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Synthetic Chemistry

General Methods

Commercially available starting materials, reagents, and solvents were used as received. In general,
anhydrous reactions were performed under an inert atmosphere such as nitrogen or argon.

Microwave reactions were performed with a Biotage Initiator microwave reactor. Reaction progress was
generally monitored by analytical HPLC or by LCMS (Bruker Exquire 4000 or Waters Acquity UPLC
system). Flash column chromatographic purification of intermediates or final products was performed
using 230-400 mesh silica gel 60 from EMD chemicals or Silicycle, or purified using a Biotage Isolera
with KP-SIL or HP-SIL silica cartridges, or KP-NH basic modified silica and corresponding samplets.
Reverse-phase HPLC purification was performed on a Varian PrepStar model SD-1 HPLC system with a
Varian Monochrom 10p C-18 reverse-phase column using a gradient of 10%MeOH/0.05% TFA-H,O to
90% MeOH/0.05% TFA in H,O over 40 min at a flow rate of 40 mL/min. Reverse phase purification was
also performed using a Biotage Isolera equipped with a KP-C18-H column using between 10-95%
MeOH or CH;CN/ 0.1% TFA in H,O. Proton NMRs were recorded on a Bruker 400 MHz spectrometer,
and mass spectra were obtained using a Bruker Esquire 4000 spectrometer or Waters Acquity UPLC
system.

Compound names were generated using the software built into CambridgeSoft-PerkinElmer’s

ChemBioDraw Ultra version 11.0 or 12.0.

Abbreviations:
Ac, Acetyl; aq, aqueous; anh, anhydrous; Ar, argon; BINOL, 1,1'-binaphthalene-2,2'-diol; Boc, tert-
butoxycarbonyl; br., broad; calcd, calculated; d, day or doublet (only when used within '"H NMR



spectra); DBU, 1,8-diazabicyclo[5.4.0Jundec-7-ene; DCE, 1,2-dichloroethane; DCC, N,N-
dicyclohexylcarbodiimide; DCM, dichloromethane; DEA, diethylamine; de, diastereomeric excess;
DIPEA, diisopropylethylamine; DME, 1,2-dimethoxyethane; DMF, N,N-dimethylformamide; DMSO,
dimethylsulfoxide; dppf, 1,1'- bis( diphenylphosphino) ferrocene; h, hour; hal, halogen; HPLC,
high performance liquid chromatography; IPA, isopropanol; LC-MS liquid chromatography coupled to
mass spectrometry; min, minute; m,multiplet; mCPBA, meta-chloroperoxybenzoic acid; MS ESI, mass
spectra, electrospray ionization, NMR, nuclear magnetic resonance; NBS, N-bromosuccinimide; O/N,
overnight; pin, pinacol; PMB, para—methoxybenzyl; prep, preparative; PTSA, para-toluenesulfonic
acid; RBF, round bottomed flask; rt, room temperature; Rt, retention time; RP, reverse phase; s,
singlet; satd, saturated; SMs, starting materials; SyAr, Nucleophilic Aromatic Substitution; SPE, solid
phase extraction; t, triplet; TBTU, O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate;
TEA, tricthylamine; temp., temperature; TFA, trifluoroacetic acid; TLC, thin layer chromatography; THF,
tetrahydrofuran; THP, tetrahydropyranyl; xs, excess.

General Method A (amination)
To a cooled (0°C DCM solution (0.1-1 M) of 3-bromo-5,7-dichloropyrazolo[1,5-a]pyrimidine (1

equiv) or 8-bromo-4-chloro-2-(methylthio)pyrazolo[1,5-a][1,3,5]triazine (1.0 equiv) was added primary
amine (1-2 equiv) and DIPEA (1-2 equiv). Alternatively, primary amine (2-3 equiv) was added alone
without DIPEA. The reaction was stirred at rt for 0.5-24 h. The product was partitioned between EtOAc
or DCM and satd NaHCOj; solution, dried over Na,SO, or MgSQ,, filtered, and concentrated to dryness.
In the majority of examples the crude product was used without further purification or alternatively the

material was purified by flash chromatography.

General Method B (Boc protection)

To a solution of pyrazolo[1,5-a]pyrimidin-7-amine derivative (1 equiv) in DCM was added
Boc,0 (0.8-1.5 equiv), followed by DMAP (0.1-0.2 equiv) and TEA (1-2 equiv). The resulting mixture
was stirred at rt and purified by flash chromatography (gradient: EtOAc/hex 0-100%).

General Method C (nucelophilic substitutions using amines)

To a solution of pyrazolo[1,5-a]pyrimidin-5-chlorine derivative (1 equiv) in THF, dioxane, DME,
DMF or NMP was added amines or amine-HCl (1-2 equiv) and DIPEA (1-3 equiv). The resulting mixture
was stirred at rt for 24 h or more generally the reaction was heated in a microwave reactor, an oil bath or a
reaction block at temperatures from 35-130 C for 2-12 h. Solvent was removed in vacuo and the crude

product was purified by flash chromatography.



Alternatively, a solution of pyrazolo[1,5-a]pyrimidin-5-chlorine derivative (1 equiv) (1.0 equiv)
and amine or aniline (2-22 equiv) was heated in a microwave reactor, an oil bath or a reaction block at
temperatures from 35-170 'C for 2-12 h. Solvent was removed in vacuo and the crude product was

purified by flash chromatography.

General Method D (nucelophilic substitutions using alcohols)

To a solution of pyrazolo[1,5-a]pyrimidin-5-chlorine derivative (1 equiv) or 2-(methylsulfonyl)-
8-arylpyrazolo[1,5-a][1,3,5]triazin-4-amine (1.0 equiv) and alcohol (1-3 equiv) in DMF or THF at 0 'C
was added 60% NaH (1.5-6 equiv). The resulting mixture was stirred at rt for 1-4 h. After cooling to 0 'C,
quenching with satd NH4Cl and H,0, it was extracted with EtOAc and purified by flash chromatography.

General Method E (nucelophilic substitutions using phenols or hydroxylpyridine)

Using phenol and K,CO;: To a solution of pyrazolo[1,5-a]pyrimidin-5-chlorine derivative (1 equiv) and

phenol (2-3 equiv) in DMF was added K,CO; (3 equiv). The resulting mixture was stirred O/N at rt and
quenched with H,O. The precipitates were collected by suction filtration and dried to give the desired
product. Alternatively, the aqueous layer was extracted with EtOAc. The organic layer was dried (Na,SO,
or MgSQ,), filtered, concentrated to dryness and purified by flash chromatography.

Using phenol and DBU: A mixture of pyrazolo[1,5-a]pyrimidin-5-chlorine derivative (1 equiv) or 2-

(methylsulfonyl)-8-arylpyrazolo[1,5-a][1,3,5]triazin-4-amine (1.0 equiv) in DME or DMF, phenol (2-4
equiv), and DBU (2 -4 equiv) was heated in a microwave reactor, an oil bath or a reaction block at
temperatures 80-100 'C for 1 — 4 h. Solvent was removed and the crude product was purified by flash
chromatography.

Using phenoxide: To a solution of pyrazolo[1,5-a]pyrimidin-5-chlorine derivative (1 equiv) in DMF was

added sodium phenoxides (1-1.5 equiv, commercial or freshly made using phenols and NaOH in H,0).
The resulting mixture was stirred at rt for 30 min to O/N and quenched with H,O. The precipitates were
collected by suction filtration and dried to give the desired product. Alternatively the aqueous layer was
extracted with EtOAc. The organic layer was dried (Na,SO4 or MgSQ,), filtered, concentrated to dryness
and purified by flash chromatography.

General Method F (Suzuki-Mivaura coupling; followed by Boc or PMB deprotection if applicable)

A mixture of pyrazolo[1,5-a]pyrimidin-3-bromine derivative (1.0 equiv) or 8-bromo-N-(4-
methoxybenzyl)-2-(methylthio)pyrazolo[1,5-a][1,3,5]triazin-4-amine (1.0 equiv), boronic acid or aryl
boronate ester (1-3 equiv), aq K;PO,4 (1-2 M, 3-5 equiv) and PdClLdppfDCM (0.05-0.2 equiv) in THF

was heated under Ar in a microwave reactor, an oil bath or a reaction block at temperatures 80-130 ‘C for



2 h to 2 d. The product was partitioned between EtOAc and H,O, dried over Na,SO, or MgSQ,, filtered
and concentrated to dryness, then purified by flash chromatography.

If Boc deprotection is required, the above compound was redissolved in DCM and treated with
TFA and stirred O/N. After removal of TFA, it was triturated with MeOH or purified by flash
chromatography or prep-HPLC.

Alternatively, the Boc deprotection can be done in microwave in mixture of H,O and DMF or
NMP or EtOH at 100-140 ‘C for 1-4 h and purified by prep-HPLC, reversed phase or normal phase
Biotage column.

For PMB deprotection: A solution of N-(4-methoxybenzyl)-2-(methylthio)-8-arylpyrazolo[1,5-
a][1,3,5]triazin-4-amine (1 equiv) in a mixture of DCM and TFA (2:1 v/v) or DCE and TFA (3:1 v/v)
was heated in a microwave reactor, an oil bath or a reaction block at temperatures 60 - 100 "C for 30 min

— 30 h. Solvent was removed in vacuo and the crude product was purified by chromatography.

Intermediates:

Synthesis of 4-bromo-N-cyclopropyl-2-methylbenzamide

To a suspension of 4-bromo-2-methylbenzoic acid (43.0 g, 200 mmol) and oxalyl
H/A chloride (30.5 g, 240 mmol) in DCM (300 mL) was added DMF (0.1 mL). The
Br resulting reaction mixture was stirred at rt for 16 h. The reaction turned into a clear
yellow solution slowly over 16 h. Solvent was then removed in vacuo, and the crude product was used in
the next step without further purification. The crude product was redissolved in DCM (300 mL) and
cooled to 0°C. A mixture of TEA (42 mL, 300 mmol) and cyclopropylamine (12.6 g, 220 mmol) in DCM
(100 mL) was added slowly over 15 min, and the resulting mixture was stirred at rt for 2 h. The reaction
was diluted with DCM (200 mL) and water was added. The resulting mixture was extracted with DCM
and the combined organic extracts were dried over MgSO, and concentrated to give the desired product as
a pale pink solid (50.1 g, 99%). 'H NMR (400 MHz, CDCl;) & 7.37 (s, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.17
(d, J= 8.1 Hz, 1H), 5.93 (br, s, 1H), 2.90-2.85 (m, 1H), 2.40 (s, 3H), 0.90-0.85 (m, 2H), 0.62-0.58 (m,
2H); MS ESI [M + H] 253.9, calcd for [C;;H;,BrNO+H]" 254.0.

Synthesis of N-cyclopropyl-2-methyl-4-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yl)benzamide

To a mixture of 4-bromo-N-cyclopropyl-2-methylbenzamide (3.73 g, 14 mmol),
H/A bis(pinacolato)diboron (5.59 g, 22 mmol), anh KOAc (4.29 g, 43 mmol) in DMF
Q;O;? (37 mL) was purged with Ar for 10 min at rt. Then PdCl,(dppf).DCM (0.59 g, 5



mol%) was added and the reaction was heated at 100 'C in oil bath for 4 h. After reaction completion the
reaction mass was diluted with EtOAc (200 mL) & H,O (100 mL). The combined layer was filtered
through a celite pad and washed with EtOAc. The aq. layer was further extracted with EtOAc (50 mL)
and the combined organic layer were washed with brine, dried over Na,SQ,, filtered, and concentrated to
give crude oily residue. The crude product was purified by flash chromatography (gradient: EtOAc/hex 0-
100%) to give the title compound as a creamy solid (4.15 g, 94%)."H NMR (400 MHz, CDCl;) & 7.66 (s,
1H), 7.63-7.61 (d, /= 7.6 Hz, 1 H), 7.32-7.30 (d, J = 7.6 Hz, 1H), 5.85 (s, 1 H), 2.93-2.87 (m, 1H), 2.46
(s, 3H), 1.35 (s, 12H), 0.90-0.86 (m, 2H), 0.63-0.59 (m, 2H); MS ESI [M + H]" 302.2, calcd for
[C,7H,sBNOs+H]" 302.2.

Synthesis of (1s.4s)-4-hydroxy-N-(4-methoxybenzyl)cyclohexane-1-carboxamide
TBTU (3.21 g, 10.0 mmol) was added in one portion to a stirred DMF (anh., 20

/O)\Nﬁ mL) solution of (1s,4s)-4-hydroxycyclohexanecarboxylic acid (1.44 g, 9.9

mmol), 4-methoxybenzylamine (1.37 g, 9.9 mmol) and DIPEA (1.8 mL, 10.3

mmol) at rt. Stirring was continued for 21 h, then the reaction was diluted with H,O and taken into
EtOAc (150 mL). The organic phase was washed with HO (50 mL and 30 mL). The aq. phases were
combined, concentrated under reduced pressure and purified by RP HPLC (MeOH-H,0) to afford the title
compound as a white solid (0.83 g, 32 %). "H NMR (400 MHz, CDCl;) & 7.21 (d, J = 8.2 Hz, 2 H), 6.88
(d, J= 8.2 Hz, 2 H), 5.69 (br. s., 1 H), 4.39 (d, J = 5.5 Hz, 2 H), 4.01 (br. s., 1 H), 3.81 (s, 3 H), 2.12 -
2.26 (m, 1 H), 1.97 - 1.87 (m, 4 H), 1.76-1.66 (m, 2 H), 1.65-1.57 (m, 2 H); MS ESI [M + H]" 264.2,
calcd for [CsH, NO; + H]" 264.15.

Synthesis of (1s.4s)-4-(((4-methoxybenzyl)amino)methyl)cyclohexan-1-ol
LiAlH, (1.0 M in THF, 10.0 mL, 10 mmol) was added slowly to asolution of

/OAN/\@ _ (Is,4s)-4-hydroxy-N-(4-methoxybenzyl)cyclohexanecarboxamide (0.83 g, 3.1
HO (6] .
mmol) in THF (40 mL) at 0 C. Stirring was continued with cooling for another 5

min, later the reaction was allowed to warm to rt and subsequently heated at 60 'C overnight. The
reaction was cooled to rt and poured carefully to a stirred cold (0°C) mixture of xs Na,SO,4 10H,0 in
DCM. The reaction was stirred for additional 2 h at rt and then filtered under vacuum. The solid was
rinsed with DCM and the filtrate was concentrated under reduced pressure to give the desired material
that was used without further purification (pale yellow oil, 0.79 g, quant). MS ESI [M + H]" 250.3, calcd
for [CysH,3sNO, + H]™ 250.18.

Synthesis of (1r,4r)-4-(((4-methoxybenzyl)amino)methyl)cyclohexan-1-ol



"‘\\N’PMB A sealed vial charged with (1r,4r)-4-hydroxycyclohexanecarboxylic acid (0.505
ION:
HO

g, 3.20 mmol), (4-methoxyphenyl)methanamine (0.460 g, 3.35 mmol), 1H-1,2,4-
triazole (44 mg, 0.2 mmol), DBU (0.100 g. 0.66 mmol) was heated with stirring
at 70 'C for 3 d. The reaction was directly loaded onto a SiO, column and purified by flash
chromatography (gradient: EtOAc/hex 0-30%) to afford (lr,4r)-4-hydroxy-N-(4-methoxybenzyl)-
cyclohexanecarboxamide (705 mg, 84%) as white solid. 'H NMR (400 MHz, CD;0D) & 7.19 (d, J = 8.3
Hz, 2 H), 6.87 (d, J = 8.5 Hz, 2H), 4.28 (s, 2H), 3.77 (s, 3H), 3.57-3.46 (m, 1H), 2.20-2.09 (m, 1H), 2.05-
1.94 (m, 2 H), 1.90-1.80 (m, 2H), 1.62-1.49 (m, 2H), 1.33-1.19 (m, 2 H); MS ESI [M + H]" 264.2, calcd
for [C,H, NO;+H]™ 264.1.

A solution of the above (1r,4r)-4-hydroxy-N-(4-methoxybenzyl)cyclohexanecarboxamide (0.705 g, 2.7
mmol) in anh THF (30 mL) was treated with LiAlH, (1 M in THF, 8 mL, 8 mmol) at rt and then heated at
reflux O/N under Ar. The reaction mixture was cooled to rt and added slowly to a stirred suspension of xs
Na,SO,*10H,0 in DCM at 0 ‘C. The reaction was stirred for 2 h then filtered and concentrated to provide
the title compound (0.67 g, quantitative) as pale orange gum used without further purification. 'H NMR
(400 MHz, CD;0OD) 6 7.25 (d, J = 8.5 Hz, 2H), 6.92-6.85 (d, J = 8.8 Hz, 2H), 3.78 (s, 3H), 3.68 (s, 2H),
3.61-3.54 (m, 1H), 3.51-3.40 (m, 1H), 2.40 (d, J = 6.8 Hz, 2H), 1.99-1.90 (m, 2H), 1.88-1.74 (m, 2H),
1.63-1.58 (m, 1H), 1.52-1.41 (m, 1H), 1.35-1.15 (m, 2H), 1.08-0.85 (m, 2H); MS ESI [M + H]" 250.2,
caled for [C,H,3NO,+H]™ 250.2.

Synthesis of 3-bromo-5.7-dichloropyrazolo[1,5-a]pyrimidine

cl To a stirred solution of sodium ethoxide in EtOH, which was prepared from sodium
a N’N\ (281.3 g, 12.0 mol) and EtOH (10 L) by the conventional method, were added diethyl
NS malonate (963.7 g, 6.02 mol) at ambient temperature and then compound 1H-pyrazol-3-
amine (500 g, 6.02 mol). The reaction mixture was refluxed for 12 h. After cooled to
room temperature, the precipitates were collected by filtration and dissolved in water. The aqueous
solution was acidified with 2 M HCI (pH = 2). The resulting precipitates were collected by filtration and
dried under reduced pressure to afford pyrazolo[1,5-a]pyrimidine-5,7(4H,6H)-dione (649 g, 71%) as a
yellow solid, which was used for the next reaction without further purification.
A stirred suspension of pyrazolo[l,5-a]pyrimidine-5,7(4H,6H)-dione (265 g, 1.75 mol) and N,N-
dimethylaniline (335.6 mL) in POCl; (2.00 kg, 13.2 mol) was refluxed for 4 h. After cooled to room
temperature, the reaction mixture was poured into ice-water, and stirred for 30 min, neutralized with

saturated aqueous sodium carbonate and extracted with EtOAc. The combined organic layers were

washed with water, brine and dried over MgSQ,, filtered and evaporated. The residue was purified by



column chromatography on silica gel (gradient: EtOAc/PE 1:10) to give 5,7-dichloropyrazolo[1,5-
a]pyrimidine (287 g, 87%) as a yellow solid.

To a solution 5,7-dichloropyrazolo[1,5-a]pyrimidine (246.6 g, 1.31 mol) in CH3CN (1.8 L) was added
NBS (245 g, 1.38 mol ). The resulting mixture was stirred at room temperature for 2 h. After removal of
the solution, the reaction mixture was purified by column chromatography on silica gel (gradient:
EtOAC/PE 1:5) to give the title compound (313.5 g, 89%) as light yellow solid. "H NMR (300 MHz,
CDCI;) & ppm 7.04 (s, 1H), 8.21 (s, 1H); MS ESI [M + H]"265.9, calcd for [C¢H,BrCI,Ns+H]" 265.9.

Synthesis of 3-bromo-5-chloro-N-((tetrahydro-2H-pyran-4-yl)methyl)pyrazolo[1,5-a]pyrimidin-7-amine

NH To a solution of 3-bromo-5,7-dichloropyrazolo[1,5-a]pyrimidine (2.67 g, 10 mmol) in
@j%\N,N DCM (30 mL) at 0 'C was added (tetrahydro-2H-pyran-4-yl)methan-amine (1.27 g,
N
NS

= 11 mmol), followed by DIPEA (2.1 mL, 12 mmol). The resulting mixture was stirred
Br

Cl
at rt for 1 h and purified by flash chromatography (gradient: EtOAc/hex 0-90%) to

give the title compound as white solid (3.46 g, quantitative yield). 'H NMR (400 MHz, CDCl5) § 7.96 (s,
1H), 6.55-6.43 (m, 1H), 6.00 (s, 1H), 4.08-4.00 (m, 2H), 3.43 (dt, J = 12.0, 1.7 Hz, 2H), 3.32 (t, /= 6.6
Hz, 2H), 2.06-1.94 (m, 1H), 1.78-1.71 (m, 2H), 1.51-1.38 (m, 2H); MS ESI [M + H]" 345.1, calcd for
[C1,H4sBrCIN,O+H]" 344.9.

The following intermediates were synthesized according to General Method A:

IUPAC name Structure MS caled; Yield;
MS ESI Appearance;
[M+H]" Salt form
3-bromo-5-chloro-N-(2- o/\ [CioHsBrCl | 3.21 g (89%);
morpholinoethyl)pyrazolo[1,5- K/N\/\NH NsO+H]" white solid;
a]pyrimidin-7-amine 360.0; free base
f NN 359.9
cl \N)*g
Br

SMs: 3-bromo-5,7-dichloropyrazolo[1,5-a]pyrimidine (2.67 g, 10 mmol), 2-morpholinoethanamine
(1.45 mL, 11 mmol), DIPEA (2.1 mL, 12 mmol).

'H NMR (400 MHz, CDCI;) & 7.98 (s, 1H), 7.02-7.08 (m, 1H), 5.97 (s, 1H), 3.77 (t, J = 4.6 Hz, 2H),
3.47-3.42 (m, 4H), 2.77 (t,J = 5.8 Hz, 2H), 2.55 (t, /= 4.2 Hz, 4H).

(1r,4r)-4-(((3-bromo-5- o -PMB [CyHyBrCl | 0.36 g (84%);
chloropyrazolo[1,5-a]pyrimidin-7- /O N N,O,+H]" white solid;
yl)(4- HO f NN 479.1/481.1; free base
methoxybenzyl)amino)methyl)cyclo c NS 479.0/481.0

hexanol Br

SMs: 3-bromo-5,7-dichloropyrazolo[1,5-a]pyrimidine (239 g, 0.89 mmol), (1r,4r)-4-(((4-
methoxybenzyl)amino)methyl)cyclohexanol (223 mg, 0.89 mmol).

'H NMR (400 MHz, CDCl5) 8 8.01 (s, 1H), 7.12 (d, J = 8.28 Hz, 2H), 6.86 (d, J = 8.53 Hz, 2 H),
6.02 (s, 1H), 5.05 (s, 2H), 3.80 (s, 3H), 3.59 (d, J = 6.78 Hz, 2H), 3.57-3.46 (m, 1H, 2.02-1.91 (m,




2H), 1.84-1.70 (m, 2H),1.37 (d, J = 4.52 Hz, 1H), 1.31-1.15 (m, 2H), 1.05-0.90 (m, 2H).

3-bromo-5-chloro-N- NH [CioHoBrCl | 5.3 g(92%);

(cyclopropylmethyl)pyrazolo[1,5- fN,N N+H] yellow solid;

a]pyrimidin-7-amine S )§> 301.0; free base
@r N 301.0

SMs: 3-bromo-5,7-dichloropyrazolo[1,5-a]pyrimidine (5.0 g, 19 mmol), cyclopropylmethanamine
(1.5 g, 21 mmol), and DIPEA (6.6 mL, 38 mmol).

"H NMR (400 MHz, CDCI;) & 7.97 (s, 1H), 6.50 (br. s, 1H), 5.97 (s, 1H), 3.25 (dd, J= 7.3, 5.5 Hz,
2H), 1.26-1.13 (m, 1H), 0.74-0.65 (m, 2H), 0.37 (q, J = 5.0 Hz, 2H).

(1s,3s)-3-(((3-bromo-5- _D/\NH [CioH14BrCl | 6.1 g (94%);
chloropyrazolo[1,5-a]pyrimidin-7- HOZ NN N,O+H]" yellow solid;
yl)amino)methyl)-1- o 345.0; free base
methylcyclobutanol c Br 345.1

SMs: 3-bromo-5,7-dichloropyrazolo[1,5-a]pyrimidine (5.0 g, 19 mmol), (1s,3s)-3-(aminomethyl)-1-
methylcyclobutan-1-ol (2.4 g, 21 mmol), and DIPEA (6.6 mL, 38 mmol).

'H NMR (400 MHz, CDCl;) § 7.96 (s, 1H), 6.60-6.49 (m, 1H), 5.99 (s, 1H), 3.47 (t, J = 6.0 Hz, 2H),
2.38-2.27 (m, 3H), 1.96-1.85 (m, 2H), 1.43 (s, 3H).

Synthesis __of  tert-butyl _ (3-bromo-5-chloropyrazolo[1,5-a] pyrimidin-7-yl)((tetrahydro-2H-pyran-4-

vl)methyl)carbamate
To a solution of 3-bromo-5-chloro-N-((tetrahydro-2H-pyran-4-yl)methyl)pyrazolo

-Boc
N
%WN [1,5-a]pyrimidin-7-amine (3.46 g, 10 mmol) in DCM (40 mL) was added Boc,O (1.91
N
NS

= g, 8.8 mmol), followed by Et;N (1.7 mL, 12 mmol) and DMAP (122 mg, 1 mmol).
Br

CI” N
The resulting mixture was stirred at rt for 2 h. Additional Boc,0 (348 mg, 1.6 mmol)

and Et;N (0.28 mL, 2 mmol) were added and the mixture was stirred at rt for 1 h. After removal of
solvents, it was purified by flash chromatography (gradient: EtOAc/hex 0-50%) to give the title
compound as pale yellow foam (4.51 g, quantitative) after drying. '"H NMR (400 MHz, CDCl5) & 8.11 (s,
1H), 6.75 (s, 1H), 3.96-3.86 (m, 2H), 3.71 (d, J = 6.8 Hz, 2H), 3.29 (t, J = 11.4 Hz, 2H), 1.85-1.73 (m,
1H), 1.67-1.58 (m, 2H), 1.45-1.25 (m, 11H; s, 9H at 1.34); MS ESI [M + H]" 445.0, calcd for
[C1-Hx»BrCIN,O;+H]™ 445.1.

The following intermediates were synthesized according to General Method B:

IUPAC name Structure MS caled; Yield;
MS ESI Appearance;
[M+H]" Salt form




tert-butyl (3-bromo-5-
chloropyrazolo[1,5-a]pyrimidin-7-
yl)(2-morpholinoethyl)carbamate

o] [C17Hy3BrCl | 3.59 g (88%);
N\/\N,Boc N503-|-H]+ off white
NN 460.0; solid; free
- )Q 460.8 base
cl” N
Br

SMs: 3-bromo-5-chloro-N-(2-morpholinoethyl)pyrazolo[ 1,5-a]pyrimidin-7-amine (3.21 g, 8.9
mmol), Boc,O (1.91 g, 8.8 mmol), DMAP (110 mg, 0.9 mmol).

"H NMR (400 MHz, CDCI5) 5 8.08 (s, [H), 6.90 (s, 1H), 3.94 (t, J = 5.6 Hz, 2H), 3.30-3.22 (m, 4H),
2.54 (t,J = 5.6 Hz, 2H), 2.24 (t, J = 4.4 Hz, 4H), 1.36 (s, 9H).

tert-butyl (3-bromo-5-
chloropyrazolo[1,5-a]pyrimidin-7-
yl)(cyclopropylmethyl)carbamate

vAN,Boc [CisHisBrCl | 6.24 g (89%);
KN/N N40,-C4Hg]" | yellow solid;
- /g? 345.0; free base
o N 345.0

SMs: 3-bromo-5-chloro-N-(cyclopropylmethyl)pyrazolo[1,5-a]pyrimidin-7-amine (5.25 g, 17.5
mmol), Boc,O (5.70 g, 26.2 mmol), DMAP (0.21 g, 1.75 mmol), and TEA (7.3 mL, 52.5 mmol).

"H NMR (400 MHz, CDCI;) & 8.12 (s, 1H), 6.85 (s, 1H), 3.72 (d, J= 7.3 Hz, 2H), 1.39 (s, 9H), 1.05-
0.94 (m, 1H), 0.46-0.37 (m, 2 H), 0.13-0.03 (m, 2 H).

tert-butyl (3-bromo-5-
chloropyrazolo[1,5-a]pyrimidin-7-
yD(((1s,38)-3-((tert-
butoxycarbonyl)oxy)-3-
methylcyclobutyl)methyl)carbamate

.Boc [C22H30BTC1 0.90 g (40%),
BocOTM\ 1 N N,Os+H]" white solid;
) /K\N;\ 545.1; free base
Ccl” N S 545.1
r

TEA (1.75 mL, 12.6 mmol).

SMs: (1s,3s)-3-(((3-bromo-5-chloropyrazolo[ 1,5-a]pyrimidin-7-yl)amino)methyl)-1-
methylcyclobutanol (1.44 g, 4.2 mmol), Boc,0O (2.2 g, 10.5 mmol), DMAP (0.10 g, 0.84 mmol), and

"H NMR (400 MHz, CDCl5) 8 8.11 (s, 1H), 6.74 (s, 1H), 3.88 (d, J= 6.5 Hz, 2H), 2.17 (s, 3H), 1.99-
1.88 (m, 2H), 1.47 (s, 3H), 1.45 (s, 9H), 1.35 (s, 9H).

Synthesis of tert-butyl (3-bromo-5-(cyclopentylamino)pyrazolo[1,5-a]pyrimidin-7-yl)((tetrahydro-2H-

pyran-4-yl)methyl)carbamate

solution

SS

HN N
Br

ywBoe To a tert-butyl
Q//%\ NN yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate
N cyclopentamine (0.11 mL, 1.1 mmol, 1.1 equiv) in THF (6 mL) was added DIPEA

(3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-

(446  mg, mmol)  and

(0.22 mL, 1.2 mmol, 1.2 equiv). The resulting mixture was microwaved 3 h at 80 'C, 1

h at 120 'C and 1 h at 130 "C. The reaction was then allowed to cool to room temperature and was diluted

with EtOAc and water was added. The resulting mixture was extracted with EtOAc and the combined

organic extracts were dried over MgSO, and concentrated to give the crude product. Crude product was

purified by flash chromatography (gradient: EtOAc/hex 5-40%) to give the title compound as a pale
yellow solid (420 mg, 85%). NMR 'H NMR (400 MHz, CDCI3) & 7.81 (s, 1 H), 5.96 (s, 1H), 5.01 (br, s,
1H), 4.43-4.15 (m, 1H), 3.95 (d, J= 7.5 Hz, 2H), 3.63 (d, J = 7.0 Hz, 2H), 3.43-3.20 (m, 2H), 2.21-2.08



(m, 2H), 1.88-1.60 (m, 7H), 1.56-1.49 (m, 2H), 1.33-1.23 (m, 2H); MS ESI [M + H] 494.9, calcd for
|:(322H32B1'N503+HTr 494.2.

The following intermediates were synthesized according to General Method C:

IUPAC name Structure MS caled; Yield;
MS ESI Appearance;
[M+H]" Salt form
(R)-tert-butyl (3-bromo-5-((1- N-BoC [Cy1H3,BrN; 115 mg
hydroxybutan-2- O/\ O,+H]" (51.8%);
yl)amino)pyrazolo[1,5-a]pyrimidin- © fk N-N 498.2; Colorless
7-yD)((tetrahydro-2H-pyran-4- AN SN S 498.8 thick oil
yl)methyl)carbamate H/ Br
OH

SMs: fert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-yl)((tetrahydro-2H-pyran-4-yl)methyl)
carbamate (200 mg, 0.45 mmol), R(-)-2-aminobutan-1-ol (85 mmL, 0.90 mmol), DIPEA (156 mmL,
0.90 mmol).

'H NMR (400 MHz, CDCl;) & 7.79 (s, 1H), 6.00 (s, 1H), 5.22 (d, J = 6.8 Hz, 1H), 4.08-4.02 (m, 1H),
3.95-3.84 (m, 4H), 3.71-3.67 (m, 1H), 3.62 (d, J = 7.2 Hz, 2H), 3.31 (t,J = 11.6 Hz, 2H), 1.83-1.56
(m, 4H), 1.37 (s, 9H), 1.31-1.20 (m, 3H) , 1.03 (t,J = 7.4 Hz, 3H).

SMs: tert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-yl)(2-((tert-butoxycarbonyl)oxy)-2-
methylpropyl)carbamate (200 mg, 0.39 mmol), 4-aminotetrahydropyran (79 mg, 0.78 mmol), DIPEA
(137 uL, 0.78 mmol).

tert-butyl  (3-bromo-5-(((1S,2R)-2- N-BoC [Cy3H34BrN; 80g
hydroxycyclohexyl)amino)pyrazolo[ m N O,+H]" (97%);
1,5-a]pyrimidin-7-yl)  ((tetrahydro- o 524.2; cream solid;

2H-pyran-4-yl)methyl)carbamate HN™ N 524.1

HO\@ Br

SMs: tert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-yl)((tetrahydro-2H-pyran-4-yl)methyl)
carbamate (7.0 g, 15.0 mmol), (1R,2S)-2-aminocyclohexanol hydrochloride (3.58 g, 23.0 mmol),
DIPEA (10.95 mL, 62.0 mmol)

'H NMR (400 MHz, CDCI;) & 7.77 (s, 1H), 6.00 (s, 1H), 5.49 (br. s, 1H), 4.16 (br. s, 1H), 4.07 - 4.04
(m, 1H), 3.92 (dd, J = 11.6 Hz, 2.8 Hz, 2H), 3.60 (d, J = 7.2 Hz, 2H), 3.31 (td, J= 11.6 Hz, 2.0 Hz,
2H), 1.82-1.77 (br. m, 3H), 1.72-1.58 (br.m, 6H), 1.49-1.41 (br. m, 2H), 1.36 (s, 9H), 1.30-1.23 (m, 2
H).

free base

(S)-tert-butyl(3-bromo-5-((1- N-Boc [C,4H36BrN; 750 g
cyclopropyl-2-hydroxy-2- g N O,+H]" (83%);
methylpropyl)amino)pyrazolo [1,5- f\N 538.2; cream solid;
a]pyrimidin-7-yl)((tetrahydro-2H- HNT SN 538.3 free base

pyran-4-yl)methyl)carbamate

SMs: tert-butyl (3-bromo-5-chloropyrazolo[ 1,5-a]pyrimidin-7-yl)((tetrahydro-2H-pyran-4-yl)methyl)
carbamate (7.0 g, 15.0 mmol), (S)-1-amino-1-cyclopropyl-2-methylpropan-2-ol hydrochloride (4.89
g, 25.0 mmol), DIPEA (11.7 mL, 67.3 mmol).

"H NMR (400 MHz, CDCI5) & 7.79 (s, 1H), 6.01 (s, 1H), 5.25 (d, J = 7.2 Hz, 1H), 3.95 (dd, J=11.6
Hz, 2.4 Hz, 2H), 3.61 (d, J = 7.2 Hz, 2H), 3.39-3.30 (m, 3H), 1.86-1.73 (m, 1H), 1.69-1.62 (m, 2H),
1.38 (s, 14 H), 1.34-1.25 (m, 4H), 1.06-0.99 (m, 1H), 0.79-0.74 (m, 1H), 0.56-0.50 (m, 2H), 0.41-




0.39 (m, 1H).

tert-butyl(3-bromo-5-(((1S,2R)-2- V\NfBOC [C,1H3oBrN; 85¢g
hydroxycyclohexyl)amino)pyrazolo[ szN Os+H]" (79%);
1,5-a]pyrimidin-7- O - /1%? 480.2; beige solid,;
yl)(cyclopropylmethyl)carbamate z ﬁ N s 480.3 free base

SMs: tert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-yl)(cyclopropylmethyl)carbamate (9.0
g, 22.5 mmol), (1R,25)-2-aminocyclohexanol-HCI (4.08 g, 27.0 mmol), DIPEA (3.47 g, 25.1 mmol).
'H NMR (400 MHz, CDCl;) 8 7.80 (s, 1H), 6.08 (s, 1H), 5.33-5.19 (m, 1H), 4.26-4.14 (m, 1H), 4.13-
4.06 (m, 1H), 3.61 (d, J = 7.3 Hz, 2H), 2.51 (br. s, 1H), 1.89-1.62 (m, 8H), 1.55-1.45 (m, 2H), 1.40
(s, 9H), 1.06-0.95 (m, 1H), 0.47-0.38 (m, 2H), 0.17-0.07 (m, 2H).

tert-butyl (3-bromo-5- Boc, —M N-Boc [C,7H40BrN;s 040 ¢g
(cyclopentylamino)pyrazolo[ 1,5- 0% /(]\ Y Os+H]" (67%);
a]pyrimidin-7-yl)(((1s,3s)-3-((tert- o 594.2; white solid;
butoxycarbonyl)oxy)-3- HN™ N Br 594.3 free base
methylcyclobutyl)methyl)carbamate

SMs: tert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-y1)(((1s,3s)-3-((tert-
butoxycarbonyl)oxy)-3-methylcyclobutyl)methyl)carbamate (0.45 g, 0.83 mmol), cyclopentylamine
(0.085 g, 1.0 mmol), DIPEA (0.21 g, 1.66 mmol).

'H NMR (400 MHz, CDCl;) § 7.79 (s, 1H), 5.94 (s, 1H), 5.08 (br. s, 1H), 4.23 (br. s, 1H), 3.85-3.72
(m, 2H), 2.28-2.06 (m, 5H), 2.02-1.89 (m, 2H), 1.81-1.61 (m, 5H), 1.48 (s, 4H), 1.44 (s, 9H), 1.36 (s,
9H).

Synthesis  of tert-butyl (3-bromo-5-phenoxypyrazolo[1.5-a]pyrimidin-7-y1)((tetrahydro-2H-pyran-4-

ylmethyl)carbamate

O/\N,Boc
0 = N,N\
N SS

O N

Using phenol: To a solution of tert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-
7-yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (2.01 g, 4.51 mmol) and phenol
. (1.27 g, 13.53 mmol, 3 equiv) in DMF (15 mL) was added K,CO; (1.84 g, 13.53 mmol,
@ 3 equiv). The resulting mixture was stirred O/N at rt and quenched with H,O (150 mL).
After extracting with EtOAc (60 mL x 2), it was concentrated to dryness and purified
by flash chromatography twice (gradient: EtOAc/DCM 0-50%; EtOAc/hex 30-80%) to give the desired
product (2.09 g, 92%) as white foam. '"H NMR (400 MHz, CDCI5) § 7.97 (s, 1H), 7.49-7.44 (m, 2H),
7.33-7.28 (m, 3H), 6.44 (s, 1H), 3.98-3.92 (m, 2H), 3.70 (d, J = 7.2 Hz, 2H), 3.33 (t, J/ = 11.8 Hz, 2H),
1.90-1.78 (m, 1H), 1.70-1.62 (m, 2H), 1.37 (s, 9H), 1.32 (dd, J=12.8, 4.8 Hz, 2H).
solution of fert-butyl

Using phenoxide: To a (3-bromo-5-chloropyrazolo[ 1,5-a]pyrimidin-7-

yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (4.55 g wet, assuming 10 mmol) in DMF (20 mL) in
was added PhONa (1.22 g, 10.5 mmol). The resulting mixture was stirred at rt for 30 min and quenched
with H,O (200 mL). The precipitates were collected by suction filtration and dried to give the desired
product (3.88 g) as white solid.



The following intermediates were synthesized according to General Method E:

Br

IUPAC name Structure MS caled; Yield;
MS ESI Appearance;
[M+H]" Salt form
tert-butyl (3-bromo-5- o} [Co3HasBrNs | 3.60 g (99%);
phenoxypyrazolo[ 1,5-a]pyrimidin-7- K/N\/\N,Boc O,+H]" white foam;
yl)(2-morpholinoethyl)carbamate 518.1; free base
518.8

SMs: tert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-yl)(2-morpholinoethyl)carbamate
(3.22 g, 7.0 mmol), PhONa (893 mg, 0.77 mmol).

"H NMR (400 MHz, CDCl;) & 7.96 (s, 1H), 7.50-7.44 (m, 2H), 7.32-7.26 (m, 3H), 6.52 (s, 1H), 3.94
(t, J = 6.0 Hz, 2H), 3.40-3.33 (m, 4H), 2.56 (t, J = 6.0 Hz, 2H), 2.33-2.27 (m, 4H), 1.38 (s, 9H).

tert-butyl(3-bromo-5-(pyridin-3-
yloxy)pyrazolo[1,5-a]pyrimidin-7-
yD(((1s,3s)-3~((tert-
butoxycarbonyl)oxy)-3-
methylcyclobutyl)methyl)carbamate

.Boc
Boc, —D/\N
O=
S =
NS

-N
NN

S

O N
~
N

Br

[C27H34BrN;
O¢tH]"
604.2;
604.3

023¢g
(46%);
yellow solid;
free base

SMs: fert-butyl (3-bromo-5-chloropyrazolo[1,5-a]pyrimidin-7-yl)(((1s,3s)-3-((tert-
butoxycarbonyl)oxy)-3-methylcyclobutyl)methyl)carbamate (0.45 g, 0.83 mmol), 3-hydroxypyridine
(0.39 g, 4.14 mmol), DBU (0.63 g, 4.14 mmol)

"H NMR (400 MHz, CDCl3) 5 8.65 (d, J = 2.8 Hz, 1H), 8.55 (dd, J = 4.6, 1.4 Hz, 1H), 7.98 (5, 1H),
7.78-7.73 (m, 1H), 7.46-7.40 (m, 1H), 6.50 (s, 1H), 3.89 (d, J=6.8 Hz, 2H), 2.30-2.15 (m, 3H), 2.02-
1.93 (m, 2H), 1.50 (s, 3H), 1.45 (s, 9H), 1.38 (s, 9H).

tert-butyl (3-bromo-5-(3-
fluorophenoxy)pyrazolo[1,5-
a]pyrimidin-7-yl)(2-
morpholinoethyl)carbamate

o}
K/N\/\N,Boc

-N
> =
F 0" 'N
Br

[C23H27BI'FN
sO,+H]"
536.1;
536.2

542 ¢
(quant.);
light brown
foam;
free base

SMs: tert-butyl (3-bromo-5-chloropyrazolo[ 1,5-a]pyrimidin-7-yl)(2-morpholinoethyl)carbamate
(4.61 g, 10 mmol), 3-fluorophenol (2.24 g, 20 mmol), K,CO; (2.76 g, 20 mmol).

4H), 1.36 (s, 9H).

"H NMR (400 MHz, CDCI;) & 7.94 (s, 1H), 7.42-7.35 (m, 1H), 7.10-7.02 (m, 2H), 7.00-6.95 (m, 1H),
6.54 (s, 1H), 3.92 (t, J = 5.8 Hz, 2H), 3.35-3.28 (m, 4H), 2.55 (t, J = 5.8 Hz, 2H), 2.27 (t, J= 4.2 Hz,

"H NMR (400 MHz, CD;0D) § 8.05 (s, 1H), 7.55-7.39 (m, 1H), 7.20-7.13 (m, 2H), 7.07 (dd, J =
2.5, 0.8 Hz, 1H), 6.83 (s, 1H), 3.72 (d, J = 7.3 Hz, 2H), 2.84 (d, J = 11.8 Hz, 2H), 2.23 (s, 3H), 2.00-
1.88 (m, 2H), 1.85-1.76 (m, 2H), 1.65-1.50 (m, 1H), 1.35 (s, 9H), 1.33-1.22 (m, 2H)

Final Compouds




7. Synthesis of tert-butyl tert-butyl (3-bromo-5-phenoxypyrazolo[1,5-a]pyrimidin-7-y1)((tetrahydro-2H-

pyran-4-yl)methyl)carbamate

O/\NH
~-N
O f\N A\
N\ ~
(0] N

N
O H

To a solution of tert-butyl (3-bromo-5-phenoxypyrazolo[1,5-a]pyrimidin-7-
yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (1.51 g, 3 mmol) and N-
cyclopropyl-2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzam-
ide (2.71 g, 3 equiv) in THF (12 mL) was added 2 M K3PO, (3 mL, 6 mmol, 2
equiv), followed by PdCl,dppfDCM (122 mg, 0.15 mmol, 5 mol%). The

resulting mixture was purged with Ar, and then microwaved 2 h at 120 ‘C.

After repeating the reaction on the same scale, both reactions were combined, diluted with H,O (30 mL)

and extracted with EtOAc (30 mL x 2). It was concentrated and purified by purified by flash

chromatography (EtOAc/hex 0-60%) to give the intermediate as light yellow foam.
The above light yellow foam was redissolved in DCM (20 mL) and treated with TFA (4 mL). After

stirring O/N, it was concentrated to dryness and purified by flash chromatography (gradient: EtOAc/hex

0-100%) and triturated with MeOH to give the title compound (1.819 g, 61% over 2 steps) as white solid.
'H NMR (400 MHz, CDCl;) § 8.23 (s, 1H), 7.77 (s, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.46 (t, J = 8.0 Hz,
2H), 7.32-7.27 (m, 3H), 7.24 (d, J = 8.0 Hz, 1H), 6.39 (t, J = 6.2 Hz, 1H), 5.84-5.82 (m, 1H), 5.69 (s, 1H),
4.05 (dd, J = 11.6, 3.2 Hz, 2H), 3.44 (dt, J = 12.0, 1.6 Hz, 2H), 3.32 (t, J = 6.4 Hz, 2H), 2.92-2.76 (m,
1H), 2.34 (s, 1H), 2.09-1.97 (m, 1H), 1.82-1.75 (m, 2H), 1.53-1.40 (m, 2H), 0.90-0.84 (m, 2H), 0.63-0.58
(m, 1H); MS ESI [M + H] " 498.5, calcd for [C,oH3NsO5+H]" 498.2.

The following final compounds were synthesized according to the synthesis of Compound 7

Compound number, IUPAC name Structure MS caled; Yield;

MS ESI Appearance;

[M+H]" Salt form
9, N-cyclopropyl-2-methyl-4-(7-((2- 0/\ [CooH3,NgO5+ | 2.94 g (68%, 2
morpholinoethyl)amino)-5- K/N\/\NH H] steps); light
phenoxypyrazolo[1,5-a]pyrimidin-3- 513.3; pink solid;
yl)benzamide Z NN 513.6 TFA salt

0 N7
N

SMs: tert-butyl (3-bromo-5-phenoxypyrazolo[1,5-a]pyrimidin-7-y1)(2-morpholinoethyl)carbamate
(1.80 g, 3.47 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benz-
amide (3.14 g, 10.42 mmol), PdCl,dppf DCM (142 mg, 0.174 mmol, 5 mol% )—identical two
reactions on the same scale; TFA (6 mL).

"H NMR (400 MHz, CDCI;) § 8.31 (s, 1H), 7.78 (s, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.48-7.42 (m, 2H),




7.30-7.23 (m, 3H), 7.17 (d, J = 8.0 Hz, 1H), 5.90 (s, 1H), 4.10-3.70 (m, 6H), 3.70-3.10 (m, 6H), 2.87-
2.79 (m, 1H), 2.24 (s, 3H), 0.83-0.77 (m, 2H), 0.63-0.58 (m, 2H).

8, 4-(5-(cyclopentylamino)-7- NH [CosH36NgOo+ | 93 mg (38%,
(((tetrahydro-2H-pyran-4- %N’N H] 2 steps);
yl)methyl)amino)pyrazolo[1,5- > 489.3; white solid;
a]pyrimidin-3-yl)-N-cyclopropyl-2- 489.5 TFA salt

methylbenzamide

PSS
HN™ °N

N
N

SMs: tert-butyl (3-bromo-5-(cyclopentylamino)pyrazolo[1,5-a]pyrimidin-7-yl)((tetrahydro-2H-pyran-
4-yl)methyl)carbamate (200 mg, 0.41 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzamide (365 mg, 1.21 mmol), PdCL,dppfDCM (33 mg, 0.040 mmol); TFA (2
mL).

"H NMR (400 MHz, CDCI;) § 8.93 (br, s, 1H), 7.89 (s, 1H), 7.32 (d, J = 7.5 Hz, 1H), 7.26-7.16 (m, 2
H), 7.03 (t,J = 5.6 Hz, 1H), 6.43 (d, J = 2.5 Hz, 1H), 5.11 (s, 1H), 4.05 (dd, J = 11.4, 3.6 Hz, 2H),
3.89 (br, s, 1H), 3.4 (t, J = 11.4 Hz, 2H), 3.35 (t, J = 6.3 Hz, 2H), 2.93-2.91 (m, 1H), 2.42 (s, 3 H),

2.04 (m, 3H), 1.89-1.60 (m, 8H), 1.54-1.37 (m, 2H), 0.95-0.78 (m, 2H), 0.72-0.58 (m, 2H).

11, (R)-N-cyclopropyl-4-(5-((1- OﬁNH [Co7H36NgOs+ | 12 mg (11%, 2
hydroxybutan-2-yl)amino)-7- o) NN H] steps);
(((tetrahydro-2H-pyran-4- o U 493.3 cream solid
yl)methyl)amino)pyrazolo[1,5- HN 493.5 free base

a]pyrimidin-3-yl)-2-methylbenzamide

OH

N

o” R

SMs: (R)-tert-butyl (3-bromo-5-((1-hydroxybutan-2-yl)amino)pyrazolo[1,5-a]pyrimidin-7-yl)
((tetrahydro-2H-pyran-4-yl)methyl)carbamate (115 mg, 0.23 mmol), N-cyclopropyl-2-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (209 mg, 0.69 mmol),PdCl,dppfDCM (19

mg, 0.023 mmol, 10 mol%); TFA (3 mL)

'"H NMR (400 MHz, CD;0D) & 8.18 (s, 1H), 7.98 (s, 1H), 7.90 (d, J = 6.4 Hz, 1H), 7.32 (d, J = 8.0
Hz, 1H), 5.41 (s, 1H), 4.11-4.08 (br, s, 1H), 3.98-3.95 (m, 2H), 3.75-3.69 (m, 2H), 3.46-3.40 (m, 2H),
3.23 (d,J = 6.4 Hz, 2H), 2.88-2.82 (m, 1H), 2.45 (s, 3H), 2.01-1.82 (m, 1H), 1.84-1.74 (m, 3H), 1.67-
1.60 (m, 1H), 1.43-1.34 (m, 2H), 1.05 (t, J = 7.6 Hz, 3H), 0.84-0.79 (m, 2H), 0.63-0.60 (m, 2H).

The following final compounds were synthesized according to General Method F:

Compound number, [IUPAC name Structure MS calcd; Yield;
MS ESI Appearance;
[M-+H]+ Salt form




10, N-cyclopropyl-4-(5-(3-

T

[C2oH31FN6O5

3.33 g 59% (2

fluorophenoxy)-7-((2- +H]" steps);
morpholinoethyl)amino)pyrazolo[1,5- 531.3; white solid;
a]pyrimidin-3-yl)-2-methylbenzamide Z NN 531.3 HCl salt

N
O 'N
@F
(0]

N
H

N

SMs: fert-butyl (5-(3-fluorophenoxy)pyrazolo[ 1,5-a]pyrimidin-7-yl)(2-morpholinoethyl)carbamate
(5.42 g, 10 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzamide (6.33 g, 21 mmol), PdCl,dppfDCM (408 mg, 0.5 mmol, 5 mol%), 2M K;PO, (15 mL,

30 mmol); TFA (10 mL).

'H NMR (400 M Hz, CD;0D) & 8.42 (s, 1H), 7.84 (s, 1H), 7.64 (dd, J = 8.0, 1.6 Hz, 1H), 7.53-7.47
(m, 1H), 7.21 (d, /= 8.0 Hz, 1H), 7.16-7.06 (m, 3H), 6.08 (s, 1H), 4.17-4.08 (m, 2H), 3.97 (t, ] =6.2
Hz, 2H), 3.94 (t, J = 11.8 Hz, 2H), 3.65 (d, J = 12.0 Hz, 2H), 3.57 (t,J= 6.2 Hz, 2H), 3.35-3.27 (m,
2H), 2.38-2.31 (m, 3H), 2.27 (s, 3H), 0.84-0.78 (m, 2H), 0.63-0.58 (m, 2H). °C NMR (400 MHz,
DMSO-d6) 6 ppm 170.47, 154.57, 149.27, 143.28, 136.85, 135.53, 133.99, 130.71, 128.74, 128.25,
123.86, 104.66, 73.09, 68.52, 67.24, 64.23, 47.37, 35.23, 30.46, 27.52, 26.72, 23.24, 19.79, 12.44,
6.22,4.78,2.02. HPLC purity: 98.9% at 254 nm. HRMS (ESI) m/z calcd for [C0H31N¢O; + H]+,

531.2520; found, 531.2523.

14, N-cyclopropyl-4-(5-(((1S,2R)-2- 0 [CyoH3sNgO5 +| 1.98 g, 20% (2
hydroxycyclohexyl)amino)-7- Q H] steps);
(((tetrahydro-2H-pyran-4- NH 519.3; cream solid;
yl)methyl)amino)pyrazolo[1,5- NfN\ 519.3 free base

a]pyrimidin-3-yl)-2-methylbenzamide

{ _
e
NH
oH

o)

4

NH

SMs: tert-butyl (3-bromo-5-(((1S,2R)-2-hydroxycyclohexyl)amino)pyrazolo[1,5-a]pyrimidin-7-
yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (7.95 g, 15 mmol), N-cyclopropyl-2-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (6.84 g, 23 mmol), PdCl,dppf DCM (1.21 g,
1.50 mmol, 10 mol%), 2M K;PO, (15.14 mL, 30 mmol); TFA (17 mL).

'"H NMR (400 MHz, CD;Cl;) & 8.10 (s, 1H), 7.91 (s, 1H), 7.78-7.76 (m, 1H), 7.35 (s, 1H), 7.34 (s,
1H),6.09 (t, J = 6.0Hz, 1H), 5.98 (d, J = 2.4 Hz, 1H), 5.12 (s, 1H), 4.98 (d, J = 6.8 Hz, 1H), 4.20-4.15
(m, 2H), 4.00 (dd, J = 11.6, 3.6 Hz, 2H), 3.42-3.36 (m, 2H), 3.15 (t, J = 6.8 Hz, 2H), 2.93-2.87 (m,
1H), 2.51 (s, 3H), 1.97-1.88 (m, 3H), 1.85-1.51 (m, 6H), 1.50-1.41 (m, 2H), 1.39-1.33 (m, 2H), 0.90-
0.85 (m, 2H), 0.63-0.59 (m, 2H). HPLC Purity (HCI salt): 98.3% at 254 nM.

12, (S)-N-cyclopropyl-4-(5-((1- 0 [C30H4oNgO3 +[2.10 g, 17% (2
cyclopropyl-2-hydroxy-2-methyl- Q H] steps);
propyl)amino)-7-(((tetrahydro-2H- NH 533.3; pale yellow
pyran-4-yl)methyl)amino)- ) NS 5334 solid;
pyrazolo[ 1,5-a]pyrimidin-3-yl)-2- = free base

methylbenzamide

<
Ho 7"[NH

NH




SMs: (S)-tert-butyl (3-bromo-5-((1-cyclopropyl-2-hydroxy-2-methylpropyl)amino)pyrazolo [1,5-
a]pyrimidin-7-yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (7.50 g, 13.9 mmol), N-cyclopropyl-2-
methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (6.27 g, 20.8 mmol),
PdCLdppfDCM (1.13 g, 1.39 mmol, 10 mol%), 2M K;PO, sol (13.9 mL, 27.8 mmol).

"H NMR (400 MHz, CD;0D) & 8.16 (s, 1H), 7.96 (s, 1H), 7.77 (dd, J=8.4, 1.6 Hz, 1H), 7.31 (d, J =
8.0 Hz, 1H), 5.46 (s, 1H), 3.96 (dd, J= 11.2, 3.2 Hz, 2H), 3.61-3.58 (m, 1H), 3.41 (t, J=11.6 Hz, 2
H), 3.22-3.20 (m, 2H), 2.88-2.82 (m, 1H), 2.45 (s, 3H), 2.02-1.96 (m, 1H), 1.75-1.72 (m, 2H), 1.42-
1.32 (m, 8H), 1.16-1.09 (m, 1H), 0.83-0.78 (m, 2H), 0.73-0.68 (m, 1H), 0.64-0.60 (m, 2H), 0.50-0.39
(m, 3H). BC NMR (400 MHz, DMSO-d6) & ppm 170.47, 154.57, 149.27, 143.28, 136.85, 135.53,
133.99, 130.71, 128.74, 128.25, 123.86, 104.66, 73.09, 68.52, 67.24, 64.23, 47.37, 35.23, 30.46,
27.52,26.72,23.24, 19.79, 12.44, 6.22, 4.78, 2.02. HPLC Purity: 98.2% at 254 nM. HRMS (ESI) m/z
calcd for [C3gHyoNgO; + H]+, 533.3240; found, 533.3238.

16, N-cyclopropyl-4-(7- [Cy7H34NO, + [ 2.09 g, 25% (2
((cyclopropylmethyl)amino)-5- Y H] steps);
(((1S,2R)-2-hydroxycyclohexyl)- NH 475.3; pale yellow
amino)pyrazolo[ 1,5-a]pyrimidin-3- O f\ N- N\ 4753 solid;
E N \N =~
on H

yl)-2-methylbenzamide HCl salt

N

N
O H

SMs: fert-butyl (3-bromo-5-(((1S,2R)-2- hydroxycyclohexyl)amino)pyrazolo[1,5-a]pyrimidin-7-
yl)(cyclopropylmethyl)carbamate (8.48 g, 17.7 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (6.92 g, 23.0 mmol), PACL,dppfDCM (1.44 g, 1.76
mmol), 2M K;PO, (26.6 mL, 106.2 mmol); TFA (20 mL).

'H NMR (400 MHz, CD;0D) & 8.21 (s, 1H), 7.51-7.37 (m, 3H), 5.67 (br, s, 1H), 4.04-3.82 (m, 2H),
3.46-3.37 (m, 2H), 2.93-2.82 (m, 1H), 2.47 (s, 3H), 1.89-1.64 (m, 6H), 1.61-1.42 (m, 2H), 1.31-1.21
(m, 1H), 0.88-0.78 (m, 2H), 0.70-0.58 (m, 4H), 0.46-0.36 (m, 2H). °C NMR (400 MHz, DMSO-d6) &
ppm 170.43, 153.66, 148.94, 143.40, 136.70, 135.57, 134.20, 130.76, 128.76, 128.21, 123.87, 104.63,
68.36, 67.75, 54.01, 46.47, 31.20, 27.56, 23.24, 22.68, 21.08, 19.86, 10.76, 6.27, 4.08, 3.97. HPLC
purity: 98% at 254 nm. HRMS (ESI) m/z calcd for [C;H34N6O, + H]+, 475.2821; found, 475.2815.

24, N-cyclopropyl-4-(7-((((1s,3s)-3- MNH [CosH30NO3 + | 96 mg, 47% (2
hydroxy-3-methylcyclobutyl)- HO NN H] steps);
methyl)amino)-5-(pyridin-3- > 499.2; beige solid;

yloxy)pyrazolo[ 1,5-a]pyrimidin-3-yl)- 0N 499.3 HCl salt
2-methylbenzamide = |
Ny p

N
O H

SMs: tert-butyl (3-bromo-5-(pyridin-3-yloxy)pyrazolo[1,5-a]pyrimidin-7-y1)(((1s,3s)-3-((tert-
butoxycarbonyl)oxy)-3-methylcyclobutyl)methyl)carbamate (0.23 g, 0.38 mmol), N-cyclopropyl-2-
methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.15 g, 0.49 mmol),
PdCLdppfDCM (0.031 g, 0.038 mmol), 2M K;PO, (0.57 mL, 1.14 mmol); TFA (3 mL).

'"H NMR (400 MHz, CD;0D) & 9.14 (br, s, 1H), 8.89-8.82 (m, 1H), 8.79-8.71(m, 1H), 8.40 (s, 1H),
8.31-8.21 (m, 1H), 7.68 (s, 1H), 7.59 (d, J = 9.5 Hz, 1H), 7.23 (d, J = 8.0 Hz, 1H), 6.06 (s, 1H), 3.56
(d, J = 6.5 Hz, 2H), 2.88-2.79 (m, 1H), 2.40-2.31 (m, 1H), 2.29 (s, 3H), 2.26-2.18 (m, 2H), 1.99-1.89




(m, 2H), 1.37 (s, 3H), 0.85-0.76 (m, 2H), 0.63-0.53 (m, 2H). *C NMR (100.6 MHz, DMSO-d) 170.5,
163.4, 150.0, 149.5, 146.5, 144.3, 143.5, 142.0, 135.8, 133.8, 130.4, 127.8, 127.1, 124.7, 121.8, 106.4,
73.7, 68.0, 47.5, 42.0, 28.1, 24.7, 23.2, 20.0, 6.2. HPLC purity: 99.5% at 254 nm. HRMS (ESI) m/z

caled for [CosH30NO; + H]+, 499.2458; found, 499.2461.

23, 4-(5-(cyclopentylamino)-7- —DANH [CosH36NgO, + | 75 mg, 21% (2
((((1s,3s)-3-hydroxy-3- HO= NN H] steps);
methylcyclobutyl)methyl)amino)pyra < 489.3; light orange
zolo[ 1,5-a]pyrimidin-3-yl)-N- HN™ °N 489.4 solid;
cyclopropyl-2-methylbenzamide G HCI salt

d N

SMs: fert-butyl (3-bromo-5-(cyclopentylamino)pyrazolo[1,5-a]pyrimidin-7-yl)(((1s,3s)-3-((tert-
butoxycarbonyl)oxy)-3-methylcyclobutyl)methyl)carbamate (0.40 g, 0.67 mmol), N-cyclopropyl-2-

methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.26 g, 0.88 mmol),

PdCLdppfDCM (0.055 g, 0.067 mmol), 2M K;PO, (1 mL, 2.01 mmol); TFA (3 mL).

'"H NMR (400 MHz, CD;OD) & 8.18 (s, 1H), 7.42 (s, 3H), 5.52 (br, s, 1H), 4.23-4.11 (m, 1H), 3.68-
3.54 (m, 2H), 2.93-2.81 (m, 1H), 2.46 (s, 3H), 2.38-2.27 (m, 1H), 2.26-2.07 (m, 4H), 1.99-1.89 (m,
2H), 1.88-1.59 (m, 6H), 1.35 (s, 3H), 0.86-0.79 (m, 2H), 0.66-0.58 (m, 2H). HPLC purity: 99% at 254

nm.

13, N-cyclopropyl-4-(5-(((1R,2R)-2-

o

50 mg, 20% (2

hydroxycyclohexyl)amino)-7- [CooH3sNgOs+ steps);
(((tetrahydro-2H-pyran-4- H] light brown
yl)methyl)amino)pyrazolo[1,5- 519.3; solid;
a]pyrimidin-3-yl)-2-methylbenzamide 519.3; TFA salt

NH
=N
Wt v
oH NH
o

SMs: tert-butyl (3-bromo-5-(((1R,2R)-2-hydroxycyclohexyl)amino)pyrazolo[ 1,5-a]pyrimidin-7-
yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (0.205 g, 0.39 mmol), N-cyclopropyl-2-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.205 g, 0.68 mmol), PACl,dppfDCM (0.032
g, 0.039 mmol), 1M Na,CO; (0.78 mL, 0.78 mmol); TFA (3 mL).

(400 MHz, CD;0D) 8 8.24 (s, 1H), 7.51 (s, 1H), 7.46-7.41 (m, 2H), 5.64 (s, 1 H), 3.98 (dd, J=11.2,
3.2 Hz, 2H), 3.53 (m, 2H), 3.46-3.38 (m, 4H), 2.90-2.85 (m, 1H), 2.47 (s, 3H), 2.12-2.03 (m, 3H),
1.81-1.73 (m, 4H), 1.47-1.34 (m, 6H), 0.86-0.81(m, 2H), 0.65-0.61 (m, 2H); HPLC purity: 99.5% at

254 nM.

15, N-cyclopropyl-4-(5-(((1S,2R)-2- 0 62 mg, 23% (2
hydroxycyclopentyl)amino)-7- Q [CosH36NgO3+ steps);
(((tetrahydro-2H-pyran-4- NH H] Off white
yl)methyl)amino)pyrazolo[1,5- { N 505.3; solid;
a]pyrimidin-3-yl)-2-methylbenzamide O'“"NH\N V 505.3; TFA salt

OH
O

NH

SMs: tert-butyl (3-bromo-5-(((1S,2R)-2-hydroxycyclopentyl)amino)pyrazolo[1,5-a]pyrimidin-7-
yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (0.225 g, 0.44 mmol), N-cyclopropyl-2-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.199 g, 0.66 mmol), PACl,dppfDCM (0.036




g, 0.044 mmol), 2M K;PO, (0.44 mL, 0.88 mmol), TFA (3 mL).

(400 MHz, CD;0D) & 8.20 (s, 1H), 7.47 (s, 1H), 7.42 (br. s, 2H), 5.60 (s, 1H), 4.30-4.27 (m, 1H),
4.07-4.02 (m, 1H), 4.00-3.97 (m, 2H), 3.47-3.41 (m, 4H), 2.89-2.85 (m, 1H), 2.47 (s, 3H), 2.22-2.18
(m, 1H), 2.11-1.91 (m, 3H), 1.82-1.69 (m, 5H), 1.48-1.38 (m, 2H), 0.86-0.81 (m, 2H), 0.65-0.61 (m,

2H); HPLC purity: 97.6% at 254 nM.

22, N-cyclopropyl-4-(7-((((1r,31)-3- NH N [CsH30NgOs+ | 97 mg, 40% (2
hydroxy-3- ﬁ JN H] steps);
methylcyclobutyl)methyl)amino)-5- | HO", =N 499.2; Cream solid;
(pyridin-3-yloxy)pyrazolo[1,5- o 499.3; HCl salt
a]pyrimidin-3-yl)-2-methylbenzamide 7\ NH

o

SMs: (1r,31)-3-(((3-bromo-5-(pyridin-3-yloxy)pyrazolo[ 1,5-a]pyrimidin-7-yl)amino)methyl)-1-
methylcyclobutan-1-ol (0.275 g, 0.45 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzamide (0.206 g, 0.68 mmol), PdCl,dppf DCM (0.037 g, 0.045 mmol), 2M
K;3P0O, (0.45 mL, 0.90 mmol), TFA (3 mL).

(400 MHz, CD;OD) § 8.55 (dd, J = 2.8, 0.4 Hz, 1H), 8.47 (dd, J = 4.8, 1.6 Hz, 1H), 8.33 (s, 1 H),
7.83-7.80 (m, 1H), 7.72 (s, 1H), 7.58-7.55 (m, 2H), 7.18 (d, J = 8.0 Hz, 1H), 5.89 (s, 1H), 3.49 (d, J =
7.6 Hz, 2H), 2.87-2.78 (m, 2H), 2.28- 2.23 (m, 5H), 1.97-1.92 (m, 2H), 1.36 (s, 3H), 0.82-0.77 (m,
2H), 0.62-0.58 (m, 2H); HPLC purity: 98.9% at 254 nM.

19, N-cyclopropyl-4-(7-((((1r,3r)-3- /D"‘\\NH [Ca7H2sNsO5+ 36 mg,
hydroxycyclobutyl)methyl)amino)-5- HO f\N,N H] 10% (2 steps);
(pyridin-3-yloxy)pyrazolo[1,5- P, 485.2; Light yellow
a]pyrimidin-3-yl)-2-methylbenzamide 7 N 485.3; solid;
@ P HCI salt
& N

SMs: fert-butyl (3-bromo-5-(pyridin-3-yloxy)pyrazolo[1,5-a]pyrimidin-7-yl1)(((1r,3r)-3-
hydroxycyclobutyl)methyl)carbamate (0.31 g, 0.52 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.22 g, 0.73 mmol), PdCl,dppf.DCM (0.043 g, 0.052
mmol), 2M K;PO, (0.80 mL, 1.6 mmol); TFA (5 mL).

(400 MHz, CD;0OD) & 9.13 (d, J = 2.3 Hz, 1H), 8.86 (d, J = 5.8 Hz, 1H), 8.77-8.69 (m, 1H), 8.40 (s,
1H), 8.26 (dd, J = 8.8, 5.8 Hz, 1H), 7.67 (s, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H),
6.07 (s, 1H), 4.53-4.39 (m, 1H), 3.57 (d, J = 8.0 Hz, 2H), 2.89-2.79 (m, 1H), 2.76-2.61 (m, 1H), 2.30
(s, 3H), 2.29-2.21 (m, 2H), 2.21-2.08 (m, 2H), 0.85-0.78 (m, 2H), 0.65-0.58 (m, 2H); HPLC purity:
98.8% at 254 nm.

20, 4-(5-(cyclopentylamino)-7- "N [Co7H34NgO5+ | 99 mg,32% (2
((((1r,3r)-3-hydroxycyclobutyl)- HO NN H] steps); orange
methyl)-amino)pyrazolo[1,5- N SN 475.3; solid;
a]pyrimidin-3-yl)-N-cyclopropyl-2- 475.4; HCl salt
methylbenzamide

G HP

SMs: tert-butyl (3-bromo-5-(cyclopentylamino)pyrazolo[1,5-a]pyrimidin-7-yl)(((1r,3r)-3-((tert-

butoxycarbonyl)oxy)cyclobutyl)methyl)carbamate (0.35 g, 0.6 mmol), N-cyclopropyl-2-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.24 g, 0.79 mmol), PdCl,dppf (0.049 g,
0.060 mmol), 2M, K;PO4 (0.9 mL); TFA (3 mL)




(400 MHz, CD;0D) & 8.18 (s, 1H ), 7.55-7.29 (m, 3H), 5.54 (br, s, 1H), 4.50-4.37 (m, 1H), 4.26-4.07
(m, 1H), 3.62 (d, J = 6.8 Hz, 2H), 2.92-2.83 (m, 1H), 2.75-2.61 (m, 1H), 2.46 (s, 3H), 2.31-2.02 (m,
6H), 1.92-1.56 (m, 6H), 0.91-0.75 (m, 2H), 0.71-0.52 (m, 2H); HPLC purity: 97.5% at 254 nm.

hydroxycyclohexyl)methyl)amino)-5- +H]
(pyridin-3-yloxy)pyrazolo[1,5- 513.3;

17, N-cyclopropyl-4-(7-((((1s,4s)-4- NH [C2oH3,N605 TFA salt;
HO/O}N’N\

O \N Y

a]pyrimidin-3-yl)-2-methylbenzamide z 513.2

Nx

NH
O

SMs: (1s,4s)-4-(((3-bromo-5-(pyridin-3-yloxy)pyrazolo[1,5-a]pyrimidin-7-yl)(4-
methoxybenzyl)amino)methyl)cyclohexanol (0.26 g, 0.40 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.24 g, 0.79 mmol), PdClL,dppf (0.049 g, 0.040
mmol), K;P0,(0.42 g, 1.9 mmol); TFA (5§ mL).

(400 MHz, CD;0D) 6 8.91 (d,J =2.0 Hz, 1H), 8.71 (d, J = 5.3 Hz, 1H), 8.44-8.32 (m, 2H), 8.06-
7.91 (m, 1H), 7.70 (s, 1H), 7.58 (d,J = 8.3 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 5.98 (s, 1H), 4.01-3.84
(m, 1H), 3.38 (d, J = 7.0 Hz, 2H), 2.88-2.79 (m, 1H), 2.28 (s, 3H), 1.96-1.51 (m, 9H), 0.84-0.76 (m,
2H), 0.64-0.58 (m, 2H); HPLC purity: 98.6% at 254 nm.

18, N-cyclopropyl-4-(7-((((1r,4r)-4- O/\NH [C2oH3,N(O3
hydroxycyclohexyl)methyl)amino)-5- HO" szN\ +H]" HCl salt;
(pyridin-3-yloxy)pyrazolo[1,5- o SN 513.3;
a]pyrimidin-3-yl)-2-methylbenzamide 2 513.2

DS

NH
(0]

SMs: (1r,4r)-4-(((3-bromo-5-(pyridin-3-yloxy)pyrazolo[ 1,5-a]pyrimidin-7-yl)(4-
methoxybenzyl)amino)methyl)cyclohexanol (0.24 g, 0.37 mmol), N-cyclopropyl-2-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.22 g, 0.73 mmol), PdCl,dppf (0.030 g, 0.037
mmol), K;PO,(0.39 g, 1.9 mmol); TFA (5 mL).

(400 MHz, CD;0D) § 9.05-8.87 (m, 1H), 8.74 (d, J = 5.5 Hz, 1H), 8.42-8.51 (m, 1H), 8.39 (s, 1H),
8.09-8.00 (m, 1H), 7.70 (s, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 6.00 (s, 1H),
3.62-3.48 (m, 1H), 3.44-3.33 (m, 2H), 2.87-2.79 (m, 1H), 2.29 (s, 3H), 2.22-2.10 (m, 1H), 2.09-1.49
(m, 4H), 1.40-1.05 (m, 4H), 0.93-0.75 (m, 2H), 0.67-0.53 (m, 2H); HPLC purity: 99.8% at 254 nm.

21, 4-(5-(cyclopentylamino)-7- //\\//\NH [CasH36N6O, TFA salt;
((((1r,3r)-3-hydroxy-3- T e, +HT
methylcyclobutyl)methyl)amino)pyra eSS 489.3;
zolo[1,5-a]pyrimidin-3-yl)-N- 489.4
cyclopropyl-2-methylbenzamide P

el

SMs: (1r,3r)-tert-butyl 3-(((3-bromo-5-(cyclopentylamino)pyrazolo[1,5-a]pyrimidin-7-yl)(tert-
butoxycarbonyl)amino)methyl)-1-methoxycyclobutanecarboxylate (0.28 g, 0.50 mmol), N-
cyclopropyl-2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (0.23 g, 0.76 mmol),
PdCldppf (0.0214 g, 0.025 mmol), K;PO,4(0.32 g, 1.5 mmol); TFA (5 mL).

(400 MHz, CD;0D) § 8.18 (s, 1H), 7.48-7.36 (m, 3H), 5.52 (s, 1H), 4.23-4.10 (m, 1H), 3.65-3.57 (m,
2H), 2.93-2.75 (m, 2H), 2.46 (s, 3H), 2.31-2.21 (m, 2H), 2.20-2.11 (m, 3H), 2.06-1.89 (m, 2H), 1.89-
1.50 (m, 6H), 1.37 (s, .3H), 0.87-0.79 (m, 2H), 0.68-0.56 (m, 2H); HPLC purity: 98.2% at 254 nm.




TTK Inhibition Assay

Active TTK was purchased from Invitrogen as an amino terminal GST fusion of full length

human TTK. Amino terminal 6 histidine, sumo tagged human TTK (residues 1-275) was expressed in E.
coli, and purified to >95% homogeneity by Ni*" agarose, gel filtration, and ion exchange chromatography.

TTK activity was measured using an indirect ELISA detection system. GST-TTK (0.68 nM) was
incubated in the presence of either 16 uM ATP (Sigma cat# A7699) or 100 uM ATP, 50mM Hepes pH
7.2, 1mM EGTA, 10mM MgCl,, and 0.1% Pluronic in a 96 well microtitre plate pre-coated with amino
terminal 6 histidine, sumo tagged TTK (amino acid residues 1-275).

The reaction was allowed to proceed for 30 min, followed by 5 washes of the plate with wash
buffer (phosphate buffered saline supplemented with 0.2% Tween 20), and incubation for 30 min with a
1:3000 dilution of primary antibody (Cell Signaling cat# 9381). The plate was washed 5 times with Wash
Buffer, incubated for 30 min in the presence of secondary antibody coupled to horse radish peroxidase
(BioRad cat# 1721019, 1:3000 concentration), washed an additional 5 times with Wash Buffer, and
incubated in the presence of TMB substrate (Sigma cat# T0440). The colourimetric reaction was allowed
to continue for 5 min, followed by addition of stop solution (0.5 N sulphuric acid), and quantified by
detection at 450 nm with either a monochromatic or filter based plate reader (Molecular Devices M5 or
Beckman DTX880, respectively).

Compound inhibition was determined at either a fixed concentration (10 uM) or at a variable
inhibitor concentration (typically 0.5 uM to 0.001 uM in a 10 point dose response titration). Compounds
were pre-incubated in the presence of enzyme for 5 min prior to addition of ATP and the activity
remaining quantified using the above described activity assay. The % inhibition of a compound was
determined using the following formula; % inhibition = 100 x (1 — (experimental value — background
value)/(high activity control — background value)). The ICs, value was determined using a non-linear 4
point logistic curve fit (XLfit4, IDBS) with the formula; (A+(B/(1+((x/C)"D)))), where A = background

value, B = range, C = inflection point, D = curve fit parameter.

Cell Viability Assay (Glso)
Cancer cell lines were seeded into 96-well plates at 800—6000 cells per 80 uL, depending on the

cell growth rate’, 24 h before compound overlay, cultured, then fixed in situ and processed for
sulforhodamine B (SRB) (Sigma, Oakville, ON) assay as previously described.” Glsos were calculated
using GraphPad PRISM software (GraphPad Software, Inc., San Diego, CA).



Table S1. A Panel of Cancer Cell Growth Inhibition Data (Glsy) for Compound 24

Breast Glso (uM) Ovarian Glsy (M)
MDA-MB-231 CAL-51 SKBr-3 T-47D OVCAR-3 SKOV-3
0.015 0.002 0.001 0.003 0.012 1.30
Prostate Glso (LM) Pancreas Glso (LM) Lung Glso (uM) Colon GlIso (M)
PC-3 DU145 BxPC-3 PANC-1 A549 Sw48
0.015 0.008 0.002 0.12 0.007 0.01

TTK Purification and Crystallizaion

The purification and crystallization of the TTK kinase domain and the X-ray structure

determination of the TTK/compound 9 complex were performed as previously described.' The data and

refinement statistics are given in Table S2 below.

Table S2. Summary of TTK/Compound 9 Complex Crystallographic Data and Refinement Statistics

Data Collection Refinement and Statistics

Resolution, (A) 50-2.3 (2.4-2.3)* Rwork, (%) 20.9
Space group 1222 Rfree, (%) 26.3
a, (A) 70.3 RMSD from ideal geometry:

b, (A) 106.7 Bond lengths, (A) 0.015
c, (A) 111.9 Bond angles, () 1.640
Molecules per asymmetric unit | 1 Numbers of atoms:

Unique reflections 18,900 (2,140)* Protein (non-hydrogen) 2,124
Multiplicity 6.4 (6.00)* Water oxygen atoms 22
Average 1/o(]) 22.4 (2.6)* Ligand atoms 75
Rmerge, (%) 3.77 (44.6)*

Completeness, (%) 98.9 (95.6)* PDB ID 47ZEG

*The values in the parenthesis are those from the highest resolution shell

Millipore Kinase

screen

The activity of inhibitors 10, 12, 16 and 24 against 262 protein kinases (Table S3) was assessed

by Millipore (Dundee, Scotland) using a radiometric assay; % inhibition was determined at 1.0 uM

inhibitor concentration with ATP at Km, as per the suppliers specifications.




Table S3. Human Kinases screened

CDK6/
Abl(h) cyclinD3(h) EphA7(h) | HIPK3(h) | MELK(h) | PAK6(h) PKCi(h) SRPK1(h)
CDK7/cyclin
ACKI1(h) H/MATI(h) EphA8(h) | IGF-1R(h) | Mer(h) PAR-1Ba(h) | PKCu(h) SRPK2(h)
CDKY/ IGF-1R(h),
ALK(h) cyclin T1(h) EphBl1(h) | activated Met(h) PASK(h) PKD2(h) STK25(h)
ALK2(h) CHK1(h) EphB2(h) | IKKa(h) MINK(h) | PDGFRa(h) | PKGla(h) | STK33(h)
ALK4(h) CHK2(h) EphB3(h) | IKKB(h) MKK6(h) | PDGFRB(h) | PKGI1B(h) | Syk(h)
AMPKal(h) | CKlyl(h) EphB4(h) | IKKe(h) MKK7B(h) | PDK1(h) Plk1(h) TAK1(h)
AMPKo2(h) | CK1y2(h) ErbB4(h) IR(h) MLCK(h) | PEK(h) Plk3(h) TAOI1(h)
IR(h),
Arg(h) CK1y3(h) FAK(h) activated MLKI1(h) | PhKy2(h) PRAK(h) | TAO2(h)
PI3K(p1 100!
ARKS5(h) CK15(h) Fer(h) IRAK1(h) | Mnk2(h) /p85 a)(h) PRK2(h) TAO3(h)
MRCKa PI3K(p110pB
ASK1(h) CK2(h) Fes(h) IRAK4(h) | (h) /p85a)(h) PrKX(h) TBK1(h)
MRCKp PI3K(p1105/ Tec(h)
Aurora-A(h) | CK202(h) FGFR1(h) | IREl(h) (h) p85a)(h) PTKS5(h) activated
PI3K TGFBRI1
Aurora-B(h) | cKit(h) FGFR2(h) | IRR(h) MSK1(h) | (p120y)(h) | Pyk2(h) | (b)
Aurora-C(h) | CLK1(h) FGFR3(h) | Itk(h) MSK2(h) | PI3KC20(h) | Ret(h) Tie2 (h)
Axl(h) CLK2(h) FGFR4(h) | JAK1(h) | MSSK1(h) | PI3KC2y(h) | RIPK2(h) | TLKI(h)
ROCK-
Blk(h) CLK3(h) Fgr(h) JAK2(h) | MST1(h) | Pim-1(h) 1(h) TLK2(h)
ROCK-
Bmx(h) CLK4(h) Flt1(h) JAK3(h) | MST2(h) | Pim-2(h) 11(h) TrkA(h)
B-Raf(h) c-RAF(h) FI3(h) JNKlal(h) | MST3(h) | Pim-3(h) Ron(h) TrkB(h)
BRK(h) CSK(h) Flt4(h) JNK202(h) | MST4(h) | PIP4K2a(h) | Ros(h) TrkC(h)
BrSK1(h) | cSRC(h) Fms(h) JNK3(h) | mTOR(h) | PIPSKla(h) | Rse(h) TSSK1(h)
mTOREK | prpsk 1y(h
BrSK2(h) | DAPKI(h) Fyn(h) KDR(h) | BP12(h) M) | Rekiny) | TSSK2(h)
BTK(h) DAPK2(h) GCK(h) | Lek(h) MuSK(h) | PKA(h) Rsk2(h) | Txk(h)
Lck(h)
CaMKI(h) | DCAMKL2(h) | GCN2(h) | activated | NEK11(h) | PKBa(h) Rsk3(h) | TYK2(h)
CaMKIIB(h) | DDR2(h) GRKI(h) | LIMKI(h) | NEK2(h) | PKBP(h) Rskd(h) | ULK2(h)
CaMKlly(h) | DMPK(h) GRKS5(h) | LKBI(h) | NEK3(h) | PKBy(h) SAPK2a(h) | ULK3(h)
CaMKII5(h) | DRAKI(h) GRK6(h) | LOK(h) | NEK6(h) | PKCa(h) SAPK2b(h) | VRK2(h)
CaMKIV(h) | DYRK2(h) GRK7(h) | LRRK2(h) | NEK7(h) | PKCPI(h) | SAPK3(h) | Weel(h)
CaMKI5(h) | eEF-2K(h) GSK3a(h) | Lyn(h) NEKO(h) | PKCPII(h) | SAPK4(h) | WNK2(h)
CDK1/
cyclinB(h) | EGFR(h) GSK3B(h) | MAPKI(h) | NLK(h) PKCy(h) SGK(h) WNK3 (h)
CDK2/
cyclinA(h) | EphAl(h) Haspin(h) | MAPK2(h) | p70S6K(h) | PKC3(h) SGK2(h) | Yes(h)
CDK2/ MAPKAP-
cyclinE(h) EphA2(h) Hck(h) K2(h) PAK1(h) PKCe(h) SGK3(h) ZAP-70(h)
CDK3 Hek(h) MAPKAP-
/cyclinE(h) | EphA3(h) activated K3(h) PAK2(h) PKC{(h) SIK(h) ZIPK(h)
CDK5/p25 MARK1
(h) EphA4(h) HIPK1(h) | (h) PAK4(h) PKCn(h) Snk(h)
CDK5/p35
(h) EphA5(h) HIPK2(h) | MEKI1(h) | PAK5(h) PKCHO(h) SNRK(h)




Cytochrome P450 Assay

Fluorogenic cytochrome P450 inhibition studies were conducted at 37 °C in 96-well

plates, as previously described,2 for CYP 1A2, CYP 2D6, CYP 2C9, CYP 2C19, and CYP 3A4
(BFC and DBF substrates).

In vivo Mouse Studies

Procedures for mouse plasma level determinations (including calculation of PK
parameters) and xenograft models (including prepratory MTD studies) have been described.'
Compound 24 MTD and Xenoraft Studies: A necropsy with gross observations was carried out
on animals dosed at a levels above the MTD (including >20% weight loss). These generally
revealed the retention of food in the stomach along with expanded, fluid/gas filled intestines. No
obvious behavioural changes were noted at doses less than the MTD, however, body weight
losses were accompanied by reduced food consumption. Body weight change at the MTD (day

21) averaged -5.9% (n=6) and -8.0% (n==8) in the HT29 and the HCT116 models, respectively.
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Figure S1. HCT116 tumor volume vs day of treatment. Athymic NUDE mice (n=8) bearing
HCT116 xenografts were treated for 21 days with compound 24 or vehicle (QD PO).

Rat and Dog Pharmacokinetic Studies

The pharmacokinetic studies were performed by Shanghai Chempartner (720 Cailun
Road, Pudong New Area, Shanghai, China) as previously described.’
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