. 'H NMR (400 MHz, DMSO-ds) 6 11.34 (s, 1H,
NH), 7.64 (dd, ] = 7.4, 0.7 Hz, 1H, Ar-H), 7.53 (d, ] =8.1 Hz, 1H, Ar-H), 7.46 (t, ] = 2.8 Hz, 1H, Ar-H), 7.21
(t, J=7.7 Hz, 1H, Ar-H), 7.09 (t, | = 2.1 Hz, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.48 (s, 1H, Ar-H), 3.86-3.83 (m,
4H, morph.), 3.78-3.76 (m, 4H, morph.), 3.64 (s, 2H, CHz), 2.53-2.42 (m, 9H), 1.75-1.72 (m, 2H, CH>),
1.59-1.55 (m, 2H), 1.48-1.44 (m, 2H), 1.31-1.26 (m, 2H). ¥*C NMR (101 MHz, DMSO-ds) 6 157.9, 153.9,
151.0, 149.5, 136.8, 130.0, 126.4, 125.6, 120.7, 119.6, 113.2, 101.8, 94.7, 91.5, 66.7, 65.6, 56.0, 52.7, 51.6, 47.9,
29.8, 23.6. HRMS (ESI): m/z calcd for C2sHasN7O [M+H]*: 486.2976; found 486.2973.

2-((4-tert-butylpiperidin-1-yl)methyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine
(41)

Compound 41 was prepared from aldehyde 22 (0.10 g, 0.29 mmol), 4-(tert-butyl)piperidine
hydrochloride (61 mg, 0.35 mmol), DCM (4.0 mL), triethylamine (0.097 mL, 0.69 mmol) and sodium
triacetoxyborohydride (94 mg, 0.43 mmol). The crude product was purified by flash chromatography
(0-20% MeOH gradient in CHCls) to give 41 (0.10 g, 0.21 mmol) as a light yellow solid with 76% yield.
H NMR (400 MHz, DMSO-ds) 11.32 (s, 1H, NH), 7.64 (dd, ] =7.4, 0.7 Hz, 1H, Ar-H), 7.53 (d, ] = 8.1 Hz,
1H, Ar-H), 7.46 (t, ] =2.8 Hz, 1H, Ar-H), 7.21 (t, ] =7.7 Hz, 1H, Ar-H), 7.10-7.09 (m, 1H, Ar-H), 6.75 (s,
1H, Ar-H), 6.48 (s, 1H, Ar-H), 3.85-3.83 (m, 4H, morph.), 3.78-3.76 (m, 4H, morph.), 3.61 (s, 2H, CH>),
2.98-2.95 (m, 2H, CH2), 1.95-1.89 (m, 2H, CH2), 1.59-1.56 (m, 2H, CH>), 1.27-1.17 (m, 2H, CH>), 0.96-0.90
(m, 1H, CH), 0.81 (s, 9H, ¢-Bu.). 3C NMR (101 MHz, DMSO-ds) 6 157.8, 154.3, 151.0, 149.5, 136.8, 130.0,
126.4, 125.6, 120.7, 119.5, 113.2, 101.9, 94.7, 914, 65.6, 56.4, 54.0, 47.9, 45.8, 31.8, 27.2, 26.4. HRMS (ESI):
m/z caled for CasHasNeO [M+H]*: 473.3023; found 473.3028.

5-(1H-indol-4-yl)-2-((4-(oxetan-3-yl)piperidin-1-ylymethyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (42)
The multistep preparation of compound 42 started from 1- (oxetan-3-yl) piperazine.
Step 1.

To the solution of 3-oxetanone (0.23 mL, 0.28 g, 3.9 mmol) in dry DCM (39.0 mL), 1-Boc-piperazine
(0.60 g, 3.2 mmol) was added, and then the mixture was stirred at room temperature. After four h,
sodium triacetoxyborohydride (1.35 g, 6.4 mmol) was added, and stirring was continued at room
temperature overnight. Then, water (30 mL) was added to the reaction mixture, and the phases were
separated. The aqueous phase was extracted three times with chloroform (25 mL). Combined organic
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phases were dried over anhydrous sodium sulfate, filtrated the drying agent, and the solvent was
evaporated under reduced pressure to obtain tert-butyl 4-(oxetan-3-yl)piperazin-1-carboxylate (0.61 g,
2.52 mmol) with 65% yield without purification. 'H NMR (300 MHz, CDC1s) 6 4.68-4.52 (m; 4H,
piperaz.); 3.50-3.32 (m; 5H); 2.31-2.09 (m; 4H); 1.43 (s; 9H, t-Bu.). MS-ESI: (m/z) caled for C12H22N20s
[M+H]*: 243.17; found 243.2.

Step 2.

To the solution of the product of Step 1 (0.55 g, 2.8 mmol) in DCM (28 mL), trifluoroacetic acid (16.8
mL) was added. The reaction was carried out at room temperature for two h. Then, the water was added
(30 mL), and the reaction mixture was alkalized with saturated sodium carbonate solution (10 mL).
Phases were separated, and the aqueous phase was extracted three times with chloroform (25 mL).
Combined organic phases were dried over anhydrous sodium sulfate. The drying agent was filtered off
and the solvent evaporated under reduced pressure to obtain 1-(oxetan-3-yl)piperazine (0.23 g, 1.61
mmol) with 57% yield without purification. 'H NMR (300 MHz, CDCls) 6 4.66—4.56 (m; 4H); 3.66-3.56
(m; 1H); 3.30-3.12 (m; 4H); 2.68-2.51 (m; 4H). MS-ESI: (m/z) calcd for CZHuuN20 [M+H]+: 143.12; found
143.1.

Compound 42 was prepared from aldehyde 22 (0.20 g, 0.58 mmol), 1-(oxetan-3-yl)piperazine (98
mg, 0.69 mmol), DCM (4.0 mL) and sodium triacetoxyborohydride (0.19 g, 0.86 mmol). The crude
product was purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 42 (0.15 g, 0.32
mmol) as a light yellow solid with 54% yield. 'H NMR (400 MHz, DMSO-ds) 6 11.33 (s, 1H, NH), 7.64
(dd, J=7.5, 0.8 Hz, 1H, Ar-H), 7.54-7.52 (m, 1H, Ar-H), 7.47 (t, ] =2.8 Hz, 1H, Ar-H), 7.21 (t, ] = 7.7 Hz,
1H, Ar-H), 7.10-7.08 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.49 (s, 1H, Ar-H), 4.50 (t, | = 6.5 Hz, 2H, CH>),
4.39 (t, J=6.1 Hz, 2H, CH>), 3.86-3.84 (m, 4H, morph.), 3.78-3.76 (m, 4H, morph.), 3.67 (s, 2H, CH:), 3.40-
3.33 (m, 1H, CH), 2.53-2.48 (m, 4H, piperaz.), 2.27-2.27 (m, 4H, piperaz.). *C NMR (101 MHz, DMSO-
ds) 6157.9,153.9, 151.0, 149.5, 136.8, 130.0, 126.5, 125.6, 120.7, 119.6, 113.2, 101.8, 94.8, 91.5, 74.4, 65.6, 58.5,
56.0, 52.3, 49.0, 47.9. HRMS (ESI): m/z calcd for CasHsiN7O2 [M+H]*: 474.2612; found 474.2616.

5-(1H-indol-4-yl)-2-(((1S, 4S5)-2-(oxetan-3-yl)-2,5-diaza-bicyclo[2.2.1]hept-2-yl)methyl)-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine (43)

The preparation of compound 43 started from (15, 4S) -2- (oxetan-3-yl) -2,5-diazabicyclo [2.2.1]
heptane, which was prepared analogously, as described for the synthesis of 1- (oxetan-3-yl) piperazine.

Compound 43 was prepared from aldehyde 22 (0.20 g, 0.58 mmol), (1S, 45)-2-(oxetan-3-yl)-2,5-
diazabicyclo[2.2.1]heptane (0.11 g, 0.69 mmol), DCM (4.0 mL) and sodium triacetoxyborohydride (0.19
g, 0.86 mmol). The crude product was purified by flash chromatography (0-10% MeOH gradient in
AcOEt) to give 43 (0.18 g, 0.37 mmol) as a light yellow solid with 63% yield. 'H NMR (600 MHz, DMSO-
ds) 011.34 (s, 1H, NH), 7.63 (dd, ] =74, 0.7 Hz, 1H, Ar-H), 7.53 (d, ] = 8.0 Hz, 1H, Ar-H), 7.46 (t, | = 2.8
Hz, 1H, Ar-H), 7.21 (t, ] = 7.7 Hz, 1H, Ar-H), 7.09-7.08 (m, 1H, Ar-H), 6.75 (s, 1H, Ar-H), 6.50 (s, 1H, Ar-
H), 4.59-4.51 (m, 2H, CH>), 4.41-4.34 (m, 2H, CH?2), 3.89-3.82 (m, 6H), 3.79-3.75 (m, 5H), 3.40 (s, 1H, CH),
3.22 (s, 1H), 2.84 (d, ] = 9.4 Hz, 1H), 2.65-2.59 (m, 2H, CH2), 2.54-2.53 (m, 1H), 1.65-1.54 (m, 2H, CHo>).
13C NMR (151 MHz, DMSO-de) 6 157.8, 150.9, 149.5, 136.8, 130.0, 126.4, 125.6, 120.7, 119.5, 113.2, 101.8,
94.3,91.4,75.8,75.3, 65.6, 61.6, 59.4, 57.3, 55.0, 52.7, 52.2, 47.8, 32.7. HRMS (ESI): m/z calcd for C2zHs1N7O:2
[M+H]*: 486.2612; found 486.2614.

2-((4-(cyclopropanecarbonyl)piperazin-1-yl)ymethyl)-5-(1 H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (44)

Compound 44 was prepared from aldehyde 22 (012 g 036 mmol) 1-
(cyclopropylcarbonyl)piperazine (64 pL, 70 mg, 0.43 mmol), DCM (4.0 mL) and sodium
triacetoxyborohydride (0.11 g, 0.54 mmol). The crude product was purified by flash chromatography
(0-10% MeOH gradient in AcOEt) to give 44 (0.14 g, 0.29 mmol) as a light yellow solid with 78% yield.
H NMR (500 MHz, CDCls) 6 8.67 (s, 1H, NH), 7.60 (d, ] =7.3 Hz, 1H, Ar-H), 748 (d, | = 8.1 Hz, 1H, Ar-
H), 7.33-7.27 (m, 2H, Ar-H), 7.10 (s, 1H, Ar-H), 6.65 (s, 1H, Ar-H), 6.64 (s, 1H, Ar-H), 4.01-3.95 (m, 4H,
morph.), 3.84 (s, 2H, CHz), 3.80-3.75 (m, 4H, morph.), 3.75-3.65 (m, 4H), 2.69-2.55 (m, 4H), 1.75-1.69 (m,
1H, CH), 1.01-0.95 (m, 2H, CHz), 0.77-0.72 (m, 2H, CH2). 3C NMR (126 MHz, CDCls) 6 174.81, 153.02,
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139.60, 128.89, 128.34, 124.80, 123.14, 115.62, 105.57, 98.80, 95.28, 69.17, 59.40, 51.37, 13.80, 10.22. HRMS
(ESI): m/z calcd for CzHs1N7O2 [M+H]*: 486.2612; found 486.2619.

2-((4-(cyclopropylmethyl)piperazin-1-ylymethyl)-5-(1H-indol-4-yl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine (45)

Compound 45 was prepared from aldehyde 22 (85 mg, 025 mmol), 1-
(cyclopropylmethyl)piperazine (44 pL, 41 mg, 029 mmol), DCM (3.0 mL) and sodium
triacetoxyborohydride (78 mg, 0.37 mmol). The crude product was purified by flash chromatography
(0-20% MeOH gradient in AcOEt) to give 45 (97 mg, 0.21 mmol) as a light yellow solid with 84% yield.
H NMR (400 MHz, DMSO-ds) 0 11.34 (s, 1H, NH), 7.65-7.63 (m, 1H, Ar-H), 7.53 (d, ] = 8.1 Hz, 1H, Ar-
H), 7.47-7.46 (m, 1H, Ar-H), 7.21 (t, ] = 7.7 Hz, 1H, Ar-H), 7.10-7.09 (m, 1H, Ar-H), 6.76 (s, 1H, Ar-H),
6.48 (s, 1H, Ar-H), 3.86-3.84 (m, 4H, morph.), 3.78-3.77 (m, 4H, morph.), 3.65 (s, 2H, CH2), 2.53-2.45 (m,
8H, piperaz.), 2.15 (d, ] = 6.6 Hz, 2H, CH2), 0.84-0.77 (m, 1H, CH), 0.45-0.40 (m, 2H, CH2), 0.06-0.02 (m,
2H, CHz). 3C NMR (101 MHz, DMSO-ds) 6 157.9, 154.0, 151.0, 149.5, 136.8, 130.0, 126.4, 125.6, 120.7,
119.5,113.2,101.8,94.7,91.5, 65.6, 62.8, 56.1, 52.7, 52.7, 47.9, 8.2, 3.7. HRMS (ESI): m/z calcd for C2rHssN-O
[M+H]*: 472.2819; found 472.2825.

Procedure for [5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-ylJmethanol (46)

To the solution of compound 19 (16.6 g, 46.3 mmol) in CHCls (150 mL), methanesulfonic acid (61
mL, 925 mmol) was added, and then the reaction mixture was stirred at room temperature. After two
h, the reaction mixture was poured onto the water containing ice and alkalized with 15% sodium
hydroxide solution (25 mL). The aqueous phase was extracted with ethyl acetate (35 mL), and after
separation, the organic phase was dried over anhydrous sodium sulfate. After filtration of the drying
agent and evaporation of the solvent, the residue was purified by column chromatography (0-80% ethyl
acetate gradient in heptane) to give 46 (12 g, 44.76 mmol) with 97% yield as an off-white solid. 'H NMR
(300 MHz, CDCls) 6: 6.49 (s, 1H, Ar-H), 6.07 (s, 1H, Ar-H), 4.87 (s, 2H, CH2), 4.00-3.90 (m, 4H, morph.),
3.83-3.73 (m, 4H, morph.). MS-ESI: m/z calcd for CtuH13CIN4O:z [M+H]*: 269.08; found 269.0.

Procedure for 5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine-2-carbaldehyde (47)

To a solution of compound 46 (3.00 g, 10.9 mmol) in DMF (30.0 mL) in argon atmosphere was
added Dess-Martin periodinane (97%, 5.74 g, 13.1 mmol). The resulting mixture was stirred at room
temperature for 2 h. The solvent was evaporated. The residue was washed with AcOEt and filtered. The
filtrate was concentrated, and the crude product was purified by flash chromatography (0-100% AcOEt
gradient in heptane) to give 47 (1.34 g, 5.02 mmol) with 46% yield. "H NMR (500 MHz, DMSO-ds) & 10.09
(s, 1H, CHO), 6.97 (s, 1H, Ar-H), 6.63 (s, 1H, Ar-H), 3.90-3.85 (m, 4H, morph.), 3.86-3.78 (m, 4H, morph.).

Procedure for 2-(1-{[5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-yl]methyl}piperidin-4-
yl)propan-2-ol (48)

To the solution of compound 47 (3.4 g, 12.5 mmol) in dry DCM (30 mL), 2-(4-piperidyl)-2-propanol
(2.24 g, 15.0 mmol) was added and then stirred at room temperature. After one hour, sodium
triacetoxyborohydride (4.59 g, 21.2 mmol) was added, stirring the mixture at room temperature for a
further 15 h. Then, water (45 mL) was added to the reaction mixture, and water-organic phases were
separated. The aqueous phase was extracted three times with DCM (30 mL). Combined organic phases
were dried over anhydrous sodium sulfate, filtered, and evaporated under reduced pressure. The
residue was purified by flash chromatography (0-10% methanol gradient in ethyl acetate) to give 48 (3.1
g, 7.88 mmol) with a 63% yield as a slightly yellow solid. 'H NMR (500 MHz, CDCls) 6 6.47 (s, 1H, Ar-
H), 6.01 (s, 1H, Ar-H), 3.96-3.91 (m, 4H, morph.), 3.81-3.76 (m, 4H, morph.), 3.71 (s, 2H), 3.11-3.00 (m,
2H), 2.09-1.98 (m, 2H), 1.78-1.67 (m, 2H), 1.48-1.35 (m, 2H), 1.30-1.23 (m, 1H), 1.17 (s, 6H, 2xCHs). MS-
ESI: m/z calcd for CisH2sCINsO2 [M+H]*: 394.20; found 394.1.

Procedure for 2-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)methyl)-5-(5-fluoro-1H-indol-4-yl)-7-
(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine (49)
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Compound 49 was prepared according to the general procedure for the Suzuki reaction.
Synthesized from 48 (0.15 g, 0.381 mmol), 5-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indole (0.16 g, 0.571 mmol), tetrakis(triphenylphosphine)palladium(0) (90 mg, 0.076 mmol), 2M aqueous
sodium carbonate solution (0.38 mL, 0.762 mmol) and DME (6 mL). The crude product was purified by
flash chromatography (50-100% ethyl acetate gradient in heptane) to give 49 (0.11 g, 0.22 mmol) with
60% yield. 'TH NMR (400 MHz, DMSO-ds) 6 11.34 (s, 1H, NH), 7.50-7.46 (m, 2H, Ar-H), 7.07-7.02 (m, 1H,
Ar-H), 6.72-6.71 (m, 1H, Ar-H), 6.56 (d, ] = 1.7 Hz, 1H, Ar-H), 6.49 (s, 1H), 4.02 (bs, 1H), 3.84-3.80 (m,
4H, morph.), 3.77-3.73 (m, 4H, morph.), 3.63 (s, 2H), 2.98-2.95 (m, 2H), 1.95-1.90 (m, 2H), 1.65-1.62 (m,
2H), 1.31-1.23 (m, 3H), 1.01 (s, 6H, 2xCHs). 3C NMR (101 MHz, DMSO-ds) 6 154.5, 154.2, 153.6, 150.8,
149.2, 132.8, 128.0, 126.9, 116.6, 113.5, 109.6, 101.8, 94.8, 93.9, 70.2, 65.6, 56.4, 53.9, 47.8, 46.9, 26.9, 26.6.
HRMS (ESI): m/z caled for C2zHssFNsO2 [M+H]*: 493.2722; found 493.724.

Procedure for 2-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)methyl)-5-(1H-pyrrolo[2,3-c]pyridin-4-yl)-7-
(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine (50)

Compound 50 was prepared according to the general procedure for the Suzuki reaction.
Synthesized from 48 (0.15 g, 0.381 mmol), 6-azaindole-4-boronic acid pinacol ester (0.15 g, 0.571 mmol),
tetrakis(triphenylphosphine)palladium(0) (88 mg, 0.076 mmol), 2M aqueous sodium carbonate solution
(0.38 mL, 0.762 mmol) and DME (6 mL). The crude product was purified by flash chromatography (0-
2% methanol gradient in ethyl acetate) to give 50 (0.13 g, 0.27 mmol) with 72% yield. 'H NMR(300 MHz,
CDCls) 0 10.43 (bs; 1H, NH); 8.80-8.78 (m; 1H, Ar-H); 8.72 (s; 1H, Ar-H); 7.51 (d; ] = 3.1 Hz; 1H, Ar-H);
7.18 (d; ] =2.6 Hz; 1H, Ar-H); 6.65 (s; 1H, Ar-H); 6.61 (s; 1H, Ar-H); 4.02-3.90 (m; 4H, morph.); 3.84-3.72
(m; 6H); 3.20-3.09 (m; 2H, CHz); 2.16-2.03 (m; 2H, CH2); 1.80-1.70 (m; 2H); 1.53-1.31 (m; 3H); 1.18 (s; 6H,
2xCHs). 3C NMR (75 MHz, CDCls) 6 156.4, 154.9, 151.7, 150.5, 138.2, 135.1, 133.8, 131.2, 130.0, 126.6,
102.7,96.3, 91.5, 72.6, 66.4, 57.0, 54.3, 48.6, 47 .4, 27.1, 27.1. HRMS (ESI): m/z calcd for C2sH3sN7O2 [M+H]*:
476.2769; found 476.2775.

Procedure for 2-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)methyl)-5-(1H-pyrrolo[2,3-b]pyridin-4-yl)-7-
(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine (51)

Compound 51 was prepared according to the general procedure for the Suzuki reaction.
Synthesized from 48 (0.15 g, 0.381 mmol), 4-(4,4,55-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrrolo[2,3-b]pyridine (0.14 g, 0.571 mmol), tetrakis(triphenylphosphine) palladium(0) (88 mg, 0.076
mmol), 2M aqueous sodium carbonate solution (0.38 mL, 0.762 mmol) and DME (6 mL). The crude
product was purified by flash chromatography (0-5% methanol gradient in ethyl acetate) to give 51
(0.12 g, 0.25 mmol) with 67% yield. "H NMR (400 MHz, DMSO-ds) 6 11.85 (s, 1H, NH), 8.34 (d, ] = 5.0
Hz, 1H, Ar-H), 7.67 (d, ] = 5.0 Hz, 1H, Ar-H), 7.61-7.59 (m, 1H, Ar-H), 7.10-7.09 (m, 1H, Ar-H), 6.84 (s,
1H, Ar-H), 6.55 (s, 1H, Ar-H), 4.02 (s, 1H), 3.84-3.83 (m, 8H), 3.63 (s, 2H), 2.97-2.94 (m, 2H), 1.95-1.89
(m, 2H), 1.65-1.62 (m, 2H), 1.27-1.20 (m, 3H), 1.01 (s, 6H, 2xCHs). 3*C NMR (101 MHz, DMSO-ds) 6 155.5,
154.8,150.9, 149.8, 149.7, 142.5, 137.0, 127.4, 117.1, 114.1, 100.8, 95.2, 91.1, 70.2, 65.6, 56.4, 53.9, 47.9, 46.8,
26.9, 26.6.HRMS (ESI): m/z calcd for C2sHssN7O2 [M+H]*: 476.2769; found 476.2776.

Procedure for 4-{2-[(4-tert-butylpiperazin-1-yl)methyl]-5-chloropyrazolo[1,5-a]pyrimidin-7-
ylimorpholine (52)

To the solution of compound 47 (4.1 g, 15.4 mmol) in dry DCM (60 mL), N-t-butylpiperazine (2.62
g, 184 mmol) was added and then stirred at room temperature. After one h, sodium
triacetoxyborohydride (5.54 g, 26.1 mmol) was added, and the mixture was stirred at room temperature
for a further 15 h. Then, water (50 mL) was added to the reaction mixture, and the phases were
separated. The aqueous phase was extracted three times with DCM (45 mL). Combined organic phases
were dried over anhydrous sodium sulfate, filtered, and evaporated under reduced pressure. The
residue was purified by flash chromatography (0-10% methanol gradient in ethyl acetate) to give 52 (3.2
g, 8.15 mmol) with 53% yield as a slightly yellow solid. 'H NMR (300 MHz, CDCls) 6 6.47 (s, 1H, Ar-H),
6.03 (s, 1H, Ar-H), 3.99-3.89 (m, 4H, morph.), 3.84-3.76 (m, 4H, morph.), 3.74 (s, 2H, CHz), 2.63 (s, 8H,
piperaz.), 1.08 (s, 9H, #-Bu.). MS-ESI: m/z caled for C1oH20CIN6sO [M+H]+: 393.22; found 393.1.
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Procedure for 2-((4-tert-butylpiperazin-1-yl)methyl)-5-(5-fluoro-1H-indol-4-yl)-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine (53)

Compound 53 was prepared according to the general procedure for the Suzuki reaction.
Synthesized from 52 (0.12 g, 0.305 mmol), 5-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indole (0.13 g, 0.458 mmol), tetrakis(triphenylphosphine)palladium(0) (72 mg, 0.061 mmol), 2M aqueous
sodium carbonate solution (0.31 mL, 0.611 mmol) and DME (5 mL). The crude product was purified by
flash chromatography (0-5% methanol gradient in ethyl acetate) to give 53 (0.10 g, 0.20 mmol) with 68%
yield. 'H NMR (600 MHz, DMSO-ds) 6 11.36 (s, 1H, NH), 7.50-7.48 (m, 1H, Ar-H), 7.47-7.46 (m, 1H, Ar-
H), 7.06-7.03 (m, 1H, Ar-H), 6.71-6.70 (m, 1H, Ar-H), 6.57-6.57 (m, 1H, Ar-H), 6.51 (s, 1H, Ar-H), 3.83-
3.82 (m, 4H, morph.), 3.75-3.74 (m, 4H, morph.), 3.67 (s, 2H, CH>), 2.65-2.37 (m, 8H, piperaz.), 1.03 (s,
9H, t-Bu.). 3C NMR (151 MHz, DMSO-de) 6 154.9, 153.7, 153.4, 150.8, 149.2, 132.8, 128.0, 126.9, 116.6,
113.6, 109.7, 101.8, 95.0, 94.0, 65.6, 55.8, 53.3, 47.8, 45.3, 40.0, 25.5. HRMS (ESI): m/z calcd for C2yH34FN7O
[M+H]*: 492.2881; found 492.2886.

Procedure for 2-((4-tert-butylpiperazin-1-yl)methyl)-5-(1H-pyrrolo[2,3-c]pyridin-4-yl)-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine (54)

Compound 54 was prepared according to the general procedure for the Suzuki reaction. Synthesized
from 52 (0.12 g, 0.305 mmol), 6-azaindole-4-boronic acid pinacol ester (0.12 g, 0.458 mmol),
tetrakis(triphenylphosphine)palladium(0) (71 mg, 0.061 mmol), 2M aqueous sodium carbonate solution
(0.305 mL, 0.611 mmol) and DME (5 mL). The crude product was purified by flash chromatography (0—
5% methanol gradient in ethyl acetate) to give 54 (0.11 g, 0.23 mmol) with 77% yield. '"H NMR (600 MHz,
DMSO-ds) 0 11.84 (s, 1H, NH), 8.83-8.83 (m, 1H, Ar-H), 8.76-8.75 (m, 1H, Ar-H), 7.73-7.73 (m, 1H, Ar-
H), 7.17-7.16 (m, 1H, Ar-H), 6.84 (s, 1H, Ar-H), 6.51 (s, 1H, Ar-H), 3.85-3.84 (m, 5H), 3.82-3.81 (m, 4H),
3.63 (s, 2H, CHy), 2.54-2.46 (m, 8H, piperaz.), 0.97 (s, 9H, t-Bu.). ®C NMR (151 MHz, DMSO-ds) 6 155.8,
154.1, 151.0, 149.6, 137.9, 133.6, 130.6, 129.8, 125.1, 101.7, 94.9, 90.9, 65.6, 56.0, 53.6, 52.9, 47.9, 45.2, 40.0,
25.7. HRMS (ESI): m/z caled for C2sHsiNsO [M+H]*: 475.2928; found 472.2929.

Procedure for 2-((4-tert-butylpiperazin-1-yl)methyl)-5-(1H-pyrrolo[2,3-b]pyridin-4-yl)-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine (55)

Compound 55 prepared according to the general procedure for the Suzuki reaction. Synthesized
from 52 (0.15 g, 0.382 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo[2,3-b]pyridine
(0.14 g, 0.573 mmol), tetrakis(triphenylphosphine) palladium(0) (88 mg, 0.076 mmol), 2M aqueous
sodium carbonate solution (0.38 mL, 0.763 mmol) and DME (5 mL). The crude product was purified by
flash chromatography (0-5% methanol gradient in ethyl acetate) to give 55 (0.13 g, 0.27 mmol) with 72%
yield. :H NMR (400 MHz, DMSO-de) 6 11.85 (s, 1H, NH), 8.34 (d, ] =5.0 Hz, 1H, Ar-H), 7.67 (d, ] = 5.1
Hz, 1H, Ar-H), 7.61-7.59 (m, 1H, Ar-H), 7.10-7.08 (m, 1H, Ar-H), 6.85 (s, 1H, Ar-H), 6.56 (s, 1H, Ar-H),
3.84-3.83 (m, 8H, morph.), 3.64 (s, 2H, CH2), 2.50-2.43 (m, 8H, piperaz.), 0.97 (s, 9H, t-Bu.). ®*C NMR (101
MHz, DMSO-ds) 6 155.5, 154.4, 150.9, 149.8, 142.5, 137.0, 127.4, 117.1, 114.1, 100.8, 95.3, 91.2, 65.6, 55.9,
53.5,53.1,47.9, 45.2, 40.2, 25.7. HRMS (ESI): m/z calcd for C2sHsaNsO [M+H]*: 475.2928; found 472.2936.

3.2. Docking Study

The docking procedure was performed in the PI3K 6 protein from Protein Data Bank (PDB: 2WXP)
using the Auto-Dock Vina program [55]. All figures with examples of 3D modeling of a possible binding
mode of selected compounds were prepared based on the calculated pKa from the Instant JChem 21.13.0
program [57]. More specifically, all structures depicted in the respective figures have not had protons
added, but the appropriate protonation state has been maintained.

3.3. Biology
3.3.1. In Vitro Kinase Inhibition Assay for PI3K

Tested compounds were dissolved in 100% DMSO, and obtained solutions were serially diluted in
1x reaction buffer. The recombinant kinase solution was diluted in a reaction mixture comprising 5x
reaction buffer, respective compound solution (1 mM sodium diacetate 4,5-bisphosphate
phosphatidylinositol (PIP2) solution in 40 mM Tris buffer), and water. In a 96-wells plate, 5 puL of
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compound solutions and 15 pL of the kinase solution in the reaction mixture were added per well. To
initiate the interaction of chemical compounds to be tested with the enzyme, the plate was incubated
for 10 min at a suitable temperature in a plate thermostat with orbital shaking at 600 rpm. Negative
control wells contained all the above reagents except tested compound and kinase, and positive control
wells contained all the above reagents except tested compounds. The enzymatic reaction was initiated
by adding 5 pL of 150 uM ATP solution. Subsequently, the plate was incubated for 1 h at 25 or 30 °C
(depending on the PI3K isoform tested) in a plate thermostat with orbital shaking of the plate contents
at 600 rpm. The reaction conditions are combined in the table below (Table 6).

Table 6. Reaction conditions and compositions of reaction mixtures for kinases.

Kinase . Substrate PIP2
Concentration Reaction [Final
KINASE Temperature . Reaction Buffer
[ng per . Concentration
] and Time
Reaction] uM]
PI3Ks N
o (SCC?;E;S) 7.5ng 25°C,1h 30 M 3 mM MgCla
1© 0.025 mg/mL BSA
50 mM HEPES pH 7.5
PI3KO R 50 mM NaCl
(Merck Millipore) 10ng 25°C,1h 30 M 3 mM MgCl:
0.025 mg/mL BSA
50 mM HEPES pH 7.5
PI3KPB R 50 mM NaCl
(Merck Millipore) 15ng 30°C, 1h S0 M 3 mM MgClz
0.025 mg/mL BSA
40 nM Tris pH 7.5
PI3K« 20 mM MgClz
°C,1h
(Merck Millipore) " " 30°C, S0 M 0.1 mg/mL BSA

1 mM DTT

Detection of ADP formed in the enzymatic reaction was then performed using ADP-Glo Kinase Assay™
(Promega, Madison, WI, USA). To the wells of a 96-well plate, 25 uL of ADP-Glo Reagent™ was added,
and the plate was incubated for 40 min at 25 °C in a plate thermostat with orbital shaking at 600 rpm.
Then 50 puL of Kinase Detection Reagent were added to each well, and the plate was incubated for 40
min at 25 °C in a plate thermostat with orbital shaking at 600 rpm. Once the incubation was complete,
the luminescence intensity was measured using a Victor Light luminometer (Perkin Elmer, Inc.,
Waltham, MA, USA). ICso values were determined based on luminescence intensity measured in wells
containing tested compounds at different concentrations in relation to control wells. These values were
calculated with Graph Pad 5.03 software by fitting the curve using non-linear regression. Each
compound was tested at least in quadruplicates (4 wells) on two 96-well plates utilizing at least 4 wells
for each control. Averaged results of inhibition activity respective to specific isoforms of PI3K kinases
for tested compounds are presented as ICso values in Tables 1-4.

3.3.2. Influence of Selected Compounds on B Cells Proliferation

CD19 cells were isolated from PBMC using magnetic beads (Stem Cell, Cambridge, MA, USA) and
then labeled with 2 uM CFSE (Invitrogen, Waltham, MA, USA).

1 x 105 cells were seeded on 96-well plate, activated by 2 ug/mL algM (Jackson ImmunoResearch,
Ely, UK) and 1 ug/mL ODN2006 (InvivoGen, San Diego, CA, USA), and incubated with increasing
concentrations of drugs (0.1, 0.3, 1.0, 3.3, 10, 33, 100, 333, 1000, 3333, 10,000 nM). After four days, cells
were stained with LIVE/DEAD™ kit (Invitrogen, Waltham, MA, USA). Samples were acquired using
Attune NXT Flow Cytometer (Invitrogen, Waltham, MA, USA) and analyzed using FlowJo software.
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Each biological assay was performed with cells isolated from a different donor. The presented results
constitute the average value of the percentage of proliferating cells from 3 independent experiments.

3.4. Metabolic Stability and Solubility
3.4.1. Metabolic Stability Assay

Assessment of metabolic phase I stability in mouse (CD-1™) and human microsomes (Thermo-
Fisher Scientificc Waltham, MA, USA) was performed on 96-well non-binding plates (Greiner,
Frickenhausen, Germany) at 1 uM concentration for verapamil (positive control) and donepezil
(negative control) and tested compounds. Unless otherwise stated, all chemicals and materials were
ordered from Merck Life Science (Palo Alto, CA, USA). Each biological replicate was prepared in
triplicates. Briefly, mixtures were incubated in 100 mM potassium phosphate buffer with microsomes
(0.5 mg/mL) and NADPH (1-1.2 mM) on a plate shaker (500 rpm) in the dark at 37 °C. A 4x solution of
NADPH, a cofactor for metabolic enzymes, was prepared directly prior to the experiment by reducing
NADP with G6P dehydrogenase (13.2 mM MgClz, 13.2 mM G6P, 52 mM NADP, 3.2 U/mL G6P
dehydrogenase, 20 min at 30 °C, 500 rpm). The negative control contained buffer instead of NADPH
solution. Samples were collected at 0, 10, 20, and 40 min or 0 and 40 min for the negative and double
negative controls. The reaction was stopped by protein precipitation in 2 volumes of ice-cold MeOH
with 200 nM imipramine (an internal standard for LC-MS analysis). Then, the extract was mixed (1 min,
1000 rpm), filtered through a 0.22 um filter on a 96-well plate vacuum manifold, and subjected to LC-
MS analysis.

3.4.2. Kinetic Stability Assay

Kinetic solubility was determined by the shake-flask protocol [58,59]. Appropriate compounds (500
M) were incubated in an aqueous buffer (0.1 M phosphate-buffered saline pH 7.4) at 25 °C with stirring
at 500 rpm. The samples were taken at the start time and after 24 h of incubation, filtered through 0.22
um filters, and diluted with two volumes of acetonitrile. UHPLC-UV/Vis determined sample
concentrations. A calibration curve was prepared to quality the compound’s contents in the test
solution.

4. Conclusions

Based on the 2-methyl-pyrazolo[1,5-a]pyrimidine system, the most promising R!' (Scheme
1)substituent in terms of activity and selectivity was selected, and appropriate structures were designed
and synthesized in multi-step synthesis. Among various derivatives obtained, two amino groups were
identified as the most promising concerning the PI3K¢ activity and other PI3K isoforms selectivity: 2-
(piperidin-4-yl) propan-2-ol and N-tert-butylpiperazine located at the C(2) position of the pyrazolo[1,5-
a]pyrimidine. The most selective compounds turned out to be 4-{2-[(4-tert-butylpiperazin-1-yl)methyl]-
7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl}-1H-indole (37) and 4-{2-[(4-tert-butylpiperazin-1-
yl)methyl]-5-{1H-pyrrolo[2,3-c]pyridin-4-yl}pyrazolo[1,5-a]pyrimidin-7-yljmorpholine (54), bearing the
indol or azaindole system as the R! substituent and N-tert-butylpiperazine as the R? (Scheme 2) residue.
Molecular calculations and docking studies supported the strong tryptophan shelf (Trp-760) mechanism
in which the lipophilic tert-butyl substituent is possibly engaged. Compound 54 (CPL302253) showed
promising additional properties such as suitable kinetic solubility or higher metabolic stability (Table
6) compared to compound 37. For these reasons, CPL302253 was selected as a promising clinical
candidate for the treatment of asthma. Additional, biological studies supporting this selection have been
published by Gunerka et al. [15].

Author Contributions: Synthesis, M.S., M.Z., SM., N.O. and M.D.; biological evaluation B.D., P.S,, JH.-K,, P.T,,
P.G, D.Z.-B., AS. and K.D. (Karolina Dzwonek); analytical evaluation K.M., D.S,, L.G.-B. and A.L.; investigation,
M.S, M.Z,, P.G., D.Z.-B. and B.D.; writing —original draft preparation, M.S., M.Z. and S.M.; writing —review and
editing, M.M., P.G., D.Z.-B. and Z.0.; visualization, F.S.; supervision, M.W. and Z.0.; project administration, M.Z.,
P.G,, AS, K.D. (Karolina Dzwonek), K.D. (Krzysztof Dubiel), M.L.-P., M.W. and Z.O.; funding acquisition, M.W.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was co-financed by Celon Pharma S.A. and the National Centre for Research and
Development “Narodowe Centrum Badan i Rozwoju”., project “PIKCEL —Preclinical and clinical development of

78



innovative lipid kinases inhibitor as a candidate for the treatment of steroid-resistant and severe inflammatory lung
diseases”, granted under number POIR.01.01.01-00-1341/15.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data sharing not applicable.

Acknowledgments: We would like to thank Aleksandra Swiderska (Celon Pharma) for NMR analyses and practical
suggestions. Moreover, we would like to thank Wojciech Pietru$ for docking study suggestions and docking
figures. This work was supported by The National Centre for Research and Development (POIR.01.01.01-00-
1341/15) in Poland.

Conflicts of Interest: The authors declare the following financial interests/personal relationships which may be
considered as potential competing interests: All contributors to this work at the time of their direct involvement in
the project were the full-time employees of Celon Pharma S.A. A patent application WO 2016/157091 A1, based on
the present observations, has been filed. M. Wieczorek is the CEO of Celon Pharma S.A. Some of the authors are
the shareholders of Celon Pharma S.A.

References.

1.  Okkenhaug, K.; Vanhaesebroeck, B. PI3K-Signalling in B- and T-Cells: Insights from Gene-Targeted Mice.
Biochem. Soc. Trans. 2003, 31, 270-274. https://doi.org/10.1042/bst0310270.

2. Okkenhaug, K.; Vanhaesebroeck, B. PI3K in Lymphocyte Development, Differentiation, and Activation. Nat.
Rev. Immunol. 2003, 3, 317-330. https://doi.org/10.1038/nri1056.

3. Rommel, C; Camps, M.; Ji, H. PI3Kd and PI3Ky: Partners in Crime in Inflammation in Rheumatoid Arthritis
and Beyond? Nat. Rev. Immunol. 2007, 7, 191-201. https://doi.org/10.1038/nri2036.

4. Thomas, M.; Owen, C. Inhibition of PI-3 Kinase for Treating Respiratory Disease: Good Idea or Bad Idea?
Curr. Opin. Pharmacol. 2008, 8, 267-274. https://doi.org/10.1016/j.coph.2008.02.004.

5. Williams, O.; Houseman, B.T.; Kunkel, E.J.; Aizenstein, B.; Hoffman, R.; Knight, Z.A.; Shokat, K.M. Discovery
of Dual Inhibitors of the Immune Cell PI3Ks P110d and P110y: A Prototype for New Anti-Inflammatory
Drugs. Chem. Biol. 2010, 17, 123-134. https://doi.org/10.1016/j.chembiol.2010.01.010.

6. Perry, M\W.D.; Abdulai, R.; Mogemark, M.; Petersen, J.; Thomas, M.].; Valastro, B.; Westin Eriksson, A.
Evolution of PI3Ky and 0 Inhibitors for Inflammatory and Autoimmune Diseases. ]. Med. Chem. 2019, 62, 4783—
4814. https://doi.org/10.1021/acs.jmedchem.8b01298.

7. Zhang, T., Makondo, KJ.; Marshall, A.J. P110d Phosphoinositide 3-Kinase Represses IgE Switch by
Potentiating BCL6 Expression. J. Immunol. 2012, 188, 3700-3708. https://doi.org/10.4049/jimmunol.1103302.

8.  Puri, K.D.; Gold, M.R. Selective Inhibitors of Phosphoinositide 3-Kinase Delta: Modulators of B-Cell Function
with Potential for Treating Autoimmune Inflammatory Diseases and B-Cell Malignancies. Front. Immunol.
2012, 3, 256. https://doi.org/10.3389/fimmu.2012.00256.

9.  Sudrez-Fueyo, A.; Rojas, ].M.; Cariaga, A.E.; Garcia, E.; Steiner, B.H.; Barber, D.F.; Puri, K.D.; Carrera, A.C.
Inhibition of PI3Kd Reduces Kidney Infiltration by Macrophages and Ameliorates Systemic Lupus in the
Mouse. J. Immunol. 2014, 193, 544-554. https://doi.org/10.4049/jimmunol.1400350.

10. Haselmayer, P.; Camps, M.; Muzerelle, M.; el Bawab, S.; Waltzinger, C.; Bruns, L.; Abla, N.; Polokoff, M.A;
Jond-Necand, C.; Gaudet, M.; et al. Characterization of Novel PI3KI’ Inhibitors as Potential Therapeutics for
SLE and Lupus Nephritis in Pre-Clinical Studies. Front. Immunol. 2014, 5, 233.
https://doi.org/10.3389/fimmu.2014.00233.

11. Suarez-Fueyo, A.; Barber, D.F.; Martinez-Ara, ], Zea-Mendoza, A.C; Carrera, A.C. Enhanced
Phosphoinositide 3-Kinase d Activity Is a Frequent Event in Systemic Lupus Erythematosus That Confers
Resistance to  Activation-Induced T Cell Death. [ Immunol. 2011, 187, 2376-2385.
https://doi.org/10.4049/jimmunol.1101602.

12.  Cushing, T.D.; Metz, D.P.; Whittington, D.A.; McGee, L.R. PI3Kd and PI3Ky as Targets for Autoimmune and
Inflammatory Diseases. J. Med. Chem. 2012, 55, 8559-8581. https://doi.org/10.1021/jm300847w.

13. Wright, H.L.; Moots, R.J.; Bucknall, R.C.; Edwards, S.W. Neutrophil Function in Inflammation and
Inflammatory Diseases. Rheumatology 2010, 49, 1618-1631. https://doi.org/10.1093/rheumatology/keq045.

14. Ali, K; Camps, M.; Pearce, W.P.; Ji, H.; Riickle, T.; Kuehn, N.; Pasquali, C.; Chabert, C.; Rommel, C,;
Vanhaesebroeck, B. Isoform-Specific Functions of Phosphoinositide 3-Kinases: P1100 but Not P110y Promotes
Optimal Allergic Responses In Vivo. J. Immunol. 2008, 180, 2538-2544.
https://doi.org/10.4049/jimmunol.180.4.2538.

79



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Gunerka, P.; Gala, K.; Banach, M.; Dominowski, J.; Hucz-Kalitowska, J.; Mulewski, K.; Hajnal, A.; Mikus, E.G;
Smuga, D.; Zagozda, M.; et al. Preclinical Characterization of CPL302-253, a Selective Inhibitor of PI3K®, as
the Candidate for the Inhalatory Treatment and Prevention of Asthma. PLoS ONE 2020, 15, e0236159.
https://doi.org/10.1371/journal.pone.0236159.

Barnes, P.J. Immunology of Asthma and Chronic Obstructive Pulmonary Disease. Nat. Rev. Immunol. 2008, 8,
183-192. https://doi.org/10.1038/nri2254.

Lambrecht, B.N; Hammad, H. The Immunology of Asthma. Nat. Immunol. 2015, 16, 45-56.
https://doi.org/10.1038/ni.3049.

Jeong, J.S.; Kim, ].S.; Kim, S.R.; Lee, Y.C. Defining Bronchial Asthma with Phosphoinositide 3-Kinase Delta
Activation: Towards Endotype-Driven Management. Int. ]J. Mol. Sci. 2019, 20, 3525.
https://doi.org/10.3390/ijms20143525.

Zirlik, K.; Veelken, H. Idelalisib. Rec. Res. Canc. Res. 2018, 212, 243-264. https://doi.org/10.1007/978-3-319-
91439-8_12.

Blair, H.A. Duvelisib: First Global Approval. Drugs 2018, 78, 1847-1853. https://doi.org/10.1007/s40265-018-
1013-4.

Okabe, S.; Tanaka, Y.; Tauchi, T.; Ohyashiki, K. Copanlisib, a Novel Phosphoinositide 3-Kinase Inhibitor,
Combined with Carfilzomib Inhibits Multiple Myeloma Cell Proliferation. Ann. Hematol. 2019, 98, 723-733.
https://doi.org/10.1007/s00277-018-3547-7.

Greenwell, IB,; Ip, A.; Cohen, J.B. PI3K Inhibitors: Understanding Toxicity Mechanisms and Management.
Oncology (Williston Park) 2017, 31, 821-828.

Barnes, P.J. New Therapies for Asthma: Is There Any Progress? Trends Pharmacol. Sci. 2010, 31, 335-343.
https://doi.org/10.1016/j.tips.2010.04.009.

Murray, ].M.; Sweeney, Z.K.; Chan, B.K.; Balazs, M.; Bradley, E.; Castanedo, G.; Chabot, C.; Chantry, D.;
Flagella, M.; Goldstein, D.M.; et al. Potent and Highly Selective Benzimidazole Inhibitors of PI3-Kinase Delta.
J. Med. Chem. 2012, 55, 7686-7695. https://doi.org/10.1021/jm300717c.

Sutherlin, D.P.; Baker, S.; Bisconte, A.; Blaney, P.M.; Brown, A.; Chan, B.K,; Chantry, D.; Castanedo, G.;
DePledge, P.; Goldsmith, P.; et al. Potent and Selective Inhibitors of PI3Kd: Obtaining Isoform Selectivity from
the Affinity Pocket and Tryptophan Shelf. Bioorg. Med. Chem. Lett. 2012, 22, 4296-4302.
https://doi.org/10.1016/j.bmcl.2012.05.027.

Safina, B.S.; Baker, S.; Baumgardner, M.; Blaney, P.M.; Chan, B.K,; Chen, Y.-H.; Cartwright, M.W.; Castanedo,
G.; Chabot, C.; Cheguillaume, A.].; et al. Discovery of Novel PI3-Kinase d Specific Inhibitors for the Treatment
of Rheumatoid Arthritis: Taming CYP3A4 Time-Dependent Inhibition. ]. Med. Chem. 2012, 55, 5887-5900.
https://doi.org/10.1021/jm3003747.

Stark A.K.,, Sriskantharajah S., Hessel E.M., Okkenhaug K. PI3K inhibitors in inflammation, autoimunity and
cancer. Curr Opin Pharmacol 2015, 23: 82-91. https://d0i:10.1016/j.coph.2015.05.017.

Knight, Z.A.; Gonzalez, B.; Feldman, M.E.; Zunder, E.R.; Goldenberg, D.D.; Williams, O.; Loewith, R.; Stokoe,
D.; Balla, A.; Toth, B.; et al. A Pharmacological Map of the PI3-K Family Defines a Role for P110a in Insulin
Signaling. Cell 2006, 125, 733-747. https://doi.org/10.1016/j.cell.2006.03.035.

Berndt, A.; Miller, S.; Williams, O.; Le, D.D.; Houseman, B.T.; Pacold, ]J.I.; Gorrec, F.; Hon, W.-C.; Ren, P.; Liu,
Y.; et al. Erratum: Corrigendum: The P1108 Structure: Mechanisms for Selectivity and Potency of New PI(3)K
Inhibitors. Nat. Chem. Biol. 2010, 6, 244-244. https://doi.org/10.1038/nchembio0310-244b.

Garces, A.E.; Stocks, M.J. Class 1 PI3K Clinical Candidates and Recent Inhibitor Design Strategies: A Medicinal
Chemistry Perspective. J. Med. Chem. 2019, 62, 4815-4850. https://doi.org/10.1021/acs.jmedchem.8b01492.
Vanhaesebroeck, B.; Perry, M.W.D.; Brown, J.R.; André, F.; Okkenhaug, K. PI3K Inhibitors Are Finally Coming
of Age. Nat. Rev. Drug Discov. 2021, 20, 741-769. https://doi.org/10.1038/s41573-021-00209-1.

Hayakawa, M.; Kaizawa, H.; Moritomo, H.; Koizumi, T.; Ohishi, T.; Yamano, M.; Okada, M.; Ohta, M.;
Tsukamoto, S.; Raynaud, F.I; et al. Synthesis and Biological Evaluation of Pyrido[3’,2":4,5]Furo[3,2-
d]Pyrimidine Derivatives as Novel PI3 Kinase P110a Inhibitors. Bioorg. Med. Chem. Lett. 2007, 17, 2438-2442.
https://doi.org/10.1016/j.bmcl.2007.02.032.

Kawashima, S.; Matsuno, T.; Yaguchi, S.; Sasahara, H.; Watanabe, T. Heterocyclic Compound and Antitumor
Agent Containing the Same as Active Ingredient. EP1389617, 2002, June, 26.

Folkes, A.].; Ahmadi, K.; Alderton, W.K,; Alix, S.; Baker, S.]J.; Box, G.; Chuckowree, 1.S.; Clarke, P.A.; Depledge,
P.; Eccles, S.A.; et al. The Identification of 2-(1 H -Indazol-4-Y1)-6-(4-Methanesulfonyl-Piperazin-1-YImethyl)-
4-Morpholin-4-Y1-Thieno[3,2- d |Pyrimidine (GDC-0941) as a Potent, Selective, Orally Bioavailable Inhibitor
of Class I PI3 Kinase for the Treatment of Cancer. ]J. Med. Chem. 2008, 51, 5522-5532.
https://doi.org/10.1021/jm800295d.

Scott, W.J.; Hentemann, M.F.; Rowley, R.B.; Bull, C.O.; Jenkins, S.; Bullion, A.M.; Johnson, J.; Redman, A;
Robbins, A.H.; Esler, W.; et al. Discovery and SAR of Novel 2,3-Dihydroimidazo[1,2- ¢ ]JQuinazoline PI3K
Inhibitors: Identification of Copanlisib (BAY 80-6946). ChemMedChem 2016, 11, 1517-1530.
https://doi.org/10.1002/cmdc.201600148.

80



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Burger, M.T.; Pecchi, S.; Wagman, A.; Ni, Z.-].; Knapp, M.; Hendrickson, T.; Atallah, G.; Pfister, K.; Zhang, Y.;
Bartulis, S.; et al. Identification of NVP-BKM120 as a Potent, Selective, Orally Bioavailable Class I PI3 Kinase
Inhibitor for Treating Cancer. ACS Med. Chem. Lett. 2011, 2, 774-779. https://doi.org/10.1021/m1200156t.
Sutherlin, D.P.; Bao, L.; Berry, M.; Castanedo, G.; Chuckowree, I.; Dotson, ].; Folks, A.; Friedman, L.;
Goldsmith, R.; Gunzner, J.; et al. Discovery of a Potent, Selective, and Orally Available Class I
Phosphatidylinositol 3-Kinase (PI3K)/Mammalian Target of Rapamycin (MTOR) Kinase Inhibitor (GDC-0980)
for the Treatment of Cancer. ]. Med. Chem. 2011, 54, 7579-7587. https://doi.org/10.1021/jm2009327.

Zhang J.Q., Luo Y. ], Xiong Y. S, Yu Y., Tu Z. C,, Long Z. J., Lai X. ], Chen H. X,, Luo Y., Weng J., Lu G. .
Med. Chem. 2016, 59, 15, 7268-7274. https://doi.org/10.1021/acs.jmed chem.6b00235.

Ren, P.; Liu, Y.; Wilson, T.E.; Chan, K.; Rommel, C.; Li, L. Certain Chemical Entities, Compositions and
Methods. WO2009088986, 2009. July, 16.

Down, K,; Amour, A.; Baldwin, LR.; Cooper, A.W.].; Deakin, A.M.; Felton, L.M.; Guntrip, S.B.; Hardy, C.;
Harrison, Z.A_; Jones, K.L; et al. Optimization of Novel Indazoles as Highly Potent and Selective Inhibitors of
Phosphoinositide 3-Kinase d for the Treatment of Respiratory Disease. ]. Med. Chem. 2015, 58, 7381-7399.
https://doi.org/10.1021/acs.jmedchem.5b00767.

King-Underwood, J.; Ito, K.; Murray, J.; Hardy, G.; Brookfield, F.A_; Brown, C.J. Compounds. WO2011048111,
2011 April, 28.

Erra, M.; Taltavull, J.; Bernal, F.J.; Caturla, J.F.; Carrascal, M.; Pages, L.; Mir, M.; Espinosa, S.; Gracia, J.;
Dominguez, M.; et al. Discovery of a Novel Inhaled PI3Kd Inhibitor for the Treatment of Respiratory Diseases.
J. Med. Chem. 2018, 61, 9551-9567. https://doi.org/10.1021/acs.jmedchem.8b00873.

Perry, M.W.D.; Bjorhall, K.; Bold, P.; Brtills, M.; Borjesson, U.; Carlsson, J.; Chang, H.-F.A.; Chen, Y.; Eriksson,
A.; Fihn, B.-M,; et al. Discovery of AZD8154, a Dual PI3Kyd Inhibitor for the Treatment of Asthma. ]. Med.
Chem. 2021, 64, 8053-8075. https://doi.org/10.1021/acs.jmedchem.1c00434.

A Study to Evaluate the Safety, Tolerability and Absorption to the Blood After Administration of Single and
Multiple Doses of AZD8154 in Healthy Participants. Available online:
https://clinicaltrials.gov/show/NCT03436316 (accessed on 31 May 2022).

Dose Finding Study of Nemiralisib (GSK2269557) in Subjects with an Acute Moderate or Severe Exacerbation
of Chronic Obstructive Pulmonary Disease (COPD). Available online:
https://clinicaltrials.gov/ct2/show/NCT03345407 (accessed on 31 May 2022).

Safety, Tolerability and Pharmacokinetics of Single and Repeat Doses of GS5K2292767 in Healthy Participants
Who Smoke Cigarettes. Available online: https://clinicaltrials.gov/ct2/show/study/NCT03045887 (accessed on
31 May 2022).

Rao, V.K.; Webster, S.; Dalm, V.A.S.H.; Sediva, A.; van Hagen, P.M.; Holland, S.; Rosenzweig, S.D.; Christ,
A.D.; Sloth, B.; Cabanski, M.; et al. Effective “Activated PI3Kd Syndrome”-Targeted Therapy with the PI3Kd
Inhibitor Leniolisib. Blood 2017, 130, 2307-2316. https://doi.org/10.1182/blood-2017-08-801191.

Study of Efficacy of CDZ173 in Patients with  APDS/PASLI.  Available online:
https://clinicaltrials.gov/ct2/show/NCT02435173 (accessed on 31 May 2022).

Sun, J.; Feng, Y.; Huang, Y.; Zhang, S.-Q.; Xin, M. Research Advances on Selective Phosphatidylinositol 3
Kinase o (PI3KDd) Inhibitors. Bioorg. Med. Chem. Lett. 2020, 30, 127457.
https://doi.org/10.1016/j.bmcl.2020.127457.

Hayakawa, N.; Noguchi, M.; Takeshita, S.; Eviryanti, A.; Seki, Y.; Nishio, H.; Yokoyama, R.; Noguchi, M.;
Shuto, M.; Shima, Y.; et al. Structure—Activity Relationship Study, Target Identification, and Pharmacological
Characterization of a Small Molecular IL-12/23 Inhibitor, APY0201. Bioorg. Med. Chem. 2014, 22, 3021-3029.
https://doi.org/10.1016/j.bmc.2014.03.036.

Michrowska-Piankowska, A.; Kordes, M.; Hutzler, J.; Newton, T.; Evans, R.R.; Kreuz, K.; Grossmann, K.; Seitz,
T.; van der Kloet, A.; Witschel, M.; et al. Herbicidal Isoxazolo[5,4-b]Pyridines. WO2013104561A1, 2013., June,
3.

Moszczynski-Petkowski, R.; Bojarski, L.; Stefaniak, F.; Wieczorek, M.; Dubiel, K.; Lamparska-Przybysz, M.
Pyrazolo[3,4-d]Pyrimidin-4(5h)-One Derivatives as Pde9 Inhibitors. W02014016789A1, Jan. 30, 2014.
Yamada, S.; Goto, T.; Mashiko, T.; Kogi, K.; Oguchi, Y.; Narita, S. Thiazolopyridine derivative, their
production and cardiovascular treating agents containing tchem. EP277701A1, 1989.

Oakley, P.; Press, N.; Spanka, C. Watson, ]J. Heterocyclic Compounds as Inhibitors of Cxcr2.
WO2009106539A1, Sept. 9, 2009

Trott, O.; Olson, A.]. AutoDock Vina: Improving the Speed and Accuracy of Docking with a New Scoring
Function, Efficient Optimization, and Multithreading. J. Comput. Chem. 2009, 31, 455-461.
https://doi.org/10.1002/jcc.21334.

Dugzer, J.; Michaelis, A.; Geiss William; Stafford, D.; Raker, J.; Yu, X.; Siedlecki, J.; Yang, Y. Rifamycin Analogs
and Uses Thereof. US020070155715A1, 2006, March, 1.

Instant JChem, Available online: https://chemaxon.com/products/instant-jchem (accessed on 31 May 2022).

81



58.

59.

Sugano, K.; Okazaki, A.; Sugimoto, S.; Tavornvipas, S.; Omura, A.; Mano, T. Solubility and Dissolution Profile
Assessment in Drug Discovery. Drug Metab. Pharm. 2007, 22, 225-254. https://doi.org/10.2133/dmpk.22.225.
Guha, R.; Dexheimer, T.S.; Kestranek, A.N.; Jadhav, A.; Chervenak, A.M.; Ford, M.G.; Simeonov, A.; Roth,
G.P.; Thomas, C.J. Exploratory Analysis of Kinetic Solubility Measurements of a Small Molecule Library.
Bioorg. Med. Chem. 2011, 19, 4127-4134. https://doi.org/10.1016/j.bmc.2011.05.005.

82



12.2. Publikacja 2 — P2

Article

Design, Synthesis, and Development of
Pyrazolo[1,5-alpyrimidine Derivatives as a Novel

Series of

Selective PI3K0) Inhibitors. Part II-benzimidazole

Derivatives

Mariola Stypik 2*, Stanistaw Michalek 12, Nina Orfowska 2, Marcin Zagozda !, Maciej Dziachan ?,
Martyna Banach !, Pawel Turowski !, Pawet Gunerka 1, Daria Zdzalik-Bielecka !, Aleksandra

Stanczak 1,

Urszula Kedzierska 1, Krzysztof Mulewski 1, Damian Smuga !, Wioleta Maruszak !, Lidia Gurba-
Bryskiewicz 1, Arkadiusz Leniak !, Wojciech Pietru$ 1, Zbigniew Ochal 2, Mateusz Mach , Beata

Citation: Stypik, M.; Michatek, S.;
Orlowska, N.; Zagozda, M.;
Dziachan, M.; Banach, M.; Turowski,
P.; Gunerka, P.; Zdzalik-Bielecka, D.;
Staniczak, A.; et al. Design, Synthesis,
and Development of
Pyrazolo[1,5-a]pyrimidine
Derivatives as a Novel Series of
Selective PI3K6 Inhibitors.

Part II—Benzimidazole Derivatives.
Pharmaceuticals 2022, 15, x.

https://doi.org/10.3390/xxxxx
Academic Editor: Pawet Kafarski

Received: 22 June 2022
Accepted: 18 July 2022
Published: date

Publisher's Note: MDPI stays
neutral with regard to jurisdictional
claims in published maps and

institutional affiliations.

Copyright: © 2022 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC BY) license
(https://creativecommons.org/licenses/

by/4.0/).

Zygmunt ', Jerzy Pieczykolan', Krzysztof Dubiel !, and Maciej
Wieczorek !

1 Celon Pharma S.A., ul. Marymoncka 15, 05-152, Kazun Nowy, Poland;
stanislaw.michalek@celonpharma.com (5.M.); orlowska.nina@gmail.com (N.O.);
marcin.zagozda@celonpharma.com (M.Z.); maciejdziachan@gmail.com (M.D.);
martyna.banach@celonpharma.com (M.B.); tupaw@wp.pl (P.T.); pgunerka@gmail.com
(P.G.);
dzdzalik@iimcb.gov.pl (D.Z.-B.); apstanczak@gmail.com (A.S.); ulak54@gmail.com
(UK);
kmulewski9l@gmail.com (K.M.); damian.smuga@celonpharma.com (D.S.);
wioleta.maruszak@celonpharma.com (W.M.); lidia.gurba@celonpharma.com (L.G.-B.);
arkadiusz.leniak@celonpharma.com (A.L.); wojciech.pietrus@celonphamra.com (W.P.);
mateusz.mach@celonpharma.com (M.M.); beata.zygmunt@celonpharma.com (B.Z.);
jerzy.pieczykolan@celonpharma.com (J.P.); krzysztof.dubiel@celonpharma.com (K.D.);
maciej. wieczorek@celonpharma.com (M.W.)

2 Faculty of Chemistry, Warsaw University of Technology, ul. Noakowskiego 3, 00-664
Warsaw, Poland; zbigniew.ochal@pw.edu.pl

* Correspondence: mariola.stypik@celonpharma.com

Abstract: Phosphoinositide 3-kinase (PI3K) is the family of lipid kinases
participating in vital cellular processes such as cell proliferation, growth,
migration, or cytokines production. Due to the high expression of these proteins
in many human cells and their involvement in metabolism regulation, normal
embryogenesis, or maintaining glucose homeostasis, the inhibition of PI3K
(especially the first class which contains four subunits: «, f8, y, 0) is considered to
be a promising therapeutic strategy for the treatment of inflammatory and
autoimmune diseases such as systemic lupus erythematosus (SLE) or multiple
sclerosis. In this work, we synthesized a library of benzimidazole derivatives of
pyrazolo[1,5-a]pyrimidine representing a collection of new, potent, active, and
selective inhibitors of PI3K9, displaying ICso values ranging from 1.892 to 0.018
uM. Among all compounds obtained, CPL302415 (6) showed the highest activity
(ICso value of 18 nM for PI3K$), good selectivity (for PI3Ké relative to other PI3K

isoforms: PI3Ka/6 = 79; PI3KB/6 = 1415; PI3Ky/6 = 939), and promising physicochemical properties. As a lead
compound synthesized on a relatively large scale, this structure is considered a potential future candidate for
clinical trials in SLE treatment.
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1. Introduction

Phosphoinositide 3-kinase delta (PI3K?), the lipid kinase, is a member of the family of PI3K
enzymes divided into three classes: I (PI3Ka, PI3KS, PI3Ky, PI3Ko), II, and III. Due to their involvement
in catalyzing the phosphorylation of phosphatidylinositol-4,5-diphosphate (PIP2) to
phosphatidylinositol-3,4,5-triphosphate (PIP3), PI3Ks start a cascade of downstream activities to induce
various types of biological processes such as cell growth, survival, proliferation, or differentiation [1-6].
All class I PI3K isoforms occur as a heterodimer of one regulatory subunit (p85) with the corresponding
catalytic subunit (p110a, p110g, and p1106). The p110 subunits of PI3K isoforms have been thoroughly
characterized [7]. The ATP-binding site of p1106 in PI3K0 comprises a few functionalities such as a hinge
pocket, an affinity pocket, and a hydrophobic region, which lies below a non-conserved rim of the active
site. Interaction with the large and flat hydrophobic face of a conserved tyrosine residue (Tyr-876) was
reported for most PI3K inhibitors. Moreover, many of them also have additional hydrophobic
interactions with the affinity pocket for the enzyme, where they can form hydrogen bonds with Lys-833
or other hydrophilic residues caused by the presence of adequate heteroatom [8,9]. Most selective PI3K6
inhibitors exhibit interaction between crucial amino acids (Trp-760 and Met-752) while entering the
active pocket [9-11]. Interaction with the tryptophan shelf (Trp-760) impacts the PI3K6 selectivity. Steric
blockage in the tryptophan region leads to selectivity for PI3K6 because of the disfavored binding to
other PI3K isoforms. It has been proven that these structural determinants are crucial in the activity and
selectivity of PI3Ko and thus are used for designing PI3K6 inhibitors [5,8,10, 11].

In this study, we designed, developed, and described a family of PI3K6 inhibitor structures, based
on the pyrazolo[1,5-a]pyrimidine core with different modifications, which can occupy the affinity
pocket of the enzyme.

The basis for inflammatory and autoimmune diseases, such as systemic lupus erythematosus (SLE)
or rheumatoid arthritis (RA), is dysregulation, including overactivity of the immune system [8]. These
alterations are typically progressive and cause much burdensomeness for the patients. The
overproduction of autoantibodies manifests in SLE due to uncontrolled cellular action in which T
lymphocytes and B lymphocytes play a crucial role [4,12-17]. The activity of PI3K¢ in T cells of SLE
diagnosed patients is risen by approximately 70% [15]. Due to the engagement of the p1106 subunit of
the PI3K6 in human Th17 cells for the production of IL-17, this PI3K subfamily can be viewed as a
promising molecular target for future therapies, including SLE [18-21]. Moreover, a well-recognized
mechanism of the PI3Ko6 interaction at the molecular level can be efficiently utilized for the rational design,
synthesis, and development of new anti-inflammatory drugs [18-20,22].

Selective PI3K6 inhibitors can be obtained by appropriate modifications of a heterocycle that
occupies the affinity pocket of the enzyme [5,10,23]. Despite the formation of hydrogen bonds between
the indazole group of well-known inhibitor GDC-0941 (Figure 1) [24] and two amino acids Asp-787 and
Tyr-813, the PI3K y/0 selectivity was poor [10]. It was reported that changing the indazole group of
GDC-0941 for 2-methylbenzimidazole group helped to obtain a more selective inhibitor of PI3Ko
(PI3Ky/6 = 29) which demonstrated good potency in cellular assays [5,10]. Moreover, it was shown that
optimization of interactions with Trp-760 helped to improve the selectivity of PI3K6 inhibitors as
candidates for further development with good pharmacokinetic properties [10,11,25,26]. The new
compounds with different substituents at the benzimidazole ring’s C(2) position were obtained and
described [10]. It was reported that the inclusion of large, bulky groups at the benzimidazole’s C(2)
position could reduce the inhibition of PI3K6 [10]. These structure—activity relationships highlight the
crucial role of the amine and benzimidazole subunit in determining PI3K¢ activity and selectivity for
an obtained series of compounds.

Many bicyclic cores-based compounds were reported as effective and active PI3K inhibitors. Most
of them, including thienopyrimidines [23,27] or pyridopyrimidines [10,23,24], were described as pan-
PI3K inhibitors. Due to the problems with time-dependent CYP inhibition [5,23], selectivity,
bioavailability, or solubility [23,28], other bicyclic cores such as isoxazolopyrimidines [23,29],
imidazopyrimidines [23,30], or pyrazolopyrimidines [23,31] have also been designed, synthesized, and

84



reported. A large number of PI3K inhibitors showed the potential of applying morpholine moiety as a
H-bond acceptor in the hinge-binding motif [23,24]. In our docking studies in the previous paper [25],
the crucial role of binding between the morpholine system and Val-828 was observed. Since 2012, many
morpholine-based inhibitors of the PI3K kinase have been published [23]. Moreover, in 2012, a group
of 2-(difluoromethyl)-1H-benzimidazole derivatives enriched a library of known PI3K inhibitors [23,32—
34]. These structures are based on the 1,3,5-triazine monocyclic core and a morpholine ring in the hinge
region. Evaluation of mono-, bi-, or higher-cyclic cores with a different arrangement of the substituents
allowed for more active and selective compounds [10,23,28].

In our work, we focused on the pyrazolo[1,5-a]pyrimidine core with various amine substituents in
position C(2) and different benzimidazole groups in the C(5) position at the core region. It was reported
that pyrazolo[1,5-a]pyrimidines are promising medical pharmacophores in structures as potential drugs
in the treatment of cancer, as well as inflammatory or viral diseases [35,36]. Our previous study [25]
described the development of pyrazolo[1,5-a] pyrimidine derivatives with different substituents
(heteroaromatic systems) at position 5 of the mentioned core. It was reported that 5-indole-pyrazolo
[1,5-a] pyrimidines as inhibitors of PI3K6 were the most selective structures of the obtained series. On
the other hand, we identified a 2-difluoromethylbenzimidazole derivative 1 as the most active
compound (Figure 1). It was identified as a moderate PI3Ko inhibitor (ICs0 = 475 nM) with poor
selectivity toward the alpha isoform. We reported that modifications of a mentioned core with many
different substituents could contribute to inhibitors” activity and selectivity enhancement. In this work,
we synthesized and described more than thirty new, active, and potent selective PI3K6 inhibitors in the
extended structure-active relationship (SAR) study, keeping the scaffold of 1 as a starting point.
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Figure 1. Structure of the PI3Kd active inhibitor and GDC-0941.

2. Results and Discussion
2.1. Chemistry
2.1.1. Synthesis of Compounds 5-9 and 11-12

Our research shows that modifications of benzimidazole groups and amine subunits play a crucial
role in the activity and selectivity of PI3Ké inhibitors. During the SAR exploration and docking
calculations, we found two amine subunits at the C(2) position of the pyrazolo[1,5-a]pyrimidine core,
N-tert-butylpiperazin-1-ylmethyl and 2-(4-piperidin-1-ylmethyl)-2-propanol, have the most promising
potency in PI3K6 inhibition. Due to the observed high activity of the mentioned families of compounds
against PI3K6 and unexplored chemical space, new benzimidazole derivatives were synthesized
according to Scheme 1.
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Scheme 1. Synthesis of benzimidazole derivatives. Reagents and conditions: (i) CaClz, NaBHs, EtOH, reflux, 3 h,
99%; (ii) Dess-Martin periodinane, DMF, RT, 2 h, 46%; (iii) 1-tert-butylipiperazine, sodium triacetoxyborohydride,
DCM, RT, 18 h, 84%; (iv) benzimidazole derivative, tris(dibenzylideneacetone)dipalladium(0), 9,9-
dimethyl-4,5-bis(diphenylphosphino)xanthene, C52CO3, toluene, 150 °C, 6 h, 200 W, MW, 4-93%; (v) 2-(4-
piperidyl)-2-propanol, sodium triacetoxyborohydride, DCM, RT, 63%; (vi) benzimidazole derivative,
tris(d ibenzylideneaceton e)d [ pa lladium (O), 9,9-Dimethyl-4,5-bis(diphenylphosphino)xanthene,
Cs2CO0s3, toluene, 150 °C, 6 h, 200 W, MW, 52-66%.

Starting from ethyl 5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine-2-carboxylate,
structures 5-9 and 11-12 were obtained after four-step synthesis. In the first step, alcohol 2 was
synthesized by the ester group reduction with sodium borohydride and an almost quantitative yield
(99%, Scheme 1). Next, alcohol 2 was oxidized into the corresponding aldehyde 3 using Dess—Martin
periodinane (46% yield). Subsequently, the amine subunits derivatives 4 and 10 were obtained in
reductive amination reactions by engaging appropriate amine in the presence of sodium
triacetoxyborohydride (good, 84%, and 63% yields, respectively). In the last step, the received
substituted 5-chloro-pyrazolo[1,5-a]pyrimidines 4 and 10 were transferred into the final structures by
utilizing the Buchwald-Hartwig reaction conditions with corresponding benzimidazoles. This
palladium-catalyzed reaction, conducted under microwave irradiation, gave compounds 5-9 and 11-12
(un-optimized yields in the range of 34-93%).

2.1.2. Synthesis of Compounds 16-38 and 40-54

Benzimidazole derivatives were prepared in a multistep synthesis that branched into two
pathways depending on the group selected in the core C(2) position (Scheme 2).
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Scheme 2. Synthesis of 5-(2-difluoromethylobenzimidazo-1-yl)pyrazolo[1,5-a]pyrimidine derivatives.
Reagents and conditions: (i) 2-(difluoromethyl)-1H-benzimidazole, TEACL, K2COs, DMA, 160 °C, 3 h, 89%; (ii)
LiAlHs, THF, 0°C, 3 h, 89%, (iii) Dess-Martin periodinane, DMF, RT, 1 h, 78% or MnO, toluene:buthyl acetate,
reflux 1.5 h, 68%; (iv) amine, sodium triacetoxyborohydride, DCM, 18 h, 38-93%; (v) LiOH, MeOH, H:20, 98%;
(vi) amine, HATU, TEA, RT, 2 h, 33-81%.

Structures 16-38 and 40-57 were synthesized according to the general pathway depicted in
Scheme 2. Compounds 16-38 were obtained after four-step synthesis from 5-chloro-7-(morpholin-
4-yl)pyrazolo[1,5-a]pyrimidine-2-carboxylate (commercially available) which was coupled with 2-
(difluoromethyl)-1H-benzimidazole in the presence of tetraethylammonium chloride and
potassium carbonate to provide ethyl 5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-
(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine-2-carboxylate (13) as a crucial intermediate (89%
yield). Then, the resulting product 13 was reduced to alcohol 14 under treatment with a lithium
aluminum hydride solution (89% yield). We observed that the double bond within the imidazole
ring of benzimidazole substituent was reduced concomitantly with the ester group. Interestingly,
the oxidation of alcohol 14 to aldehyde 15 with Dess—Martin periodinane (or with activated
manganese(IV) oxide) was accompanied by full restoration of aromaticity within the
benzimidazole heterocycle. Final structures 16-38 were obtained by reductive amination reactions
(Scheme 2) with different amines such as N-tert-butylpiperazine, morpholine, or 4-
methylpiperidin-4-ol (see tables below for details) with un-optimized yields (38-93%). Based on
our previous SAR studies, we observed that the carbonyl group in position C(2) of pyrazolo[1,5-
a]pyrimidine derivatives may enhance the activity of the obtained structures. While keeping this
in mind, further research focused on the replacement of the (-CH2) group with a (-CO) group
leading to structures 40-57 in two steps from intermediate 13. Unlike for compounds 16-38
synthesis, the ester group of 13 was hydrolyzed with the lithium hydroxide to 5-[2-
(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidine-2-
carboxylic acid (39, 98% yield). Subsequently, carboxyl derivatives were converted into a series of
final amides 40-57 (see tables below to trace the selection of substituents) using 2-(7-aza-1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU) and triethylamine
as a base (un-optimized 33-81% yields).

2.2. Docking Study

Crystal structure analysis, combined with data from biochemical and cellular assays, has
been used to understand the molecular basis of observed inhibitors” activities and selectivities.
Utilizing the Auto-Dock Vina program for docking studies [35], we wished to investigate the
binding mode of our compounds with the PI3Ko isoform. Based on the available
crystallographic structures of PI3K (for example PDB ID: 2WXL) and reference papers regarding
in silico calculations [5,8,10,23,24], we gained valuable information about protein-ligand
interactions in the active site and chose to focus on the pyrazolo[1,5-a]pyrimidine core.

Over the course of our computer-assisted studies, we found that the morpholine ring at
position 7 of pyrazolo[1,5-a]pyrimidine core is required for interaction with PI3K at the catalytic
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site. More specifically, the most crucial interaction is the critical hydrogen bond between the
oxygen atom of the morpholine group and Val-828 in the hinge region of the enzyme. In our
previous work [25], we observed an existing hydrogen bond between the C(5)-indole
pyrazolo[1,5-a]pyrimidine derivatives and the Asp-787. However, benzimidazole derivatives,
presented in this work, lack that interaction when targeted toward this region. Instead, we
observed the possibility of hydrogen bond formation between the nitrogen atom at the third
position of the benzimidazole ring system and Lys-779.

In addition, several regions have been identified in the active site of the enzyme that have
a profound impact on the activity and selectivity toward PI3Ké. Due to critical structural
determinants, depending on the substituent type (R, R? Scheme 1 and Scheme 2, respectively),
we observed different interactions of our structures with the tryptophan shelf (Trp-760) and
selected amino acids within the active pocket. For example, 2-hydroxypropyl residue of
compound 11 keeps close proximity to Trp-760 (the tryptophan shelf interaction, Figure 2A) by
locating the hydroxyl group conformationally away from the amino acid. On the other hand,
the piperazine fragment of compound 17 (Figure 2B) takes the most distant position from the
tryptophan shelf, supported by the polar amide group bond with aspartic acid (Asp-897).
Moreover, among some structures showing no Trp-760 interaction, due to different types of the
amine substituents, a shift towards other amino acids, e.g., Ser-831, was observed.

Compounds containing a donor fragment, such as hydroxyl, amine, or the amide group
near the piperazine or piperidine ring (such as 11, 35, or 36), are found to have higher ICso values
and therefore lower potential for activity due to the poor interaction between the aliphatic
fragment and the tryptophan shelf (Trp-760). A similar situation is observed for structure 30
(Figure 2C), in which the aliphatic component targets the Trp-760 indole ring, but the hydroxyl
group is too far to form a hydrogen bond with the polar amino acids located at the opposite
side of the enzyme pocket.

A shift beyond the tryptophan region of the piperidine ring was also observed for
compound 49, with the carboxyl group introduced in place of the methylene group. Such
arrangement is additionally supported by the formation of a hydrogen bond between the
hydroxyl group of the 4-hydroxy-4-methylpiperidinyl subunit and aspartic acid (Asp-832,
Figure 2D).

In connection with the described dependencies, our research suggests that due to the shift
of the amine ring relative to the Trp-760 and the formation of a hydrogen bonding with the
aforementioned Asp-832 and Asp-897, compounds with a carboxyl group in the C(2) position
of the pyrazolo[1,5-a]pyrimidine (linking the amine group) are more preferred in terms of
kinase activity and selectivity than compounds with a methylene group at the same position.

Compound 6 (Figure 2E), containing the tert-butyl piperazine ring, gave different
outcomes in our docking studies. Interaction between that aliphatic fragment and Trp-760
translates into the properties of this compound, such as potency, activity, and selectivity
towards PI3Ko. Moreover, in this structure, we observed the characteristic bond between the
oxygen atom located at the morpholine ring (playing the role of an H-bond acceptor in the
hinge-binding motif) and Val-828. Interaction of the benzimidazole residue nitrogen atom and
Lys-779 has also been recognized.

A mix of conformational interactions was assigned to compound 40 (Figure 2F), which
binds to Val-828 and Lys-779, including compound 6. However, the replacement of the
methylene bridge with the carbonyl function was associated with the loss of Trp-760 interaction
and the simultaneous loss of biological activity.

As a result of all relationships described, compound 6 turned out to be the most active and
promising structure of the entire library obtained.
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3D modeling possible interaction found for selected compounds (PDB ID:2WXL): (A)—compound 11;
(B)—compound 17; (C)—compound 30; (D)—compound 49; (E)—compound 6; (F)—compound 40. No



All compounds were tested in a biochemical assay that measured the inhibition of
phosphatidylinositol (4,5)-bisphosphate (PIP2) production by PI3K isoforms using the ADP-Glo
kinase assay (Promega). In addition, the effects of synthesized compounds on B cell
proliferation were measured.

All newly synthesized compounds proved to be active PI3K6 inhibitors (ICso = 1.892-0.018
uM) and, additionally, eleven of obtained structures turned out to be highly active, reaching the
value of ICsobelow 100 nM. For this reason, PI3K6 final inhibitors, which are very potent with
drug-like physical properties, are considered drug candidates in SLE and other autoimmune
and inflammatory diseases.

Two positions of the pyrazolo[1,5-a]pyrimidine core: C(2) (R') and C(5) (R?) were optimized
and described in this paper. Regarding the first C(2) optimization, many benzimidazole
derivatives (for two chosen amine subunits: piperazines and piperidines) were designed and
synthesized (Table 1). It was observed that within the nano- and micro-molar ICso value range,
the potency of obtained inhibitors is different despite the substituent size at the C(2) position,
for example in pairs 5 and 8 or 6 and 9. On the other hand, a selected pair of examples
(compounds 11 and 12) indicates that the selectivity against PI3Kd activity is relatively
insensitive to the steric bulkiness of the substituent placed at the C(5) core’s position. Of the
whole series of PI3K6 inhibitors obtained, compounds 6 and 11 turned out to be the most potent,
with ICso values of 18 and 52 nM, respectively. Moreover, structure 6 shows the best selectivity
towards other PI3K isoforms among all the compounds tested. For the above reasons, 2-
(difluoromethyl)-1H-benzimidazole was selected as the most optimal and promising R!
substituent in pyrazolo[1,5-a]pyrimidine ring. The next step of our studies was the expansion
of the compound library with the determination of R? groups keeping the constant 2-
(difluoromethyl)-1H-benzimidazole R' substituent at C(5) position.
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Table 1. Activity and selectivity of benzimidazole derivatives (5-12).

)

g . , ICso PI13K& ICso PI3Kar 1Cs PI3KB ICso PI3Ky Fold Selectivity
Compoun R R

[nM] [nM] [nM] [nrM]  oa/6 8/6 y/6

5 C[z—xc\_g 236 10,642 298,400 175,187 45 1264 742

6 (ZFX”Q“_E 18 1428 25475 16,904 79 1415 939

7 Q:;?TXN@H 385 28677 265699 258277 74 690 671

8 @[\HXQ_E 1072 82,5502 259,143 271,097 77 242 253
\.

9 [jz% S ey 907 135,500 149

11 C[z%k@ L 52 1729 6347 33 122

N
AN HO
12 C[Tj (¢ 878 30511 194624 119,254 35 222 136

ICs0 values were determined as the mean based on two independent experiments.

The R? substituent has been optimized using different substituents which aim to
simultaneously increase selectivity and activity. Optimization focused on modifying the amine
subunit; thus, piperazines, piperidines, five-member rings, bulky amine groups, and other
available amines were used (Table 2). Among all modifications, we found the piperazine and
piperidine derivatives as the most promising. Compounds containing an amine group with a
five-membered ring showed the ICso values in the 1892-96 nM range; however, their PI3Ky/6
selectivities remained lower than for the other amine groups with a six-member ring in their
structure (Table 2). This observation suggests that replacing the five- with a six-membered ring
is more favorable for PI3K6 inhibition. Moreover, heterocycles based on the six-membered ring
as R?, with a nitrogen atom in the 1- or 1- and 4-position(s), are generally more active and
selective. As an excellent example, this thesis can serve compound 27, with the nitrogen atom
shifted outside the six-membered ring. In this individual case, a significant potency drop against
PI3K6 below 1000 nM threshold was noted (Table 2). Modifications of substituted amine
heterocycles are significant because they directly affect the PI3Ko enzyme’s affinity pocket
interactions. Our preliminary research suggested that the presence of the 2-(4-piperidyl)-2-
propanol hydroxylic group could play a crucial role in gaining the inhibition of PI3K6. We
believed, based on in silico studies, that the bond formed between the hydroxyl group and
amine group of Ser-831 within the selectivity pocket of the enzyme should increase both the
activity and selectivity. Therefore, a set of compounds containing proton donor groups was
synthesized. Unfortunately, this rationale failed, as it can be clearly seen while searching the
ICs0 values of compounds: 29-31 and 34-36 (Table 2). The observed loss of potency could be
explained by the conformational freedom provided by the methylene linkage, allowing the
escape from the tryptophan shelf position and simultaneous polar interactions with side amino
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acids within the active pocket. To confront this possibility, the methylene bridge was converted
into carbonyl function, leading to conformationally restrained cyclic amide derivatives which
lack possible conformational changes in the C(2) position of pyrazolo[1,5-a]pyrimidine.

Table 2. PI3K6 and PI3Kg activity of pyrazolo[1,5-a]pyrimidine derivatives with (-CHz) groups.
\N’Ng  F
)
S

Combound - ICso PI3K6 ICso PI3Ky Fold
P [nM] [nM] Selectivity /6
\S N N
16 SN N—% 43 111 2.6
W s
17 h— N 31 2197 71
[¢]
Y N/—\N
18 W 24 156 65
OH
19 \ 1070 4474 4.2
e
20 “z”ﬂ\f 1892 22,134 12
21 Ho— NF 956 10,944 11
22 How: G\; 979 8420 8.6
23 o N 135 1380 10
¢ N
24 L/\ 254 588 2.3
¢ N
25 N/ 647 1972 3.0
o]
o4l
26 — 203 4283 21
h—
27 OONH 1805 20,526 11
h
.
28 N—% 443 1709 3.9
F
o]
29 >\—C~—é 240 1855 7.7
HaN
30 N—% 615 7553 12

HO
31 LC@ 593 8318 14
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32 N= N— 192 3155 16

33 d N N3 276 4800 17

34 HO N— 561 4317 7.7
o]

35 — s 445 1503 3.4
(o]

36 /NH{_CN s 63 1247 20

37 —N N 351 17,658 50

38 N N 38 13,330 351

ICso values were determined as the mean based on two independent experiments.

For that reason, a library of compounds with multiple amine substituents was designed
and synthesized (Table 3). Within this set, the lowest ICso values were observed for examples
40, 42, 43, and 55, (measured at 84, 74, 63, and 82 nM, respectively). These structures also had
good PI3Ky/6 selectivity.

Table 3. PI3Ko and PI3Kg activity of pyrazolo[1,5-a]pyrimidine derivatives with (-CO) groups.

= N
e Bt
3 \N/N P . F
)
Q

ICso PI3K& ICso PI3Ky Fold
R2
Compound [nM] [nM] Selectivity y/0
40 >T”' N— 84 48,777 581
HO
a1 )TCH 101 2483 25
N
42 HQNQY \_/ 74 3593 48
(o)
ENIVARN s
43 <F’L \/ 63 3831 61
OH
44 i 459 2024 4.4
~
45 Hz”@% 1704 23,290 14
46 o N 226 8536 38
F
47 X 801 35,750 45
F

Q
48 I 314 2793 9
HN
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49 K 213 1818 8.5

50 N—s 90 1782 20
51 N= N—3 344 1629 4.7
52 o N N—f 92 5946 65
53 HO N—F 195 2081 11

54 — s 141 1689 12

55 /NH{_CN y 82 2170 26

56 . 768 11,397 94
57 }N’ N— 271 25,527 15

ICso values were determined as the mean based on two independent experiments.

The consequence of the methylene bridge to carbonyl group interchange can be tracked
separately in groups of compounds divided into those with or without hydrogen bond donor
(HBD) capabilities within the R? substituent.

The compounds lacking the HBD functionally tend to have better potency when the
methylene bridge at the C(2) core position is present within a stable substituent environment.
Although some exceptions have been found, including the pairs 33 and 52 or 37 and 56, for all
other pairs, such as 6 and 40 or 38 and 57, the PI3K¢ activity drops when the methylene bridge
is replaced with its carbonyl structural equivalent (Scheme 3). The measured potency is
positively correlated with the increasing spherical lipophilic volume present at position 4 in the
six-membered heterocyclic ring of the amino substituent. As an example, compounds 37, 38
(Table 2), and 6 (Table 1), bearing methyl, iso-propyl, and tert-butyl motif, can be named, for
which the ICso value at concentrations of 351, 38, and 18 nM was measured, respectively.

80 Compounds without HBO
7.8
7.6
7.4
—o— 6-40
s
& 7.2 —0— 18-43
© 70 23-46
(=%
6.8 28 -47
6.6 —e— 32-51
6.4 -— 33-52
— _
6.2 37-56
—8— 38-57
6.0

CH, co

Scheme 3. The correlation of the potencies given for the compounds lacking HBD interaction within the
heterocyclic system.

The activity dependence on the relationship between the methylene bridge and carbonyl
interchange is not so clear for the compounds with structural capabilities of HBD interaction
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within the R? substituent. Since it is challenging to isolate the bulkiness of the substituent alone
and the accompanying HBD interplay with the surrounding polar environment, both those
elements might affect the ICso value. As seen in Scheme 4, there is only a slight prevalence of
increased activity toward the carbonyl (amide) functionality. Therefore, both structural motifs
(the methylene bridge and the carbonyl function) should be considered equally essential
modifications for SAR exploration.

78 Compounds without HBO
7.6 X
74 e gt § —— 11-41
72 — L o 17-42
7.0 19-44
% 68 20-45
Z 6.6 —o— 29-48
6.4 —o— 30-49
6.2 —o— 31-50
6.0 —o— 34-53
5.8 —o— 35-54
26 —o— 36-55

CH, co

Scheme 4. The correlation of the potencies given for the compounds lacking HBD interaction within the
heterocyclic system.

A detailed analysis of the entire library of synthesized compounds led to the selection of
five the most promising structures: 6, 11, 16, 17, and 18 (Table 4). All of them turned out to be
the derivatives of 2-(difluoromethyl) -1H-benzimidazole at the C(5) position of pyrazolo[1,5-4]
pyrimidine core bearing amines of the six-membered ring as the R? can substitute a methylene
bridge (CH:) as a linkage (Table 4). Their ICso values against PI3K6 were found in the nanomolar
range (18-52 nM), good selectivity in relation to other PI3K isoforms, and preserved CD19
cellular activity (for details see Table 4).

Table 4. Activity and selectivity of the most promising compounds.

- N
e B
P

F
F

9

ICs0 PI3KS  ICs0 PI3Kar  1Cs0 PI3KB  1Cs0 PI3Ky 1Cs0 CD19
Compound R? a/6 B8/5 y/6
[nM] [nM] [nM] [nM] [nM]
6 N ‘N% 18 1428 25,475 16,904 79 1415 939 41
NS
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11 H%CN_E 52 1729 6347 33 122

16 N g 43 44 13,577 111 1.0 316 26 114
NN /
[slaNe)
17 oM 3 624 44,753 2197 20 1444 71 52
-
8]
Q
18 XN’ N} 24 73 47,360 156 3.0 1973 6.5 58

ICs0 values were determined as the mean based on two independent experiments.

Besides the best enzymatic and cellular activity, compound 6 was chosen for further
development based on acceptable solubility, microsomal stability, permeability, and the plasma
protein binding range (for details see Table 5). Attempts to scale up the synthesis turned out to
be chemically and economically viable. As a result, the lead compound 6 (CPL302415) was
obtained in the amount exceeding one kilogram and purity suitable for future toxicological
studies.

Due to the prediction of metabolism, the calculation of in vitro clearance, or the
identification of the correlation of metabolites with hepatic stability in the ADMET studies
[37,38], many important parameters were determined for our lead compound CPL302415 (Table
5). The metabolic stability was evaluated by measuring the intrinsic clearance and ti2in mice
and human liver microsomes (MLM and HLM), which were reported as very promising for
CPL302415 (details in Table 5). Moreover, this structure has good solubility, permeability, and
optimistic plasma protein binding parameters ((PPBs) in the range of 79-83% depending on the
species; Table 5). Additionally, CPL302415 (6) was checked for bioavailability in mice (F > 55%)
and dogs (F > 90%), depending on the formulation form. All these parameters make CPL302415
ready for toxicological studies and, hopefully, for future clinical trials.

Table 5. Selected parameters measured for CPL302415 (6).

PAMPA . e 1.
i i Pl Prot Bind
Kinetic Metabolic Stability Hosemx | oomd r([)o/e]m Inding
Solubility 1] o
pH74 _~ MLMCL _ HLMCL
[mM] MLM b [mL x mn1x HLM b [mL x min X Human Monkey Mice Rat
[min] _1 [min] 3
mg] mg]
6 >500 378 3.7 145 9.6 13.3 79 81 83 82

3. Materials and Methods
3.1. Chemistry
3.1.1. General Information

Chemicals (at least 95% purity) were purchased from ABCR (Dallas, USA), Acros (Geel,
Belgium), Alfa Aesar (Haverhill, USA), Combi-Blocks (San Diego, USA), Fluorochem (Hadfield,
United Kingdom), (Buchs, Switzerland), Merck (Darmstadt, Germany), and Sigma Aldrich
(Saint Louis, USA), and were used without additional purification. Solvents were purified
according to standard procedures if required. Air- or moisture-sensitive reactions were carried
out under an argon atmosphere. All reaction progresses were routinely checked by thin-layer
chromatography (TLC). TLC was performed using silica-gel-coated plates (Kieselgel F254) and

96



visualized using UV light. Flash chromatography was performed using Merck silica gel 60 (230—
400 mesh ASTM). '"H NMR spectra were acquired using a Varian Inova 300 MHz NMR
spectrometer, a JOEL JNMR-ECZS 400 MHz spectrometer, a JOEL JNMR-ECZR 600 MHz
spectrometer, and a Bruker DRX 500 NMR spectrometer with 'H being observed at 300 MHz,
400 MHz, 600 MHz, and 500 MHz, respectively. 3C NMR spectra were recorded similarly at 75
MHz, 101 MHz, 151 MHz, and 126 MHz frequencies for *C, respectively. Due to the poor
solubility of some final compounds, usual characterization was omitted using ¥C NMR.
Chemical shifts for "H and *C NMR spectra were reported in 6 (ppm) using tetramethylsilane
as an internal standard or according to the residual undeuterated solvent signal (2.50 ppm for
DMSO-ds and 7.26 ppm for CDCls). The abbreviations for spin interaction coupled 'H signals
are as follows: s (singlet), d (doublet), t (triplet), m (multiplet), dd (doublet of doublets), dt
(doublet of triplet), and q (quartet). Coupling constants (J) are expressed in Hertz. The *C NMR
spectrum was recorded with the use of the JEOL Royal HFX probehead that allows
measurements to be taken with the simultaneous decoupling of both 'H and °F nuclei [39]. Mass
spectra (atmospheric pressure ionization electrospray (API-ES) and electrospray ionization
(ESI-MS)) were obtained using the Agilent 6130 LC/MSD spectrometer or Agilent 1290 UHPLC
coupled with the Agilent QTOF 6545 mass spectrometer. All spectra of final compounds are in
Supplementar Materials.

3.1.2. Synthesis
Procedure for 5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-ylJmethanol (2)

Calcium chloride (10.4 g, 93.6 mmol) and sodium borohydride (7.56 g, 190 mmol) were
added to the suspension of ethyl 5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine-2-
carboxylate (10.0 g, 31.2 mmol) in EtOH (150 mL). The mixture was stirred and heated to reflux
for 3 h. Then, the reaction was cooled to RT and quenched with NH4Claq (150 mL) and 1 M HCl
(150 mL). The aqueous phase was extracted three times with AcOEt. The combined extracts
were washed with water and dried over Na250O, filtered, and concentrated to give 2 as a white
solid (8.36 g, 31.1 mmol) with a 99% yield. 'H NMR (600 MHz, DMSO-de) 6 6.43 (s, 1H, Ar-H),
6.35 (s, 1H, Ar-H), 5.32 (t, ] = 5.9 Hz, 1H, -OH), 4.59 (dd, | = 5.9, 0.3 Hz, 2H, CH>), 3.82-3.80 (m,
4H, morph.), 3.78-3.77 (m, 4H, morph.).

Procedure for 5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidine-2-carbaldehyde (3)

To a solution of compound 2 (3.00 g, 10.9 mmol) in DMF (30.0 mL) in argon atmosphere,
Dess—Martin periodinane (97%, 5.74 g, 13.1 mmol) was added. The resulting mixture was stirred
at room temperature for 2 h. The solvent was evaporated. The residue was washed with AcOEt
and filtered. The filtrate was concentrated and the crude product was purified by flash
chromatography (0-100% AcOEt gradient in heptane) to give 3 (1.34 g, 5.02 mmol) with a 46%
yield. 'TH NMR (500 MHz, DMSO-ds) 6 10.09 (s, 1H, -CHO), 6.97 (s, 1H, Ar-H), 6.63 (s, 1H, Ar-
H), 3.90-3.85 (m, 4H, morph.), 3.86-3.78 (m, 4H, morph.).

General Procedure for the Reductive Amination Reaction

Amine derivative (1.2 eq) was added to the solution of the corresponding aldehyde (1.0 eq)
in dry DCM (10 mL/1 g corresponding aldehyde) and then stirred at room temperature. After 1
h, sodium triacetoxyborohydride (1.5 eq) was added and the mixture was stirred at room
temperature for a further 15 h. Water was added to the reaction mixture and phases were
separated. The aqueous phase was extracted three times with DCM. Combined organic phases
were dried over anhydrous sodium sulfate, filtered, and concentrated. The residue was purified
by flash chromatography.

4-{2-[(4-tert-butylpiperazin-1-yl)methyl]-5-chloropyrazolo[1,5-a]pyrimidin-7-yl}morpholine (4)
Compound 4 was prepared from aldehyde 3 (1.70 g, 2.15 mmol), 1-tert-butylpiperazine
(0.36 g, 2.58 mmol), and DCM (17.0 mL) with sodium triacetoxyborohydride (0.68 g, 3.22 mmol),

according to the general procedure for the reductive amination reaction. The crude product was
purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 4 (1.42 g, 3.61 mmol)
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as a white solid with a 84% yield. '"H NMR (600 MHz, DMSO-ds) 6 6.38 (s, 1H, Ar-H), 6.36 (s, 1H,
Ar-H), 3.83-3.80 (m, 4H, morph.), 3.80-3.78 (m, 4H, morph.), 3.59 (s, 2H, -CH>), 2.50-2.46 (m, 4H,
piperaz.), 2.45-2.37 (m, 4H, piperaz.), 0.98 (s, 9H, t-Bu.).

General Procedure for the Buchwald-Hartwig Reaction

To a pressure, microwave vessel 5-chloro-pyrazolo[1,5-a]pyrimidine (1.0 eq), amine (1.5
eq), tris(dibenzylideneacetone)dipalladium (0.05 eq), 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (0.1 eq), cesium carbonate (2.0 eq), and solvent (10 mL/1 g
pyrazolo[1,5-a]pyrimidine) were simultaneously added. The reaction vessel was then sealed
and heated to 150 °C for 6 h in a microwave (power 200 W). Then, the reaction mixture was
filtered through Celite® and concentrated, and the crude product was purified using flash
chromatography.
1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-5-yl}-2-
methyl-1H-benzimidazole (5)

Compound 5 was synthesized from 4 (0.22 g, 0.56 mmol) and 2-methyl-benzimidazole (0.11
g, 0.83 mmol) as an amine, tris(dibenzylideneacetone)dipalladium (26.3 mg, 0.027 mmol), 9,9-
dimethyl-4,5-bis(diphenylphosphino)xanthene (33.9 mg, 0.055 mmol), cesium carbonate (0.37
g, 1.11 mmol), and o-xylene (2.20 mL), according to the general procedure for the Buchwald-
Hartwig reaction. The crude product was purified by flash chromatography (0-100% AcOEt
gradient in heptane) to give the title compound 5 as a white solid (0.19 g, 0.38 mmol) with a 69%
yield. "TH NMR (300 MHz, CDCls) 6 7.79-7.70 (m, 1H, Ar-H), 7.50-7.43 (m, 1H, Ar-H), 7.35-7.21
(m, 2H, Ar-H), 6.60 (s, 1H, Ar-H), 6.17 (s, 1H,Ar-H), 4.02-3.95 (m, 4H, morph.), 3.90-3.83 (m, 4H,
morph.), 3.82 (s, 2H, CH2), 2.76 (s, 3H, CHs), 2.71-2.59 (m, 8H, piperaz.), 1.08 (s, 9H, t-Bu.).
BC{IH}NMR (75 MHz, CDCls) 6 155.1, 151.4, 151.2, 151.0, 150.2, 148.5, 142.7, 134.5, 122.9, 119.4,
110.3, 96.5, 87.6, 66.1, 56.3, 53.6, 48.4, 45.5, 25.8, 15.6. HRMS (ESI/MS): m/z calculated for
C27HasNsO [M+H]* 489.3084 found 489.3088.
1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl}-2-
(difluoromethyl)-1H-benzimidazole (6)

Compound 6 was synthesized from 4 (0.27 g, 0.68 mmol), 2-(difluoromethyl)benzimidazole
(0.17 g, 1.01 mmol), tris(dibenzylideneacetone)dipalladium (31.8 mg, 0.033 mmol), 9,9-
dimethyl-4,5-bis(diphenylphosphino)xanthene (39.0 mg, 0.067 mmol), cesium carbonate (0.44
g, 1.35 mmol), and o-xylene (2.70 mL), according to the general procedure for the Buchwald-
Hartwig reaction. The crude product was purified by flash chromatography (0-100% AcOEt
gradient in heptane; amino-functionalized gel column) and crystallization (AcOEt) to give 6
(0.33 g, 0.63 mmol) as a white solid with a 93% yield. "H NMR (600 MHz, CDCls) 6 7.92-7.90 (m,
1H, Ar-H), 7.65-7.64 (m, 1H, Ar-H), 7.43-7.38 (m, 2H, Ar-H), 7.25 (t, ] = 53.5 Hz, 1H, CHF2), 6.59
(s, 1H, Ar-H), 6.29 (s, 1H, Ar-H), 3.99-3.97 (m, 4H, morph.), 3.90-3.89 (m, 4H, morph.), 3.80 (s,
2H, CH-z), 2.64 (s, 8H), 1.07 (s, 9H, t-Bu.). ®C{'H, FINMR (151 MHz, CDCls) 6 155.5, 151.3, 150.0,
147.5, 144.7, 141.8, 134.6, 125.7, 124.1, 121.5, 111.7, 109.2 (CF2), 96.7, 87.2, 66.2, 56.3, 53.9, 53.6,
48.5, 45.6, 25.9 (t-Bu.). HRMS (ESI/MS): m/z calculated for CzzHaF2NsO [M+H]* 525.2896 found
525.2904.
1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-5-yl}-2-
ethyl-1H-benzimidazole (7)

Compound 7 was synthesized from 4 (0.17 g, 0.42 mmol), 2-ethyl-benzimidazole (93.0 mg,
0.64 mmol), tris(dibenzylideneacetone)dipalladium (20.0 mg, 0.021 mmol), 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (25.8 mg, 0.042 mmol), cesium carbonate (0.28 g, 0.85 mmol),
and o-xylene (1.7 mL), according to the general procedure for the Buchwald-Hartwig reaction.
The crude product was purified by flash chromatography (0-100% AcOEt gradient in heptane;
amino-functionalized gel column) to give the title compound 7 as a white solid (85.0 mg, 0.17
mmol) with a 40% yield. "H NMR (300 MHz, CDCls) 6 7.77 (dd, ] = 6.9, 1.6 Hz, 1H, Ar-H), 7.42
(dd, J=6.8, 1.5 Hz, 1H, Ar-H), 7.26 (qd, ] =7.3, 3.7 Hz, 2H, Ar-H), 6.57 (s, 1H, Ar-H), 6.16 (s, 1H,
Ar-H), 4.00-3.94 (m, 4H, morph.), 3.87-3.79 (m, 6H), 3.10 (q, ] = 7.5 Hz, 2H, CH>), 2.77 (s, 8H),
1.40 (t, ]=7.5Hz, 3H, CHs), 1.17 (s, 9H, t-Bu.). BC{'H}NMR (75 MHz, CDCls) 6 156.2, 154.9, 151.2,
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150.3, 148.6, 142.7, 134.6, 122.9, 119.5, 110.2, 99.8, 96.4, 87.9, 66.1, 56.0, 52.5, 48.4, 45.6, 25.4, 22.1,
11.9. HRMS (ESI/MS): m/z calculated for C2sH3sNsO [M+H]* 503.3241 found 503.3242.
1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-5-y1}-2-
cyclopropyl-1H-benzimidazole (8)

Compound 8 was synthesized from 4 (100 mg, 0.25 mmol), 2-cyclopropyl-benzimidazole
(59.2 mg, 0.37 mmol), tris(dibenzylideneacetone)dipalladium (11.8 mg, 0.012 mmol), 9,9-
dimethyl-4,5-bis(diphenylphosphino)xanthene (15.2 mg, 0.025 mmol), cesium carbonate (168
mg, 0.51 mmol), and o-xylene (1.0 mL), according to the general procedure for the Buchwald-
Hartwig reaction. The crude product was purified by flash chromatography (0-20% MeOH
gradient in AcOEt) to give the title compound 8 as a white solid (93.0 mg, 0.18 mmol) with a
72% yield. 'TH NMR (400 MHz, CDCls) 6 7.70-7.68 (m, 1H, Ar-H), 7.53-7.51 (m, 1H, Ar-H), 7.29-
7.20 (m, 2H, Ar-H), 6.61 (s, 1H, Ar-H), 6.28 (s, 1H, Ar-H), 3.99-3.97 (m, 4H, morph.), 3.87-3.84
(m, 4H, morph.), 3.82 (s, 2H, CH>), 2.66 (s, 8H), 2.39-2.32 (m, 1H, CH), 1.39-1.35 (m, 2H, CH>),
1.12-1.06 (m, 11H). BC{{H}NMR (101 MHz, CDCls) 6 156.4, 155.1, 151.2, 150.4, 148.8, 142.7, 134.9,
123.0, 122.8, 119.2, 110.6, 96.6, 88.4, 66.2, 56.3, 53.7, 48.5, 45.7, 25.8 (t-Bu.), 9.8, 8.9. HRMS
(ESI/MS): m/z calculated for C29H3sNsO [M+H]* 515.3241 found 515.3239.
1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl}-2-
(trifluoromethyl)-1H-benzimidazole (9)

Compound 9 was synthesized from 4 (0.20 g, 0.51 mmol), 2-(trifluoromethyl)-
benzimidazole (0.14 g, 0.76 mmol), tris(dibenzylideneacetone)dipalladium (24.1 mg, 0.025
mmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene (29.5 mg, 0.051 mmol), cesium
carbonate (0.34 g, 1.02 mmol), and toluene (2.0 mL), according to the general procedure for the
Buchwald-Hartwig reaction. The crude product was purified by flash chromatography (0-100%
AcOEt gradient in heptane; amino-functionalized gel column) to give the title compound 9 as a
white solid (12.0 mg, 0.02 mmol) with a 4% yield. 'TH NMR (600 MHz, CDCls) 6 7.94-7.93 (m,
1H, Ar-H), 7.55-7.53 (m, 1H, Ar-H), 7.46-7.42 (m, 2H, Ar-H), 6.63 (s, 1H, Ar-H), 6.16 (s, 1H, Ar-
H), 3.98-3.97 (m, 4H, morph.), 3.90-3.89 (m, 4H, morph.), 3.82 (s, 2H, CH>), 2.67 (d, ] = 2.1 Hz,
8H), 1.13-1.06 (m, 9H, t-Bu.). ®C{'H, “FINMR (151 MHz, CDCls) 6 151.2, 150.2, 147.0, 141.0,
139.9, 135.4,126.3, 124.5, 121.7, 119.7, 118.0, 111.9, 97 .2, 88.1, 66.2, 56.3, 53.8, 48.6, 45.7, 45.0, 29.7,
25.9, 25.8. HRMS (ESI/MS): m/z calculated for C2rHssFsNsO [M+H]* 543.2802 found 543.2806.
2-(1-{[5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-ylJmethyl} piperidin-4-
yl)propan-2-ol (10)

Compound 10 was prepared from 3 (3.4 g, 12.5 mmol), 2-(4-piperidyl)-2-propanol (2.24 g,
15.0 mmol) as an amine, DCM (34.0 mL), and sodium triacetoxyborohydride (4.09 g, 18.7 mmol),
according to the general procedure for the reductive amination reaction. The crude product was
purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 10 (3.1 g, 7.87
mmol) with a 63% yield. 'H NMR (300 MHz, CDCls) 6 6.48 (s, 1H, Ar-H), 6.03 (s, 1H, Ar-H), 3.94
(dd, J=5.9, 3.6 Hz, 4H), 3.78 (dd, | = 5.9, 3.6 Hz, 4H), 3.72 (s, 2H, CH2), 3.11-3.02 (m, 2H, CH>),
2.09-1.98 (m, 2H,CH>), 1.78-1.66 (m, 4H), 1.50-1.21 (m, 4H), 1.16 (s, 6H, 2xCHs).
2-[1-({5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)piperidin-4-yl]propan-2-ol (11)

Compound 11 was synthesized from 10 (0.50 g, 1.24 mmol), 2-(difluoromethyl)-
benzimidazole (0.31 g, 1.87 mmol), tris(dibenzylideneacetone)dipalladium (58.7 mg, 0.63
mmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene (75.8 mg, 0.12 mmol), cesium
carbonate (0.82 g, 2.49 mmol), and toluene (5.0 mL), according to the general procedure for the
Buchwald-Hartwig reaction. The crude product was purified by flash chromatography (0-15%
MeOH gradient in AcOEt) and crystallization (AcOEt) to give 11 (0.43 g, 0.81 mmol) as a white
solid with a 66% yield. 'H NMR (300 MHz, DMSO-ds) 6 7.85 (dd, ] =20.1, 7.3 Hz, 2H, Ar-H), 7.55
(s, ] = 54.0, 1H, Ar-H), 7.51-7.40 (m, 2H), 6.66 (s, 1H, Ar-H), 6.53 (s, 1H, Ar-H), 3.94 (s, 4H,
morph.), 3.84 (s, 4H, morph.), 3.65 (s, 2H, CHz), 2.97 (d, | = 10.5 Hz, 2H, CHz), 1.93 (d, ] = 10.8
Hz, 1H), 1.65 (d, ] = 11.8 Hz, 2H), 1.36-1.10 (m, 3H), 1.02 (s, 6H, 2xCHs). BC{H}NMR (75 MHz,
DMSO-ds) 6 155.4, 150.8, 149.6, 146.9, 144.6 (t, ] = 47.5 Hz), 141.1, 134.0, 125.4, 123.8, 120.6, 112.3,
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108.5 (t, ] =177.7 Hz), 95.2, 87.6, 70.1, 65.5, 56.1, 53.8, 48.1, 46.8, 26.8, 26.5. HRMS (ESI/MS): m/z
calculated for C2zHssF2N7O2 [M+H]* 526.2736 found 526.2741.
2-(1-{[5-(2-methyl-1H-1,3-benzimidazol-1-yl)-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-2-
yllmethyl}piperidin-4-yl)propan-2-ol (12)

Compound 12 was synthesized from 10 (0.15 g, 0.38 mmol), 2-methyl-benzimidazole (75.5
mg, 0.57 mmol), tris(dibenzylideneacetone)dipalladium (18.0 mg, 0.019 mmol), 9,9-dimethyl-
4,5-bis(diphenylphosphino)xanthene (23.2 mg, 0.038 mmol), cesium carbonate (0.25 g, 0.56
mmol), and o-xylene (1.5 mL), according to the general procedure for the Buchwald-Hartwig
reaction. The crude product was purified by flash chromatography (0-20% MeOH gradient in
AcOEt) to give the title compound 12 as a white solid (97.0 mg, 0.20 mmol) with a 52% yield. 'H
NMR (300 MHz, CDCls) 6 7.79-7.72 (m, 1H, Ar-H), 7.52-7.45 (m, 1H, Ar-H), 7.34-7.20 (m, 2H),
6.61 (s, 1H, Ar-H), 6.18 (s, 1H, Ar-H), 4.04-3.95 (m, 4H, morph.), 3.91-3.82 (m, 4H, morph.), 3.79
(s, 2H, CH), 3.18-3.09 (m, 2H), 2.77 (s, 3H, CHs), 2.16-2.03 (m, 2H, CH2), 1.82-1.71 (m, 2H, CH>),
1.55-1.37 (m, 2H), 1.37-1.23 (m, 1H), 1.19 (s, 6H, 2xCHs). BC{{H}NMR (75 MHz, CDCls) 6 155.2,
151.5,151.2,150.2, 148.5, 142.6, 134.4, 123.0, 119.3, 110.3, 96.5, 87.6, 72.3, 66.1, 56.4, 53.9, 48.4, 47.0,
29.6,26.7, 15.5. HRMS (ESI/MS): m/z calculated for C2rHssN-O2 [M+H]* 490.2925 found 490.2956.

Procedure for 5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carboxylate (13)

Compound 13 was synthesized from ethyl 5-chloro-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carboxylate (100 mg, 0.31 mmol), 2-(difluoromethyl)-1H-benzimidazole (79.5
mg, 0.47 mmol), tris(dibenzylideneacetone)dipalladium (14.4 mg, 0.015 mmol), 9,9-dimethyl-
4,5-bis(diphenylphosphino)xanthene (19.2 mg, 0.03 mmol), cesium carbonate (0.21 g, 0.63
mmol), and toluene (2.0 mL), according to the general procedure for the Buchwald-Hartwig
reaction. The crude product was purified by flash chromatography (0-50% AcOEt gradient in
heptane; amino-functionalized gel column) to give the title compound 13 as a light yellow solid
(65.0 mg, 0.31 mmol) with a 47% yield.

Alternatively, 13 can be synthesized as follows. Ethyl 5-chloro-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carboxylate (100 g, 312 mmol), 2-(difluoromethyl)-1H-
benzimidazole (79.5 g, 473 mmol), tetra ethyl ammonium chloride (78.0 g, 471 mmol), potassium
carbonate (87.0 g, 623 mmol), and DMF (1000 mL) were added to a reactor (2000 mL volume).
The reaction was heated at 160 °C for 3 h. Then, the reaction was cooled to room temperature,
filtered through Celite®, and washed with AcOEt (1.51). Water (3.0 mL) was added to the filtrate
and phases were separated. The organic layer was concentrated. The solid was dissolved in 20%
MeOH in DCM and the crude product was then purified by filtration through silica gel (0.72
kg) (20% MeOH in DCM) and macerated in TBME to give 13 (123 g, 312 mmol) as a light yellow
solid with an 89% yield. 'H NMR (300 MHz, CDCls) 6 7.95-7.89 (m, 1H, Ar-H), 7.71-7.65 (m, 1H,
Ar-H), 7.46-7.39 (m, 2H, Ar-H), 7.30 (t, ] = 54.0 Hz, 1H, CHEF>), 7.11 (s, 1H,Ar-H), 6.47 (s, 1H),
Ar-H, 4.48 (q, ] = 7.1 Hz, 2H, CHz=), 4.03-3.99 (m, 4H, morph.), 3.98-3.93 (m, 4H, morph.), 1.45
(dd, J=8.1, 6.2 Hz, 3H, CHs).

Procedure for {5-[2-(difluoromethyl)-2,3-dihydro-1H-1,3-benzodiazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-2-yl}methanol (14)

Lithium aluminum hydride solution (1M in THF, 8.00 mL, 7.20 g, 8.00 mmol) was added
to the suspension of 13 (2.40 g, 5.30 mmol) in dry THF (28.0 mL) at 0 °C. The suspension was
stirred at 0 °C for 3 h. The reaction was quenched with 1.0 M HCl (14.0 mL). Then, water (70
mL) and AcOEt (90 mL) were added and the mixture was then allowed to warm to room
temperature and stirred for 0.5 h. The organic layer was separated, dried over Na250s, and
filtered. The solvent was removed under reduced pressure. The solid was macerated with DCM
to give the title compound 14 (1.90 g, 4.72 mmol) as a light yellow solid with an 89% yield. 'H
NMR (300 MHz, DMSO-ds) 6 7.70 (d, | = 7.7 Hz, 1H, Ar-H), 6.74 (td, ] = 7.6, 1.2 Hz, 1H), 6.62
(ddd, J=8.7,6.9,2.4 Hz, 3H), 6.12 (s, ] =54.0 Hz, 1H, Ar-H), 6.10 (s, 1H, Ar-H), 5.13 (t, ] = 5.9 Hz,
1H, OH), 4.47 (d, ] =5.9 Hz, 2H, CH>), 3.74 (t, | = 4.5 Hz, 4H, morph.), 3.65-3.54 (m, 4H, morph.).
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Procedure for 5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carbaldehyde (15)

Dess—-Martin reagent (2.90 g, 6.63 mmol) was added to the solution of 14 (1.30 g, 3.23 mmol)
in dry DMF (33 mL),. The whole mixture was stirred at room temperature for 1 h. The solid was
filtered off and then washed with ethyl acetate (25 mL). The obtained solution was concentrated
under reduced pressure. The crude product was purified by flash chromatography (0-70% ethyl
acetate gradient in heptane) to give 15 (1.02 g, 2.56 mmol) as a white solid with a 78% yield.

Alternatively, 15 can be synthesized as follows. Activated toluene:butyl acetate 1:1 (700
mL) manganese(IV) oxide (58.4 g, 667 mmol) was added to the solution of 14 (27.2 g, 67.1 mmol).
The mixture was stirred at reflux (set temp: 120 °C) for 1.5 h. The reaction was then filtered
through Celite®. Celite® was washed with DCM (200 mL). Organic phases were combined, and
concentrated to give 15 (18.2g, 45.7 mmol) as a creamy solid with a 68% yield. 'H NMR (300
MHz, CDCls) 6 10.21 (s, 1H, CHO), 7.97-7.90 (m, 1H, Ar-H), 7.73-7.67 (m, 1H, Ar-H), 7.48-7.42
(m, 2H, Ar-H), 7.29 (t, ] = 54.0 Hz, 1H, CHF2), 7.11 (s, 1H, Ar-H), 6.53 (s, 1H, Ar-H), 4.03 (dd, ] =
6.1, 2.7 Hz, 4H, morph.), 3.96 (dd, ] = 6.3, 2.9 Hz, 4H, morph.).

General Procedure for the Amidation Reaction

Corresponding amine (1.05 eq), 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HATU) (1.1 eq), and triethylamine (1.5 eq) were
added to the solution of substituted 5-chloro-pyrazolo[1,5-a]pyrimidine derivative (1.0 eq) in
solvent (10 mL/1 g pyrazolo[1,5-a]pyrimidine derivative). The mixture was stirred at room
temperature for 2 h. Water was added to the reaction mixture and phases were separated. The
aqueous phase was extracted three times with the solvent. Combined organic phases were dried
over anhydrous sodium sulfate, filtered, and concentrated. The residue was purified by flash
chromatography.
2-(difluoromethyl)-1-{2-[(4-methanesulfonylpiperazin-1-yl)methyl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-5-yl}-1H-1,3-benzimidazole (16)

Compound 16 was prepared from aldehyde 15 (048 g, 118 mmol), 1-
methanesulfonylpiperazine (0.24 g, 1.42 mmol) as an amine, DCM (4.80 mL), and sodium
triacetoxyborohydride (0.38 g, 1.87 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-100% AcOEt
gradient in heptane) and crystallization (AcOEt) to give the title compound 16 (0.35 g, 0.63
mmol) as a white solid with a 54% yield. '"H NMR (600 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H),
7.66-7.65 (m, 1H, Ar-H), 7.45-7.40 (m, 2H, Ar-H), 7.29 (t, ] = 52.6 Hz, 1H, CHF2), 6.58 (s, 1H, Ar-
H), 6.33 (s, 1H, Ar-H), 4.00-3.98 (m, 4H, morph.), 3.91-3.89 (m, 4H, morph.), 3.83 (s, 2H, CH>),
3.29 (t, ] = 4.6 Hz, 4H), 2.78 (s, 3H, CHzs), 2.70 (t, ] = 4.8 Hz, 4H). ®C{'H, “FINMR (151 MHz,
CDCls) 0 155.1, 151.4, 150.2, 147.7, 144.6, 141.9, 134.6, 125.7, 124.2, 121.6, 111.7, 109.3 (CF>), 96.3,
87.5, 66.2, 56.2, 52.4, 48.6, 45.9, 34.3. HRMS (ESI/MS): m/z calculated for CasH2sF2NsOsS [M+H]*
547.2045 found 547.2048.
2-[4-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yljmethyl)piperazin-1-yl]-2-methylpropanamide (17)

Compound 17 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 2-methyl-2-(piperazin-
1-yl)propanamide dihydrochloride (0.38 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-15% MeOH
gradient in AcOEt) to give 17 (0.49 g, 0.88 mmol) as a light yellow solid with a 72% yield. 'H
NMR (400 MHz, CDCls) 6 7.93-7.90 (m, 1H, Ar-H), 7.67-7.63 (m, 1H, Ar-H), 7.45-7.39 (m, 2H,
Ar-H), 7.23 (t, ] = 53.6 Hz, 1H, CHF2), 7.13 (d, | = 5.2 Hz, 1H), 6.59 (s, 1H, Ar-H), 6.32 (s, 1H, Ar-
H), 5.46 (d, ] = 5.1 Hz, 1H), 4.00-3.96 (m, 4H, morph.), 3.93-3.89 (m, 4H, morph.), 3.79 (s, 2H),
2.60 (s, 8H), 1.22 (s, 6H, 2xCH3). *C{'H, YFINMR (101 MHz, CDCls) 6 180.1, 155.5, 151.3, 150.1,
147.6, 144.7, 141.8, 134.5, 125.7, 124.2, 121.6, 111.7, 109.3 (CF2), 96.5, 87.3, 66.2, 63.5, 56.4, 53.9,
48.5, 46.6, 20.6. HRMS (ESI/MS): m/z calculated for CorHssF2NoO2 [M+H]* 554.2798 found
554.2800.
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2-{2-[(4-cyclopropanecarbonylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-5-yl}-2-(difluoromethyl)-1H-1,3-benzimidazole (18)

Compound 18 was prepared from aldehyde 15 (0.50 g, 123 mmol), 1-
(cyclopropylcarbonyl)piperazine (0.21 mL, 0.23 g, 1.48 mmol) as an amine, DCM (5.0 mL), and
sodium triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the
reductive amination reaction. The crude product was purified by flash chromatography (0-15%
MeOH gradient in AcOEt) and crystallization (AcOEt) to give 18 (0.45 g, 0.84 mmol) as a white
solid with a 68% yield. "H NMR (400 MHz, CDCls) 6 7.93-7.90 (m, 1H, Ar-H), 7.67-7.64 (m, 1H,
Ar-H), 7.46-7.39 (m, 2H, Ar-H), 7.23 (t, ] = 53.6 Hz, 1H, CHF2), 6.61 (s, 1H, Ar-H), 6.33 (s, 1H, Ar-
H), 4.00-3.96 (m, 4H, morph.), 3.93-3.89 (m, 4H, morph.), 3.82 (s, 2H, CHz), 3.73-3.69 (m, 4H),
2.60 (d, ] =24.3 Hz, 4H), 1.76-1.70 (m, 1H, CH), 1.00-0.96 (m, 2H, CH?2), 0.77-0.73 (m, 2H, CH-2).
BC{'H, “FINMR (101 MHz, CDCls) 6 171.9, 155.3, 151.4, 150.1, 147.7, 144.6, 141.9, 134.6, 125.7,
124.2,121.6,111.7,109.3 (CF2), 96.4, 87 .4, 66.2, 56.4, 48.5, 10.9, 7.4. HRMS (ESI/MS): m/z calculated
for C27Hz0F2NsO2 [M+H]* 537.2532 found 537.2541.
[1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)pyrrolidin-2-ylJmethanol (19)

Compound 19 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 2-pyrrolidinylmethanol
(0.14 mL, 0.15 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride
(0.40 g, 1.85 mmol), according to the general procedure for the reductive amination reaction.
The crude product was purified by flash chromatography (0-20% MeOH gradient in AcOEt) to
give 19 (0.33 g, 0.68 mmol) as a white solid with a 55% yield. 'H NMR (400 MHz, CDCls) 6 7.93-
7.90 (m, 1H, Ar-H), 7.67-7.65 (m, 1H, Ar-H), 7.45-7.38 (m, 2H, Ar-H), 7.29 (t, ] = 53.6 Hz, 1H,
CHF2), 6.56 (s, 1H, Ar-H), 6.33 (s, 1H, Ar-H), 4.14 (d, | = 14.3 Hz, 1H, OH), 4.00-3.98 (m, 4H),
3.90-3.82 (m, 6H), 3.70 (dd, ] =11.0, 3.5 Hz, 1H), 3.47 (dd, ] = 11.0, 3.2 Hz, 1H), 3.20-3.16 (m, 1H),
2.90-2.85 (m, 1H), 2.73-2.72 (m, 1H), 2.59-2.54 (m, 1H), 1.97-1.92 (m, 1H), 1.82-1.75 (m, 2H, CH>).
1BC{1H, YFINMR (101 MHz, CDCls) 6 156.5, 151.4, 150.1, 147.6, 144.7, 141.8, 134.5, 125.7, 124.2,
121.6, 111.7, 109.3 (CF2), 96.2, 87.5, 66.2, 64.3, 62.3, 54.8, 51.7, 48.6, 27.7, 25.3, 23.5. HRMS
(ESI/MS): m/z calculated for C2sH27F2N7O2 [M+H]* 484.2267 found 484.2271.
1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)pyrrolidin-3-amine (20)

Compound tert-butyl N-[1-({5-[2-(difluoromethyl)-1H-1,3-benzodiazol-1-yl]-7-
(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-2-yl}methyl) pyrrolidin-3-ylJcarbamate (Boc-20) was
prepared from aldehyde 15 (0.50 g, 1.23 mmol), 3-(Boc-amino)pyrrolidine (0.27 g, 1.48 mmol) as
an amine, DCM (5.0 mL), and sodium triacetoxyborohydride (0.40 g, 1.85 mmol), according to
the general procedure for the reductive amination reaction. The crude product was purified by
flash chromatography (0-10% MeOH gradient in AcOEt) to give Boc-20 (0.50 g, 0.88 mmol) as
a white solid with a 71% yield. 'H NMR (400 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.67-7.65
(m, 1H, Ar-H), 7.45-7.39 (m, 2H, Ar-H), 7.23 (t, ] = 52.5 Hz, 1H, CHF2), 6.58 (s, 1H, Ar-H), 6.32
(s, 1H, Ar-H), 4.91-4.90 (m, 1H), 4.20 (d, ] = 3.4 Hz, 1H), 4.00-3.96 (m, 4H), 3.93-3.82 (m, 6H),
297 (d,J=3.0Hz, 1H), 2.72 (s, 2H, CH2), 2.47 (d, ] = 8.0 Hz, 1H), 2.32-2.27 (m, 1H), 1.67-1.63 (m,
1H), 1.43 (s, 9H, t-Bu.). *C{'H, “FINMR (101 MHz, CDCls) 6 156.0, 155.4, 151.4, 150.1, 147.6,
144.7,141.8, 134.6, 125.7, 124.2,121.5, 111.7, 109.3 (CF2), 96.2, 87 4, 66.2, 61.0, 53.4, 52.8, 48.5, 32.7,
28.4 (t-Bu). HRMS (ESI/MS): m/z calculated for CasHssF2NsOs [M+H]* 569.2794 found 569.2803.

The solution of Boc-20 (0.40 g, 0.69 mmol) in trifluoroacetic acid (2.08 mL, 3.09 g, 26.9
mmol) was heated at 50 °C for 3 h. The reaction was then cooled to room temperature, stopped
with 15% NaOH (15 mL). The aqueous mixture was extracted with DCM (3 x 15 mL). The
combined organic extracts were washed with water and dried over Na2SOs, filtered, and
concentrated to give 20 as a white solid (0.30 g, 0.64 mmol) with a 93% yield. 'H NMR (400 MHz,
DMSO-ds) 6 8.04 (s, 2H, NHz), 7.89-7.87 (m, 1H, Ar-H), 7.81 (dd, ] = 6.9, 1.4 Hz, 1H, Ar-H), 7.59
(t, ] =52.6 Hz, 1H, CHF2), 7.49-7.41 (m, 2H, Ar-H), 6.69 (s, 1H, Ar-H), 6.66 (s, 1H, Ar-H), 3.94-
3.89 (m, 6H), 3.84-3.82 (m, 5H), 3.73 (d, ] = 5.0 Hz, 1H), 2.80 (s, 2H, CH>), 2.13-2.23 (1H), 1.68—
1.80 (1H), 1.22 (s, 1H). BC{'H, “FINMR (101 MHz, DMSO-ds) 6 158.0, 150.9, 149.7, 147.2, 144.7,

102



141.2, 134.1, 125.5, 124.0, 120.7, 117.3, 112.4, 108.6, 95.5, 88.0, 65.6, 51.9, 48.3, 29.2. HRMS
(ESI/MS): m/z calculated for C2sH2sF2NsO [M+H]* 469.2270 found 469.2273.
(3S)-1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)pyrrolidin-3-ol (21)

Compound 21 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), (5)-3-pyrrolidinol (0.16
mL, 0.17 g, 1.85 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride (0.40 g,
1.85 mmol), according to the general procedure for the reductive amination reaction. The crude
product was purified by flash chromatography (0-100% AcOEt gradient in heptane, amino-
functionalized gel column) to give 21 (0.22 g, 0.47 mmol) as a light yellow solid with a 38% yield.
H NMR (400 MHz, CDCls) 6 7.94-7.90 (m, 1H, Ar-H), 7.67-7.64 (m, 1H, Ar-H), 7.45-7.39 (m,
2H, Ar-H), 7.23 (t, ] = 52.5 Hz, 1H, CHF>), 6.60 (s, 1H, Ar-H), 6.32 (s, 1H, Ar-H), 4.41-4.37 (m,
1H, OH), 4.00-3.96 (m, 4H, morph.), 3.93-3.89 (m, 6H), 3.07-3.01 (m, 1H), 2.84 (dd, ] =10.1, 1.6
Hz, 1H, CH), 2.74 (dd, ] =10.1, 5.2 Hz, 1H), 2.53 (td, ] = 8.9, 6.2 Hz, 1H), 2.46-2.31 (m, 1H), 2.27-
2.19 (m, 1H), 1.84-1.77 (m, 1H). ®C{*H, YFINMR (101 MHz, CDCls) 6 156.0, 151.4, 150.1, 147.6,
144.7,141.8,134.6, 125.7,124.2, 121.6, 111.7, 109.3 (CF2), 96.3, 87.4, 71.5, 66.2, 62.8, 53.3, 52.4, 48.5,
35.1. HRMS (ESI/MS): m/z calculated for C2sH2sF2N7O2 [M+H]* 470.2110 found 470.2134.
(8R)-1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)pyrrolidin-3-ol (22)

Compound 22 was prepared from aldehyde 15 (0.50 mg, 1.23 mmol), (R)-3-pyrrolidinol
(0.16 mL, 0.17 g, 1.85 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride
(0.40 g, 1.85 mmol), according to the general procedure for the reductive amination reaction.
The crude product was purified by flash chromatography (0-100% AcOEt gradient in heptane,
amine gel column) to give 22 (0.34 g, 0.73 mmol) as a white solid with a 60% yield. 'H NMR (400
MHz, CDCls) 6 7.94-7.90 (m, 1H, Ar-H), 7.68-7.63 (m, 1H, Ar-H), 7.45-7.39 (m, 2H, Ar-H), 7.23
(t, /=525 Hz, 1H, CHEF>), 6.60 (s, 1H, Ar-H), 6.31 (s, 1H, Ar-H), 4.40-4.36 (m, 1H, OH), 4.00-3.97
(m, 4H, morph.), 3.92-3.88 (m, 6H), 3.04-2.99 (m, 1H), 2.82 (dd, ] = 10.0, 2.1 Hz, 1H), 2.73 (dd, ]
=10.1, 5.1 Hz, 1H), 2,51 (td, ] = 8.9, 6.2 Hz, 1H), 2.27-2.18 (m, 2H), 1.83-1.75 (m, 1H). BC{'H,
BEFINMR (101 MHz, CDCls) 6 156.2, 151.4, 150.1, 147.6, 144.7, 141.8, 134.6, 125.7, 124.2, 121.5,
111.7,109.3 (CF2), 96.3, 87.4,71.5, 66.2, 62.9, 53.4, 52.4, 48.5, 35.1. HRMS (ESI/MS): m/z calculated
for C2sHzsF2N7O2 [M+H]* 470.2110 found 470.2115.
2-(difluoromethyl)-1-[7-(morpholin-4-yl)-2-(morpholin-4-ylmethyl)pyrazolo[1,5-a] pyrimidin-
5-yl]-1H-1,3-benzimidazole (23)

Compound 23 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), morpholine (0.13 mL,
0.13 g, 1.48 mmol) as an amine, DCM (5.00 mL), and sodium triacetoxyborohydride (0.40 g, 1.85
mmol), according to the general procedure for the reductive amination reaction. The crude
product was purified by flash chromatography (0-15% AcOEt gradient in heptane, amino-
functionalized gel column) and crystallization) (AcOEt) to give the title compound 23 (0.28 g,
0.60 mmol) as a white solid with a 50% yield. '"H NMR (300 MHz, CDCls) 6 7.89-7.81 (m, 1H,
Ar-H), 7.63-7.54 (m, 1H, Ar-H), 7.38-7.30 (m, 2H, Ar-H), 7.23 (d, ] = 54.0 Hz, 1H, CHF2), 6.55 (s,
1H, Ar-H), 6.25 (s, 1H, Ar-H), 3.92 (dd, ] = 6.0, 2.9 Hz, 4H, morph.), 3.83 (dd, ] = 6.1, 3.0 Hz, 4H,
morph.), 3.72 (s, 2H, CHz2), 3.71-3.66 (m, 4H, morph.), 2.58-2.49 (m, 4H, morph.). BC{'H}NMR
(75MHz, CDCls) 6 155.6, 151.5, 150.3, 147.8, 144.84 (t, ] =26.2 Hz), 142.1, 134.8, 125.0, 124.3, 121.7,
111.9,109.5 (t, ] =238.5 Hz) (CF2), 96.7, 87.5,77.6,77.2,76.7, 67.1, 66.4, 57.1, 53.8, 48.7, 31.0. HRMS
(ESI/MS): m/z calculated for C2sH2s5F2N7O2 [M+H]* 470.2110 found 470.2113.
2-(difluoromethyl)-1-(2-{[(35)-3-methylmorpholin-4-yl]methyl}-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-5-yl)-1H-1,3-benzimidazole (24)

Compound 24 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), (R)-3-
methylmorpholine (0.15 g, 148 mmol) as an amine, DCM (5.0 mL), and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-100% AcOEt
gradient in heptane) and crystallization (AcOEt) to give 24 (0.32 g, 0.67 mmol) as a white solid
with a 54% yield. "H NMR (400 MHz, CDCls) 6 7.93-7.90 (m, 1H, Ar-H), 7.67-7.64 (m, 1H, Ar-
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H), 7.45-7.39 (m, 2H, Ar-H), 7.23 (t, ] = 52.5 Hz, 1H, CHF>), 6.57 (s, 1H, Ar-H), 6.32 (s, 1H, Ar-H),
4.07 (d, ] =14.4 Hz, 1H, CH), 4.00-3.97 (m, 4H, morph.), 3.93-3.89 (m, 4H, morph.), 3.84 (d, ] =
14.4 Hz, 1H), 3.79 (dt, ] =11.2, 2.6 Hz, 1H), 3.73-3.63 (m, 2H), 3.30 (dd, ] = 11.2, 9.3 Hz, 1H), 2.78
(dt, J =11.8, 2.5 Hz, 1H), 2.60-2.51 (m, 2H), 1.15 (d, ] = 6.3 Hz, 3H, CHs). ¥C{'H, “FINMR (101
MHz, CDCls) 6 155.1, 151.2,150.0, 147.6, 144.7, 141.9, 134.5, 125.7, 124.2, 121.6, 111.7, 109.3 (CF2),
96.8, 87.3, 73.0, 67.4, 66.2, 54.5, 51.7, 51.6, 49.3, 48.5, 14.4. HRMS (ESI/MS): m/z calculated for
C2sH27F2N7O2 [M+H]* 484.2267 found 484.2269.
2-(difluoromethyl)-1-(2-{[(3R)-3-methylmorpholin-4-yl|methyl}-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-5-y1)-1H-1,3-benzimidazole (25)

Compound 25 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), (S)-3-
methylmorpholine (0.16 g, 1.51 mmol) as an amine, DCM (5.0 mL), and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-100% AcOEt
gradient in heptane) and crystallization (AcOEt) to give 25 (0.33 g, 0.68 mmol) as a white solid
with a 55% yield. 'TH NMR (400 MHz, CDCls) 6 7.93-7.90 (m, 1H, Ar-H), 7.68-7.64 (m, 1H, Ar-
H), 7.45-7.39 (m, 2H, Ar-H), 7.23 (t, ] = 52.5 Hz, 1H, CHF2), 6.58 (s, 1H, Ar-H), 6.32 (s, 1H, Ar-H),
4.07 (d, ] =14.4 Hz, 1H, CH), 4.00-3.97 (m, 4H, morph.), 3.93-3.89 (m, 4H, morph.), 3.85 (d, ] =
14.4 Hz, 1H), 3.81-3.77 (m, 1H), 3.73-3.63 (m, 2H), 3.30 (dd, ] =11.1, 9.3 Hz, 1H), 2.78 (dt, ] =11.8,
2.5 Hz, 1H), 2.61-2.51 (m, 2H, CH>), 1.15 (d, ] = 6.3 Hz, 3H, CHz). BC{'H, “YF}NMR (101 MHz,
CDCls) 0 155.1, 151.3, 150.0, 147.6, 144.7, 141.9, 134.6, 125.7, 124.2, 121.6, 111.7, 109.3 (CF>), 96.8,
87.3,73.0, 674, 66.2,54.5, 51.7, 51.6, 48.5, 14.4. HRMS (ESI/MS): m/z calculated for C2sHz7F2N7O:
[M+H]* 484.2267 found 484.2268.
1-({5-[2-(difluoromethyl)-1H-1,3-benzodiazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)piperidine-3-carboxylate (26)

Compound 26 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), ethyl piperidine-3-
carboxylate (0.23 mL, 0.24 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-100% AcOEt
gradient in heptane) to give 25 (0.56 g, 1.04 mmol) as a white solid with a 84% yield. '"H NMR
(400 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.67-7.64 (m, 1H, Ar-H), 7.45-7.40 (m, 2H, Ar-H),
7.24 (t, ] = 53.6 Hz, 1H, CHF2), 6.59 (s, 1H, Ar-H), 6.30 (s, 1H, Ar-H), 4.15-4.10 (m, 2H, CH2),
4.00-3.98 (m, 4H, morph.), 3.91-3.89 (m, 4H, morph.), 3.80 (s, 2H), 3.09 (dd, ] =10.9, 2.9 Hz, 1H),
2.88-2.86 (m, 1H), 2.65-2.58 (m, 1H), 2.38-2.33 (m, 1H), 2.20 (td, ] = 10.9, 2.9 Hz, 1H), 1.98-1.93
(m, 1H), 1.80-1.73 (m, 1H), 1.69-1.58 (m, 1H), 1.26-1.23 (m, 3H, CHs). *C{'H, "F}NMR (101 MHz,
CDCls) 6 174.1, 156.0, 151.3, 150.0, 147.5, 144.7, 141.9, 134.6, 125.7, 124.1, 121.5, 111.7, 109.2 (CF>),
96.4, 87.2, 66.2, 60.3, 56.8, 55.4, 53.8, 48.5, 41.9, 26.8, 24.6, 14.2. HRMS (ESI/MS): m/z calculated
for CasHs4F2NsO2 [M+H]* 540.2529 found 540.2536.
N-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)oxan-4-amine (27)

Compound 27 was prepared from aldehyde 15 (0.50 g 1.23 mmol), 4-
aminotetrahydropyran (0.16 mL, 0.16 g, 1.51 mmol) as an amine, DCM (5.0 mL), and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-10% MeOH
gradient in AcOEt) to give 27 (0.45 g, 0.95 mmol) as a white solid with a 77% yield. 'H NMR
(600 MHz, DMSO-de) 6 7.88 (d, ] = 7.6 Hz, 1H, Ar-H), 7.82-7.80 (m, 1H, Ar-H), 7.58 (t, ] = 52.6
Hz, 1H, CHF2), 7.47-7.42 (m, 2H, Ar-H), 6.64 (s, 1H, Ar-H), 6.60 (s, 1H, Ar-H), 3.93 (d, J]=7.7 Hz,
7H), 3.84-3.81 (m, 6H), 3.26 (td, | =11.4, 2.1 Hz, 2H, CH2), 2.71-2.66 (m, 1HCH), 1.80 (dd, ] =12.5,
1.7 Hz, 2H, CHy), 1.32-1.26 (m, 2HCH>). BC{'H, “FINMR (151 MHz, DMSO-ds) 6 157.9, 150.9,
149.6, 146.9, 144.7, 141.2, 134.1, 125.5, 123.9, 120.7, 112.4, 108.6, 94.5, 87.6, 65.7, 65.6, 52.4, 48.1,
43.6, 33.0. HRMS (ESI/MS): m/z calculated for C2sH2rF2N7O2 [M+H]* 484.2267 found 484.2266.
2-(difluoromethyl)-1-{2-[(4,4-difluoropiperidin-1-ylymethyl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-5-yl}-1H-1,3-benzimidazole (28)
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Compound 28 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 4,4-difluoropiperidine
(0.24 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride (0.40 g, 1.85
mmol), according to the general procedure for the reductive amination reaction. The crude
product was purified by flash chromatography (0-100% AcOEt gradient in heptane) and
crystallization (AcOEt) to give 28 (0.41 g, 0.81 mmol) as a white solid with a 66% yield. 'H NMR
(400 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.67-7.65 (m, 1H, Ar-H), 7.46-7.39 (m, 2H, Ar-H),
7.23 (t, ] = 54.0 Hz, 1H,CHF>), 6.59 (s, 1H, Ar-H), 6.33 (s, 1H, Ar-H), 4.00-3.98 (m, 4H, morph.),
3.91-3.89 (m, 4H, morph.), 3.84 (s, 2H, CH2), 2.70 (t, ] = 5.6 Hz, 4H), 2.09-1.99 (m, 4H). *C{'H,
FINMR (101 MHz, CDCls) 6 155.9, 151.5, 150.3, 147.8, 144.8, 142.0, 134.7, 125.9, 1244, 121.8,
111.9, 109.5 (CFEz2), 96.5, 96.4, 87.6, 66.4, 55.9, 50.2, 48.7, 34.2. HRMS (ESI/MS): m/z calculated for
C2sHzsFaN7O [M+H]* 504.2194 found 504.2131.
1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yljmethyl)piperidine-4-carboxamide (29)

Compound 29 was prepared from aldehyde 15 (0.50 g, 123 mmol), 4-
piperidinecarboxamide (0.19 g, 1.48 mmol) as an amine, DCM (5.0 mL) and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by crystallization (AcOEt/DCM, 90:10, v/v)
to give 29 (0.40 g, 0.78 mmol) as a white solid with a 64% yield. 'H NMR (300 MHz, CDCls) 6
7.95-7.88 (m, 1H, Ar-H), 7.70-7.62 (m, 1H, Ar-H), 7.46-7.37 (m, 2H,Ar-H), 7.30 (t, ] = 54.0 Hz,
1H, CHF2), 6.59 (s, 1H, Ar-H), 6.31 (s, 1H, Ar-H), 5.48 (s, 2H, NH), 3.98 (m, 4H, morph.), 3.90
(m, 4H, morph.), 3.78 (s, 2H, CH>), 3.06 (d, ] = 11.7 Hz, 2H, CHz), 2.18 (t, ] = 11.3 Hz, 3H), 1.96-
1.73 (m, 4H). BC{'H}NMR (75 MHz, CDCl) 6 177.3, 156.1, 151.5, 150.3, 147.7, 144.8 (t, | = 26.2
Hz), 142.0, 134.8, 125.9, 124.3, 121.7, 111.9, 109.5 (t, | = 237.0 Hz, CF2), 96.6, 87.5, 66.4, 56.8, 53.3,
48.7, 31.7, 29.1, 22.8. HRMS (ESI/MS): m/z calculated for C2sH2sF2NsO2 [M+H]* 511.2376 found
511.2377.
1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)-4-methylpiperidin-4-ol (30)

Compound 30 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 4-methylpiperidin-4-ol
(0.18 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride (0.40 g, 1.85
mmol), according to the general procedure for the reductive amination reaction. The crude
product was purified by flash chromatography (50-100% AcOEt gradient in heptane) and
crystallization (AcOEt) to give 30 (0.33 g, 0.66 mmol) as a white solid with a 54% yield. 'H NMR
(400 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.67-7.65 (m, 1H, Ar-H), 7.45-7.40 (m, 2H, Ar-H),
7.23 (t, ] =54.0 Hz, 1H, CHF»), 6.60 (s, 1H, Ar-H), 6.30 (s, 1H, Ar-H), 4.00-3.96 (m, 4H, morph.),
3.93-3.89 (m, 4H, morph.), 3.81 (s, 2H, CHz), 2.74-2.69 (m, 2H, CHz), 2.57-2.51 (m, 2H, CH>),
1.77-1.70 (m, 2H, CH2), 1.63 (d, ] = 13.2 Hz, 2H, CH>), 1.26 (s, 3H, CHs). BC{'H, *F} NMR (101
MHz, CDCls) 6 156.1, 151.3, 150.1, 147.5, 144.7, 141.9, 134.6, 125.7, 124.1, 121.6, 111.7, 109.3 (CF2),
96.5, 87.2, 67.7, 66.2, 56.6, 49.8, 48.5, 38.8. HRMS (ESI/MS): m/z calculated for CzsH2F2N7O:
[M+H]* 498.2423 found 498.2422.
[1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)piperidin-4-ylJmethanol (31)

Compound 31 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 4-piperidinemethanol
(0.17 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride (0.40 g, 1.85
mmol), according to the general procedure for the reductive amination reaction. The crude
product was purified by flash chromatography (0-10% MeOH gradient in AcOEt) and
crystallization (i-PrOH) to give 31 (0.34 g, 0.68 mmol) as a white solid with a 56% yield. 'H NMR
(600 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.67-7.64 (m, 1H, Ar-H), 7.44-7.39 (m, 2H, Ar-H),
7.26 (t, ] = 26.8 Hz, 1H, CHF>), 6.60 (s, 1H, Ar-H), 6.30 (s, 1H, OH), 3.99-3.98 (m, 4H, morph.),
3.91-3.89 (m, 4H, morph.), 3.78 (s, 2H, CH2), 3.51 (d, ] = 6.5 Hz, 2H, CH>), 3.04 (d, ] =11.5 Hz,
2H CH: 2.16-2.11 (m, 2H, CH>2), 1.76-1.74 (m, 2H, CH), 1.70-1.59 (m, 1H), 1.56-1.48 (m, 1H),
1.37-1.31 (m, 2H). BC{'H, ¥F} NMR (151 MHz, CDCls) 6 156.2, 151.3, 150.1, 147.5, 144.7, 141.8,
134.6,125.7,124.1, 121.5, 111.7, 109.3 (CF2), 96.5, 87.2, 67.9, 66.2, 56.9, 53.6, 48.5, 38.4, 28.8. HRMS
(ESI/MS): m/z calculated for C2sH29F2N7O2 [M+H]* 498.2423 found 498.2426.
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1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)piperidine-4-carbonitrile (32)

Compound 32 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 4-cyanopiperidine (0.17
mL, 0.16 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride (0.40 g,
1.85 mmol), according to the general procedure for the reductive amination reaction. The crude
product was purified by flash chromatography (0-100% AcOEt gradient in heptane) and
crystallization (AcOEt) to give 32 (0.50 g, 1.01 mmol) as a white solid with a 82% yield. 'H NMR
(600 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.67-7.65 (m, 1H, Ar-H), 7.45-7.41 (m, 2H, Ar-H),
7.30 (t, ] =53.4 Hz, 1H, CHF2), 6.58 (s, 1H, Ar-H), 6.32 (s, 1H, Ar-H), 4.00-3.98 (m, 4H, morph.),
3.91-3.89 (m, 4H, morph.), 3.79 (s, 2H, CH>), 2.79 (s, 2H, CH>), 2.69 (s, 1H, CH), 2.51 (d, ] =1.3
Hz, 2H,CH?), 2.00-1.89 (m, 4H). BC{'H, F} NMR (151 MHz, CDCls) 6 155.6, 151.4, 150.2, 147.7,
144.7, 141.9, 134.6, 125.7, 124.2, 121.7, 121.6, 111.7, 109.3 (CF2), 96.4, 87 .4, 66.2, 56.7, 51.3, 48.6,
28.8, 26.0. HRMS (ESI/MS): m/z calculated for CasH26F2NsO [M+H]* 493.2270 found 493.2281.
2-(difluoromethyl)-1-[7-(morpholin-4-yl)-2-{[4-(morpholin-4-yl)piperidin-1-
yllmethyl}pyrazolo[1,5-a]pyrimidin-5-yl]-1H-1,3-benzimidazole (33)

Compound 33 was prepared from aldehyde 15 (0.50 g, 123 mmol), 4-
morpholinopiperidine (0.26 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-20% MeOH
gradient in AcOEt) and crystallization (i-PrOH) to give 33 (0.37 g, 0.66 mmol) as a white solid
with a 54% yield. 'H NMR (600 MHz, CDCls) 6 7.92-7.91 (m, 1H, Ar-H), 7.66-7.65 (m, 1H, Ar-
H), 7.44-7.39 (m, 2H, Ar-H), 7.26 (t, ] = 53.4 Hz, 1H, CHF2), 6.59 (s, 1H, Ar-H), 6.30 (s, 1H, Ar-H),
3.99-3.98 (m, 4H, morph.), 3.91-3.89 (m, 4H, morph.), 3.77 (s, 2H, CHz), 3.72 (t, ] = 4.6 Hz, 4H,
morph.), 3.07 (d, J]=11.9 Hz, 2H, CH>), 2.55 (t, ] =4.6 Hz, 4H, morph.), 2.21 (t]=11.4, 3.8 Hz, 1H,
CH), 2.13 (td, ] = 11.8, 2.1 Hz, 2H, CH>), 1.84-1.82 (m, 2H, CH>), 1.64-1.57 (m, 2H, CH>). 3C{1H,
1F} NMR (151 MHz, CDCls) 6 156.2, 151.3, 150.1, 147.5, 144.7, 141.9, 134.6, 125.7, 124.2, 121.6,
111.7, 109.3 (CF2), 96.5, 87.3, 67.3, 66.2, 62.1, 56.5, 53.2, 49.8, 48.5, 28.2. HRMS (ESI/MS): m/z
calculated for C2sHz4F2NsO2 [M+H]* 553.2845 found 553.2846.
1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yl}methyl)piperidin-4-ol (34)

Compound 34 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 4-hydroxypiperidine
(0.15 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride (0.40 g, 1.85
mmol), according to the general procedure for the reductive amination reaction. The crude
product was purified by flash chromatography (0-20% MeOH gradient in AcOEt) and
crystallization (i-PrOH) to give 34 (0.32 g, 0.66 mmol) as a white solid with a 54% yield. 'H NMR
(300 MHz, CDCls) 6 7.96-7.87 (m, 1H, Ar-H), 7.70-7.60 (m, 1H, Ar-H), 7.46-7.36 (m, 2H, Ar-H),
7.29 (t, ] =54.0 Hz, 1H, CHF2), 6.60 (s, 1H, Ar-H), 6.30 (s, 1H, Ar-H), 4.02-3.94 (m, 4H, morph.),
3.94-3.86 (m, 4H morph. 3.79 (s, 2H, CH2), 3.77-3.66 (m, 1H), 2.95-2.81 (m, 2H, CH>), 2.40-2.25
(m, 2H, CH2), 1.99-1.85 (m, 2H, CH2), 1.74-1.55 (m, 3H). ®*C{'H} NMR (75 MHz, CDCls) 6 156.3,
151.5,150.3, 147.7, 144.8 (t, ]=27.0 Hz), 142.0, 134.8, 125.8, 124.3, 121.7, 109.4 (t, ] = 240.0 Hz, CF2),
96.6, 87.4, 67.9, 66.3, 56.6, 51.2, 48.7, 34.6. HRMS (ESI/MS): m/z calculated for CasHzF2N7O:z
[M+H]* 484.2267 found 484.2272.
N-[1-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-2-yljmethyl)piperidin-4-yl]acetamide (35)

Compound 35 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), 4-acetylamino-
piperidine (0.22 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium triacetoxyborohydride
(0.40 g, 1.85 mmol), according to the general procedure for the reductive amination reaction.
The crude product was purified by flash chromatography (0-15% MeOH gradient in AcOEt)
and crystallization (AcOEt) to give 35 (0.51 g, 0.97 mmol) as a white solid with a 79% yield. 'H
NMR (600 MHz, CDCls) 6 7.92-7.91 (m, 1H, Ar-H), 7.66-7.64 (m, 1H, Ar-H), 7.44-7.39 (m, 2H,
Ar-H), 7.25 (t, | = 53.4 Hz, 1H, CHF2), 6.58 (s, 1H,Ar-H), 6.31 (s, 1H, Ar-H), 5.39 (d, ] = 8.0 Hz,
1H, NH), 3.99-3.97 (m, 4H, morph.), 3.90-3.89 (m, 4H, morph.), 3.84-3.78 (m, 1H, CH),3.76 (s,
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2H, CHy), 2.95 (d, | = 11.8 Hz, 2H, CH>), 2.29-2.25 (m, 2H, CH>), 1.96 (s, 3H, CHs), 1.96-1.93 (m,
2H, CHz), 1.52-1.45 (m, 2H, CH>). BC{'H, ¥F} NMR (151 MHz, CDCls) 6 169.3, 156.0, 151.3, 150.1,
147.6, 144.7, 141.9, 134.6, 125.7, 124.2, 121.5, 111.7, 109.3 (CF2), 96.4, 87.3, 66.2, 56.5, 52.5, 48.5,
46.5, 32.4, 23.5. HRMS (ESI/MS): m/z calculated for CaHaoF2NsO: [M+H]* 525.2532 found
525.2890.
2-[4-({5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolol[1,5-
a]pyrimidin-2-yljmethyl)piperazin-1-yl]-N-methylacetamide (36)

Compound 36 was prepared from aldehyde 15 (0.50 g, 1.23 mmol), N-methyl-2-(1-
piperazinyl)acetamide (0.24 g, 1.48 mmol) as an amine, DCM (5.0 mL), and sodium
triacetoxyborohydride (0.40 g, 1.85 mmol), according to the general procedure for the reductive
amination reaction. The crude product was purified by flash chromatography (0-20% MeOH
gradient in AcOEt) and crystallization (AcOEt) to give 36 (0.44 g, 0.82 mmol) as a white solid
with a 66% yield. 'H NMR (600 MHz, CDCls) 6 7.92-7.90 (m, 1H, Ar-H), 7.66-7.64 (m, 1H, Ar-
H), 7.44-7.39 (m, 2H,Ar-H), 7.25 (t, ] = 53.4 Hz, 1H, CHF?2), 7.10-7.08 (m, 1H, NH), 6.59-6.58 (m,
1H, Ar-H), 6.32 (s, 1H, Ar-H), 3.99-3.98 (m, 4H, morph.), 3.91-3.89 (m, 4H, morph.), 3.80 (s, 2H,
CHz), 3.02 (s, 2H, CH), 2.83 (d, ] = 5.1 Hz, 3H, CHs), 2.61 (d, ] = 17.8 Hz, 8H). *C{'H, “F} NMR
(151 MHz, CDCls) 0 170.8, 155.6, 151.3, 150.1, 147.6, 144.6, 141.9, 134.6, 125.7, 124.2, 121.6, 111.7,
109.3 (CF2), 96.5, 87.3, 66.2, 61.5, 56.4, 53.6, 53.2, 48.5, 25.7. HRMS (ESI/MS): m/z calculated for
Ca2sH31F2NoO:2 [M+H]* 540.2641 found 540.2644.
2-(difluoromethyl)-1-{2-[(4-methylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-5-yl}-1H-1,3-benzimidazole (37)

Compound 37 was prepared from aldehyde 15 (0.20 g, 0.49 mmol), 1-methylpiperazine
(0.066 mL, 59.7 mg, 0.59 mmol) as an amine, DCM (2.0 mL), and sodium triacetoxyborohydride
(0.17 g, 0.80 mmol), according to the general procedure for the reductive amination reaction.
The crude product was purified by flash chromatography (0-30% AcOEt gradient in heptane,
amino-functionalized gel column) to give 37 (0.19 g, 0.40 mmol) as a white solid with a 81%
yield. "TH NMR (600 MHz, CDCls) 6 7.92-7.91 (m, 1H, Ar-H), 7.66-7.64 (m, 1H, Ar-H), 7.44-7.39
(m, 2H,Ar-H), 7.29 (t, ] = 54.0 Hz, 1H, CHF2), 6.60 (s, 1H, Ar-H), 6.30 (s, 1H, Ar-H), 3.99-3.98 (m,
4H, morph.), 3.91-3.89 (m, 4H, morph.), 3.79 (s, 2H, CH2), 2.56 (d, | =85.2 Hz, 8H, piperaz.), 2.30
(s, 3H, CHs). BC{'H, “F} NMR (151 MHz, CDCls) 6 155.7, 151.2, 150.0, 147 .4, 144.6, 141.7, 134.5,
125.6, 124.0, 121.4, 111.6, 109.1 (CF2), 96.4, 87.1, 66.1, 56.3, 55.0, 53.0, 48.4, 45.9. HRMS (ESI/MS):
m/z calculated for C2¢H2sF2NsO [M+H]* 483.2426 found 483.2429.
2-(difluoromethyl)-1-[7-(morpholin-4-yl)-2-{[4-(propan-2-yl)piperazin-1-
yllmethyl}pyrazolo[1,5-a]pyrimidin-5-yl]-1H-1,3-benzimidazole (38)

Compound 38 was prepared from aldehyde 15 (1.50 g, 3.69 mmol), 1-isopropylpiperazine
(0.65 mL, 0.58 g, 4.43 mmol) as an amine, DCM (15.0 mL), and sodium triacetoxyborohydride
(1.25 g, 5.90 mmol), according to the general procedure for the reductive amination reaction.
The crude product was purified by flash chromatography (0-30% AcOEt gradient in heptane,
amino-functionalized gel column) and crystallization (AcOEt) to give 38 (1.30 g, 3.45 mmol) as
a white solid with a 93% yield. "H NMR (400 MHz, DMSO-ds) 6 7.89-7.87 (m, 1H, Ar-H), 7.82-
7.80 (m, 1H, Ar-H), 7.60 (t, ] = 52.6 Hz, 1H, CHF2), 7.46-7.40 (m, 2H, Ar-H), 6.65 (s, 1H, Ar-H),
6.52 (s, 1H, Ar-H), 3.94-3.92 (m, 4H, morph.), 3.84-3.82 (m, 4H, morph.), 3.66 (s, 2H, CH>), 2.58
(t, J=6.5 Hz, 1H, CH), 2.44 (s, 8H, piperaz.), 0.94 (d, ] = 6.5 Hz, 6H, 2xCHs). BC{'H, F} NMR
(101 MHz, DMSO-ds) 0 155.0, 150.9, 149.6, 147.0, 144.7, 141.2, 134.0, 125.4, 123.9, 120.7, 112.4,
108.5, 108.5, 95.4, 87.8, 65.6, 55.9, 53.5, 53.1, 48.2, 47.9, 18.2. HRMS (ESI/MS): m/z calculated for
C2sHF2NsO [M+H]* 511.2739 found 511.2743.

Procedure for 5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carboxylic acid (39)

The solution of lithium hydroxide monohydrate (28.4 g, 678 mmol) was added to the
suspension of 13 (60.0 g, 136 mmol) in MeOH (1000 mL) in water (200 mL). The mixture was
stirred at room temperature for 18 h. The solvent was removed under reduced pressure and the
reaction was quenched with water (600 mL) and 2.5 M HCI (60 mL). The solid was collected by
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filtration and dried to give 39 (52.1 g, 126 mmol) as a white solid with a 93% yield. 'H NMR (300
MHz, DMSO-ds) 6 7.93-7.81 (m, 2H, Ar-H), 7.56 (t, ] =54.0 Hz, 1H, CHFz), 7.47 (ddd, ] =104, 5.2,
3.6 Hz, 2H, Ar-H), 7.03 (s, 1H), 6.86 (s, 1H), 4.02-3.96 (m, 4H, morph.), 3.90-3.77 (m, 6H), 3.57 (s,
1H).
1-[2-(4-tert-butylpiperazine-1-carbonyl)-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-5-yl]-2-
(difluoromethyl)-1H-1,3-benzimidazole (40)

Compound 40 was prepared from 39 (0.20 g, 0.48 mmol), N-t-butylpiperazine (0.10 g, 0.72
mmol), HATU (0.21 g, 0.57 mmol), TEA (0.13 mL, 96.5 mg, 0.75 mmol), and DMF (2.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (0-100% AcOEt gradient in heptane, amino-functionalized gel
column) to give 40 (0.13 g, 0.23 mmol) as a white solid with a 51% yield. 'H NMR (400 MHz,
DMSO-ds) 6 7.88 (dd, =7.1, 1.5 Hz, 1H, Ar-H), 7.84-7.82 (m, 1H, Ar-H), 7.61 (t, ] =52.5 Hz, 1H,
CHE»), 7.48-7.41 (m, 2H, Ar-H), 6.83 (s, 1H, Ar-H), 6.80 (s, 1H, Ar-H), 3.93-3.91 (m, 4H), 3.86-
3.83 (m, 4H), 3.72-3.64 (m, 4H), 2.59-2.51 (m, 4H), 1.02 (s, 9H, t-Bu). 3C{'H, F} NMR (101 MHz,
DMSO-ds) 6 161.5, 151.2, 150.4, 149.2, 147.8, 144.7, 141.2, 134.0, 125.6, 124.1, 120.7, 112.4, 108.5,
108.5, 96.7, 89.3, 65.6, 59.7, 48.5, 46.1, 25.6, 20.7, 14.1. HRMS (ESI/MS): m/z calculated for
CH3F2NsOz2 [M+H]* 539.2689 found 539.2736.
2-(4-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperazin-1-yl)propan-2-ol (41)

Compound 41 was prepared from 39 (1.50 g, 3.62 mmol), 2-(4-piperidyl)-2-propanol (0.57
g, 3.83 mmol), HATU (1.51 mg, 3.98 mmol), TEA (0.76 mL, 0.55, 5.44 mmol), and DCM (15.0
mL), according to the general procedure for the amidation reaction. The crude product was
purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 41 (0.66 g, 1.22
mmol) as a light yellow solid with a 34% yield. '"H NMR (300 MHz, CDCls) 6 7.94-7.89 (m, 1H,
Ar-H), 7.69-7.65 (m, 1H, Ar-H), 7.46-7.39 (m, 2H, Ar-H), 7.29 (t, ] = 54.0 Hz, 1H, CHF-), 6.86 (s,
1H, Ar-H), 6.42 (s, 1H, Ar-H), 491 (d, ] =13.0 Hz, 1H), 4.49 (d, ] = 13.5 Hz, 1H), 4.00-3.95 (m, 4H,
morph.), 3.94-3.86 (m, 4H, morph.), 3.08 (t, ] =11.8 Hz, 1H), 2.76 (td, ] = 12.8, 2.6 Hz, 1H), 1.97-
1.78 (m, 2H, CH), 1.68-1.56 (m, 1H, CH), 1.49-1.34 (m, 3H), 1.22 (d, ] = 6.0 Hz, 6H, 2xCHs).
1BC{tH} NMR (75 MHz, CDCls) 6 162.7, 151.6, 149.7, 148.5, 144.7(t, ] = 27.0 Hz), 142.0, 134.7, 126.0,
124.5,121.7, 111.9 (t, | = 238.5 Hz, CF2), 97.8, 88.6, 72.2, 66.3, 48.9, 47.8, 43.2, 27.6 (d, | = 16.8 Hz),
26.9 (d, ] = 5.1 Hz). HRMS (ESI/MS): m/z calculated for CzHs1F2N-Os [M+H]* 540.2529 found
540.2533.
2-(4-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperazin-1-yl)-2-methylpropanamide (42)

Compound 42 was prepared from 39 (0.20 g, 0.48 mmol), 2-methyl-2-(piperazin-1-
yl)propanamide dihydrochloride (0.13 g, 0.49 mmol), HATU (0.20 g, 0.52 mmol), TEA (0.23 mL,
0.16 g, 1.66 mmol), and DCM (2.0 mL), according to the general procedure for the amidation
reaction. The crude product was purified by flash chromatography (0-20% MeOH gradient in
AcOEt) to give 42 (0.18 g, 0.31 mmol) as a white solid with a 67% yield. 'H NMR (600 MHz,
DMSO-ds) 67.89 (d, ] =7.6 Hz, 1H, Ar-H), 7.82 (d, ] =7.9 Hz, 1H, Ar-H), 7.58 (t, | =52.6 Hz, 1H,
CHE»), 7.49-7.42 (m, 2H), 7.25 (d, ] = 2.9 Hz, 1H), 6.99 (d, | = 2.8 Hz, 1H, Ar-H), 6.84 (s, 1H, Ar-
H), 6.80 (s, 1H), 3.93-3.91 (m, 4H, morph.), 3.85-3.84 (m, 4H, morph.), 3.79 (s, 2H, CH2), 3.73 (s,
2H, CHz), 2.52-2.50 (m, 2H, CH), 2.46 (t, | = 4.4 Hz, 2H, CH>), 1.09 (s, 6H, 2xCHs). BC{'H,
FINMR (151 MHz, DMSO-d6) 6 177.7, 161.6, 151.1, 150.3, 149.2, 147.7, 144.6, 141.2, 134.0, 125.5,
124.0, 120.6, 112.3, 108.5, 96.6, 89.2, 79.1, 65.5, 62.6, 48.4, 47.1, 46.4, 42.2, 20.5. HRMS (ESI/MS):
m/z calculated for C2zHs1F2NoOs [M+H]* 568.2590 found 568.2586.
1-[2-(4-cyclopropanecarbonylpiperazine-1-carbonyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-5-yl]-2-(difluoromethyl)-1H-1,3-benzimidazole (43)

Compound 43 was prepared from 39 (030 g 071 mmol), 1-
(cyclopropylcarbonyl)piperazine (0.11 mL, 0.11 g, 0.74 mmol), HATU (0.30 g, 0.78 mmol), TEA
(0.15 mL, 100 mg, 1.06 mmol), and DCM (3.0 mL), according to the general procedure for the
amidation reaction. The crude product was purified by flash chromatography (0-10% MeOH
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gradient in AcOEt) to give 43 (0.24 g, 0.44 mmol) as a white solid with a 62% yield. "H NMR
(600 MHz, DMSO-ds) 6 7.89-7.88 (m, 1H, Ar-H), 7.83 (d, ] = 7.8 Hz, 1H, Ar-H), 7.59 (t, ] = 52.5
Hz, 1H, CHF2), 7.49-7.43 (m, 2H, Ar-H), 6.89 (s, 1H, Ar-H), 6.82 (s, 1H, Ar-H), 3.92 (d, J=4.5 Hz,
4H), 3.85 (s, 4H), 3.78 (s, 4H), 3.67-3.56 (m, 3H), 1.98 (s, 1H, CH), 1.16 (d, ] = 7.1 Hz, 1H), 0.77-
0.73 (m, 4H). BC{'H, F} NMR (151 MHz, DMSO-de) 6 171.3, 151.2, 150.1, 149.3, 147.8, 144.7,
141.2,134.0, 125.6, 124.1, 120.7, 112.4, 108.5, 97.0, 89.4, 65.6, 48.5, 45.8, 10.4, 7.1. HRMS (ESI/MS):
m/z calculated for C2rH2sF2NsOs [M+H]* 551.2332 found 551.2333.
(1-{5-[2-(difluoromethyl)-1H-1,3-benzodiazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}pyrrolidin-2-yl)methanol (44)

Compound 44 was prepared from 39 (0.50 g, 1.18 mmol), pyrrolidin-2-ylmethanol (0.13
mlL, 0.13 g, 1.31 mmol), HATU (0.49 g, 1.30 mmol), TEA (0.25 mL, 0.18 g, 1.79 mmol), and DCM
(5.0 mL), according to the general procedure for the amidation reaction. The crude product was
purified by flash chromatography (0-10% MeOH gradient in AcOEt) to give 44 (0.16 g, 0.33
mmol) as a white solid with a 28% yield. 'H NMR (600 MHz, DMSO-ds) 6 7.89 (d, ] =7.8 Hz, 1H,
Ar-H), 7.85-7.83 (m, 1H,Ar-H), 7.60 (t, ] = 52.3 Hz, 1H, CHF2), 7.49-7.42 (m, 2H, Ar-H), 6.92-6.90
(m, 1HAr-H) 6.81 (s, 1H, Ar-H), 4.85-4.81 (m, 1H, OH), 4.24-4.17 (m, 1H), 3.96-3.90 (m, 4H,
morph.), 3.87-3.83 (m, 4H, morph.), 3.68-3.59 (m, 1H), 3.54-3.45 (m, 1H), 3.37-3.35 (m, 2H, CH>),
2.09-1.82 (m, 4H). BC{'H, F} NMR (151 MHz, DMSO-ds) 6 161.0, 160.7, 151.2, 149.0, 144.7, 141.2,
134.0, 125.6,124.1, 120.7, 112.4, 108.5, 97.3, 89.2, 65.7, 60.8, 59.7, 59.1, 49.1, 48.5, 26.3, 24.2. HRMS
(ESI/MS): m/z calculated for C2aH2sF2N7Os [M+H]* 498.2059 found 498.2066.
1-{5-[2-(difluoromethyl)-1H-1,3-benzodiazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}pyrrolidin-3-amine (45)

Compound N-(1-{5-[2-(difluoromethyl)-1H-1,3-benzodiazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carbonyl}pyrrolidin-3-yl)carbamate (Boc-45) was prepared
from 39 (0.50 g, 1.18 mmol), 3-(Boc-amino)pyrrolidine (0.24 g, 1.30 mmol), HATU (0.49 g, 1.30
mmol), TEA (0.25mL, 0.18 g, 1.79 mmol), and DCM (5.0 mL), according to the general procedure
for the amidation reaction. The crude product was purified by flash chromatography (0-10%
MeOH gradient in AcOEt) to give Boc-45 (0.37 g, 0.64 mmol) as a light yellow solid with a 55%
yield. 'TH NMR (300 MHz, DMSO-ds) 6 7.93-7.82 (m, 2H, Ar-H), 7.56 (t, ] = 54.0 Hz, 1H, CHF>),
7.52-7.41 (m, 2H, Ar-H), 6.92 (d, ] = 0.6 Hz, 1H, Ar-H), 6.82 (s, 1H, Ar-H), 4.87-4.79 (m, 1H),
4.71-4.16 (m, 1H), 3.99-3.77 (m, 11H), 3.71-3.58 (m, 1H), 3.58-3.32 (m, 2H), 2.14-1.79 (m, 9H, t-
Bu).

The solution of Boc-45 (0.35 g, 0.60 mmol) in trifluoroacetic acid (2.09 mL, 3.11 g, 27.0 mmol,
45.0 eq) was heated at 50 °C for 3 h. The reaction was then cooled to room temperature, and
stopped with 15% NaOH (15.0 mL). The aqueous mixture was extracted with DCM (3 x 15 mL).
The combined organic extracts were washed with water and dried over Na2SO;, filtered, and
concentrated. The crude product was purified by flash chromatography (50-100% AcOEt
gradient in heptane, amino-functionalized gel column) to give 45 (0.14 g, 0.29 mmol) as a white
solid with a 48% yield. 'H NMR (600 MHz, DMSO-ds) 6 7.89 (d, ] =7.6 Hz, 1H, Ar-H), 7.84-7.83
(m, 1H, Ar-H), 7.60 (t, ] =52.5 Hz, 1H, CHF2), 7.47-7.42 (m, 2H,Ar-H), 6.91 (d, ] = 3.5 Hz, 1H, Ar-
H), 6.80 (s, 1H, Ar-H), 4.00-3.93 (m, 5H), 3.90-3.83 (m, 5H), 3.71-3.66 (m, 1H), 3.62 (dd, | =12.2,
5.8 Hz, 1H), 3.55-3.48 (m, 2H), 3.24-3.15 (m, 1H, CH), 2.03-1.94 (m, 1H, CH), 1.73-1.61 (m, 1H,
CH). BC{'H, “F} NMR (151 MHz, DMSO-ds) 6 160.5, 151.1, 148.9, 147.6, 144.6, 141.1, 133.9, 125 4,
123.9, 120.6, 112.3, 108.4, 97.1, 89.1, 65.5, 56.7, 54.8, 51.3, 48.9, 46.7, 45.0, 34.7, 32.0. HRMS
(ESI/MS): m/z calculated for C2sH24F2NsO2 [M+H]* 483.2063 found 483.2063.
2-(difluoromethyl)-1-[7-(morpholin-4-yl)-2-(morpholine-4-carbonyl)pyrazolo[1,5-a] pyrimidin-
5-yl]-1H-1,3-benzimidazole (46)

Compound 46 was prepared from 39 (1.50 g, 3.62 mmol), morpholine (0.34 mL, 0.34 g, 3.90
mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (50-100% AcOEt gradient in heptane) to give 46 (937.0 mg, 1.94 mmol)
as a light yellow solid with a 53% yield. 'TH NMR (600 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H),
7.68-7.66 (m, 1H, Ar-H), 7.46-7.41 (m, 2H, Ar-H), 7.28 (t, ] = 54.0 Hz, 1H, CHF2), 6.91 (s, 1H, Ar-
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H), 6.45 (s, 1H, Ar-H), 3.98-3.96 (m, 4H, morph.), 3.92-3.86 (m, 8H, morph.), 3.84-3.82 (m, 2H,
morph.), 3.73-3.72 (m, 2H, morph.). BC{'H, “F} NMR (151 MHz, CDCls) 6 162.9, 151.7, 150.9,
149.9, 148.7, 144.7, 142.1, 134.7, 126.2, 124.6, 121.8, 112.0, 109.7 (CF>), 98.4, 89.0, 67.2, 66.4, 48.9,
43.1. HRMS (ESI/MS): m/z calculated for C2sH2sF2N7Os [M+H]* 484.1903 found 484.1912.
2-(difluoromethyl)-1-[2-(4,4-difluoropiperidine-1-carbonyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-5-yl]-1H-1,3-benzimidazole (47)

Compound 47 was prepared from 39 (1.50 g, 3.62 mmol), 4,4-difluoropiperidine (0.63 g,
3.99 mmol), HATU (1.52 mg, 3.99 mmol), TEA (1.31 mL, 0.95 g, 9.35 mmol), and DCM (15.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (0-50% AcOEt gradient in heptane, amino-functionalized gel column)
to give 47 (934.0 mg, 1.80 mmol) as a light yellow solid with a 50% yield. 1H NMR (300 MHz,
CDCls) 6 7.96-7.88 (m, 1H, Ar-H), 7.71-7.66 (m, 1H, Ar-H), 7.48-7.41 (m, 2H, Ar-H), 7.29 (t, ] =
54.0 Hz, 1H, CHF2), 6.93 (s, 1H, Ar-H), 6.47 (s, 1H, Ar-H), 4.03-3.95 (m, 8H), 3.93-3.87 (m, 4H,
morph.), 2.22-1.98 (m, 4H). BC{'H} NMR (75 MHz, CDCls) 6 163.3, 152.1, 150.3, 149.1, 145.1(t, |
=27.0 Hz), 142.5, 135.2, 126.5, 125.0, 122.0(t, ] = 240.7 Hz),112.4, 110.1(t, ] = 238.5 Hz), 98.9, 89.6,
66.7, 49.3, 44.4, 40.1, 35.6(t, | = 24.7 Hz),34.5(t, ] = 22.5 Hz). HRMS (ESI/MS): m/z calculated for
C24H23FaN7O2 [M+H]* 518.1922 found 518.1924.
1-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperidine-4-carboxamide (48)

Compound 48 was prepared from 39 (1.50 g, 3.62 mmol), 4-piperidinecarboxamide (0.51 g,
3.90 mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (0-20% MeOH gradient in AcOEt) to give 48 (0.73 g, 1.39 mmol) as a
light yellow solid with a 39% yield. 'H NMR (600 MHz, DMSO-ds) 6 7.89-7.88 (m, 1H, Ar-H),
7.84-7.82 (m, 1H, Ar-H), 7.59 (t, ] = 52.5 Hz, 1H, CHF2), 7.49-7.42 (m, 2H), 7.31 (s, 1H, Ar-H), 6.83
(s, 1H, Ar-H), 6.82 (s, 1H), 6.80 (s, 1H), 4.48 (d, ] = 13.0 Hz, 2H, CH>), 4.25 (d, ] = 13.6 Hz, 2H,
CHy), 3.93-3.91 (m, 4H, morph.), 3.84 (t, ] =4.7 Hz, 4H, morph.), 3.18 (s, 2H), 2.90 (d, | =2.5 Hz,
2H), 2.43 (s, 1H). *C{'H, F} NMR (151 MHz, DMSO-ds) 6 175.8, 161.8, 151.2, 150.6, 149.2, 147.7,
144.7, 141.2, 134.0, 125.5, 124.0, 120.7, 112.4, 108.5, 96.4, 89.3, 65.6, 48.4, 46.2, 41.4, 29.0, 28.2.
HRMS (ESI/MS): m/z calculated for CasH26F2NsOs [M+H]* 525.2168 found 525.2171.
1-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}-4-methylpiperidin-4-ol (49)

Compound 49 was prepared from 39 (1.50 g, 3.62 mmol), 4-methylpiperidin-4-ol (0.47 g,
3.89 mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (0-10% MeOH gradient in AcOEt) to give 49 (0.90 g, 1.76 mmol) as a
light yellow solid with a 49% yield. '"H NMR (600 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.67
(dd, J=7.4,1.8 Hz, 1H,Ar-H), 7.46-7 .41 (m, 2H, Ar-H), 7.29 (t, ] = 54.0 Hz, 1H, CHF>), 6.87 (s, 1H,
Ar-H), 6.42 (s, 1H, Ar-H), 4.45-4.41 (m, 1H), 4.12-4.09 (m, 1H), 3.98-3.96 (m, 4H, morph.) 3.91—
3.90 (m, 4H, morph.), 3.65-3.61 (m, 1H), 3.42-3.38 (m, 1H), 1.78-1.71 (m, 2H, CH2), 1.68-1.62 (m,
3H, CHs), 1.36 (s, 1H), 1.34 (s, 3H). ®C{'H, F} NMR (151 MHz, CDCls) 6 162.8, 151.7, 149.8,
148.5, 144.8, 142.1, 134.8, 126.1, 124.5, 121.8, 112.0, 109.7 (CF2), 97.9, 88.8, 68.4, 66.4, 48.9, 43.8,
39.5, 39.1, 38.6, 30.6. HRMS (ESI/MS): m/z calculated for CzsHz7F2N7Os [M+H]* 512.2216 found
512.2222.
(1-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperidin-4-yl)methanol (50)

Compound 50 was prepared from 39 (1.50 g, 3.62 mmol), 4-piperidinemethanol (0.46 g,
3.95 mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (0-10% MeOH gradient in AcOEt) to give 50 (0.76 g, 1.54 mmol) as a
light yellow solid with a 43% yield. "H NMR (600 MHz, DMSO-ds) 6 7.90-7.87 (m, 1H, Ar-H),
7.83(dd, ]=7.0,1.3 Hz, 1H, Ar-H), 7.61 (t, ] = 52.5 Hz, 1H, CHF2), 7.49-7.41 (m, 2H, Ar-H), 6.81
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(s, 1H, Ar-H), 6.80 (s, 1H), 4.53 (t, ] =5.3 Hz, 2H, CH>), 4.24 (d, ] = 13.3 Hz, 1H), 3.92-3.91 (m, 4H,
morph.), 3.85-3.83 (m, 5H), 3.30-3.28 (m, 2H), 3.15-3.08 (m, 1H), 2.85-2.78 (m, 1H), 1.78 (d, ] =
13.1 Hz, 1H), 1.70 (d, | = 10.4 Hz, 2H), 1.12-1.09 (m, 1H). “C{'H, “F} NMR (151 MHz, DMSO-db)
0 170.6, 161.9, 151.4, 149.5, 148.0, 144.9, 141.4, 134.2, 125.8, 124.3, 120.9, 112.7, 108.7, 96.6, 89.4,
65.8, 60.0, 49.0, 46.9, 42.0, 38.6, 29.5, 28.7. HRMS (ESI/MS): m/z calculated for CzsH27F2N7Os
[M+H]* 512.2216 found 512.2218.
1-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperidine-4-carbonitrile (51)

Compound 51 was prepared from 39 (1.50 g, 3.62 mmol), 4-cyanopiperidine (0.44 mL, 0.43
g, 3.96 mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0
mL), according to the general procedure for the amidation reaction. The crude product was
purified by flash chromatography (50-100% AcOEt gradient in heptane) to give 51 (0.86 g, 1.69
mmol) as a light yellow solid with a 47% yield. 'H NMR (400 MHz, CDCls) 6 7.93-7.91 (m, 1H,
Ar-H), 7.69-7.66 (m, 1H, Ar-H), 7.47-7.40 (m, 2H, Ar-H), 7.28 (t, ] = 54.0 Hz, 1H, CHF2), 6.90 (s,
1H, Ar-H), 6.46 (s, 1H, Ar-H), 4.08-3.97 (m, 6H), 3.91-3.83 (m, 6H), 3.02-2.98 (m, 1H, CH), 2.08-
1.92 (m, 4H). ®C{'H, F} NMR (101 MHz, CDCls) 6 162.6, 151.5, 150.6, 149.7, 148.5, 144.5, 141.8,
134.5, 126.0, 124.4, 121.6, 120.6, 111.8, 109.5 (CF2), 98.1, 88.9, 66.1, 48.7, 45.1, 40.4, 29.3, 28.3, 26.4.
HRMS (ESI/MS): m/z calculated for CasH24F2NsO2 [M+H]* 507.2063 found 507.2068.
2-(difluoromethyl)-1-[7-(morpholin-4-yl)-2-[4-(morpholin-4-yl)piperidine-1-
carbonyl]pyrazolo[1,5-a]pyrimidin-5-yl]-1H-1,3-benzimidazole (52)

Compound 52 was prepared from 39 (1.50 g, 3.62 mmol), 4-morpholinopiperidine (0.68 g,
3.90 mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (0-20% MeOH gradient in AcOEt) to give 52 (0.70 g, 1.23 mmol) as a
light yellow solid with a 34% yield. '"H NMR (400 MHz, DMSO-ds) 6 7.90-7.88 (m, 1H, Ar-H),
7.83(dd, [=7.2,1.3 Hz, 1H, Ar-H), 7.61 (t, ] = 52.5 Hz, 1H, CHF2), 7.49-7.44 (m, 2H), 6.85 (s, 1H,
Ar-H), 6.82 (s, 1H, Ar-H), 4.21-4.65 (m, 2H, CH>), 3.92 (d, ] = 3.3 Hz, 5H), 3.86-3.84 (m, 5H), 3.66—
3.61 (m, 4H, morph.), 3.15-3.07 (m, 4H, morph.), 2.86 (d, ] = 1.2 Hz, 1H, CH), 1.78-2.06 (m, 2H,
CHy), 1.37-1.57 (m, 2H, CH2). *C{'H, ¥F} NMR (101 MHz, DMSO-ds) 6 161.6, 151.2, 149.2, 147.8,
144.7, 141.2, 134.0, 125.5, 124.1, 120.7, 112.4, 108.5, 108.5, 89.3, 65.6, 48.7, 48.4, 45.7, 26.8, 8.6.
HRMS (ESI/MS): m/z calculated for C2sHs2F2NsOs [M+H]* 567.2638 found 567.2643.
1-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperidin-4-ol (53)

Compound 53 was prepared from 39 (1.50 g, 3.62 mmol), 4-hydroxypiperidine (0.41 g, 4.06
mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0 mL),
according to the general procedure for the amidation reaction. The crude product was purified
by flash chromatography (0-15% MeOH gradient in AcOEt) to give 53 (0.86 g, 1.72 mmol) as a
light yellow solid with a 48% yield. "H NMR (600 MHz, DMSO-ds) 6 7.90-7.88 (m, 1H, Ar-H),
7.84-7.82 (m, 1H, Ar-H), 7.59 (t, ]=52.5 Hz, 1H, CHF2), 7.49-7.43 (m, 2H, Ar-H), 6.83 (s, 1H, Ar-
H), 6.81 (s, 1H, Ar-H), 4.83 (d, ] = 4.0 Hz, 1H, OH), 4.08-4.03 (m, 2H, CH-2), 4.02-3.97 (m, 2H,
CHy), 3.93-3.92 (m, 4H, morph.), 3.85-3.84 (m, 4H, morph.), 3.81-3.77 (m, 1H, CH), 3.44-3.37 (m,
2H, CH2), 3.32-3.28 (m, 2H, CH>). *C{'H, “F} NMR (151 MHz, DMSO-ds) 6 162.0, 151.5, 150.9,
149.5, 148.0, 145.0, 141.5, 134.3, 125.8, 124.3, 121.0, 112.7, 108.8, 96.7, 89.5, 65.9, 65.7, 48.7, 44.3,
35.0, 34.2. HRMS (ESI/MS): m/z calculated for C2aH2sF2N7Os [M+H]* 498.2059 found 498.2060.
N-(1-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperidin-4-yl)acetamide (54)

Compound 54 was prepared from 39 (1.50 g, 3.62 mmol), 4-acetylamino-piperidine (0.57 g,
3.89 mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g, 5.44 mmol), and DCM (15.0 mL),
according to the general procedure for amidation reaction. The crude product was purified by
flash chromatography (0-20% MeOH gradient in AcOEt) to give 54 (0.80 g, 1.48 mmol) as a light
yellow solid with a 41% yield. 'H NMR (600 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.68-7.66
(m, 1H, Ar-H), 7.46-7.42 (m, 2H, Ar-H), 7.29 (t, ] = 54.0 Hz, 1H, CHF2), 6.87 (s, 1H, Ar-H), 6.44
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(s, 1H, Ar-H), 5.55 (d, ] =7.8 Hz, 1H, NH), 4.74 (d, ] =13.7 Hz, 2H, CH>), 4.43 (d, ] = 15.1 Hz, 2H
CH:4.13-4.07 (m, 1H, CH), 3.98-3.96 (m, 4H, morph.), 3.91-3.89 (m, 4H, morph.), 3.31-3.27 (m,
1H), 3.03-2.99 (m, 1H), 2.10-2.05 (m, 1H), 2.00 (s, 3H, CHs), 1.55-1.40 (m, 1H). BC{'H, ¥F} NMR
(151 MHz, CDCls) 0 169.3, 162.6, 151.4, 150.9, 149.5, 148.3, 144.4, 141.7, 134.4, 125.8, 124.2, 121.5,
111.7, 109.4 (CFz), 97.8, 88.6, 66.1, 48.6, 46.7, 45.9, 414, 32.9, 31.7, 23.3. HRMS (ESI/MS): m/z
calculated for C26H2sF2NsOs [M+H]* 539.2352 found 539.2325.
2-(4-{5-[2-(difluoromethyl)-1H-1,3-benzimidazol-1-yl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidine-2-carbonyl}piperazin-1-yl)-N-methylacetamide (55)

Compound 55 was prepared from 39 (1.50 g 3.62 mmol), N-methyl-2-(1-
piperazinyl)acetamide (0.65 g, 3.97 mmol), HATU (1.52 mg, 3.99 mmol), TEA (0.76 mL, 0.55 g,
5.44 mmol), and DCM (15.0 mL), according to the general procedure for the amidation reaction.
The crude product was purified by flash chromatography (0-15% MeOH gradient in AcOEt) to
give 55 (0.66 g, 1.18 mmol) as a light yellow solid with a 33% yield. 'H NMR (600 MHz, DMSO-
ds) 6 7.89-7.88 (m, 1H, Ar-H), 7.83-7.82 (m, 1H, Ar-H), 7.79 (s, 1H, Ar-H), 7.59 (t, ] =52.5 Hz, 1H,
CHE>), 7.49-7.42 (m, 2H, Ar-H), 6.84 (s, 1H, Ar-H), 6.81 (s, 1H, Ar-H), 3.92-3.91 (m, 4H, morph.),
3.85-3.83 (m, 4H), 3.80-3.73 (m, 4H), 2.98 (s, 2H), 2.62 (d, ] = 4.7 Hz, 3H, CHz), 2.54 (s, 2H, CH>2),
1.09 (s, 2H, CH2). BC{'H, F} NMR (151 MHz, DMSO-ds) 0 161.6, 151.0, 150.1, 149.1, 147.6, 144.5,
141.1, 133.9, 125.4, 123.9, 120.6, 112.3, 108.4, 96.6, 89.2, 71.9, 65.4, 53.0, 52.4, 48.6, 48.3, 45.7, 26.6,
25.2. HRMS (ESI/MS): m/z calculated for CasH20F2NoOs [M+H]* 554.2434 found 554.2434.
2-(difluoromethyl)-1-[2-(4-methylpiperazine-1-carbonyl)-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-5-yl]-1H-1,3-benzimidazole (56)

Compound 56 was prepared from 39 (0.20 g, 0.48 mmol), 1-methylpiperazine (0.05mL, 50.2
mg, 0.49 mmol), HATU (0.20 g, 0.52 mmol), TEA (0.09 mL, 72.2 mg, 0.71 mmol), and DCM (2.0
mL), according to the general procedure for the amidation reaction. The crude product was
purified by flash chromatography (0-35% MeOH gradient in AcOEt) to give 56 (0.13 g, 0.27
mmol) as a white solid with a 57% yield. 'H NMR (600 MHz, DMSO-ds) 6 7.89 (m, 1H, Ar-H),
7.83-7.81 (m, 1H, Ar-H), 7.58 (t, ] = 52.4 Hz, 1H, CHF2), 7.49-7.42 (m, 2H, Ar-H), 6.83 (s, 1H, Ar-
H), 6.81 (s, 1H, Ar-H), 3.92 (t, ] = 4.7 Hz, 4H, morph.), 3.84 (t, | = 4.7 Hz, 4H, morhp.), 3.76-3.69
(m, 4H, morph.), 2.43-2.37 (m, 4H, morph.), 2.23 (s, 3H, CHs). ®C{'H, F} NMR (151 MHz,
DMSO-ds) 6 161.7, 151.1, 150.3, 149.2, 147.7, 144.6, 141.2, 134.0, 125.5, 124.0, 120.6, 112.3, 108.5,
96.6, 89.2, 65.5, 54.8, 48.4, 46.5, 45.5, 41.7, 30.8. HRMS (ESI/MS): m/z calculated for CasH2sF2NsOz
[M+H]* 497.2219 found 497.2229.
2-(difluoromethyl)-1-[7-(morpholin-4-yl)-2-[4-(propan-2-yl)piperazine-1-
carbonyl]pyrazolo[1,5-a]pyrimidin-5-yl]-1H-1,3-benzimidazole (57)

Compound 57 was prepared from 39 (0.20 g, 0.48 mmol), 1-isopropylpiperazine (0.07 mL,
65.7 mg, 0.49 mmol), HATU (0.20 g, 0.52 mmol), TEA (0.09 mL, 72.2 mg, 0.71 mmol), and DCM
(2.0 mL), according to the general procedure for the amidation reaction. The crude product was
purified by flash chromatography (0-30% MeOH gradient in AcOEt) to give 57 (0.20 g, 0.38
mmol) as a white solid with a 81% yield. "H NMR (600 MHz, DMSO-de) 6 7.89-7.88 (m, 1H, Ar-
H), 7.83-7.82 (m, 1H, Ar-H), 7.58 (t, | = 52.5 Hz, 1H, CHF>), 7.49-7.42 (m, 2H, Ar-H), 6.83 (s, 1H,
Ar-H), 6.80 (s, 1H, Ar-H), 3.93-3.91 (m, 4H, morph., morph.), 3.85-3.84 (m, 4H, morph.), 3.73-
3.71 (m, 2H, CHy), 3.67-3.66 (m, 2H, CH:), 2.72-2.68 (m, 1H, CH), 2.53-2.50 (m, 2H, CH:), 2.47
(d, ] =4.8 Hz, 2H, CH>), 0.98 (d, ] = 6.6 Hz, 6H, 2xCHz). 3C NMR (151 MHz, DMSO-ds) 6 161.6,
151.1, 150.4, 149.2, 147.7, 144.6, 141.2, 134.0, 125.5, 124.0, 120.6, 112.3, 108.4, 96.6, 89.2, 65.5, 53.6,
48.5,48.4,47.9,47.0, 42.2,18.0. HRMS (ESI/MS): m/z calculated for C26Hz0F2NsO2 [M+H]* 525.2532
found 525.2544.

3.2. Docking Study

The docking procedure was performed using the PI3K6 protein from the Protein Data Bank
(PDB: 2WXL) with the Auto-Dock Vina program [40]. All figures with examples of 3D modeling
of a possible binding mode of selected compounds were prepared based on the calculated pKa
from the Instant JChem 21.13.0 program [39]. More specifically, all structures depicted in the
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respective figures have not had protons added, but the appropriate state of protonation has
been maintained.

3.3. Biology
3.3.1. In Vitro PI3K Inhibition Assays

The potency and selectivity of compounds were assessed by measuring the ability of PI3K
kinases to convert ATP to ADP during an enzymatic reaction in the presence of decreasing doses
of tested compounds. The experiments were carried out using the ADP-Glo kinase assay kit
(Promega), according to the manufacturer’s protocol. PI3Kea, PI3Kg, PI3K6, and PI3Ky have
been purchased from Merck Millipore and phosphoinositol-4,5-bisphosphate (PIP2) lipid
vesicles with phosphoserine from ThermoFisher Scientific were used as a substrate in the
enzymatic reaction. The composition of the reaction mixture and reaction conditions for
individual kinases are listed in the table below (Table 6).

Table 6. Reaction conditions and compositions of mixtures for individual kinases.

Kinase Reaction
PIP2 [Final
KINASE Concentration [ng Temperature Substrate . [Fina Reaction Buffer
. . Concentration puM]
per Reaction] and Time
50 mM of HEPES pH 7.5
PI3Ka 50 mM of NaCl
7. ©
arna Biosciences n mM o 2
C B ) 5ng 25°C,1h 30 uM 3 mM of MgCl
0.025 mg/mL of BSA
50 mM of HEPES pH 7.5
PI3K6 R 50 mM of NaCl
(Merck Millipore) 10ng 25°C, 1h 30uM 3 mM of MgClz
0.025 mg/mL of BSA
50 mM of HEPES pH 7.5
PI3KpB 50 mM of NaCl
15 30°C, 1h 50 uM
(Merck Millipore) e H 3 mM of MgCl
0.025 mg/mL of BSA
40 nM of Tris pH 7.5
PI3Ka 20 mM of MgCl2
°C,1h
(Merck Millipore) 30ng 30°C, 50 uM 0.1 mg/mL of BSA

1 mM of DTT

After the reaction, the ADP-Glo reagent and the kinase detection reagent were added
sequentially with 40 min of incubation (25 °C, 600 rpm) after adding each reagent. Finally, the
luminescence intensity was measured and the ICso was calculated using GraphPad Prism 7
software. The presented results are the mean value of ICs from at least two independent
experiments.

3.3.2. Influence of Selected Compounds on B Cells Proliferation

CD19 cells were isolated from PBMCs using magnetic beads (Stem Cell (Vancouver,
Canada)) and then labeled with 2 uM of CFSE (Invitrogen (Waltham, USA)).

Then, 1 x 105 cells were seeded on 96-well plates, activated by 2 ug/mL of algM (Jackson
ImmunoResearch (West Grove, USA)) and 1 pug/mL of ODN2006 (InvivoGen (San Diego, USA)),
and incubated with increasing concentrations of drugs (0.1, 0.3, 1.0, 3.3, 10, 33, 100, 333, 1000,
3333, and 10000 nM). After 4 days, cells were stained with LIVE/DEAD™ kit (Invitrogen
(Waltham, USA)). Samples were acquired using Attune NxT flow cytometer (Invitrogen) and
analyzed using Flow]o software. Each biological assay was performed with cells isolated from
a different donor. The presented results constitute the average percentage values of
proliferating cells from 3 independent experiments.

3.4. Metabolic Stability and Solubility
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3.4.1. Metabolic Stability Assay

The metabolic phase I stability in mouse (CD-1™) and human microsomes (Thermo-Fisher
Scientific (Waltham, USA)) was assessed on 96-well non-binding plates (Greiner (Kremsmuster,
Austria)) at a 1 pM concentration for verapamil (positive control) and donepezil (negative
control) and tested compounds. Unless otherwise stated, all chemicals and materials were
ordered from Merck Life Science (Sheboygan, USA). Each biological replicate was prepared in
triplicates [40-41]. Briefly, compounds were incubated in 100 mM potassium phosphate buffer
with microsomes (0.5 mg/mL) and NADPH (1-1.2 mM) on a plate shaker (500 rpm) in the dark
at 37 °C. On a 4x solution of NADPH, the cofactor for metabolic enzymes was prepared directly
prior to the experiment by reducing NADP with G6P dehydrogenase (13.2 mM MgClz, 13.2 mM
G6P, 5.2 mM NADP, 3.2 U/mL G6P dehydrogenase, 20 min at 30 °C, 500 rpm). The negative
control contained buffer instead of NADPH solution. Samples were collected at 0, 10, 20, and
40 min or 0 and 40 min for the negative and double negative controls. The reaction was stopped
by protein precipitation in 2 volumes of ice-cold MeOH with 200 nM of imipramine (as an
internal standard for LC-MS analysis). Then, the extract was mixed (1 min, 1000 rpm), filtered
through a 0.22 um filter on a 96-well plate vacuum manifold, and subjected to LC-MS analysis

3.4.2. Lymphocyte B Proliferation Assessment

Human PBMCs were isolated from buffy coats of healthy donors obtained from the
Regional Blood Donation and Blood Medicine Center in Warsaw. Lymphocytes B: CD19+ cells
were isolated from PBMCs on magnetic beads (Stem Cell), labeled with 2 uM CFSE (Invitrogen),
and seeded on a 96-well plate (1 x 105 cells/well). B cells were activated by 2 ug/mL of algM
(Jackson ImmunoResearch) and 1 pg/mL of ODN2006 (InvivoGen). Cells were incubated with
increasing concentrations of compounds (range 0.03-10000 nM). After 4 days, B cells were
stained with LIVE/DEAD™ kit (Invitrogen), acquired using the Attune NxT flow cytometer
(Invitrogen), and analyzed using FlowJol0 software. For data normalization, the percentage
value of proliferating cells in each sample was divided by the average percentage value of
positive control in a single experiment. ICs values were calculated using a three-parameter
dose-response inhibition function in GraphPad Prism.

3.4.3. Kinetic Stability Assay

The kinetic solubility was determined using the shake-flask protocol [42-43]. The
appropriate compounds (500 puM) were incubated in an aqueous buffer (0.1 M phosphate-
buffered saline pH 7.4) at 25 °C with stirring at 500 rpm. The samples were taken at the start
time and after 24 h of incubation, filtered through 0.22 pm filters, and diluted with 2 volumes
of acetonitrile. Sample concentrations were determined by UHPLC-UV/Vis. A calibration curve
was prepared in order to quantify the contents of the compound in the test solution.

4. Conclusions

A new family of substituted pyrazolo[l,5-a]pyrimidines was prepared in multi-step
synthesis utilizing the Buchwald-Hartwig reaction or reductive amination as the crucial
synthetic steps. The SAR studies were performed firstly at the C(5) position of the pyrazolo[1,5-
a]pyrimidine and then the final optimization was turned up using a careful sterical amino group
at the C(2) position adjustment. The biological activities were measured for each new
compound against four PI3K isoforms: ¢, 5, v, and 0, providing comprehensive information on
the selectivity of the obtained structures. Eleven compounds with an ICso value below the 100
nM threshold within the new compounds’ library were synthesized in this work. Five of them,
with an ICso value below or equal to 52 nM, were assumed as hits. Molecular modeling studies
provide a rational explanation for the interaction of active structures within the PI3Ko ATP
binding site. CPL302415 (1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-5-yl}-2-(difluoromethyl)-1H-benzimidazole, compound 6) proved
to be the most potent structure with excellent activity (ICso = 18 nM), good selectivity
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(PI3Ka/PI3K6 = 79; PI3Kb/6 = 1415; PI3Ky/PI3K6 = 939), and other promising parameters (Table
5). Therefore, CPL302415 was selected as a lead compound for toxicological studies and as a
candidate for further development in phase I clinical trials in SLE treatment. More detailed
biological and physicochemical studies and their outcomes are the subjects of a separate paper
under preparation.
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Abstract: As a member of the class I PI3K family, phosphoinositide 3-kinase 0
(PI3Ko) is an important signaling biomolecule that controls immune cell
differentiation, proliferation, migration, and survival. It also represents a potential
and promising therapeutic approach for the management of numerous
inflammatory and autoimmune diseases. We designed and assessed the biological
activity of new fluorinated analogues of CPL302415, taking into account the
therapeutic potential of our selective PI3K inhibitor and fluorine introduction as
one of the most frequently used modifications of a lead compound to further
improve its biological activity. In this paper, we compare and evaluate the
accuracy of our previously described and validated in silico workflow with that
of the standard (rigid) molecular docking approach. The findings demonstrated
that a properly fitted catalytic (binding) pocket for our chemical cores at the
induced-fit docking (IFD) and molecular dynamics (MD) stages, along with QM-
derived atomic charges, can be used for activity prediction to better distinguish
between active and inactive molecules. Moreover, the standard approach seems
to be insufficient to score the halogenated derivatives due to the fixed atomic
charges, which do not consider the response and indictive effects caused by
fluorine. The proposed computational workflow provides a computational tool
for the rational design of novel halogenated drugs.

Keywords: PI3K6; asthma; CPL302415; induced-fit docking; QPLD; MD; fluorine;
MM-GBSA; molecular docking
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The inhibition of phosphoinositide 3-kinase (PI3K), especially the first class of this family of
lipid kinases consisting of a, 8, ¥, and 6 subunits, is a promising approach for the treatment of many
inflammatory and autoimmune diseases, such as systemic lupus erythematosus or multiple sclerosis
[1-3]. Because PI3K is involved in many cellular processes, including proliferation, growth, migration,
metabolism regulation, and embryogenesis (characterized by high expression of this protein in different
human cells), it is considered an excellent therapeutic target [4,5].

Fluorine, which is slightly larger than hydrogen and highly electronegative, constitutes a
remarkable role in medicinal chemistry [6—11]. Currently, fluorination is a standard strategy to improve
the bioavailability of designed drugs and optimize their biological activity [12]. In the last decade, nearly
30% of the drugs approved by the US Food and Drug Administration (FDA) contained fluorine, and
fluorinated pharmaceuticals accounted for over 50% of the most profitable drugs worldwide [6,13].

Molecular modeling methods, such as molecular docking, molecular dynamics (MD), or free-
energy perturbation, are widely applied during the rational designing of new compounds to evaluate
the formation of ligand-receptor complexes [14]. However, the standard (rigid) docking method has
two main limitations: (i) the conformation space is reduced due to the limitations imposed on the system
(rigid receptor) and (ii) conventional scoring functions do not consider inductive or resonance effects
(which is extremely important for fluorine derivatives). Nevertheless, this method can be successfully
used to quickly score poses and find promising hits from a large library of compounds [15,16]. Recently,
we proposed a method that can overcome some limitations of the standard molecular docking approach
[7,9]. We demonstrated that a workflow comprising a combination of more sophisticated methods, such
as induced-fit docking (IFD), quantum polarized ligand docking (QPLD), and binding-free energy
calculations based on the Generalized Born Surface Area (GBSA), is more accurate in the prediction of
the ligand-receptor complex and its energy than the standard docking procedure, but it is more
computationally expensive [17].

In this work, we used the previously described in silico workflow [7,9] to design and determine
the biological activity of new fluorinated analogs of CPL302415 (Figure 1), a PI3K6 inhibitor. The
usefulness of this workflow was validated by correlating the biological activity (ICs0) with energy
changes calculated in the GBSA model.

o\ ~
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Figure 1. Structure of CPL302415.

2. Results and Discussion

Molecular docking of CPL302415 derivatives was performed on the previously described PI3K6
crystal structure (PDB ID: 2WXL). The binding mode observed for CPL302415 (2) was consistent with
the previously reported ones [18,19] (Figure 2). The nitrogen of the (difluoromethyl)-1H-benzimidazole
fragment interacted with the positively charged Lys779, while the morpholine ring at position 7 (which
is required for interaction with PI3K¢ at its catalytic site) formed a hydrogen bond with the main chain
of Val828. The fert-butyl piperazine moiety bound to the Trp760 shelf through
C-H:--mt/cation 7 interaction (Figure 2).
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Figure 2. Illustration of the binding mode of CPL302415 (2) in the catalytic center of PI3K6 obtained by molecular
docking [19].

According to molecular docking, the static nature of biomolecules is the main source of their
limitations, as it does not consider the dynamic nature of biological structures [20]. The analysis of the
structure—activity relationship (SAR) of our library revealed that the change from the difluoro group (2)
to the methyl group (1) caused a decrease in the activity of the compound, but the introduction of the
trifluoromethyl group (3) almost inactivated the compound (Table 1). Interestingly, the docking scores
of the above-mentioned derivatives indicated that compound 1 should have the highest ICs value
(Table 1) in the series—even if we took into account the average docking score for the top three poses,
the tendency was almost identical. We substituted position 3 with chlorine (4) or bromine (5) and the
resulting compounds were the most potent based on docking scores (Table 1), but they had worse ICso
values than compound 2.

To assess the accuracy of the presented method, correlation coefficients between the ICso values
and the obtained docking scores were calculated (for the first pose and the average of the first three
poses, respectively). The tests showed that there was no correlation (0.53; p > 0.05, and 0.51; p > 0.05).

Table 1. Influence of the fluorine atom(s) on PI3K6 inhibition and the respective docking scores for each
derivative.

@ /j
N /N“ N

—N
N 1
Wi
N
Docking score
c 1 2 a
ompound R R? 1Cso PI3K6 (nM) First Pose Average of Top Three
Poses
1 CHs H 236 -9.3 -8.8
2 (CPL302415) CHF, H 18 -9.9 -9.8
3 CF3 H 907 -9.6 -9.3
4 CHF, cl 44 -10.4 -10.1
5 CHF2 Br 50 -10.5 -10.1

2]Cso values were determined as the mean from two independent experiments.
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Based on the binding mode of CPL302415 (2), we decided to substitute tert-butyl moiety with a
benzyl fragment to increase the number of t—mt or hydrophobic interactions with Thr750. Therefore, a
series of fluorine derivatives were synthesized using the
7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl]-2-(difluoromethyl)-1H-benzimidazole core (6-9) as
well as with an additional carbonyl group in the 1-[2-(4-benzylpiperazine-1-carbonyl) fragment
(substituent in position 2 of the pyrazolo[1,5-a]pirymidine core) (10-13) (Table 2). We docked both
nonfluorinated (in the aromatic ring) cores with benzyl fragment compounds to the 2WXL crystal
structure, and the observed binding modes were similar to those of CPL302415. However, the hydrogen
bonds formed by the morpholine fragment in compound 10 with Val828 were characterized by the
worst geometric parameters in comparison to compound 6 (Figure 3), which could be associated with
the lower activity of compound 10 (Table 2).

Lys 779

N\ I Thr 750

Figure 3. Illustration of the binding modes of compounds 6 (green) and 10 (orange) in the catalytic center of PI3K6
obtained by molecular docking.
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Table 2. Influence of the fluorine atom(s) on PI3K6 inhibition and the respective docking scores for each

compound.
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Compound X R 1Cs0 PI3K6 (nM) First Pose Average of Top Three
Poses
6 CH2 - 118 -6.8 -6.4
7 CH2 o-F 640 -10.8 -10.4
8 CH2 m-F 751 -9.0 -8.3
9 CH2 p-F 489 -9.2 -8.1
10 co - 275 -10.1 -9.1
11 co o-F 212 -10.3 -9.3
12 co m-F 92 -10.9 -10.8
13 co p-F 181 -10.5 -10.1

2]Cso values were determined as the mean from two independent experiments.

The carbonyl group affected the orientation of the benzylpiperazine fragment, causing a change
in the cationm interaction with Trp760 (Figure 3). The analysis of the ICso values did not allow us to
draw any conclusions because in the first series of derivatives (6-9), the meta-fluoro derivative 8 had the
highest ICso value, while in the second series (10-13), the meta-fluoro derivative 12 was the best (Table
2), which suggested that carbonyl oxygen had an impact on binding. Interestingly, we found a poor
correlation between any docking score (nor the first best and the best three poses) and biological activity
(ICso) (correlation coefficients were —0.02 and 0.03, respectively).

Due to the low correlation of the docking scores obtained in the standard molecular docking
approach (Tables 1 and 2) with biological activity, a previously described and validated computational
workflow [7,9] was used to compensate for the limitations of conventional scoring functions and
increase the accuracy of the pose prediction, especially for fluorinated derivatives (Figure 4). Because
fluorine is the most electronegative element, its substitution leads to significant changes in the
distribution of electron density and as a consequence, resonance and inductive effects. The standard
molecular docking approach does not consider these effects, while the QPLD method uses atomic
charges of a ligand calculated using the quantum mechanical (QM)/molecular mechanical (MM)
approach in the protein environment for docking (Figure 4). To minimize the uncertainty of predicted
poses, the binding-free energy was calculated for three poses obtained at the QPLD stage with the
smallest root square mean deviation (RMSD) to the core. The energy change (AAG) after fluorination
was estimated in comparison to the nonfluorinated compound (Figure 4). Additionally, by using the
MD of a nonfluorinated compound, our approach enabled us to relax the binding pocket and fit it into
the particular core. Due to its small size [6,21], we assumed that the introduction of a fluorine atom
would not result in large conformational changes.
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Figure 4. Computational workflow used to predict the most potent fluorine derivative. The workflow began with
the IFD of a nonfluorinated compound (core) (1) followed by 100 ns-long MD simulations (2), which were then
clustered based on the RMSD matrix of the protein backbone (3). All derivatives were docked to the three most
frequently observed conformations of the protein using the QPLD algorithm (4). Using the MM-GBSA approach,
the binding energy (AG) was calculated for the three conformations of the ligand with the smallest RMSD of the
core to nonfluorinated compounds (5). Finally, the difference in the interaction energy between the most active
compound and subsequent isomers (AAG) was calculated (6).

Analysis of the MD trajectories showed that the previously described binding mode [19] and
the formed interactions were highly stable (Figure 5). We found that Lys779 involved in a hydrogen
bond with benzimidazole nitrogen and tryptophane, which interacted with the positively charged
nitrogen of the piperazine group, had high stability and a permanent position. Additionally, Tyr813
was engaged in a weak hydrogen bond with the CH donor (Figure 5). The substitution of the tert-butyl
fragment with the benzyl fragment allowed an additional C-H--ri/hydrophobic interaction with Thr750.

A B

Tyr 813

> IVaIBZB

Lys 779

xm 828
3

Trp 760

Lys 779

Figure 5. Superposition of the binding modes of core (A) tert-butyl piperazine (cyan), (B) benzylpiperazine (yellow),
and (C) 4-benzylpiperazine-1-carbonyl (magenta) in the PI3K5 catalytic sites. The selected complexes were the most
populated conformations resulting from the clustering of the MD trajectories. The RMSD (A) of compounds 2, 6,
and 10, respectively, during MD simulations (D) indicates the stability of the ligand with respect to the protein and
its binding pocket. Ligand RMSD is a measure of the internal fluctuations of ligand atoms.
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The comparison of the first top pose for each compound in the series obtained by applying the

standard approach showed that the 7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl]-2-
(difluoromethyl)-1H-benzimidazole core had less mobility, whereas the tert-butyl 1-{2-[(4-tert-
butylpiperazin-1-yl) and 1-[2-(4-benzylpiperazine-1-carbonyl) fragment was directed toward the
solvent space, and thus had higher flexibility (Figure 6, I). Since fluorine is a bioisostere of hydrogen
[6,8], the substitution of this element should not lead to drastic changes in the binding mode. The
comparison of the observed binding modes showed that there was no coherence (Figure 6, I) and that
small molecular changes highly affected the position of adjacent fragments of molecules.
The results obtained using different methods of atomic charge assignment are clearly different (Figure
6, I and II). Compared to standard docking, in which the tert-butyl piperazine or benzylpiperazine
fragment resulted in high flexibility and mobility (Figure 6, I), the binding poses obtained by the
proposed workflow (where the atomic charges are QM-derived) showed lower RMSD (less than 0.5 A;
Figure 6, II). In the case of the QPLD-docked poses, the introduced fluorine atom did not induce any
drastic conformational changes (Figure 6, II). However, due to its high electronegativity, this element
may affect the tuning of atomic charges, pKa, and the basicity or acidity (electron density distribution in
general) of neighboring functional groups, rather than intermolecular interactions with the biological
target [6].

Figure 6. Comparison of the binding mode coherence of core (A) tert-butyl piperazine, (B) benzylpiperazine, and
(C) 4-benzylpiperazine-1-carbonyl obtained using the standard (rigid) molecular docking approach (I) and the
proposed in silico workflow (II).

Using the MM-GBSA approach, the interaction energy of the obtained ligand-receptor complex
was calculated as the average of the top three ligand poses (AG) (Tabs. 3 and 4). The correlation
coefficient of the biological activity (ICs)) and the MM-GBSA scores of the tert-butyl piperazine
derivatives was significantly higher with the use of our approach compared to standard docking scores
(0.95; p < 0.05 and ~0.5, respectively) (Table 3). The results obtained for the tert-butyl piperazine
derivatives showed that the introduction of a difluoro group to the 2-methyl-1H-benzimidazole
fragment increased the stabilization energy of the complex (AAG = -7.6), whereas a trifluoro group
decreased the stability of complexes, which was probably due to steric hindrances and inductive effects
(Table 3). Moreover, as shown by Kurczab et al. [22], the MM-GBSA approach can be successfully used
for heavier halogens. Therefore, we extended our library with derivatives containing bromine or
chlorine at position 3. These derivatives were less active, but the proposed algorithm accurately
predicted the energy loss for the difluoromethyl-1H-benzimidazole derivative (Table 3).

Table 3. Influence of the fluorine atom(s) on PI3Ké inhibition and the respective AG and AAG @ scores for each
compound.
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Compound R! R?  ICso PI3KS (nM)®  AG (kcal/mol)  AAG (kcal/mol)

1 CHs H 236 -75.0 -
2 (CPL302415) CHF; H 18 -82.6 -7.6
3 CFs H 907 -69.6 5.4
4 CHF; Cl 44 -81.3 13°
5 CHF; Br 50 -81.2 14°

aThe interaction energy gain averaged by three ligand-receptor complexes of each derivative selected from the
MD simulations. ®ICso values were determined as the mean from two independent experiments. <AAG values
calculated as a difference between a given derivative and its nonhalogenated (difluoromethyl)-1H-benzimidazole
analog.

For 4-benzylpiperazine and 4-benzylpiperazine-1-carbonyl fluorine derivatives, the correlation
coefficient was almost equal to 1 (0.9; p < 0.05 and 0.95; p < 0.05, respectively), which implies that
although there was no correlation with the docking scores, we obtained a perfect correlation here (Table
4).

Table 4. Influence of the fluorine atom(s) on PI3K¢ inhibition and the respective AG and AAG @ scores for each
compound.

Compound X R3 ICso PI3KS (nM)®  AG (kcal/mol)  AAG (kcal/mol)

6 CH> - 118 -86.7 -

7 CH: o-F 640 -83.4 3.3
8 CH: m-F 751 -81.8 4.9
9 CH2 p-F 489 -84.1 2.6
10 co - 275 -78.9 -

11 co o-F 212 -83.8 -4.9
12 co m-F 92 -86.6 -7.7
13 co p-F 181 -83.8 -4.9

2The interaction energy gain averaged by three ligand-receptor complexes of
each derivative selected from the MD simulations. ®ICso values were determined
as the mean from two independent experiments.

In addition, to demonstrate the superiority of the proposed workflow, the QPLD docking
protocol was performed on every stage of kinase flexibility: (i) on rigid crystalized PI3K6 structure (PDB
ID: 2WXL) and (ii) on the induced-fit docked poses chosen for the MD stage. The molecular dynamics
were the most time-consuming step; therefore, if, thanks to QM-derived atomic charges (which could
help obtain a more accurate ligand-receptor interaction energy), a higher correlation of ICs values with
AG values in the previous stages could be achieved, the computational time could be saved compared
to the presented workflow. In the same way as in the presented workflow, using the MM-GBSA
approach, the interaction energy of the obtained ligand-receptor complex was calculated as the average
of the top three ligand poses (AG) (SI Tables S1-54). For the rigid conformation of the catalytic pocket,
the correlation coefficients of the biological activity (ICs)) and the MM-GBSA score of fert-butyl
piperazine derivatives were slightly lower (-0.34; p > 0.05) compared to the standard docking scores
(~0.5) and proposed workflow (0.95) (SI Table S1). The correlation coefficients for 4-benzylpiperazine
(-0.43; p > 0.05) and 4-benzylpiperazine-1-carbonyl fluorine derivatives (-0.78; p > 0.05) were better than
this obtained with the standard (rigid) approach (~0.0) but lower than those obtained with our workflow
(~0.93). Next, the QPLD approach was used on grids obtained in the IFD protocol for compounds 1, 6,
and 10. The correlation coefficient for tert-butyl piperazine derivatives was similar (-0.35; p > 0.05) to
that obtained with a rigid catalytic pocket (-0.34), whereas the correlation was better for 4-
benzylpiperazine (0.60; p > 0.05) and 4-benzylpiperazine-1-carbonyl fluorine derivatives (-0,78; p > 0.05)
compared to those obtained with the non-flexible structure of PI3K6 (—0.43; -0.78, respectively).
Nevertheless, the correlation coefficient obtained with the described workflow was higher (~0.93),
which confirms the importance of all stages in the proposed workflow.
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It is worth stressing that the correlation of ICso values with AG values increases with greater
flexibility of the catalytic pocket and its fit to the molecular core. These results suggest that properly
prepared catalytic pockets for chemical cores in the IFD and MD stages, combined with QM-derived
atomic charges, can be effectively used for prediction as well as to improve the discrimination of active
compounds from inactive ones.

3. Materials and Methods
3.1. Chemistry

The compounds 1-14 discussed in this work were synthesized following the general procedures
presented in our previous papers [19,23]. The synthesis pathway has multiple steps, of which the last
one is described here. The final compounds were synthesized via reactions such as reductive amination,
amidation, or coupling reactions including the Buchwald-Hartwig reaction, and their yields varied
depending on the structure. The Buchwald-Hartwig reaction, amidation reaction, and reductive
amination are especially described in this work.

3.2. General Information

The reagents (at least 95% purity) were purchased from ABCR (Dallas, TX, USA), Acros (Geel,
Belgium), Alfa Aesar (Haverhilll MA, USA), Combi-Blocks (San Diego, CA, USA), Fluorochem
(Hadfield, UK), (Buchs, Switzerland), Merck (Darmstadt, Germany), and Sigma Aldrich (Saint Louis,
MI, USA) and were used without additional purification. Solvents were purified according to the
standard procedures if required. Air- or moisture-sensitive reactions were carried out under an argon
atmosphere. The progress of all reactions was routinely monitored by thin-layer chromatography (TLC).
TLC was performed on silica gel-coated plates (Kieselgel F254), which were visualized using a UV light.
Flash chromatography was performed on Merck silica gel 60 (230—400 mesh ASTM). 'H NMR spectra
were acquired using JOEL JNMR-ECZS 400 and 600 MHz spectrometers (‘H observed at 400, and 600
MHZz, respectively). 13C NMR spectra were recorded at 101 and 151 MHz, respectively. Due to the poor
solubility of some final compounds, the usual characterization using *C NMR was omitted. Chemical
shifts for TH and *C NMR spectra were reported in d (ppm) using tetramethylsilane as an internal
standard or based on the residual undeuterated solvent signal (2.50 ppm for DMSO-ds and 7.26 ppm for
CDCls). The abbreviations for multiplets of 'H signals are as follows: s (singlet), d (doublet), t (triplet),
m (multiplet), dd (doublet of doublets), dt (doublet of triplet), and q (quartet). Coupling constants (J)
are expressed in Hertz. A JEOL Royal HFX probe head was used for recording the *C NMR spectrum
as it allows measurements to be taken with the simultaneous decoupling of both 'H and *F nuclei [24].
Atmospheric pressure ionization and electrospray ionization mass spectra were obtained using an
Agilent 6130 LC/MSD spectrometer or Agilent 1290 UHPLC system coupled with an Agilent QTOF 6545
mass spectrometer. All spectra of the final compounds are shown in the Supplementary Materials.

3.3. Synthesis

Compounds 1 and 2 were synthesized according to the procedures described in our previous
publications [19,23].

3.3.1. General Procedure for the Buchwald-Hartwig Reaction

To a pressure, microwave vessel, 5-chloro-pyrazolo[1,5-a]pyrimidine (1.0 eq), amine (1.5 eq),
tris(dibenzylideneacetone)dipalladium (0.05 eq), 9,9-dimethyl-4,5-bis(diphenyl phosphino)xanthene
(0.1 eq), cesium carbonate (2.0 eq), and solvent (10 mL/1 g pyrazolo[1,5-a]pyrimidine) were added. The
reaction vessel was then sealed and heated to 150 °C for 6 h in a microwave oven at 200 W. After heating,
the reaction mixture was filtered through Celite® and concentrated, and the resulting crude product was
purified by flash chromatography.

1-{2-[(4- Tert-butylpiperazin-1-ylymethyl]-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-5-yl1}-2-
(trifluoromethyl)-1H-benzimidazole (3).

Compound 3 was synthesized from 4-{2-[(4-tert-butylpiperazin-1-yl)methyl]-5-chloropyrazolo[1,5-
a]pyrimidin-7-yljmorpholine (0.88 g, 2.04 mmol), 2-(trifluoromethyl)-benzimidazole (0.57 g, 3.06 mmol),
tris(dibenzylideneacetone)dipalladium (93.3 mg, 0.102 mmol), 9,9-dimethyl-4,5-
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bis(diphenylphosphino)xanthene (124.0 mg, 0.204 mmol), cesium carbonate (1.34 g, 4.08 mmol), and
toluene (8.0 mL), according to the general procedure for the Buchwald-Hartwig reaction. The resulting
crude product was purified by flash chromatography (0-100% AcOEt gradient in heptane, amine-
functionalized gel column) to obtain compound 3 as a white solid (38.0 mg, 0.07 mmol) with a 3% yield.
H NMR (600 MHz, CDCls) 6 7.94-7.93 (m, 1H, Ar-H), 7.55-7.53 (m, 1H, Ar-H), 7.46-7.42 (m, 2H, Ar-H),
6.63 (s, 1H, Ar-H), 6.16 (s, 1H, Ar-H), 3.98-3.97 (m, 4H, morph.), 3.90-3.89 (m, 4H, morph.), 3.82 (s, 2H,
CH>), 2.67 (d, ] =2.1 Hz, 8H, piperaz.), and 1.13-1.06 (m, 9H, t-Bu.).

13C{1H, 19F}]NMR (151 MHz, CDCls) 6 151.2, 150.2, 147.0, 141.0, 139.9, 135.4, 126.3, 124.5, 121.7, 119.7,
118.0,111.9,97.2, 88.1, 66.2, 56.3, 53.8, 48.6, 45.7, 45.0, 29.7, 25.9, and 25.8.

HRMS (ESI/MS): m/z calculated for C2zHasFsNsO [M + H] 543.2802, found 543.2806.

1-{2-[(4-Tert-butylpiperazin-1-yl)ymethyl]-3-chloro-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-y1}-2-
(difluoromethyl)-1H-benzimidazole (4).

To the solution of 1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-
a]pyrimidin-5-yl}-2-(difluoromethyl)-1H-benzimidazole (230.0 mg, 0.44 mol, 1.1 eq) in dichloromethane
(DCM) (4 mL), N-chlorosuccinimide (64.4 mg, 0.48 mmol) was added. The reaction mixture was stirred
for 1 h at room temperature. Then, sodium metabisulfite (3 mL) and water (5 mL) were added and the
aqueous mixture was extracted with DCM (3 x 5 mL). The combined organic extracts were washed with
water, dried over Na:S0O, filtered, and concentrated. The resulting crude product was purified by flash
chromatography (0-100% ethyl acetate gradient in heptane, amine-functionalized gel column) and
crystallization (AcOEt) to obtain compound 4 (134.0 mg; 0.24 mmol) as a white solid with a 55% yield.

'H NMR (600 MHz, CDCls) 6 7.92-7.91 (m, 1H, Ar-H), 7.70-7.69 (m, 1H, Ar-H), 7.46-7.40 (m, 2H, Ar-H),
7.31 (t, ] =53.6 Hz, 1H, CHF2), 6.35 (s, 1H, Ar-H), 3.98-3.96 (m, 4H, morph.), 3.94-3.91 (m, 6H, morph.),
2.71-2.65 (m, 8H), and 1.10 (s, 9H, #-Bu.).

BC{H, YFINMR (151 MHz, CDCls) 6 151.3, 150.4, 148.1, 145.2, 144.7, 141.9, 134.5, 125.9, 124.3, 121.6,
111.8,109.4 (CF2), 87.7, 66.2, 53.3, 48.7, 45.7, and 25.9 (¢-Bu.).

HRMS (ESI/MS): m/z calculated for C2rHssCIF2NsO [M + H]J* 558.2434, found 538.2442.

1-{3-Bromo-2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl}-2-
(difluoromethyl)-1H-benzimidazole (5).

To the solution of 1-{2-[(4-tert-butylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-
alpyrimidin-5-yl}-2-(difluoromethyl)-1H-benzimidazole (500.0 mg, 0.94 mol) in DCM (7 mL), N-
bromosuccinimide (204.0 mg, 1.13 mmol, and 1.2 eq) was added. The reaction mixture was stirred for 1
h at room temperature. Then, sodium metabisulfite (5 mL) and water (10 mL) were added and the
aqueous mixture was extracted with DCM (3 x 10 mL). The combined organic extracts were washed
with water, dried over NazSO, filtered, and concentrated. The resulting crude product was purified by
flash chromatography (0-100% ethyl acetate gradient in heptane, amine-functionalized gel column) and
crystallization (AcOEt) to obtain compound 5 (370.0 mg; 0.61 mmol) as a white solid with a 65% yield.
TH NMR (600 MHz, CDCls) 6 7.92-7.91 (m, 1H, Ar-H), 7.71-7.70 (m, 1H, Ar-H), 7.46-7.40 (m, 2H, Ar-H),
7.39 (t, ] =53.5 Hz, 1H, CHF2), 6.37 (s, 1H, Ar-H), 3.98-3.96 (m, 4H, morph.), 3.94-3.92 (m, 4H, morph.),
3.90 (s, 2H, CH>), 2.81-2.57 (m, 8H), and 1.08 (s, 9H, t-Bu.).

BC{'H, YFINMR (151 MHz, CDCls) 6 151.9, 151.4, 148.4, 146.6, 144.8, 141.9, 134.5, 125.9, 124.3, 121.6,
111.8,109.4 (CF2), 87.7, 66.2, 53.6, 48.7, 45.7, and 25.8 (¢-Bu.).

HRMS (ESI/MS): m/z calculated for C2zHssBrF2NsO [M + H]* 602.1929, found 602.1936.

3.3.2. General Procedure for the Reductive Amination Reaction

To the solution of the corresponding aldehyde (1.0 eq) in a dry DCM (10 mL/1 g aldehyde), an
amine derivative (1.2 eq) was added, and the reaction mixture was stirred for 1 h at room temperature.
Then, sodium triacetoxyborohydride (1.5 eq) was added and the mixture was stirred for a further 15 h
at room temperature. Next, water was added to the reaction mixture and the phases were separated.
The aqueous phase was extracted three times with DCM, while the combined organic phases were dried
over anhydrous sodium sulfate, filtered, and concentrated. The resulting residue was purified by flash
chromatography.

1-{2-[(4-Benzylpiperazin-1-yl)methyl]-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl}-2-
(difluoromethyl)-1H-benzimidazole (6).
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Compound 6 was prepared from aldehyde 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-
4-yl)pyrazolo[1,5-a]pyrimidine-2-carbaldehyde (0.15 g, 0.37 mmol), 1-benzylpiperazine (0.80 g, 0.45
mmol) as an amine, DCM (3.0 mL), and sodium triacetoxyborohydride (0.12 g, 0.56 mmol), according
to the general procedure for reductive amination reaction. The resulting crude product was purified by
flash chromatography (0-10% MeOH gradient in AcOEt) to obtain compound 6 (0.1 g, 0.18 mmol) with
a 47% yield.

H NMR (600 MHz, DMSO-ds) 0 7.88-7.87 (m, 1H, Ar-H), 7.81 (d, ] =7.6 Hz, 1H, Ar-H), 7.58 (t, ] = 52.5
Hz, 1H, CHF2), 7.47-7.41 (m, 2H, Ar-H), 7.31-7.26 (m, 4H, Ar-H), 7.24-7.21 (m, 1H, Ar-H), 6.65 (s, 1H,
Ar-H), 6.52 (s, 1H, Ar-H), 3.93-3.91 (m, 4H, morph.), 3.83 (t, ] = 4.6 Hz, 4H, morph.), 3.68 (s, 2H, CH>),
3.44 (s, 2H, CHy), 2.50-2.48 (m, 4H, piperaz.), and 2.39-2.37 (m, 4H, piperaz.).

13C NMR (151 MHz, DMSO-de) 6 154.9, 150.8, 149.6, 147.0, 144.6, 141.2, 138.2, 134.0, 128.7, 128.1, 126.8,
125.4,123.9, 120.6, 112.4, 108.5, 95.4, 87.8, 65.5, 62.0, 55.7, 52.6, 52.6, and 48.1.

HRMS (ESI/MS): m/z calculated for CaoHs2F2NsO [M + H]* 558.2667, found 558.2681.

1-[2-({4-[(2-Fluorophenyl)methyl]piperazin-1-yl}jmethyl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-
5-yl]-2-(propan-2-yl)-1H-benzimidazole (7).

Compound 7 was prepared from 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carbaldehyde (0.20 g, 0.50 mmol), 1-[(2-fluorophenyl)methyl]piperazine
(0.105 mL, 0.12 g, 0.60 mmol) as an amine, DCM (2.0 mL), and sodium triacetoxyborohydride (0.16 g,
0.75 mmol), according to the general procedure for reductive aminationreaction. The resulting crude
product was purified by flash chromatography (0-100% AcOEt gradient in heptane) to obtain
compound 7 (0.74 g, 0.13 mmol) with a 26% yield.

H NMR (600 MHz, DMSO-ds) 0 7.88-7.87 (m, 1H, Ar-H), 7.82 (d, ] =7.6 Hz, 1H, Ar-H), 7.57 (t, ] = 52.5
Hz, 1H, CHF2), 7.46-7.41 (m, 2H, Ar-H), 7.32-7.26 (m, 2H, Ar-H), 7.13-7.10 (m, 2H, Ar-H), 6.65 (s, 1H,
Ar-H), 6.56 (s, 1H, Ar-H), 4.37 (dd, ] =8.4, 6.5 Hz, 1H), 3.93-3.99 (1H), 3.91-3.90 (m, 4H, morph.), 3.86—
3.81 (m, 4H, morph.), 3.45 (s, 2H, CH), 3.13 (dd, ] =16.2, 8.6 Hz, 1H), 2.99 (dd, | = 16.3, 6.4 Hz, 1H), 2.54
(d, J=8.5 Hz, 2H, CHy), and 2.40-2.32 (m, 4H, piepraz.).

13C NMR (151 MHz, DMSO-ds) 6 206.6, 160.7, 155.0, 150.8, 149.4, 147.0, 144.7, 141.2, 134.0, 131.5, 128.9,
125.4, 124.5, 124.0, 123.9, 120.6, 115.0, 112.4, 108.4, 95.2, 87.8, 65.6, 58.2, 54.5, 52.8, 48.1, 43.6, and 30.0.
HRMS (ESI/MS): m/z calculated for CaoHs1FsNsO [M + H]* 576.2564, found 576.2573.

1-[2-({4-[(3-Fluorophenyl)methyl]piperazin-1-yl}methyl)-7-(morpholin-4-yl)pyrazolo[1,5-a] pyrimidin-
5-yl]-2-(propan-2-yl)-1H-benzimidazole (8).

Compound 10 was prepared from 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carbaldehyde (0.25 g, 0.63 mmol), 1-[(3-fluorophenyl)methyl]piperazine
(0.15 g, 0.75 mmol) as an amine, DCM (2.5 mL), and sodium triacetoxyborohydride (0.20 g, 0.94 mmol),
according to the general procedure for reductive amination reaction. The resulting crude product was
purified by flash chromatography (0-10% MeOH gradient in AcOEt) to obtain compound 8 (0.24 g, 0.41
mmol) with a 65% yield.

TH NMR (600 MHz, DMSO-ds) 6 7.84 (dd, ] =40.8, 7.5 Hz, 2H, Ar-H), 7.58 (t, ] = 52.4 Hz, 1H, CHF>), 7.47-
7.41 (m, 2H, Ar-H), 7.34 (dd, ] = 14.0, 7.8 Hz, 1H, Ar-H), 7.12-7.03 (m, 3H, Ar-H), 6.65 (s, 1H, Ar-H), 6.52
(d, J=3.5Hz, 1H, Ar-H), 3.92 (s, 4H, morph.), 3.83 (d, ] = 4.3 Hz, 4H, morph.), 3.69 (s, 2H, CHb>), 3.47 (s,
4H, piperaz.), and 2.40 (s, 4H, piperaz.).

13C NMR (151 MHz, DMSO-ds) 6 163.0, 161.4, 154.9, 150.9, 149.7, 147.0, 141.5, 141.2, 134.0, 130.0, 125.4,
124.6, 123.9,120.7, 115.0, 113.7, 112.4, 108.5, 95.4, 87.8, 65.5, 61.2, 55.7, 52.6, and 48.2.

HRMS (ESI/MS): m/z calculated for CsoHs1FsNsO [M + H]* 576.2573, found 576.2590.

1-[2-({4-[(4-Fluorophenyl)methyl]piperazin-1-yl}methyl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-
5-yl]-2-(propan-2-yl)-1H-benzimidazole (9).

Compound 9 was prepared from 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carbaldehyde (0.20 g, 0.50 mmol), 1-[(4-fluorophenyl)methyl]piperazine
(0.12 g, 0.60 mmol) as an amine, DCM (2.0 mL), and sodium triacetoxyborohydride (0.16 g, 0.75 mmol),
according to the general procedure for reductive amination reaction. The resulting crude product was
purified by flash chromatography (0-100% AcOEt gradient in heptane) to obtain compound 9 (0.25 g,
0.44 mmol) with a 88% yield.
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1H NMR (400 MHz, CDCls) 6 7.93-7.91 (m, 1H, Ar-H), 7.66-7.64 (m, 1H, Ar-H), 7.45-7.39 (m, 2H, Ar-H),
7.30-7.26 (m, 3H, Ar-H), 7.16 (s, 1H, Ar-H), 7.01-6.97 (m, 2H, Ar-H), 6.59 (s, 1H, Ar-H), 6.30 (s, 1H, Ar-
H), 3.98 (q, ] = 3.1 Hz, 4H, morph.), 3.92-3.88 (m, 4H, morph.), 3.80 (s, 2H, CH>), 3.48 (s, 2H, CH>), 2.63
(s, 4H, piperaz.), and 2.51 (s, 4H, piperaz.).

1BC NMR (101 MHz, CDCls) 6 163.2, 160.8, 155.6, 151.3, 150.1, 147.5, 144.7, 141.8, 134.6, 130.7, 130.6, 125.7,
124.2,121.6,115.1,114.9, 111.7, 111.7, 109.3, 96.6, 87.3, 66.2, 62.2, 56.4, 53.1, 48.5, 31.6, 22.6, and 14.1.
HRMS (ESI/MS): m/z calculated for CaoHs1FsNsO [M + H]* 576.2573, found 576.2588.

3.3.3. General Procedure for the Amidation Reaction

The corresponding amine (1.05 eq), 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HATU) (1.1 eq), and triethylamine (1.5 eq) were added to the solution of
substituted 5-chloro-pyrazolo[1,5-a]pyrimidine derivative (1.0 eq) in solvent (10 mL/1 g pyrazolo[1,5-
alpyrimidine derivative). The reaction mixture was stirred at room temperature for 2 h. Then, water
was added to the mixture and the phases were separated. The aqueous phase was extracted three times
with a solvent, while combined organic phases were dried over anhydrous sodium sulfate, filtered, and
concentrated. The resulting residue was purified by flash chromatography.

1-[2-(4-Benzylpiperazine-1-carbonyl)-7-(morpholin-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl]-2-
(difluoromethyl)-1H-benzimidazole (10).

Compound 10 was prepared from 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carboxylic acid (0.45 g, 1.09 mmol), 1-benzylpiperazine (0.20 g, 1.14
mmol), HATU (0.46 g, 1.19 mmol), TEA (0.23 mL, 0.16 g, and 1.63 mmol), and DCM (4.0 mL), according
to the general procedure for amidation reaction. The resulting crude product was purified by flash
chromatography (0-10% MeOH gradient in AcOEt) to obtain compound 10 (0.32 g, 0.56 mmol) as a light
yellow solid with a 51% yield.

'H NMR (600 MHz, DMSO-ds) 0 7.89 (d, ] = 7.6 Hz, 1H, Ar-H), 7.82 (d, ] = 7.8 Hz, 1H, Ar-H), 7.58 (t, ] =
52.4 Hz, 1H, CHF>), 7.48-7.42 (m, 2H, Ar-H), 7.35-7.31 (m, 4H, Ar-H), 7.26 (td, ] =5.9, 2.6 Hz, 1H, Ar-H),
6.83 (s, 1H, Ar-H), 6.81 (s, 1H, Ar-H), 3.91-3.90 (m, 4H, morph.), 3.83 (t, ] = 4.5 Hz, 4H, morph.), 3.72 (d,
J=41.1 Hz, 4H, piperaz.), 3.53 (s, 2H, CH>), and 2.44 (dt, ] =23.1, 4.6 Hz, 4H, piperaz.).

13C NMR (151 MHz, DMSO-ds) 6 161.6, 151.1, 150.3, 149.2, 147.7, 144.6, 141.2, 137.7, 134.0, 128.9, 127.0,
125.5, 124.0, 120.7, 108.5, 65.5, 52.9, 48.4, 30.9, and 26.8.

HRMS (ESI/MS): m/z calculated for CaoHsoF2NsO:2 [M + H]* 572.2460, found 572.2477.

2-(Difluoromethyl)-1-(2-{4-[(2-fluorophenyl)methyl]piperazine-1-carbonyl}-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-5-yl)-1H-benzimidazole (11).

Compound 11 was prepared from 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carboxylic acid (0.20 g, 0.48 mmol), 1-(2-fluorobenzyl)piperazine (0.89
mL, 0.10 g, and 0.51 mmol), HATU (0.20 g, 0.53 mmol), TEA (0.10 mL, 0.073 g, and 0.72 mmol), and
DCM (2.0 mL), according to the general procedure for amidationreaction. The resulting crude product
was purified by flash chromatography (0-5% MeOH gradient in AcOEt) to obtain compound 11 (0.17
g, 0.29 mmol) as a white solid with a 60% yield.

H NMR (400 MHz, DMSO-de) 0 7.89 (d, ] = 7.3 Hz, 1H, Ar-H), 7.82 (d, ] =7.3 Hz, 1H, Ar-H), 7.61 (t, ] =
52.6 Hz, 1H, CHF>), 7.47-7.41 (m, 3H, Ar-H), 7.33 (d, ] = 7.7 Hz, 1H, Ar-H), 7.20-7.15 (m, 2H, Ar-H), 6.83
(s, 1H, Ar-H), 6.80 (s, 1H, Ar-H), 3.83 (d, ] = 3.8 Hz, 4H, morph.), 3.72 (d, ] = 27.4 Hz, 4H, morph.), 3.60
(s, 2H,), and 2.49-2.46 (m, 4H).

13C NMR (101 MHz, DMSO-ds) 6 161.7, 159.6, 151.2, 150.2, 149.2, 147.8, 144.7, 141.2, 134.0, 131.7, 129.2,
125.5,124.2,124.0,120.7, 115.3, 112.4, 108.5, 96.7, 89.3, 65.6, 54.4, 52.7, 52.1, 48.4, and 41.8.

HRMS (ESI/MS): m/z calculated for CaoH20FsNsO2 [M + H]* 590.2366, found 590.2381.

2-(Difluoromethyl)-1-(2-{4-[(3-fluorophenyl)methyl]piperazine-1-carbonyl}-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-5-yl)-1H-benzimidazole (12).

Compound 12 was prepared from 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carboxylic acid (0.24 g, 0.59 mmol), 1-(3-fluorobenzyl)piperazine (0.12
g, 0.62 mmol), HATU (0.25 g, 0.65 mmol), TEA (0.12 mL, 0.09 g, and 0.88 mmol), and DCM (2.0 mL),
according to the general procedure for amidation reaction. The resulting crude product was purified by
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flash chromatography (0-15% MeOH gradient in AcOEt) to obtain compound 12 (0.13 g, 0.21 mmol) as
a white solid with a 36% yield.

H NMR (600 MHz, DMSO-ds) 0 7.89 (d, ] =7.6 Hz, 1H, Ar-H), 7.82 (d, ] = 8.1 Hz, 1H, Ar-H), 7.58 (t, | =
52.4 Hz, 1H, CHF2), 7.48-7.42 (m, 2H, Ar-H), 7.37 (dd, ] = 14.1, 7.9 Hz, 1H, Ar-H), 7.17-7.15 (m, 2H, Ar-
H), 7.10-7.07 (m, 1H, Ar-H), 6.84 (s, 1H, Ar-H), 6.81 (s, 1H, Ar-H), 3.91-3.90 (m, 4H, morph.), 3.84-3.82
(m, 4H, morph.), 3.73 (d, ] = 41.5 Hz, 4H, piperaz.), 3.56 (s, 2H), 2.68 (s, 3H), 2.44 (d, ] = 4.5 Hz, 4H,
piperaz.), and 2.43 (t, | = 4.5 Hz, 2H).

13C NMR (151 MHz, DMSO-ds) 0 162.2, 161.7, 151.1, 150.3, 149.2, 147.7, 144.6, 141.2, 140.9, 134.0, 130.1,
125.5,124.7,124.0, 120.7, 115.2, 113.8, 112.4, 108.5, 96.7, 89.2, 65.5, 48.4, and 38.2.

HRMS (ESI/MS): m/z calculated for CaoH20FsNsO2 [M + H]* 590.2366, found 590.2385.

2-(Difluoromethyl)-1-(2-{4-[(4-fluorophenyl)methyl]piperazine-1-carbonyl}-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidin-5-yl)-1H-benzimidazole (13).

Compound 13 was prepared from 5-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-7-(morpholin-4-
yl)pyrazolo[1,5-a]pyrimidine-2-carboxylic acid (0.15 g, 0.36 mmol), 1-(4-fluorobenzyl)piperazine (0.075
g, 0.38 mmol), HATU (0.15 g, 0.40 mmol), TEA (0.076 mL, 0.05 g, and 0.54 mmol), and DCM (1.5 mL),
according to the general procedure for amidationreaction. The resulting crude product was purified by
flash chromatography (0-5% MeOH gradient in AcOEt) to obtain compound 13 (0.13 g, 0.22 mmol) as
a white solid with a 62% yield.

H NMR (600 MHz, DMSO-ds) 67.89 (d, ] =7.4 Hz, 1H, Ar-H), 7.82 (d, | =7.8 Hz, 1H, Ar-H), 7.58 (t, ] =
52.6 Hz, 1H, CHF2), 7.48-7.42 (m, 2H, Ar-H), 7.37-7.35 (m, 2H, Ar-H), 7.15 (t, ] = 8.7 Hz, 2H, Ar-H), 6.83
(s, 1H, Ar-H), 6.81 (s, 1H, Ar-H), 3.91 (t, ] = 4.6 Hz, 4H, morph.), 3.83 (t, | = 4.6 Hz, 4H, morph.), 3.72 (d,
J =42.1 Hz, 4H, piperaz.), 3.51 (s, 2H, CH2), and 2.43 (d, ] = 23.5 Hz, 3H).

13C NMR (151 MHz, DMSO-ds) 6 161.7, 151.1, 150.3, 149.2, 147.8, 144.7, 141.2, 134.0, 130.7, 130.7, 125.5,
124.0, 120.7, 115.0, 114.8, 112.4, 108.5, 96.7, 89.3, 65.5, 60.8, and 48.4.

HRMS (ESI/MS): m/z calculated for CaoH20FsNsO2 [M + H]+ 590.2366, found 590.2380.

3.4. In Vitro PI3K6 Inhibition Assay

All compounds were tested by a biochemical assay that measured the inhibition of
phosphatidylinositol (4,5)-bisphosphate (PIP2) production by PI3K isoform. The potency of the tested
compounds was assessed by determining the ability of PI3K6 enzymes (Merck Millipore) to convert
ATP to ADP during an enzymatic reaction in the presence of these compounds at decreasing doses. The
experiments were carried out using the ADP-Glo kinase assay kit (Promega), according to the
manufacturer’s protocol. PIP2 lipid vesicles containing phosphoserine (ThermoFisher Scientific,
Waltham, MA, USA) were used as a substrate in the enzymatic reaction. The composition of the reaction
mixture and reaction conditions for PI3K6 were as follows: concentration of PI3K6 enzyme: 10 ng;
reaction temperature and time: 25 °C and 1 h; final concentration of PIP2 substrate: 30 uM; and reaction
buffer: 50 mM of HEPES (pH 7.5), 50 mM NaCl, 3 mM MgClz, and 0.025 mg/mL of BSA.

After the reaction, the ADP-Glo reagent and the kinase detection reagent were sequentially
added. The reaction mixture was incubated for 40 min (25 °C, 600 rpm) after the addition of each
reagent. Finally, luminescence intensity was measured and the ICso value was calculated using
GraphPad Prism 7 software (GraphPad, Boston, MA, USA). The results were presented as the mean
value of ICso obtained from at least two independent experiments.

3.5. Computational Workflow Used to Predict the Most Potent Fluorine Derivative

We used a previously described computational workflow involving IFD, MD simulations, and
QPLD combined with energy calculations (applying the MM-GBSA method). The crystal structure of
PI3K6 protein (PDB ID: 2WXL) [25] that was successfully used in our previous study to support the SAR
analysis [19] was retrieved from Protein Data Bank [26,27]

3.5.1.IFD

The three-dimensional structures of the ligands were prepared using LigPrep v3.6 [28], and
appropriate ionization states at pH 7.0 + 0.5 were assigned using Epik v3.4 [29]. The Protein Preparation
Wizard tool [28] was used to assign bond orders and appropriate amino acid ionization states and to

130



check for steric clashes for the PI3K6 crystal structure. The receptor grid was generated (OPLS3 force
field [30]) by centering the grid box with a size of 8 A on crystalized ligands (ZSTK474). Automated
flexible docking [31,32] of nonfluorinated compounds was performed using Glide v6.9 [33-35] at the SP
level.

3.5.2.MD

MD simulations (100 ns long) were performed using Schrédinger Desmond software [36,37].
Each ligand-receptor complex selected based on the IFD analysis was joined with the POPC (309.5 K)
membrane bilayer. The system was solvated by water molecules described by the TIP4P potential [38]
in orthorhombic box with a distance of 10A from the complex, using the OPLS3e force field [30] for all
atoms. NaCl (0.15 M) was added to mimic the ionic strength inside the cell. The simulations were carried
out using the NPAT protocol at a temperature of 309.5 K and a pressure of 1013.25 hPa.

3.5.3. QPLD

The grids for the receptors were generated (OPLS3e force field) by centering the grid box (size
8 A) on a ligand. Docking of all fluorinated compounds was performed by the QPLD [16] procedure
involving the QM-derived ligand atomic charges in the protein environment at the BLYP/cc-pVDZ level
[39,40]. Five poses were obtained for each ligand.

3.5.4. Binding-Free Energy Calculations

Using GBSA, the binding-free energy was calculated based on the ligand-receptor complexes
generated by the QPLD procedure. The ligand poses were minimized using the local optimization
feature in Prime. The distance of the flexible residue from a ligand pose was set to 6 A. Ligand charges
obtained in the QPLD stage were used. The energies of complexes were calculated with the OPLS3e
force field and the GBSA continuum solvent model. To assess the influence of a given substituent on
binding, AAG was calculated as the difference between the binding-free energy (AG) of the
nonfluorinated compound and its fluorinated analogs.

4. Conclusions

We evaluated a workflow involving IFD, MD, and QM/MM docking (QPLD) with the MM-
GBSA calculation to score halogenated derivatives of CPL302415, a clinical PI3K6 selective inhibitor,
and compared the results with those obtained by the Glide scoring function. Additionally, we
synthesized a series of novel fluorinated compounds to estimate the accuracy of the pose prediction in
the molecular docking procedure.

We found that a properly prepared catalytic (binding) pocket for chemical cores in the IFD and
MD stages, combined with QM-derived atomic charges, can be effectively used for prediction, as well
as to improve the discrimination of active compounds from inactive ones. Moreover, the standard
approach (rigid docking) seems to be less effective at scoring halogenated derivatives due to the fixed
atomic charges and the fact that it does not consider the response and indictive effects caused by
fluorine. Our results suggest that the proposed computational workflow may be a valuable tool for the
rational design of new halogenated drugs.

Supplementary Materials: The following supporting information can be downloaded at: www.mdpi.com/xxx/s1,
It contains NMR and MS data for all compounds and additional results obtained from presented workflow.
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13. O$wiadczenia wspotautoréw publikacji

Warszawa, dnia 27.02.2023
Mgr inz Mariola Stypik

Politechnika Warszawska
Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Oswiadczam, ze w pracy Stypik, M.; Zagozda, M.; Michatek, S.: Dymek, B.; Zdzalik-
Biclecka, D.: Dziachan, M.: Orlowska, N.; Gunerka, P.: Turowski, P.; Hucz-Kalitowska, J.:
Stanczak, A.; Stanczak, P.: Mulewski, K.; Smuga, D.: Stefaniak, F.: Gurba-Bryskiewicz, L.:
Leniak. A.: Ochal. Z.: Mach. M.. Dzwonek, K.; Lamparska-Przybysz, M.; Dubiel, K.;
Wieczorek, M.; Design. Synthesis, and Development of Pyrazolof1.5-ajpyrinridine Derivatives
as a Novel Series of Selective PI3KS Inhibitars: Part  I—Indole  Derivatives.;
Pharmaceuticals 2022, 15, 949; m6j wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: wspélpraca przy
tworzeniu koncepcji, udzial w badaniach literaturowych i patentowych, projektowanie struktur,
planowanie syntez i eksperymentow, otrzymanie wszystkich zaplanowanych zwiazkow
chemicznych, szezegolowa analiza danych, optymalizacja procesu powigkszania skali,

przygotowanie i edycja manuskryptu,
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Warszawa, dnia 27.02.2023
Dr inz. Marcin Zagozda

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Oéwiadczam, ze w pracy Stypik, M.; Zagozda, M.: Michalek. S.: Dymek, B.; Zdzalik-
Bielecka, D.; Dziachan, M.; Orlowska, N.; Gunerka, P.; Turowski, P.; Hucz-Kalitowska, J.;
Stanczak, A.; Stariczak, P.; Mulewski, K.: Smuga. D.: Stefaniak, F.; Gurba-Bryskiewicz, L.;
Leniak, A.; Ochal, Z.; Mach, M.: Dzwonek, K.; Lamparska-Przybysz. M.; Dubiel, K.
Wieczorek, M.; Design, Synthesis, and Development of Pyrazolo[1.5-a]pyrimidine Derivatives
as a Novel Series of Selective PI3Kd Inhibitors: Part I—Indole Derivatives.,
Pharmaceuticals 2022, 15, 849; moj wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: zaprojektowanie
odpowiednich struktur, wspolpraca przy tworzeniu koncepeji i wersji manuskryptu, planu
wykonania syntez i eksperymentow, analiza danych.

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez mgr inz Mariolg Stypik
jako czg$é rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykuléw naukowych

opublikowanych w czasopismach naukowych.

Podpis
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Warszawa, dnia 27.02.2023
Mgr inz. Maciej Dziachan

OSWIADCZENIA WSPOLAUTORA

Oswiadezam, ze w pracy Stypik, M.; Zagozda, M.; Michalek, S.: Dymek. B.; Zdzalik-
Biclecka, D.; Dziachan, M.; Orlowska, N.; Gunerka, P.; Turowski, P.: Hucz-Kalitowska, 1.;
Staficzak, A.: Stanczak. P.; Mulewski, K.; Smuga, D.; Stefaniak, F.; Gurba-Bryskiewicz. L.
Leniak, A.; Ochal. Z.: Mach, M.; Dzwonek, K. Lamparska-Przybysz, M.; Dubicl, K.:
Wieczorek. M.; Design, Synthesis, and Development of Pyrazolo[1,5-ajpyrimidine Derivatives
as a Novel Series of Selective PI3KS Inhibitors: Part I—Indole Derivatives..
Pharmaceuticals 2022, 15, 949; m6j wklad merytoryczny w przygotowanie, przeprowadzenic i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: wspotpraca przy syntezie
czesci zaplanowanych zwigzkéw chemicznych, pomoc przy optymalizacji przeskalowania
procesu. reakcje w powigszkonej skali.

Jednoczeénic wyrazam zgode na przediozenie w/w pracy przez mgr inz. Mariolg Stypik
jako czesé rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutéw naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27.02.2023
Dr Mateusz Mach

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Os$wiadczam, ze w pracy Stypik, M.: Zagozda, M.: Michatek, S.; Dymek, B.: Zdzalik-
Bielecka, D.; Dziachan, M.: Orlowska, N.: Gunerka. P.; Turowski, P,; Hucz-Kalitowska, J.;
Stariczak, A.; Stanczak, P.: Mulewski, K.; Smuga, D.; Stefaniak, F.: Gurba-Bryékiewicz, L.:
Leniak. A.; Ochal, Z.: Mach, M.: Dzwonek, K.; Lamparska-Przybysz, M.: Dubiel, K.
Wieczorek, M.; Design. Synthesis, and Development of Pyrazolo[1.5-a[pyrimidine Derivatives
as a Novel Series of Selective PI3KO Inhibitors: Part I—Indole Derivatives.,
Pharmaceuticals 2022, 15, 949; mdj wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: wspoludzial w edycji i
tworzeniu koficowej wersji manuskrytpu,

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez mgr inz. Mariolg Stypik
jako czgé¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27,02.2023

Dr inz. Damian Smuga

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Oswiadezam, ze w pracy Stypik, M.; Zagozda, M.: Michalek, S.: Dymek. B.; Zdzalik-
Bielecka, D.; Dziachan. M.; Orfowska, N.; Gunerka, P.; Turowski, P.; Hucz-Kalitowska. I.:
Stanczak, A.: Stanczak, P.: Mulewski, K.; Smuga, D.; Stefaniak, F.: Gurba-Bryskiewicz, L.;
Leniak, A.; Ochal, Z.: Mach, M.; Dzwonek, K.: Lamparska-Przybysz. M.: Dubiel, K;
Wieczorek, M.; Design, Synthesis, and Development of Pyrazolof1,5-aJpyrimidine Derivatives
as a Novel Series of Selective PI3KS Inhibitors: Part [—Indole Derivatives..
Pharmaceuticals 2022, 15, 949; m6j wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formic publikacji to: opracowanie metod
analitycznych do analizy finalnych zwiazkéw chemicznych, wykonanie analiz HPLC oraz
HRMS.

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez mgr inz. Mariolg Stypik
jako czedé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27.02.2023
Dr inz. Zbigniew Ochal, prof. PW

Politechnika Warszawska

OSWIADCZENIA WSPOLAUTORA

Oéwiadczam, ze w pracy Stypik, M.; Zagozda, M.; Michalek, S.; Dymek, B.; Zdzalik-
Bielecka, D.; Dziachan, M.; Ortowska, N.; Gunerka, P.; Turowski, P.; Hucz-Kalitowska, I.;
Stanczak, A.; Stafhczak, P.; Mulewski, K.; Smuga, D.; Stefaniak, F.; Gurba-Bryskiewicz, L.;
Leniak, A.; Ochal, Z.; Mach, M.: Dzwonek, K. Lamparska-Przybysz, M.; Dubiel, K.
Wieczorek, M.: Wieczorek, M.; Design, Synthesis, and Development of Pyrazolofl,5-
ajpyrimidine Derivatives as a Novel Series of Selective PI3KS Inhibitors: Part I—Indole
Derivatives.; Pharmaceuticals 2022, 15, 949; méj wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

koncowa edycja manuskryptu.

Jednocze$nie wyrazam zgodg na przediozenie w/w pracy przez mgr inz. Mariolg
Stypik jako czgé¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow

naukowych opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27.02.2023
Mgr inz. Mariola Stypik

Politechnika Warszawska
Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA
Os$wiadczam, ze w pracy Stypik, M.; Michalek, S.; Orlowska, N.; Zagozda, M.; Dziachan, M.;
Banach, M.; Turowski, P.; Gunerka, P.; Zdzalik-Bielecka, D.; Stanczak, A.; Kedzierska, U.;
Mulewski. K.; Smuga, D.; Maruszak, W.; Gurba-Bryskiewicz, L.; Leniak, A.: Pietrus, W.
Ochal, Z.; Mach. M.; Zygmunt, B.; Pieczykolan, J.: Dubiel, K.: Wieczorek, M.; Design,
Synthesis, and Development of Pyrazolof1.5-ajpyrimidine Derivatives as a Novel Series of
Selective PI3K6 Inhibitors: Part II—Benzimidazole Derivatives., Pharmaceuticals 2022, 15, 927,
méj wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanic badan oraz
przedstawienie pracy w formie publikacji to: wspélpraca przy tworzeniu koncepcji, udzial w
badaniach literaturowych i patentowych, projektowanie struktur, planowanie syntez i
eksperymentow, otrzymanie wszystkich zaplanowanych zwiazkéw chemicznych, szczegélowa
analiza danych, optymalizacja procesu powigkszania skali, przygotowanie i edycja

manuskryptu.
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Warszawa, dnia 27.02.2023
Mgr inz. Maciej Dziachan

OSWIADCZENIA WSPOLAUTORA

Os$wiadczam, ze w pracy Stypik, M.: Michalek, S.; Orlowska, N.; Zagozda, M.;
Dziachan, M.; Banach, M.; Turowski, P.: Gunerka, P.; Zdzalik-Bielecka, D.; Stanczak, A.;
Kedzierska, U.; Mulewski, K.; Smuga, D.; Maruszak, W.; Gurba-Bryskiewicz, L.; Leniak, A
Pietrus, W.; Ochal, Z.: Mach, M.; Zygmunt, B.; Pieczykolan, J.; Dubiel, K.; Wieczorek, M.:
Design, Synthesis. and Development of Pyrazolofl.5-ajpyrimidine Derivatives as a Novel
Series  of  Selective  PI3Kd Inhibitors:  Part  lI—Benzimidazole — Derivatives.;
Pharmaceuticals 2022, 15, 927; mdj wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: wspolfpraca przy syntezie

czesei zaplanowanych zwigzkéw chemicznych.
Jednoczeénie wyrazam zgode na przedtozenic w/w pracy przez mgr inz. Mariolg Stypik
jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27.02.2023

Dr ink. Marein Zagozda

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA
Oéwiadczam, ze w pracy Stypik, M.: Michalek, 8.; Ortowska, N.: Zagozda, M.; Dziachan, M.;
Banach, M.; Turowski, P.; Gunerka, P.; Zdzalik-Bielecka, D.; Staficzak, A.; Kedzierska, 1]
Mulewski, K.; Smuga, D.; Maruszak, W.; Gurba-Bryskiewicz, L.; Leniak, A.; Pietrus, W
Ochal, 7.; Mach, M.; Zyvgmunt, B_; Pieczykolan, J.; Dubiel, K.; Wieczorek, M.; Design,
Synthesis, and Development of Pyrazolof] 5-ajpyrimidine Derivatives as a Novel Series of
Selective PIZKS Inhibitors: Pare HH—Benzimidazole Derivatives.. Pharmaceuticals 2022, 15, 927,
mdj whkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: zaprojektowanie cdpowiednich struktur,
wspilpraca przy tworzeniu koncepeji i wersjii manuskryptu, planu wykonania syntez |

eksperymentdw, analiza danych.
Jednoczednie wyrazam zgode na przediozenie w/w pracy przez mgr inz. Mariolg Stypik jako
czgdé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykubow naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27.02.2023

Dr inZ, Damian Smuga

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Oéwiadezam, ze w pracy Stypik, M.: Michalek, S.. Orlowska, N. Fapozda, M.;
Diziachan, M.: Banach, M.; Turowski, P.; Gunetka, P.; Zdzalik-Bielecka, D.; Stanczak, A.:
Kedzierska, U.; Mulewski, K.; Smuga, D.; Maruszak, W ; Gurba-Bryskiewicz, L.; Leniak, A,
Pietrug, W2 Ochal, Z.; Mach, M.; Zygmunt, B.; Pieczykolan, L.; Dubiel. K.: Wieczorek, M.
Design. Synthesis. and Development of Pyrazolof!,3-alpyrimidine Derivatives as a Novel
Serics  of  Selective  PIIKG Inhibitors:  Part  lI—Benzimidazole  Derivatives.,
Pharmaceuticals 2022, 15, 927; mdj wkiad merytoryezny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: opracowanie metod
analitycznych do analizy finalnych zwiazkéw chemicenych, wykonanie analiz HPLC oraz
HREMS.

Jednoczednie wyrazam zgode na preedlozenie wiw pracy przez mgr inz. Mariolg Stypik
jako czesé rozprawy doktorskie] w formie spéjnego tematycenic zbioru artykuléw naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27.02.2023
Dr Mateusz Mach

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Os$wiadczam, ze w pracy Stypik, M.; Michalek, S.. Orlowska, N.; Zagozda, M.:
Dziachan, M.; Banach, M.; Turowski, P.; Gunerka, P.; Zdzalik-Bielecka, D.; Starficzak, A.;
Kedzierska, U.; Mulewski, K.; Smuga, D.; Maruszak, W'.; Gurba-Bryskiewicz, L.: Leniak, A..
Pietrus, W.; Ochal, Z.; Mach, M.; Zygmunt, B.; Pieczykolan, J.; Dubiel, K.; Wieczorek, M.;
Design, Synthesis, and Development of Pyrazolo[l,5-alpyrimidine Derivatives as a Novel
Series  of  Selective  PI3KS Inhibitors:  Part  H—Benzimidazole — Derivatives.;
Pharmaceuticals 2022, 15, 927, mdj wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: wspéludzial w edycji i

tworzeniu koncowej wersji manuskrytpu.

Jednocze$nie wyrazam zgode na przedlozenie w/w pracy przez mgr inz. Mariolg Stypik
jako czgéé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykuléw naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 27.02.2023
Dr inz. Zbigniew Ochal, prof. PW

Politechnika Warszawska

OSWIADCZENIA WSPOLAUTORA

Os$wiadezam, ze w pracy Stypik, M.; Michalek, S.: Orlowska, N.; Zagozda, M.:
Dziachan, M.; Banach, M.; Turowski, P.; Gunerka, P.; Zdzalik-Bielecka, D.; Stahczak, A
Kedzierska, U.; Mulewski, K.; Smuga, D.; Maruszak, W_; Gurba-Bryskiewicz, L.; Leniak, A.:
Pietrus, W.; Ochal, Z.; Mach, M.; Zygmunt, B.; Pieczykolan, J.; Dubiel, K.; Wieczorek, M.;
Design, Synthesis, and Development of Pyrazolof1,5-alpyrimidine Derivatives as a Novel
Series  of  Selective  PI3KS Inhibitors: Part  ll—Benzimidazole Derivatives.;
Pharmaceuticals 2022, 15, 927; méj wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to: koncowa edycja

manuskryptu,

Jednocze$nie wyrazam zgode na przediozenie wiw pracy przez mgr inz, Mariolg
Stypik jako cz¢$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow

naukowych opublikowanych w czasopismach naukowych,
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Warszawa, dnia 17.04.2023
Mgr inz. Mariola Stypik

Politechnika Warszawska
Celon Pharma S.A.

OSWIADCZENIE WSPOLAUTORA
Oswiadczam, e w pracy Pietrus W., Stypik M., Banach M., Zagozda M., Gurba-Bryskiewicz L.,
Maruszak W., Leniak A.. Kurczab R.", Ochal Z., Dubiel K. and Wieczorek M. Tuning the biological
activity of PI3K3 inhibitor by the introduction of a fluorine atom using the computational
workflow (Molecules 2023, 28(8), 3531) mdj wklad merytoryezny w przygotowanie,
przeprowadzenie i opracowanie badai oraz przedstawienie pracy w formie publikacyi to:
wspdlpraca przy tworzeniu  koncepeji, projektowanie struktur, planowanic syntez |
eksperymentdw, otrzymanie wszystkich zaplanowanych zwigzkéw chemicznych. analiza

danych, przygotowanie czesei manuskryptu i edycja manuskryptu.
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Warszawa, dnia 17.04.2023
Dr hab. Wioleta Maruszak

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Oéwiadezam, ze w pracy Pietrus W., Stypik M., Banach M., Zagozda M., Gurba-Bryskiewicz L.,
Maruszak W., Leniak A., Kurczab R.", Ochal Z., Dubiel K. and Wieczorek M. Tuning the biological
activity of PI3KS inhibitor by the introduction of a fluorine atom using the computational
workflow (Molecules 2023, 2%(8). 3531) mdj wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji to
wykonanie analiz czystodei dla wybranych struktur.

Jednoczeénie wyrazam zgode na przedlozenie w/w pracy przez mgr inz. Mariolg Stypik
jako czeé¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow naukowych

opublikowanych w czasopismach naukowych.

Podpis
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Warszawa, dnia 17.04.2023
Mgr Lidia Gurba BrySkiewicz

Celon Pharma S.A.

OSWIADCZENIA WSPOLAUTORA

Os$wiadczam, ze w pracy Pietrus W., Stypik M., Banach M., Zagozda M., Gurba-Bryskiewicz L.,
Maruszak W., Leniak A., Kurczab R.", Ochal Z., Dubiel K. and Wieczorek M. Tuning the biological
activity of PI3K3 inhibitor by the introduction of a fluorine atom using the computational
workflow (Molecules 2023, 28(8). 3531) méj wklad merytoryczny w  przygotowanic,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji to
wykonanie analiz czystosci dla wybranych struktur,

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez mgr inz. Mariolg Stypik
jako czgsé rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 17.04.2023
Dr Wojciech Pictrus

Celon Pharma S.A.

OSWIADCZENIE WSPOLAUTORA

Oéwiadczam, ze w pracy Pietrus W., Stypik M., Banach M., Zagozda M., Gurba-Bryskiewicz L.,
Maruszak W.. Leniak A., Kurczab R.", Ochal Z., Dubiel K. and Wieczorek M. Tuning the biological
activity of PI3K3 inhibitor by the introduction of a fluorine aiom using the computational
workflow (Molecules 2023, 28(8), 3531) mdj wklad merytoryezny w  przygotowanie,
przeprowadzenie i opracowanie badaf oraz przedstawienie pracy w formie publikacji to:
tworzenie koncepeji manuksryptu. projektowanie obliczen, wykonanie wszelkich obliczen
kwantowo-mechanicznveh dla wybranych struktur, badania dokowania molekularnego, analiza
dany ch, przygotowanie i edycja manuskryptu.

Jednoczednie wyrazam zgodg na przedloZenie w/w pracy przez mgr inz. Mariolg Stypik
jako czesé rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykuléw naukowych

opublikowanych w czasopismach naukowych.
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Warszawa, dnia 17.04.2023

Mgr inz. Martyna Banach

Celon Pharma S.A.

OSWIADCZENIE WSPOLAUTORA

Oéwiadczam, #e w pracy Pietrus W, Stypik M., Banach M., Zagozda M., Gurba-Bryskiewicz L.,
Maruszak W., Leniak A., Kurczab R.", Ochal Z., Dubicl K. and Wieczorek M. Tuning the hiological
activity of PI3KS inhibitor by the introduction of a fluorine atom using the computational
workflow (Molecules 2023, 25(8). 3531) moj wklad merytoryezny w preygotowanie,
przeprowadzenie i opracowanie badah oraz przedstawienie pracy w formie publikacji to
wykonanie testow kinazowych do przedstawienia wartogei parametru 1Cs dla wybranych
struktur.

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez mgr inz, Mariolg Stypik
jako czesé rozprawy doktorskiej w formie spajnego tematycznie zbioru artykulow naukowych

opublikowanych w czasopismach naukowych.

Podpis
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Warszawa, dnia 17.04.2023

Dr inz. Marcin Zagozda

Celon Pharma S.A.

OSWIADCZENIE WSPOLAUTORA

Oéwiadezam, ze w pracy Pietrué W., Stypik M., Banach M., Zagozda M., Gurba-Bryskiewicz L.,
Maruszak W., Leniak A., Kurczab R.", Ochal Z., Dubiel K. and Wicczorek M. Tuning the biological
activity of PI3Ké inhibitor by the introduction of a fluorine atom using the computational
workflow (Molecules 2023, 28(8). 3531) mdj wkiad merytoryezny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji to edycja
manuskryptu.

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez mgr inz. Mariolg Stypik
jako czgsé rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykulow naukowych

opublikowanych w czasopismach naukowych.
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