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Abstract

Activating mutations of REarrange during Transfatt{(RET) kinase frequently occur in human
thyroid and lung cancers. An enormous effort hasnbdevoted to discover potent and selective
inhibitors of RET. Selective and potent inhibitaggainst constitutively active RET mutants are tare
date as identification of selective RET inhibitasschallenging. In a recent effort we identified a
novel and specific RET inhibitor of 5-aminopyrazdlearboxamide scaffold, which was designed to
enhance the metabolic stability of the pyrazolapidine scaffold. In the SAR study described in the
current report, we identified the 5-aminopyrazoleadboxamide analog5l, which displays high
metabolic stability. Compound5l is potent against gatekeeper mutantdl€ 252 nM) of RET as
well as against wild-type RET (4= 44 nM). This substance effectively suppresseswtyr of Ba/F3
cells transformed with wild-type RET and its gatsger mutant (V804M), and thyroid-cancer derived
TT cells while it does not affect parental Ba/F8scand Nthy ori-3-1, normal thyroid cells. Alsdnet
results of a global kinase profiling assay on agbah 369 kinases, show th#hl exclusively inhibits
RET. Based on its exceptional kinase selectivitgagpotency and metabolic stabilityl represents
a promising lead for the discovery of RET directedrapeutic agent and should be a key tool in

studies aimed at understanding RET biology.
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1. Introduction

Among the more than 500 naturally occurring kinatteg have been described thus far, several
members are known to play important roles in a nremalh disease-related signaling pathways. Under
normal conditions, kinases in cells are systemifficagulated. Yet, aberrant kinase signaling tgkin
place though overexpression or mutation resultsvariety of cancers [1-3], inflammatory disease [4
5] and complications of diabetes [6]. RET (REaremuring Transfection), one of the receptor

tyrosine kinases, is crucial for the normal develept, maturation and maintenance of tissues and



cells [7]. Deregulated RET signaling leads to famhibnd sporadic cancers, primarily medullary
thyroid carcinoma (MTC) [7, 8]. The MTC family indles multiple endocrine neoplasia type 2A
(MEN2A), type 2B (MEN2B) and familial thyroid carmma (FMTC), which are characterized by
different RET missense mutations. MEN2A and FMT@ grimarily associated with RET point
mutations at Cys634 in the extracellular domain,ictvhinduce ligand-independent receptor
dimerization via an illegitimate disulfide bond. i¥hphenomenon results in constitutive RET
signaling activation [9, 10]. MEN2B is caused biM818T mutation in the substrate binding pocket,
which promotes a conformational change that leadsonhstitutive kinase activity [11]. In addition,
chimeric fusion proteins of RET with different exgenes such as KIF5B, CCDC6, TRIM33 or
NCOA4 have been identified in non-small cell lurancers (NSCLC). These proteins have been
shown to lead to abnormal increases in RET trapison that cause tumorigenesis [12-15]. Owing to
its role in aberrant signaling in thyroid carcinaamnd NSCLC, RET is regarded as a promising target

for the development of cancer therapeutic agents.

To date, various small molecule inhibitors of RE@vé been described including vandetanib
(Caprelsa®), cabozantinib (Cometrig®), and lenvhtifLenvima®). Moreover, these RET kinase
inhibitors have been clinically approved for theattment of metastatic MTC or differentiated thyroid
cancer (DTC). However, although exhibiting greatichl efficacy, these drugs elicit several acqdiire
mutations and they are ineffective inhibitors agaihe gatekeeper mutants V804M and V804L [16,
17]. In an effort aimed at overcoming the resistaotthe gatekeeper mutants of RET, we discovered
that pyrazolo[3,4]pyrimidin-4-amine derivatives containing an iso@izmoiety serve as potent and
selective RET kinase inhibitors [18]. Among thesbsiances6g (Figure 1) was shown to have a
high RET kinase inhibitory activity (& = 41 nM), However, the poor metabolic stabilityGgf in
mouse liver microsomes (5.1% remaining after 15)ritpeded further biological evaluations such
as itsin vivo efficacy assessment (Figure 1A). To identify tloeirse of the lability ofég, we
measured the metabolic stability of the close pla{3,4-d]pyrimidin-4-amines analogueg,and16,
which were selected to assess the respective ifageof the substituent present on the isoxazale an

pyrazole moieties obg. Both compounds were found to display poor metatsiability (2.6% and



1.4% remaining after 15 min, respectively) whiclggests that the pyrazolo[3gdpyrimidine or
isoxazole heterocyclic moieties @g are likely the source of its poor metabolic staypi(iFigure 2B).
In the investigation described below, we tested liyipothesis using two types of variations invadvin
a change of the isoxazole to an oxazole ring aogrianidine ring open strategy. This effort led ket
discovery of the 5-aminopyrazole-4-carboxamidewdeive 15, which is a specific and potent RET

kinase inhibitothat has enhanced metabolic stability.

(A)
7 16
69 7 16
RET ICso (uM) 0.041 0.213 0.052
Microsomal stability
5.1 2.6 14
(% remaining, 15 min)
(B)

Carboxamide derivative Oxazole derivative

Figure 1. (A) Microsomal stability of pyrazolo[3,d}pyrimidin-4-amine derivatives containing an



isoxazole moiety. (B) Strategies to improve therosomal stability oBg.

2. Results and discussion

As described above, an investigation was desigoedetermine if varying the nature of the
isoxazole and 4-aminopyrimidine rings@g would lead to an improvement in metabolic stap#ihd
retention of specific RET kinase inhibitory actwitBecause pyrazolo[3dpyrimidine is an
established scaffold for several kinase inhibitocduding Ibrutinib, the FDA-approved drug [19, 20]
our attention first focused on evaluating if thexiazole ring in this substance is the main soufats o
poor metabolic stability. Moreover, isoxazoles arglely known to be the most readily cleaved
heterocyclic ring system. For example, the N-O bandthis ring system is cleaved by
photoisomerization [21], catalytic hydrogenolysishARaney-Ni [22] or Pd/C [23], and reductive ring
opening with transition metals such as molybdenexabarbonyl [Mo(CQ] [24]. Also, in terms of
drug metabolism, cytochrome P450Fe(ll) or NADH-degent reductases promote isoxazole ring
scission in leflunomide [25] and razaxaban [26]dwing theirin vivo administration. In contrast,
oxazoles are more stable than isoxazoles. Moretheipxygen atom in the oxazole ring is located at
the same position as the isoxazole oxygefigrmand, as a result, hydrogen bonding interaction with
Lys758 in the RET kinase domain would still exit8]. Based on this information, we expected that
replacement of the isoxazole bg with an oxazole ring would lead to improved metabstability

and retained inhibitory activity against RET kinase
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Scheme 1. Synthesis of inhibitog8®

®Reagent and condition: (a) 4 NCI in dioxane, EtOH, rt, 90%; (b) DL-serine methgster
hydrochloride, triethylamine, Ci&l,, 0 °C to rt, 73%; (c) CuBr DBU, HMTA, CH,Cl,, 0 °C to rt,
50%; (d) i) NaOH, MeOH/ED, rt; ii) oxalyl chloride cat. DMF, CH,CI,, rt; iii) malononitrile, DIPEA,
THF, 0°C to rt; iv) dimethylsulfate, THF, reflux; (e) isopropylhydragihydrochloride, triethylamine,

EtOH, rt; (f) formamide, 166C, 26% over 3 steps.

Guided by this reasoning, we prepared 3-(2-cyclpyaxazol-4-yl)-1-isopropyl-H-pyrazolo[3,4-
d]pyrimidin-4-amine 8) starting with commercially available cyclopropgyanide employing the
route displayed in Scheme 1. Ethanol addition ltounder acidic conditions led to ethyl
cyclopropanecarbimidate?)( as a hydrochloride salt, which was condensed ithserine methyl
ester to give oxazoling[27]. Subsequent oxidation 8fwith cupric bromide afforded oxazolg28],
which was transformed to the targ@etising a previously described procedure [18]. Bagin vitro
inhibitory activity of 8 against RET and its metabolic stability in mouseeri microsomes were
evaluated. Unfortunately, this oxazole derivativaswiound to display moderate RET inhibitory
activity (ICso = 0.139uM) and it does not have an improved microsomaliléglf2.8% remaining

during 15 min) compared &g (Table 1).

These findings suggested that, even though it baa widely applied in several types of drugs, the
pyrazolo[3,4d]pyrimidine moiety in6g is the likely source of its poor metabolic stakilitVe noted
that 5-aminopyrazole-4-carboxamide group could ast a replacement for the pyrazolo[3,4-
d]pyrimidine ring system in drugs [29]. We also measd that the 5-aminopyrazole-4-carboxamide
group might serve as an effective substitute becmisamolecular hydrogen bonding between the 5-
amine and 4-carboxamide groups might enable ib&s@ss the same bioactive conformation as that

in the flat fused pyrazolo[3,d}pyrimidine ring system (Figure 1B).
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Scheme 2. Synthesis of inhibitorésa-m®

®Reagent and condition: (a) i) malononitrile, DIPEAJF, 0°C to rt; i) dimethylsulfate, THF, reflux,
79%; (b) isopropyl hydrazine hydrochloride, triddyine, EtOH, OC to rt, 82%); (c) i) Os§ NMO,
THF/H,0O, 0°C to rt; ii) NalQ, THF/H,0, 0°C to rt; (d) hydroxylamine hydrochloride, NaOAc,
EtOH, rt, 71%; (e) various acetylenes, NaOCI, divx 0°C to rt; (f) acetaloxime, PRhPd(OAc),

EtOH/ H,0, 100°C, 15-35% over 2 steps.

In order to explore this hypothesis, we preparati datermined the RET kinase inhibitory activities
of the 5-aminopyrazole-4-carboxamide derivati¥8a-m (Scheme 2). We fixed the functional group
attached to the pyrazole ring as an isopropyl grasljit has already been optimized in our previous
study [18]. The synthesis of these substances cowede with sequential transformation of
cinnamoy! chloride ) to the bis-nitrilel0 and pyrazolell. Dihydroxylation of1l and subsequent
oxidative cleavage produced the corresponding ghikehl2, which was condensed with
hydroxylamine to afford the key oxime intermedia In a first attempt to prepare the targets, the
nitrile group in 13 was hydrolyzed to generate the corresponding carbme, which was then
subjected to the nitrile-oxide cycloaddition (NOf@action using several oxidizing agents, such as

NaOCl,t-BuOCI and phenyliodine-bis(trifluoroacetate) (P)RA the presence of acetylenes. None of



these reactions resulted in production of the ddsisoxazoles. As a result, the synthetic sequence
was changed so that the nitrile-oxide cycloaddifNi®C) reaction was carried out prior to nitrile
hydrolysis. Among the oxidizing reagents describbdve, NaOCI successfully convertegito the
nitrile oxide that underwent cycloaddition with egled acetylenes to forf¥a-m. Hydrolysis of
nitrile group in these substances, accomplishetguBd(OAc) and PPk generated the targetSa-m

[30].

Table 1. Results ofin vitro biochemical kinase assays for inhibition of REMadde and microsomal

stabilities of8 and15a-m.

NHZN/ NH, Y
N NP S Y
s oG )\ oy
8 15a-m
RET Microsomal stability
Compound R
ICso (LM)? (% remaining)
69 0.041 5.10
8 0.139 2.80

15a 0.236 60.8

CL
15b SN 1.639 54.6

15d

15¢ Me\@\ 1.661 61.8
T

0.416 85.2

15e ® 3.395 86.7




15f @\ 4.803 49.0
159 I 0.078 32.1
15h L 0.162 11.8
15i ~ 0.631 15.1
15i PR 1.259 51.6
15k X 2.224 78.0
15| A 0.044 62.5
15m O\ 2.695 40.6

2A radiometric biochemical kinase assdylouse liver microsomal stability after M treatment for

15 min.

The RET kinase inhibitory activities and mouse wétmal stabilities of the 5-aminopyrazole-4-
carboxamidesl5a-m were determined. Interestingly, these substancee ¥eeind to have highly
enhanced microsomal stabilities compared to th&gofin particular,15] showed a 10-fold greater
microsomal stability thanég even though both substances contain an isopropylipgr This
observation indicates that the 5-aminopyrazoleadeamide scaffold is a critical factor governing
metabolic stability. The RET kinase inhibitory aties (IGg) of 15a-m, were found to be in the
range of 0.044-4.808M, suggesting that the nature of the isoxazole &ugr which occupies a
highly hydrophobic back pocket [31] of the RET ldeagoverns the degree of inhibition. The phenyl
group in15a leads to a moderate level of inhibition {4& 0.236uM) whereas the benzyl groub
causes a 7-fold decrease in activitys(l€ 1.639uM). Methyl substitution at thpara-position of the
phenyl ring (5¢) also reduces the inhibitory activity @€= 1.661uM). However, replacement of
para-methyl in 15¢c with electron-withdrawing substituents such @Buoro (15d) gives rise to a

moderate inhibition potency (= 0.416 uM). The effects of several heteroaromatic isoxazole



substituents were explored. The results show thatithibitory activities of pyridine-containing
analoguedb5e, 15f are much lower (16 = 3.395uM and 4.803uM, respectively), which indicates the
existence of a hydrophobic pocket in the RET kinbisgling site. Unlike pyridine, the thiophene
group in15g and15h, which has an electronic character that is simdathat of benzene, causes an
increase in activity (I = 0.078uM and 0.162uM, respectively). Incorporation of alkyl substitigen
in the isoxazole ring leads to a size dependemicefdn inhibition (ethyl15i, 1Cso = 0.631uM,
isopropyl, 15j, 1Cso = 1.259uM, andt-butyl, 15k, ICso = 2.224uM). Likewise, carbocyclic groups
also display a size-dependent effect on inhibitagtivity. Finally, the substance possessing a
cyclopropyl group 15) has a high potency (¥ = 0.044 uM), but the analogue with a bulky
cyclohexyl group 15m) has low inhibitory activity (IG = 2.695uM). The combined results show
that 151 has an optimal RET kinase inhibitory activity ahtyh microsomal stability (62.5%
remaining after 15 min) in mouse liver microsomesfurther metabolic stability stud$5l exhibited
significantly enhanced metabolic stability in ratdahuman liver microsomes compared wép

(Supplementary Table 1).

Based on the promising results summarized aboeenwestigated the biological properties of the
three most potent wild-type RET inhibitotSg, 15h and15l. First, the inhibitory activities of these
substances against RET-V804M, the clinically ideedi gatekeeper mutation that is resistant to
cabozantinib and whose bulkier methionine resiaoigeides inhibitor binding, were determined. All
three compounds were observed to have a loweritgciigainst this mutant than they have against
wild-type RET. Among the thredpl that has the highest inhibitory activity againstdvwype RET
also potently inhibits RET-V804M with an dgvalue of 0.252uM. This is a remarkable finding
considering the inhibitory activity of clinicallypproved cabozantinib against RET-V804M (G
0.358 uM). We also assessed the cellular activitieslsd, 15h and 151 using RET-transformed
Ba/F3 cells and the two human-driven thyroid c€ell$, and Nthy ori-3-1. TT cells are MTC cells
harboring the RET-C634W mutation and Nthy ori-3ellcare normal thyroid cells that are used to
monitor the differential cytotoxicity of RET inhitairs. In contrast to expectationsg and 15h

containing a thiophene group do not display antiifarative activities on RET Ba/F3 cells as wedl a



the other two cell lines. This result indicatestthi@e potent RET inhibitory activities of these
substances observed in a biochemical kinase assayotreflected in cellular potency. Howevis|
which has the highest potency against both wilt®ET and RET-V804M not only effectively
inhibits wild-type RET and RET-V804M transformed/Ba cells (G, = 0.87uM and 6.98uM,
respectively), but it also suppresses growth ofc&lls (Gk, = 1.66uM) without having an influence
on parental Ba/F3 and Nthy ori-3-1 cells {5t 10uM) which is normal thyroid cells. In comparison
to the effects of cabozantinihtsl has a slightly lower potency against all thredsc¢fowever, the
activities of 151 are noteworthy considering its exceptional kinaskedivity (see belowpand the
multi-targeted characteristics of cabozantinib &sdsignificant level of growth inhibition on even

Nthy ori-3-1 cells (G = 2.92uM).

Table 2. Inhibitory activities ofl5g, 15h and15| against RET, RET-V804M and thyroid cell lines.

Enzyme assays
Cell assays (G4, uM)

(|C5o, uM)a
Compound Ba/F3 cells Thyroid cells
RET-
RET RET- Nthy ori-
V804M  Parental RET TT

V804M 3-1
15g 0.078 1.218 >10 >10 >10 >10 >10
15h 0.162 2.902 >10 >10 >10 >10 >10

151 0.044 0.252 >10 0.87+0.16 6.98+1.38 1.66+0.10 >10

cabozantinib 0.009 0.358 >10 0.07+0.01 0.74+0.05 0.26+0.11 2.92+0.57

2Radiometric biochemical kinase ass#ublished results [18]

To better understand the RET-WT and RET-V804M hithry activities of 5-aminopyrazole-4-

carboxamides, we performed molecular docking stfdybl based upon the crystal structure of RET



kinase (PDB accession code: 2IVV) usighrodinger docking program, Glide (Figure 2). Analysis
of the predicted binding mode shows that as expedtee carbonyl group of the 4-carboxamide
moiety forms an intramolecular hydrogen bond wite 6-amine group on the pyrazole ring, which
helps to stabilize a planar conformation. The fixgkntation of carboxamide moiety enables it to
form hydrogen bonds with both Glu805 and Ala80%ha hinge region, which is the same as that
occurs with the bioactive conformation of pyraz8ldfd]pyrimidines [18]. Also, the cyclopropyl
group of15l occupies a hydrophobic back pocket in the ATP lnigdiite, and the oxygen and nitrogen
of isoxazole ring form hydrogen bonds with the amiam group of Lys758 and hydroxyl group of
Ser891, respectively (Figure 2A, 2B). As a consagaef these hydrogen bonds at the hinge region
and with Lys758 and Ser891, along with the hydrdyhanteraction provided by the cyclopropyl
group, 15! is predicted to be a tight binding inhibitor aetTP binding site of RET kinase. In
addition, the relatively small cyclopropyl group wo be sterically less affected by the sterically

more crowded gatekeeper region in the V804M mutsee Figure 2 B”).




Figure 2. Calculated binding model df5l complexed to (A) wild-type RET and (B) gatekeeper
mutant (V804M) of RET kinase. Dashed green linesotke hydrogen bonding interactions. Dashed
red line denotes an intramolecular hydrogen bornitbircompound. (A, B’) Crucial residues for the
interaction of15l with RET kinase domain. (A", B”) Space-filling nuel which reflects electronic

surfaces for V804 (or M804) aridl compound.

In order to evaluate the kinase selectivityldf, kinome-wide selectivity profiling was carried out
using a panel of 369 kinases at a concentratidnud. Surprisingly, the profiling results demonstrate
that15l does not cause a greater than 90% inhibitigp£%.01) of any kinases other than RET. This
outstanding RET selectivity is meaningful in terafidoth medicinal chemistry and chemical biology,
because it suggests thedl should not only serve as a lead compound to dpveighly selective
cancer therapeutics, but it should also be an kextechemical probe to explore RET-related

biological pathways.
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Figure 3. Kinome-wide selectivity profiling of5l at 1uM with a cutoff of 90% inhibition.

To determine if15l is capable of decreasing the level of RET phosggation and deactivating
downstream molecules in a cellular context, weshtoh analysis was performed using Ba/F3 cells
transformed with RET-V804M gatekeeper mutant ad aewild-type RET. In agreement with the
results of than vitro biochemical kinase assays and Ba/F3 cellular as$8lyeffectively attenuates
autophosphorylation of RET at Y905 and Y1062 asdadaptor proteinsuch as PL€and Shc in a
dose dependent manner (Figure 4). We also detedmihetherl5l can induce apoptosis of wild-type
RET and RET-V804M Ba/F3 cells. This analysis regdahat the level of cleaved PARP is elevated
in 15| treatedwild-type RET Ba/F3 and RET-V804M Ba/F3 cells (HigwbA, B), but not inl5l
treated normal thyroid Nthy ori-3-1 cells (Figure 5C). Thesults demonstrate that the anti-

proliferative activity of15l is associated with its apoptosis induction cajigbit is noteworthy that



cabozantinib induces apoptosis in the Nthy ori-Bdrmal thyroid cells whild5l does not even at a
concentration of 2@M. In the final phase of this study, we assessedeffect of15 on anchorage
independent growth, which is a hallmark of cancdlsc As can be seen by viewing the profiles in
Figure 6, obtained employing a soft agar assay wtted over a 4 w period with TT thyroid cancer
cells, the size and number of colonies are siguitly diminished as the concentration 1l
increases. This finding demonstrates that this tanbs is capable of suppressing the anchorage

independent growth of TT thyroid cancer cells.

(A) RET Ba/F3 cells (B) RET-V804M Ba/F3 cells
151 cabozantinib 151 cabozantinib
o KY o KY
& S 3
N L,:?& N 5§\ N <~,$ » ‘-,‘?\
- e — p-RET (Tyr905) == p-RET (Tyr905)
- #B 88 7| p-RET (Tyrl062) - - p-RET (Tyr1062)
R di e IR TR s e RET
- - —_— p-She (Tyr317) —— p-She (Tyr317)
p-PLCr (Tyr783) - p-PLCr (Tyr783)
B-actin ————eemmeE -0

Figure 4. Autophosphorylation of RET and its downstreammalipng are blocked by5l. (A) RET-
Ba/F3 cells. (B) RET-V804M Ba/F3 cells. RET and R¥J04M Ba/F3 cell lines were treated with
151 (5 uM, 20 uM) and cabozantinib (nM) for 3 h. The levels of phosphorylation of RET and its

downstream targets were analyzed by western bipttin

(A) RET Ba/F3 cells (B) RET-V804M Ba/F3 cells (C) Nthy ori-3-1 cells
151 cabozantinib 151 cabozantinib 151 cabozantinib
0\4\%0 ")$ N °>$ Q‘goo ‘>$ w“g 5§ 059 5§\ m“g e‘?\
' M ape® ...rxe ’ L - ‘ Cleaved PARP —_— ‘ Cleaved PARP
- i | -] ettt

Figure 5. CompoundL5l induces apoptosis in (A) RET-Ba/F3 cells, (B) REB4M Ba/F3 cells but



not in (C) Nthy ori-3-1 cells. The cells were te@with 15l (5 uM, 20 uM) and cabozantinib (BM)

for 48 h. Whole lysates were immunoblotted withitidicated antibodies.

DMSO cabozantinib | uM (B)

1515 uM 15120 uM

Figure 6. Anchorage independent growth of TT cells is sapped by treatment witthl. (A) Effects

300 -
250 A

200 4

*
150
100
sk
wk
50 A :

DMSO 5uM 20 M 5 uM

Colony Number

151 cabozantinib

of 151 and cabozantinib on anchorage independent grofvIiT aell in soft agar. For measurement
of the colony forming ability, TT cells were platéd 6 well plate and then treated witlsl and
cabozantinib for 4 w. Colonies were fixed and stdinvith 0.005% crystal violetn(= 3) and (B)
counted by using Image J software program. The ai@gresented with + S.D of data from three

independent experiments performed in triplicatest *P < 0.05, ***P < 0.005.

3. Conclusions

The investigation described above was designethtbthie site in the RET kinase inhibitég that
leads to its metabolic instability. The working loyipesis was that the poor stability of this substan

is associated with the isoxazole moiety, which wn to be a readily cleaved 5-membered
heterocycle. Differing from this expectation, weselved that replacement of the isoxazole group by

the more stable oxazole has no effect on metalstdibility. The finding suggested that, although



known to be a biologically stable scaffold, thegrolo[3,4d]pyrimidine moiety is responsible for the
instability of 6g. We reasoned that because of an intramoleculaiobgd bonding interaction, the 5-
aminopyrazole-4-carboxamide group would possessdhee bioactive conformation as does the flat
fused pyrazolo[3,4]pyrimidine ring system. Interestingly, isoxazolentaining 5-aminopyrazole-4-
carboxamide derivative were found to have highlpriaved microsomal stabilities and retained RET
kinase inhibitory activities. A comprehensive SARRdy led to the observation thabl possesses a
high potency against RET-V804M as well as agairikl-type RET in both enzymatiand cellular
assays. This substance also displays an exceptorade selectivity in that RET is the only kinase
among 369 that it inhibits. Owing to its outstamplispecificity, excellent potency and improved
microsomal stability15l should be a key tool in studies aimed at undedatgrRET biology. Finally,
the strategy employed in this effort, involving thee of bioisosteric replacement of pyrazolo[3,4-
d]pyrimidine by a 5-aminopyrazole-4-carboxamide grduas potential applications in other drug

discovery programs.

4. Experimental
4.1. Chemistry

Unless otherwise described, all commercial reagamissolvents were purchased from commercial
suppliers and used without further purificationl #dactions were performed undes &tmosphere in
flame-dried glassware. Reactions were monitoredly with 0.25 mm E. Merck precoated silica gel
plates (60 F254). All solvents were purified bynstard techniques. Purification of reaction products
was carried out by silica gel column chromatograpbing Kieselgel 60 Art. 9385 (230-400 mesh).
The purity of all compounds was over 95%, and nssectra and purity of all compounds was
analyzed using Waters LCMS system (Waters 2998ddiaite Array Detector, Waters 3100 Mass
Detector, Waters SFO System Fluidics Organizer,ewab45 Binary Gradient Module, Waters

Reagent Manager, Waters 2767 Sample Manager) Ssingiré" C18 column (4.6 x 50 mm, j&m



particle size): solvent gradient = 60% (or 95%)A anin, 1% A at 5 min. Solvent A = 0.035% TFA in
H,O; Solvent B = 0.035% TFA in MeOH; flow rate 3.0r @5) mL/min.*H and*C NMR spectra
were obtained using a Bruker 400 MHz FT-NMR (400 MFbr 'H, and 100 MHz for'*C)

spectrometer. Standard abbreviations are usecdefwtiohg the signal multiplicities.

4.1.1. Ethyl cyclopropanecarbimidate hydrochloride (2). To a solution of cyclopropyl cyanide (7.45
mL, 100 mmol) in EtOH (6.13 mL) was added 4 N H€CHioxane (75 mL) at room temperature. The
reaction mixture was then stirred for 12 h at rdemperature, solidified by adding diethyl ethereTh
resulting solid was filtered to affo2i(13.53 g, 90%) as a white solftH NMR (400 MHz, CRROD) &

4.38 (g, = 6.8 Hz, 2H), 3.30 (pend,= 1.6 Hz, 1H), 1.41 (1] = 7.2 Hz, 3H), 1.30-1.28 (m, 4H).

4.1.2. Methyl 2-cyclopropyl-4,5-dihydrooxazole-4-carboxylate (3). To a solution o (13.53 g, 90.4
mmol) and DL-serine methyl ester (15 g, 94.9 mnokCH,Cl, (100 mL) was added trimethylamine
(28 mL, 199 mmol) at 0C. The reaction mixture was allowed to warm to rommperature and
stirred for 12 h. The reaction mixture was diluteith CH,Cl,, quenched with kD. The organic layer
was washed with 0, and dried over MgSQfiltered, and concentrated under reduced pressie
residue was purified by flash column chromatographysilica gel (50% EtOAc/hexane) to affdd
(11.16 g, 73%) as a yellow liquitH NMR (400 MHz, CDCJ) & 4.69 (dd,J = 7.6 Hz, 10.4 Hz, 1H),
4.46-4.42 (m, 1H), 4.35 (dd,= 8.4 Hz, 10.4 Hz, 1H), 3.78 (s, 3H), 1.74-1.6] {iH), 1.01-0.97 (m,

2H), 0.90-0.85 (m, 2H).

4.1.3. Methyl 2-cyclopropyl oxazole-4-carboxylate (4). To a solution of CuBr(2.8 g, 12.54 mmol) in
CH,CI, (18 mL) was added hexamethylenetetramine (HMTA6 4, 12.54 mmol) and DBU (1.9 mL,
12. 54 mmol) sequentially at’C. After 20 min, the reaction mixture was treatéthwa solution of3
(850 mg, 5.01 mmol) in Cil, (6 mL) at 0°C and was allowed to warm to room temperature and
stirred for 3 h. The reaction mixture was dilutedtwCH,Cl,, quenched with D. The organic layer
was washed with 0, and dried over MgSQfiltered, and concentrated under reduced pressie
residue was purified by flash column chromatographysilica gel (40% EtOAc/hexane) to affotd

(419 mg, 50%) as a colorless d#H NMR (400 MHz, CDCJ) § 8.07 (s, 1H), 3.89 (s, 3H), 2.14-2.07



(m, 1H), 1.17-1.11 (m, 2H), 1.10-1.05 (m, 2HJC NMR (100 MHz, CDG)) & 167.12, 161.82,

142.97,133.17, 52.08, 8.83, 8.53.

4.1.4. 3-(2-cyclopropyloxazol-4-yl)-1-isopropyl-1H-pyrazol o] 3,4-d] pyrimidin-4-amine (8). To a
solution of4 (407 mg, 2.43 mmol) in EtOH (5 mL) was added sodhydroxide (970 mg, 24.3 mmol)
at room temperature. The reaction mixture wasestifor 2 h, diluted with EtOAc, and quenched with
1 N HCI for adjusting the pH to 2 and then extrdotéth EtOAc. The organic layer was washed with
H,0, dried over MgSQ) filtered, and concentrated under reduced predswa#ford crude aci8. To a
solution of resulting aci® in CH,Cl, (12 mL) was added oxalyl chloride (0.48 mL, 5.66al) and
DMF (0.02 mL). The reaction mixture was stirred foh and concentrated under reduced pressure.
The resulting solid was diluted with THF (8 mL) anelated with malononitrile (180 mg, 2.71 mmol).
The reaction mixture was cooled to 0 °C, treatedsl with DIPEA (0.98 mL, 5.65 mmol), and then
allowed to warm to room temperature and stirred2fbr. Afterward, the reaction mixture was treated
with dimethyl sulfate (0.64 mL, 6.78 mmol) and thstinred for 6 h at 70 °C. The mixture was cooled
to room temperature and quenched witfOHThe aqueous layer was extracted with EtOAc. The
combined organic layers were dried over MgSiidtered, and concentrated under reduced pressure
The residue was roughly purified by flash columnoohatography on silica gel (33% EtOAc/hexane)
to afford5 as a yellow oil with some other side products. Téslting oil was diluted with EtOH (7
mL), treated with isopropyl hydrazine hydrochloridd3 mg, 1.57 mmol) and triethylamine at room
temperature. The reaction mixture was stirred f8n and diluted with EtOAc. The organic layer
was washed with D, dried over MgSQ filtered, and concentrated under reduced presSire
resulting crude product was used for the next atigpout further purification. The resulting pyragol

6 was dissolved in formamide (1.2 mL). The reacti@rture was stirred for 16 h at 160 °C and then
cooled to room temperature. The mixture was cotdecbom temperature and quenched wit©H
The aqueous layer was extracted with EtOAc. Thebtioed organic layers were dried over MgSO
filtered, and concentrated under reduced presshine. residue was purified by flash column
chromatography on silica gel (50% EtOAc/hexanegfford 8 (180 mg, 26% over 3 steps) as a white

solid. *H NMR (400 MHz, CDCJ) 5 9.46 (bs, 1H), 8.30 (s, 1H), 8.07 (s, 1H), 5.95 (tH), 5.12 (sep,



J = 6.8 Hz, 1H), 2.18-2.11 (m, 1H), 1.54 (& 6.4 Hz, 6H), 1.13-1.11 (m, 4HYC NMR (100 MHz,
CDCly) & 166.25, 158.26, 155.58, 153.21, 135.90, 134.44,283 98.57, 48.86, 21.96, 8.98, 8.59.
LCMS (ESI)m/z 285 [M+H]".

4.1.5. (E)-2-(1-Methoxy-3-phenylallylidene)mal ononitrile (10). To a solution of cinnamoyl chloride (5
g, 30.0 mmol) in dry THF (100 mL) was added maldtrdae (2.38 g, 36.0 mmol) and
diisopropylethylamine (13.1 mL, 75.03 mmol) &t@ The reaction mixture was then stirred for 1 h at
room temperature. After adding the dimethylsulfé86 mL, 80 mmol) at room temperature, the
reaction mixture was refluxed for 12 h. The reattinixture was diluted with EtOAc. The organic
layer was washed with 8, and dried over MgSQfiltered, and concentrated under reduced pressure
The residue was purified by flash column chromatpby on silica gel (10% EtOAc/hexane) to
afford 10 (4.99 g, 79%) as a yellow solitH NMR (400 MHz, CDCJ)  7.58-7.54 (m, 3H), 7.46-7.39
(m, 3H), 6.96 (dJ = 15.6 Hz, 1H), 4.35 (s, 3H}C NMR (100 MHz, CDGJ) & 177.97, 144.25,
133.46, 131.40, 129.06, 128.51, 117.07, 113.6696127.31, 76.99, 76.67, 63.80, 61.01.

4.1.6. (E)-5-Amino-1-isopropyl-3-styryl-1H-pyrazole-4-carbonitrile (11). To a solution ofl0 (4.3 g,
20.5 mmol) in MeOH (110 mL) was added isopropy! fagihe hydrochloride (3.4 g, 30.8 mmol) and
trimethylamine (11.4 mL, 82.1 mmol) at°C. The reaction mixture was stirred for 1 h at room
temperature and then diluted with EtOAc. The orgdayer was washed with,B, and dried over
MgSQ,, filtered, and concentrated under reduced pres3ine residue was purified by flash column
chromatography on silica gel (25% EtOAc/hexanejfford 11 (4.2 g, 82%) as a solidd NMR (400
MHz, CDCk) & 7.52-7.50 (m, 2H), 7.44 (d,= 16.8 Hz, 1H), 7.35-7.32 (m, 2H), 7.27 Jc& 7.6 Hz,
1H), 6.98 (d,) = 16.8 Hz, 1H), 4.20 (bs, 2H), 4.20 (pér; 6.4 Hz, 1H), 1.48 (d] = 6.4 Hz, 6H).

41.7. (E)-5-Amino-3-((hydroxyi mino)methyl)-1-i sopropyl-4,5-dihydro-1H-pyrazol e-4-car bonitrile
(13). To a solution ofl1l (4.2 g, 16.7 mmol) in THFAO (3:1, 225 mL) was added 4-
methylmorpholineN-oxide (50% solution in kD, 33.4 mmol, 10.7 mL) and Os@4% solution in
H,O, 10.7 mL, 1.67 mmol) at &. The reaction mixture was allowed to warm to raemperature
and stirred for 10 h. The reaction was quenched wétturated N&O; solution and extracted with

mixed solution of CHGIIPA (4:1). The organic phase was washed with wated dried over MgSQ



and concentrated under reduced pressure to affadealiol. To a solution of the resulting diol in
THF/H,O (3:1, 225 mL), was added Nal@L0.7 g, 50.1 mmol) at room temperature. The react
mixture was the stirred for 2 h at room temperattlitee suspended mixture was filtered through celite
pad and extracted with EtOAc. The organic phase washed with water and brine, dried over
MgSQ,, and concentrated under reduced pressure to dfferdrude aldehydE. To a solution of the
crude aldehydd? in EtOH (100 mL) was added hydroxylamine hydrodde (2.9 g, 41.8 mmol)
and NaOAc (3.3 g, 40.08 mmol) at room temperatlire reaction mixture was stirred for 3 h and
concentrated under reduced pressure. The residsigwdied by flash column chromatography on
silica gel (50% EtOAc/hexane) to afford oxih@ (2.3 g, 71%) as a white solitH NMR (400 MHz,
DMSO) § 11.52 (s, 1H), 7.86 (s, 1H), 6.64 (bs, 2H), 4@4ént,J = 6.4 Hz, 1H), 1.27 (d] = 6.4 Hz,
6H).

4.1.8. General Procedure A for the Synthesis of Compounds 15a-m. To a solution ofL3 (1 equiv) and
various acetylene (1.2 equiv) in dioxane (0.1M) \added NaOCI (14% available chlorine liquid, 1
mL/mmol) at room temperature. The reaction mixturas stirred for 1 h at room temperature,
guenched with kD, and diluted with EtOAc. The organic layer wasshed with water and brine,
dried over MgSQ filtered and concentrated under reduced pressune then, to a solution of crude
compound in EtOH/KD (4:1, 0.2M) was added Pd(OAc]0.1 equiv), PPh (0.2 equiv) and
acetaloxime (2 equiv) at room temperature. Theti@amixture was stirred for 1 h at 160, filtered
through celite pad, and extracted with EtOAc. Thganic phase was washed with water and brine,
dried over MgSQ@ and concentrated under reduced pressure. Thaueesias purified by flash
column chromatography on silica gel.

4.1.8.1. 5- Amino-1-isopropyl-3-(5-phenylisoxazol - 3-yl)- 1H-pyr azol e-4-car boxamide (15a).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmmd using general procedure A.
The crude product was purified by flash column ameitography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortba (69 mg, 22% over 2 steps) as a sdlitt NMR (400 MHz, CDCY)

§ 9.42 (bs, 1H), 7.85-7.83 (m, 2H), 7.51-7.46 (m),3H08 (s, 1H), 5.63 (bs, 1H), 4.33-4.26 (m, 1H),

1.52(d, J = 6.8 Hz, 6H)°C NMR (100 MHz, CDGCJ) & 169.04, 166.95, 159.36, 150.72, 136.56,



130.46, 129.06, 127.04, 125.97, 99.23, 95.65, 42732. LCMS (ESIjwz 312 [M+H]".

4.1.8.2. 5-Amino-3-(5-benzylisoxazol -3-yl)- 1-i sopropyl - 1H-pyr azol e-4-car boxamide (15b).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmmd using general procedure A.
The crude product was purified by flash column amaitography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbb (75 mg, 23% over 2 steps) as a sdlitiNMR (400 MHz, CDCJ)

§ 9.42 (bs, 1H), 7.38-7.26 (m, 5H), 6.50 (s, 1HBA5(bs, 1H), 4.30-4.20 (m, 1H), 4.12 (s, 2H), 1.46
(d,J = 6.4 Hz, 6H);*C NMR (100 MHz, CDGJ)) 4 171.20, 166.99, 158.90, 150.68, 136.59, 135.62,
128.91, 128.88, 127.26, 101.67, 95.52, 48.66, 32036. LCMS (ESI)wz 326 [M+H]".

4.1.8.3. 5-Amino-1-isopropyl-3-(5-(p-tolyl)isoxazol -3-yl)-1H-pyr azol e-4-car boxamide (15¢).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmmd using general procedure A.
The crude product was purified by flash column amatography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbc (84 mg, 26% over 2 steps) as a sdlitt NMR (400 MHz, CDCY)
$9.34 (bs, 1H), 7.73 (d,= 8.0 Hz, 2H), 7.28 (1 = 8.0 Hz, 2H), 7.02 (s, 1H), 5.72 (bs, 2H), 5.45,(
1H), 4.30 (sep) = 6.4 Hz, 1H), 2.42 (s, 3H), 1.52 @z 6.4 Hz, 6H);*C NMR (100 MHz, CDG)) &
169.26, 166.86, 159.36, 150.71, 140.70, 136.64,6629.25.89, 124.44, 98.62, 95.83, 48.76, 21.38,
21.31. LCMS (ESIyWz 326 [M+HT".

4.1.8.4. 5-Amino-3-(5-(4-fluorophenyl)isoxazol-3-yl)-1-isopropyl-1H-pyrazole-4-carboxamide (15d).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmumd using general procedure A.
The crude product was purified by flash column amaitography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbd (63 mg, 19% over 2 steps) as a sdlitt NMR (400 MHz, CDC})
§9.32 (bs, 1H), 7.85-7.81 (s, 2H), 7.21-7.16 (m),ZH03 (s, 1H), 5.56 (bs, 1H), 4.30 (sép; 6.8 Hz,
1H), 1.52 (dJ = 6.8 Hz, 6H);*C NMR (100 MHz, CDCJ) § 168.06, 166.82, 165.18, 162.68, 159.47,
150.72, 136.41, 128.09, 128.01, 123.47, 123.43,4D16.16.18, 99.05, 95.76, 48.76, 21.39. LCMS
(ESI)m/z 330 [M+H]".

4.1.85. 5-Amino-1-isopropyl-3-(5-(pyridin-3-yl)isoxazol-3-yl)-1H-pyrazole-4-carboxamide  (15€).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmmd using general procedure A.

The crude product was purified by flash column omaitography on silica gel (35% EtOAc/hexane to



70% EtOAc/hexane) to affortbe (87 mg, 28% over 2 steps) as a sdlid NMR (400 MHz, CDC}))
§9.20 (bs, 1H), 9.08 (d,= 1.2 Hz, 1H), 8.69 (dd} = 4.8 Hz,J = 1.6 Hz, 1H), 8.1Xdt, J = 8.4 Hz, J

= 1.6 Hz, 1H), 7.45-7.41 (m, 1H), 7.17 (s, 1H),15(Bs, 2H), 5.43 (bs, 1H), 4.28 (sdps 6.8 Hz, 1H),
1.51 (d,J = 6.8 Hz, 6H);"*C NMR (100 MHz, CDGJ)) § 166.73, 166.16, 159.51, 151.18, 150.78,
147.17, 136.07, 132.95, 123.78, 123.31, 100.3570%.8.78, 21.37. LCMS (ESiyz 313 [M+H]".
4.1.8.6. 5-Amino-1-isopropyl-3-(5-(pyridin-2-yl)isoxazol-3-yl)-1H-pyrazole-4-carboxamide  (15f).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmmd using general procedure A.
The crude product was purified by flash column ameitography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbf (83 mg, 27% over 2 steps) as a solINMR (400 MHz, CDC}) &
9.23 (bs, 1H), 8.72 (d, = 4.4 Hz, 1H), 7.91 (d] = 7.6 Hz, 1H), 7.84 (td] = 7.6 Hz,J = 2.0 Hz, 1H),
7.47 (s, 1H), 7.38-7.35 (m, 1H), 5.70 (bs, 2H)35(s, 1H), 4.27 (sep,= 6.8 Hz, 1H), 1.49 (d] =

6.8 Hz, 6H);"*C NMR (100 MHz, CDGJ) 5 168.27, 166.85, 159.81, 150.78, 150.25, 146.56,953
136.30, 124.52, 120.92, 102.30, 95.85, 48.81, 4@8B5. LCMS (ESI)w/z 313 [M+H]".

4.1.8.7. 5-Amino-1-isopropyl-3-(5-(thiophen-2-yl)isoxazol-3-yl)-1H-pyrazole-4-carboxamide (15g).
Compoundl3 (200 mg, 1.0 mmol) was converted to the target aamgd using general procedure A.
The crude product was purified by flash column amatography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbg (57 mg, 18% over 2 steps) as a sdlit NMR (400 MHz, CDCY)

$ 9.32 (bs, 1H), 7.56 (dd,= 4.0 Hz,J = 1.2 Hz, 1H), 7.48 (dd = 4.8 Hz,J = 1.2 Hz, 1H), 7.15 (dd}

= 4.8 Hz,J = 4.0 Hz, 1H), 6.93 (s, 1H), 5.60 (bs, 1H), 4.86p(J = 6.8 Hz, 1H), 1.51 (d] = 6.8 Hz,
6H); **C NMR (100 MHz, CDG)) & 164.10, 159.35, 150.70, 136.34, 128.81, 128.38,112 127.36,
98.91, 48.77, 21.38. LCMS (EStyz 318 [M+H]'".

4.1.8.8. 5-Amino-1-isopropyl-3-(5-(thiophen-3-yl)isoxazol-3-yl)-1H-pyrazol e-4-carboxamide (15h).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmund using general procedure A.
The crude product was purified by flash column amatography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbh (63 mg, 20% over 2 steps) as a sdlit NMR (400 MHz, DMSO)

§ 8.55 (bs, 2H), 8.30 (s, 1H), 7.78-7.76 (m, 1HJ07(d,J = 4.8 Hz, 1H), 7.22 (s, 1H), 7.18 (bs, 1H),

6.80 (s, 2H), 4.58-4.52 (m, 1H), 1.37 M= 6.4 Hz, 6H);"*C NMR (100 MHz, CDG)) & 165.23,



159.25, 150.68, 136.50, 128.45, 127.13, 125.43,64248.97, 48.75, 21.39. LCMS (ESWjz 318
[M+H] ™.

4.1.8.9. 5-Amino-3-(5-ethylisoxazol-3-yl)-1-isopropyl-1H-pyrazole-4-carboxamide (15i). Compound
13 (200 mg, 1.0 mmol) was converted to the target @amgd using general procedure A. The crude
product was purified by flash column chromatogragimy silica gel (35% EtOAc/hexane to 70%
EtOAc/hexane) to afford5i (68 mg, 26% over 2 steps) as a softiNMR (400 MHz, CDCJ) & 9.33
(bs, 1H), 6.54 (s, 1H), 5.67 (bs, 2H), 5.37 (bs),4H27 (sep,) = 6.8 Hz, 1H), 2.81 (g] = 7.6 Hz,
2H), 1.49 (dJ = 6.8 Hz, 6H), 1.35 (1] = 7.6 Hz, 3H);*C NMR (100 MHz, CDGJ) 5 174.02, 166.94,
158.78, 150.60, 136.79, 99.97, 95.66, 48.67, 22G®2, 11.61. LCMS (ESHVz 264 [M+H]'.

4.1.8.10. 5-Amino-1-isopropyl -3-(5-isopropylisoxazol-3-yl)-1H-pyrazole-4-carboxamide  (15j).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmmd using general procedure A.
The crude product was purified by flash column omeitography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to afforthj (64 mg, 23% over 2 steps) as a solld.NMR (400 MHz, CDC}))

§ 9.35 (bs, 1H), 6.50 (dl = 0.8 Hz, 1H), 5.67 (bs, 2H), 5.38 (bs, 1H), 4(86p,J = 6.4 Hz, 1H),
3.15-3.05 (m, 1H), 1.49 (d,= 6.4 Hz, 6H), 1.35 (d] = 7.2 Hz, 6H):*C NMR (100 MHz, CDCJ) &
177.87, 166.94, 158.59, 150.59, 136.84, 98.82,49518.67, 27.03, 21.34, 20.19CMS (ESI) m/z
278 [M+HT".

4.1.8.11. 5-Amino-3-(5-(tert-butyl)isoxazol-3-yl)-1-isopropyl-1H-pyrazole-4-carboxamide  (15k).
Compoundl3 (200 mg, 1.0 mmol) was converted to the target @amg using general procedure A.
The crude product was purified by flash column ameitography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbk (61 mg, 21% over 2 steps) as a sdlitiNMR (400 MHz, CDC}))

§ 9.36 (bs, 1H), 6.49 (s, 1H), 5.67 (bs, 2H), 5185, AH), 4.27 (se@, = 6.4 Hz, 1H), 1.49 (d] = 6.4
Hz, 6H), 1.38 (s, 9H)}*C NMR (100 MHz, CDGJ)) § 180.35, 166.98, 158.47, 150.62, 136.87, 98.17,
95.61, 48.67, 32.67, 28.77, 21.32. LCMS (E8t: 292 [M+H]".

4.1.8.12. 5-Amino-3-(5-cyclopropylisoxazol-3-yl)- 1-isopropyl-1H-pyrazole-4-carboxamide  (15l).
Compoundl3 (200 mg, 1.0 mmol) was converted to the targetpmmd using general procedure A.

The crude product was purified by flash column ameitography on silica gel (35% EtOAc/hexane to



70% EtOAc/hexane) to afforthl (66 mg, 24% over 2 steps) as a soINMR (400 MHz, CDCYJ) &
9.29 (bs, 1H), 6.41 (s, 1H), 5.54 (bs, 1H), 4.25(3 = 6.8 Hz, 1H), 2.08-2.01 (m. 1H), 1.45 (b=

6.8 Hz, 6H), 1.10-0.96 (m, 4H}?*C NMR (100 MHz, CDGJ) & 174.18, 167.02, 158.89, 150.63,
136.71, 98.32, 95.49, 48.62, 21.37, 8.45, 7.87. BQESI)m/z. 276 [M+HTJ".

4.1.8.13. 5-Amino-3-(5-cyclohexylisoxazol-3-yl)-1-isopropyl-1H-pyrazole-4-carboxamide  (15m).
Compoundl3 (200 mg, 1.0 mmol) was converted to the target @amg using general procedure A.
The crude product was purified by flash column amatography on silica gel (35% EtOAc/hexane to
70% EtOAc/hexane) to affortbm (82 mg, 26% over 2 steps) as a sdliti NMR (400 MHz, CDCY)

§ 9.37 (bs, 1H), 6.50 (s, 1H), 5.69 (bs, 2H), 548, (LH), 4.27 (se@ = 6.8 Hz, 1H), 2.81 (1) = 10.8
Hz, 1H), 2.09 (dJ = 13.2 Hz, 2H), 1.83 (dl = 12.8 Hz, 2H), 1.73 (d] = 12.4 Hz, 1H), 1.50 (d] =

6.8 Hz, 6H), 1.46 (s, 1H), 1.42 (s, 1H), 1.39 (4),11.36-1.24 (m, 2H)**C NMR (100 MHz, CDCJ)

0 176.93, 166.96, 158.63, 150.66, 136.96, 98.8633RH48.76, 36.21, 31.12, 25.81, 25.64, 21.28.

LCMS (ESl)m/z 318 [M+H]".

4.2. Kinase assay and profiling

Biochemical kinase assays and kinome profiling weegormed by Reaction Biology Corp. (San
Diego, CA). In biochemical kinase assays, inhilyiteffects were determine using a mixture of ATP
(20 uM) and RET enzymes (RET-WT, 2 nM; RET-V804M, 60 nM)a 10-dose I§; mode with 3-
fold serial dilution starting at 10M of the test compounds. In kinase profilidgl (1 uM) was used

along with 10uM ATP against 369 recombinant human kinases inicaig mode.
4.3. Molecular modeling

The crystal structure of RET kinase in a complethwie inhibitor PP1 (Protein Data Bank (PDB
code 2IVV) [32] was used for docking simulation$ieTstructure of the gatekeeper mutant (V804M)
RET kinase was constructed using the rapid torsican tool in Maestro. Models of RET kinase
inhibitors were constructed using Maestro build gdaand minimized using the Macromodel of
Maestro in the Schrddinger suite program. The Ri&de structure was minimized using the Protein

Preparation Wizard by applying an OPLS-2005 forekl f[33]. After construction of the ligands and



proteins for docking, receptor-grid files were gered. Ligand docking into the ATP binding site of
RET kinase was carried out using the Schrddingerkidg program, Glide [34]. The energy
minimized structures of RET kinase inhibitors wdoeked into the prepared receptor grid. The best-

docked poses were selected as the lowest Glide.scor
4.4. Céll culture

RET and RET-V804M transformed Ba/F3 cell lines wenttured in RPMI1640 (Welgene #LM011-
01), supplemented with 10% fetal bovine serum (biye), Antibiotic-Antimycotic solution (Welgene,
#L.S203-01) containing 10,000 U/mL penicillin, and Ing/mL streptomycin and 2mg/mL
amphotericinB in 0.85% NaCl. TT cells were grownRRPMI media, supplemented with 15% fetal
bovine serum and 1% Antibiotic-Antimycotic solutioNthy ori-3-1 cells were grown RPMI1640
media, supplemented with 10% FBS, 1% antibioting, 2mM glutamine. The cells were maintained

in a humidified atmosphere containing 5% &®37°C.
4.5, Cell viability assays

Cells (1x1d) were plated in 96 well tissue culture plates.HEe@mpound was added to each well at
8 dose points of 5-fold serial dilution in DMSO (IPMSO). After treatment with each compound,
CTG assay solution (Promega, G7572) was addedcto wall and plates were incubated for 72 h.
Cell proliferation was assessed by measuring theinescence using a 96 well plate reader

(ENVISION).
4.6. Western blot analysis

Cells were harvested and lysed using IP bufferainintg 50 mM HEPES (pH 7.4), 1% Triton X-100,
2 mM EDTA, 150 mM NaCl, 2.5 mM NaF, 5 mM N&D,, protease inhibitor cocktail tablet (Roche,
#11-878-580-001). The protein concentration wasrdghed by using the Bradford assay. Proteins
were separated using SDS-PAGE and transferred PviioF membrane (Millipore, #1PVH00010).
The membranes were blocked using 5% skim milk irs9Bbuffer. The rabbit polyclonal antibody

against pRET (Y905, #3221, 1:1000), RET (#3220000), pPL (Y783, #2821, 1:1000), pShc



(Y317, #2431, 1:1000) was purchased from Cell Siggarechnologies, and the rabbit polyclonal
antibody against pRET (Y1062, #sc-20252, 1:1008RMP1/2 (H-250, sc-7150) and aftiactin (sc-
47778, 1:1000) antibody was obtained from Santa Giotechnology. All primary antibodies were
diluted in TBS-T at 1:1000. Each primary antibodgswincubated overnight at°€, followed by
secondary antibody treatment for 1 h at room teatpeg. Secondary antibodies were purchased from
Santa Cruz Technology. Proteins were detected UsS@Ig substrate, and then exposed to an X-ray

film.
4.7. Soft agar assay

Anchorage-independent growth was analyzed by ugitgny formation on soft agar. Equal volumes
of agar (1%, DNA grade) and 2x RPMI (with 20% FB&¥re mixed to generate a 0.5% base agar in a
6 well plate. Cells were suspended in 2xRPMI164idh(&@0% FBS) and 0.7% top agar, with a final
concentration of 5x10cells per well. The top agar was covered with conmgl-added media. The
plates were incubated at 3Z in a humidified atmosphere containing 5%,3@ 4 w and refreshed
twice a week. Colonies were fixed and stained With mL of 0.005% crystal violet in PBS for 45

min at room temperature.
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Highlights

Novel 5-aminopyrazole-4-carboxamide derivatives were synthesized as RET inhibitors.
Compound 15l is potent on V804M-RET as well as on wt-RET.

Compound 15! is metabolically stable.

Compound 15! displays exceptional kinase selectivity.

Compound 15l suppresses growth of wt-RET-Ba/F3 and V804M-RET-Ba/F3 cells.



