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ABSTRACT: CDK2 is a critical regulator of the cell cycle. For a
variety of human cancers, the dysregulation of CDK2/cyclin E1
can lead to tumor growth and proliferation. Historically, early
efforts to develop CDK2 inhibitors with clinical applications
proved unsuccessful due to challenges in achieving selectivity over
off-target CDK isoforms with associated toxicity. In this report, we
describe the discovery of (4-pyrazolyl)-2-aminopyrimidines as a
potent class of CDK2 inhibitors that display selectivity over CDKs
1, 4, 6, 7, and 9. SAR studies led to the identification of compound
17, a kinase selective and highly potent CDK2 inhibitor (IC50 =
0.29 nM). The evaluation of 17 in CCNE1-amplified mouse
models shows the pharmacodynamic inhibition of CDK2, measured by reduced Rb phosphorylation, and antitumor activity.

■ INTRODUCTION
Cyclin-dependent kinases (CDKs) are a family of serine/
threonine protein kinases that regulate key cellular processes
and drive the progression of cell cycle.1,2 Inactive in their
monomeric form, CDK activity is governed by heterodimeriza-
tion with regulatory subunits, known as cyclins, and an
intricate network of phosphorylation events.3 Under homeo-
stasis, these regulatory mechanisms are tightly controlled to
ensure successful cell division. Conversely, the dysregulation of
CDK/cyclin activity can cause sustained, uncontrolled cellular
proliferation, a hallmark of cancer.4 Although the key concepts
of CDK biology were first established in the 1990s, translating
the fundamental understanding of cell cycle control into
effective cancer therapies has proven challenging. Pioneering
efforts identified pan-CDK inhibitors that lacked an optimal
balance between safety and clinical efficacy due to toxicities
associated with multitargeted CDK activity.5,6 Recently, the
FDA approval of the selective CDK4/6 dual inhibitors
palbociclib,7 ribociclib,8 and abemaciclib9 for the treatment
of hormone receptor-positive (HR+) and human epidermal
growth factor receptor 2-negative (HER2-) breast cancer
(Figure 1) has reignited interest in CDK targeted cancer
therapies, and marks a paradigm shift toward the discovery of
novel selective CDK inhibitors.
Although multiple CDKs have been proposed as therapeutic

targets for cancer, CDK2 is of particular interest because the

Received: December 5, 2023
Revised: January 11, 2024
Accepted: January 19, 2024
Published: February 7, 2024

Figure 1. FDA-approved selective CDK4/6 dual inhibitors.

Articlepubs.acs.org/jmc

© 2024 American Chemical Society
3112

https://doi.org/10.1021/acs.jmedchem.3c02287
J. Med. Chem. 2024, 67, 3112−3126

D
ow

nl
oa

de
d 

vi
a 

IN
C

Y
T

E
 C

O
R

P 
on

 A
pr

il 
2,

 2
02

5 
at

 1
6:

47
:0

0 
(U

T
C

).
Se

e 
ht

tp
s:

//p
ub

s.
ac

s.
or

g/
sh

ar
in

gg
ui

de
lin

es
 f

or
 o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Joshua+R.+Hummel"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kai-Jiong+Xiao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jeffrey+C.+Yang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Leslie+B.+Epling"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ken+Mukai"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Qinda+Ye"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Meizhong+Xu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Meizhong+Xu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dingquan+Qian"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Lu+Huo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Michael+Weber"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Valerie+Roman"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yvonne+Lo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Katherine+Drake"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kristine+Stump"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kristine+Stump"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Maryanne+Covington"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kanishk+Kapilashrami"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Guofeng+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Min+Ye"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sharon+Diamond"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Swamy+Yeleswaram"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Swamy+Yeleswaram"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ricardo+Macarron"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Marc+C.+Deller"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Susan+Wee"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sunkyu+Kim"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xiaozhao+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Liangxing+Wu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Liangxing+Wu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Wenqing+Yao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.jmedchem.3c02287&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?fig=tgr1&ref=pdf
https://pubs.acs.org/toc/jmcmar/67/4?ref=pdf
https://pubs.acs.org/toc/jmcmar/67/4?ref=pdf
https://pubs.acs.org/toc/jmcmar/67/4?ref=pdf
https://pubs.acs.org/toc/jmcmar/67/4?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?fig=fig1&ref=pdf
pubs.acs.org/jmc?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.jmedchem.3c02287?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/jmc?ref=pdf
https://pubs.acs.org/jmc?ref=pdf


dysregulation of CDK2/cyclin E1 has been identified as a
mechanism of resistance to CDK4/6 blockade.10 CDK2
partners canonically with cyclin E1 to phosphorylate and
inactivate the tumor suppressor retinoblastoma protein (Rb),
which releases the E2F transcription factor that ultimately
leads to cell cycle progression from G1 to S-phase.11 Emerging
evidence suggests that CDK2 activity is critical for cellular
proliferation across multiple oncogenic pathways, and that for
a subset of genetically defined cancers, the dysregulation of
CDK2/cyclin E1 is associated with tumor growth and
aggressiveness, and can drive malignant transformation.12 For
instance, the amplification of CCNE1, the gene that encodes
for cyclin E1, often correlates with poor prognosis in ovarian,
breast, gastric, and endometrial cancers.13 In addition,
preclinical studies have shown that genetic suppression and
pharmacological inhibition of CDK2 can selectively inhibit cell
proliferation and induce G1 arrest in CCNE1-amplified cancer
cells.14 Taken together, these studies support the selective
inhibition of CDK2 as a therapeutic target for CCNE1-
amplified tumors. While several selective CDK2 inhibitors
recently advanced to clinical trials (INCB123667, PF-
07104091, BLU-222, ARTS-021, and INX-315), none are
currently approved. In search of novel therapies to address this
unmet clinical need, our discovery program set out to identify
potent and selective small molecule inhibitors of CDK2.

■ RESULTS AND DISCUSSION
A high-throughput screen (HTS) of Incyte’s internal
compound collection identified hit (±)-1 as a promising
starting point that displayed submicromolar enzymatic activity
against CDK2/Cyclin E1 (IC50 = 607 nM) but also potently
inhibited its primary target JAK2 (Figure 2). In vitro CDK2
biochemical potency and selectivity was assessed in non-
radiometric enzyme activity assays. With a focus on improving
CDK2 potency and general kinase selectivity, our initial SAR
efforts led to the discovery of compound 2 that showed
increased CDK2 activity (IC50 = 16 nM) and no measurable
activity against JAK2 (IC50 > 10,000 nM). Compound 2 also
exhibited excellent selectivity against an in-house panel of 8
kinases (see Supporting Information, Table S1). Previous
reports of CDK2 inhibitors have demonstrated that sub-
stitution in the kinase hinge region can play a key role in
determining kinase selectivity. For example, while CDK2/4/6
inhibitor ebvaciclib15 bearing an aminopiperidine in this region
is highly selective against JAK2, zotiraciclib16 with a substituted
phenyl moiety inhibits both JAK2 and CDK2. Furthermore, an

aminopiperidine derivative of pan-CDK inhibitor milciclib
showed improved general kinase selectivity.17 Based on these
earlier findings, we hypothesize that the improvement in JAK2
and high general kinase selectivity observed for compound 2
arose from the sp3-hybridized aminopiperidine. However, for
compound 2, only 64-fold selectivity against subfamily member
CDK1 was observed. As a critical regulator of the G2 to M
phase transition and DNA replication, CDK1 is a pan-lethal
gene that is essential for the survival and proliferation of
normal cells.18 Hypothesizing that much of the clinical
toxicities observed for multitargeted CDK inhibitors might
have arisen from CDK1 inhibition, we focused our early design
strategy on incorporating structural modifications to mitigate
CDK1 activity. To this end, we discovered that varying
substitution at the C5-position of the pyrimidine played a key
role in determining CDK2 activity and isoform selectivity and
that by replacing the chloro group in compound 2 with a
trifluoromethyl substituent (3), we achieved a marked increase
in both CDK2 potency (IC50 = 3.2 nM) and CDK1 selectivity
(IC50 = 407 nM, 130-fold).
Having identified a promising core scaffold, we next fixed the

5-trifluoromethyl-2-aminopyrimidine and evaluated SAR for a
series of N-substituted pyrazoles to further improve the CDK2
potency and off-target CDK selectivity (Table 1). Cyclic
substituents were first evaluated. Replacing the tetrahydropyr-
an in 3 with a lipophilic cyclohexyl moiety (4) maintained
sufficient CDK2 biochemical potency and CDK1 selectivity,
but showed poor solubility in simulated gastric fluid (SGF)
and low human microsomal stability (entry 1). Increasing
polarity by introducing an isoelectronic N-methylpiperidine
substituent (5) provided improved solubility and intrinsic
clearance, albeit with a significant reduction in CDK1
selectivity (entry 2). Initial evaluation of aromatic groups
demonstrated that an ortho-fluorophenyl substituent (6) was
well tolerated in the CDK2 enzyme assay (IC50 = 2 nM) and
displayed promising CDK1 selectivity and low clearance (entry
3). We next evaluated 6 in a human whole blood assay spiked
with the CCNE1-amplified ovarian cancer cell line COV318 by
measuring the inhibition of Rb phosphorylation (pRb).
Unfortunately, compound 6 showed low activity in the
human whole blood (WB) assay (IC50 ∼ 5 μM). Switching
to chloro derivative 7 gave improved enzymatic and WB
potency and provided comparable CDK1 selectivity, but with a
marked increase in human intrinsic clearance (h-Cl) (entry 4).
Linear and branched substituents were also evaluated.

Notably, compound 8, bearing a 2,2,2-trifluoroethyl moiety,

Figure 2. Structure of high-throughput screening hit (±)-1 and initial scaffold discovery.
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displayed promising CDK2 WB potency and good selectivity
against off-target CDKs (entry 5). In addition, compound 8
exhibited promising human intrinsic clearance (<0.5 L/h/kg),
although solubility in simulated gastric fluid (SGF) was low (3
μg/mL). On the other hand, compound 9, containing a
geminal dimethyl alcohol substituent, displayed improved SGF
solubility (>400 μg/mL) and human microsomal stability
(<0.5 L/h/kg), and achieved subnanomolar CDK2 biochem-
ical potency (entry 6). Demonstrating potent target inhibition
and favorable CDK isoform selectivity compounds 7−9
emerged as promising leads for further development.
To lower the human intrinsic clearance (h-Cl) of 2-

chlorophenyl derivative 7, we hypothesized that incorporating
small polar substituents in the aromatic ring might reduce
lipophilicity, which in turn could potentially increase metabolic
stability.19 The addition of a cyano group (10) at the 4-
position maintained potency and improved intrinsic clearance
(0.5 L/h/kg) but also resulted in poor SGF solubility (Table 2,
entry 1). Reasoning that incorporation of an N-methyl benzyl
amine might improve aqueous solubility by both disrupting
molecular planarity and providing an ionizable group, we were
encouraged to find that compound 11 showed improved SGF
solubility (94 μg/mL).20 Unfortunately 11 also showed lower
selectivity against CDK1 and CDK7 (entry 2). Revisiting the
R1 substituent at the pyrimidine C5-position, we discovered
that switching to a cyano group (12) provided a notable
increase in both CDK1 and CDK7 selectivity while further
improving solubility (entry 3). Compound 12 also displayed a
cellular IC50 of 18 nM against CCNE1-amplified COV318
ovarian cancer cells and showed good translation in the human
whole blood assay (WB IC50 = 112 nM), which we

hypothesize was due to the increased protein binding free
fraction (FF = 33%). Cellular activity against CDK1 was also
characterized in OVCAR3 cells by measuring the inhibition of
nucleophosmin (NPM) phosphorylation at threonine 199,
with compound 12 exhibiting a CDK1 cellular IC50 of 225 nM.
To improve the aqueous solubility of trifluoroethyl

derivative 8, we first evaluated polar functionality at the R3

position of the sulfonyl moiety (Table 2). Extensive SAR in
this region revealed that a variety of aromatic nitrogen
heterocycles were well tolerated, often showing subnanomolar
biochemical potency and improved selectivity against off-target
CDKs. For example, the addition of an N-methylpyrazole (13)
showed promising CDK2 WB potency, low intrinsic clearance,
and high caco2 permeability, but unfortunately no improve-
ment in solubility was observed (entry 4). To our delight, a
nitrogen walk to the more polar N-methylimidazole (14)
showed a dramatic improvement in SGF solubility (322 μg/
mL), while maintaining a balanced in vitro ADME profile
(entry 5). Compound 14 also displayed promising CDK
isoform selectivity, and further improvement in WB potency to
334 nM. With a favorable compound profile in hand, we next
fixed the R2 and R3 substituents and evaluated a cyano
substituent at the R1 position (entry 6). In contrast to the
trend observed for N-methyl benzyl amines 11−12, compound
15 showed much lower solubility than the trifluoromethyl
congener 14. Compound 15 also showed an improvement in
CDK1 and CDK7 selectivity, albeit with a reduction in CDK4
and CDK6 selectivity as well as caco2 permeability. Additional
attempts to balance the aqueous solubility and permeability
through structural modification at R3 proved fruitless, as
exemplified by 2-pyridyl derivative 16 that displayed increased
caco2 permeability with concomitant reduction in SGF
solubility (entry 7).
The promising solubility and intrinsic clearance of

compound 9 prompted us to fix the R1 and R2 positions and
evaluate substituents at the R3 position of the sulfonyl moiety
(Table 2). Following SAR studies, we discovered that
compound 17 bearing a cyclopropyl substituent showed
improved WB potency (398 nM) and promising selectivity
over off-target CDKs (entry 8). Furthermore, compound 17
exhibited excellent SGF solubility (>400 μg/mL), low intrinsic
clearance (0.5 L/h/kg), and high caco2 permeability.
Interestingly, converting compound 17 into the cyano
derivative 18 resulted in diminished CDK1, CDK4, and
CDK6 enzyme selectivity as well as reduced SGF solubility
(entry 9).
Based on structural diversity and balanced in vitro profiles,

compounds 12, 14, and 17 were advanced to pharmacokinetic
(PK) studies in both rodents and cynomolgus monkeys (Table
3). The rat PK profile of compound 12 showed good oral
exposure (3498 nM·h at 3 mg/kg) and bioavailability (69%),
moderate clearance [36% hepatic blood flow (HBF)], and a
half-life (t1/2) of 3.8 h (entry 1). Upon progressing to cyno PK,
compound 12 showed moderate exposure (923 nM·h at 1.5
mg/kg) and a prolonged IV half-life of 6 h (entry 2). On the
other hand, compound 14 showed improved oral exposure and
relatively lower clearance in both species (entries 3 and 4).
While comparable half-life was observed in rat and cyno PK,
species differences in clearance and volume of distribution
(Vdss) gave rise to the observed similarity. Despite comparable
oral exposure (AUC) and maximum observed plasma
concentration (Cmax) across species, in cyno PK compound
14 showed a lower bioavailability (8%) that coincided with a

Table 1. Selected SAR of N-Substituted Pyrazoles

aMean IC50 values measured in the presence of 1 mM ATP.
bRetinoblastoma protein (Rb) S780 phosphorylation measured in the
CCNE1-amplified COV318 cell line treated with compounds in
human whole blood overnight. cHuman microsomal intrinsic
clearance (L/h/kg).
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Table 2. SAR to Balance Potency, ADME, and Physiochemical Properties

aMean IC50 values measured in the presence of 1 mM ATP. bRetinoblastoma protein (Rb) S780 phosphorylation measured in the CCNE1-
amplified COV318 cell line. cNucleophosmin (NPM) T199 phosphorylation measured in the OVCAR3 cell line. dTreated with compounds in
human whole blood overnight. eHuman microsomal intrinsic clearance (L/h/kg). fCaco2 values Pm × (10)−6 cm/s. gProtein binding free fraction
(FF).

Table 3. Cross-Species Pharmacokinetic Profiles of 12, 14, and 17

PO IV

entry cmpd species AUC (nm h) Cmax (nm) F (%) HBF (%) t1/2 (h) Vdss (L/kg)

1 12 rata 3498 412 69 36 3.8 5.7
2 12 cynob 923 93 20 26 6 4.4
3 14 ratc 6950 813 48 12 3.3 1.4
4 14 cynod 7590 778 8 4.3 3.2 0.37
5 17 rata 751 757 51 130 2 1.8
6 17 cynoe 5652 962 21 9 2.6 0.4

aDosed in cassette studies. 0.5 mg/kg IV and 3 mg/kg PO. bDosed in cassette studies. 0.5 mg/kg IV and 1.5 mg/kg PO. cDosed in cassette studies.
0.43 mg/kg IV and 3 mg/kg PO. dDosed in discrete studies. 0.5 mg/kg IV and 3 mg/kg PO. eDosed in discrete studies. 0.3 mg/kg IV and 2 mg/kg
PO.
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decrease in clearance (<5% HBF). In contrast to 12 and 14,
compound 17 showed only moderate oral exposure in rats
(AUC 751 nM·h at 3 mg/kg) that we hypothesize resulted
from high clearance (130% HBF) (entry 5). Nonetheless, the
promising in vitro profile of 17 prompted us to advance this
compound to cyno PK. At an oral dose of 2 mg/kg compound
17 exhibited good exposure (AUC of 5652 nM·h) and low
clearance (9% hepatic blood flow) in cynos (entry 6), and
displayed improved oral bioavailability (21%) and an IV half-
life of 2.6 h. Based on a balanced cyno PK profile, compound
17 was selected as our lead candidate for further in vivo
evaluation.
To assess the in vivo effects of compound 17 on CDK2

signaling, we next conducted a pharmacokinetic/pharmacody-
namic (PK/PD) study measuring Rb phosphorylation (pRb)
as a pharmacodynamic biomarker (Figure 3). Measuring
CDK2 activity through pRb inhibition requires cells to
undergo G1 to S phase transition. To capture sufficient cell
cycle progression in unsynchronized OVCAR3 cells in vivo, we
opted for a 5 day PK/PD study design. In a 5 day PK/PD
study, once daily treatment of 17 at 30 mg/kg showed

approximately 50% reduction in Rb phosphorylation over 24 h
(Figure 3a). PK measurements at 1, 4, and 8 h showed plasma
concentrations of compound 17 exceeding or approaching WB
IC50. However, by the 24 h time point, plasma levels of 17
dropped below quantitation limit (BQL), suggesting fast
clearance in mouse.
We next evaluated compound 17 in an efficacy study in

CCNE1-amplified OVCAR3 tumor bearing mice. Consistent
with the decrease in pRb as a PD biomarker, compound 17
displayed antitumor activity in OVCAR3 tumor bearing mice
with 38% tumor-growth inhibition (TGI) following once daily
oral treatment of 17 at 30 mg/kg for 28 days after inoculation
(Figure 3b). Compound 17 demonstrated a favorable safety
profile at 30 mg/kg. Comprehensive twice-daily monitoring
revealed no unexpected deaths, significant adverse effects, or
body weight losses.
Having demonstrated pharmacodynamic inhibition of

CDK2 and in vivo efficacy, additional in vitro characterization
was carried out for 17 to assess the potential risk for off-target
toxicity. Compound 17 exhibited remarkable general kinase
selectivity, and in a panel of over 50 kinases, not a single kinase
was inhibited at an IC50 value below 3 μM at 1 mM ATP
concentration (Supporting Information, Table S2). In
addition, compound 17 was not an inhibitor of cytochrome
P450 (CYP) and showed >25 μM inhibition against multiple
CYP isoforms (2D6, 3A4, 2C9, 2C8, 2C19, 2B6, and 1A2)
(Supporting Information, Table S3). Preincubation 17 with
CYP isoforms 3A4, 2D6, 2C9, and 2C19 at 10 μM compound
concentration showed no significant time-dependent inhibition
(TDI) (Supporting Information, Table S4). Together, these
data suggest minimal risk for potential drug−drug interactions
(DDIs). Low inhibition in hERG patch clamp assay was also
observed (6.6% at 10 μM), indicating a reduced likelihood of
adverse cardiac events.
The crystal structure of compound 17 bound to CDK2 in

the ATP binding site was determined to 1.55 Å resolution
(PDB: 8UV0) and is illustrated in Figure 4. The 2-

aminopyrimidine engages in a hinge binding interaction, and
the trifluoromethyl moiety is projected toward the phenyl-
alanine gatekeeper residue (Phe80). The saturated piperidine
ring adopts a chair conformation to avoid diaxial interactions,
thereby favorably positioning the sulfonamide oxygen atoms to
act as hydrogen bond acceptors with the backbone N−H of
Asp86 and a water-mediated interaction with Lys89 and
Gln85. The pyrazole ring is coplanar with the 2-amino-
pyrimidine, which positions it under the glycine-rich loop
(Ile10−Val18). Finally, the tertiary hydroxyl group interacts

Figure 3. (a) 5 day PK/PD analysis for compound 17 measuring pRb
levels. (b) In vivo tumor growth inhibition in immuno compromised
(nu/nu) female mice bearing CCNE1-amplified OVCAR3 tumors.

Figure 4. Crystal structure of compound 17 bound to CDK2 in the
ATP pocket (PDB: 8UV0).
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Scheme 1. Synthesis of Compound 2a

aReagents and conditions: (a) Pd(dppf)Cl2·CH2Cl2, Na2CO3, CH3CN/H2O, 80 °C, 84%; (b) 1-(methylsulfonyl)piperidin-4-amine, RuPhos Pd
G2, Cs2CO3, dioxane, 100 °C, 53%.

Scheme 2. Synthesis of Compounds 3−9a

aReagents and conditions: (a) ZnCl2, tert-butyl 4-aminopiperidine-1-carboxylate, DIPEA, DCE/t-BuOH, 0−60 °C, 60%; (b) HCl (4 M in
dioxane), THF, 60 °C, 88%; (c) MsCl, DIPEA, THF, 0 °C to rt, 85%; and (d) ArBpin or ArB(OH)2, Pd(dppf)Cl2·CH2Cl2, Na2CO3, dioxane/H2O
or CH3CN/H2O, 100 °C, 11−58%.

Scheme 3. Synthesis of Compounds 10 and 11a

aReagents and conditions: (a) Pd(dppf)Cl2·CH2Cl2, Na2CO3, CH3CN/H2O, 90 °C, 67%; (b) HCl (4 M in dioxane), THF, rt, 85%; (c) 10:3-
chloro-4-fluorobenzonitrile, K3PO4, DMSO, 140 °C, 24%; (d) 11:3-chloro-4-fluorobenzaldehyde, K3PO4, DMSO, 140 °C; and (e)(i) NHMe (2 M
in THF), PhMe/AcOH, rt, (ii) NaBH(OAc)3, DCE, rt, 32% (two steps).
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with Asp145, which is part of the catalytic triad (Lys33, Glu51,
and Asp145).

■ CONCLUSIONS
In summary, starting with HTS hit (±)-1, we have rationally
designed and discovered a series of (4-pyrazolyl)-2-amino-
pyrimidines as potent and selective CDK2 inhibitors. Early
structural modifications identified that substitution at the C5-
position of the pyrimidine had a profound effect on both
CDK2 activity and isoform selectivity. Further SAR studies led
to the discovery of compound 17 that displayed subnanomolar
activity against CDK2 and selectivity over CDK1, CDK4,
CDK6, CDK7, and CDK9. Evaluation in mice with CCNE1-

amplified ovarian cancer tumors showed that 17 reduced
tumor levels of pRb by ∼50% and showed tumor growth
inhibition. These results provide compelling evidence for small
molecule pharmacological inhibition of CDK2 as a means to
treat CCNE1-amplified cancers.

■ CHEMISTRY
The synthesis of compound 2 was achieved in two steps from
commercially available starting inputs (Scheme 1). Suzuki
cross-coupling of 2,4,5-trichloropyrimidine (19) and pyrazole
boronic ester 20 provided intermediate 21, and Buchwald−
Hartwig amination with 1-(methylsulfonyl)piperidin-4-amine
afforded compound 2.

Scheme 4. Synthesis of Compound 12a

aReagents and conditions: (a) ZnCl2, tert-butyl 4-aminopiperidine-1-carboxylate, DIPEA, DCE/t-BuOH, 0−60 °C, 51%; (b) 3-chloro-4-
fluorobenzaldehyde, Cs2CO3, DMF, 120 °C, 54%; (c)(i) Pd(dppf)Cl2·CH2Cl2, Na2CO3, CH3CN/H2O, 80 °C, (ii) HCl (4 M in dioxane), MeOH,
rt; and (d)(i) MsCl, NEt3, rt, (ii) NHMe, rt to 70 °C, (iii) NaBH4, MeOH/THF, rt, 14% (two steps).

Scheme 5. Synthesis of Compounds 13−16a

aReagents and conditions: (a)(i) Pd(dppf)Cl2·CH2Cl2, Na2CO3, CH3CN/H2O, 110 °C, (ii) HCl (4 M in dioxane), rt; (b) R3SO2Cl, NEt3, THF,
rt, 11−48% (two steps).
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A general synthetic route to access compounds 3−9 is
outlined in Scheme 2. Selective SNAr of pyrimidine 22 with
tert-butyl 4-aminopiperidine-1-carboxylate in the presence of
ZnCl2 and Hunig’s base provided intermediate 23. The
removal of the tert-butyloxycarbonyl protecting group followed
by mesylation gave 25. Suzuki cross-coupling with commer-
cially available pyrazole boronic acids or pinacol esters
delivered compounds 3−9.
Compounds 10 and 11 were accessed through a modified

route to allow for late-stage pyrazole functionalization (Scheme
3). Cross-coupling of previously described intermediate 25
with protected pyrazole boronic ester 26 afforded 27.
Protecting group removal to access 28, followed by SNAr
with aryl fluorides furnished compound 10 and intermediate
29. Reductive amination of aldehyde 29 with methylamine
delivered compound 11.
Alternatively, compound 12 was synthesized by the

convergent route outlined in Scheme 4. Aminopyrimidine 31
was prepared in analogous fashion to 23, and SNAr of pyrazole
32 with 3-chloro-4-fluorobenzaldehyde gave 33. Suzuki cross-
coupling of intermediates 31 and 33 followed by Boc
deprotection furnished 34. A one-pot mesylation and reductive
amination provided 12.
The synthesis of compounds 13−16 was carried out in two

steps from intermediates 23 and 31 to allow for late-stage
installation of functionalized sulfonamides (Scheme 5). Cross-
coupling with pyrazole 35 followed by Boc removal gave
amines 36 and 37, and sulfonylation with commercially
available sulfonyl chlorides delivered compounds 13−16.
The synthesis of compounds 17 and 18 was carried out in a

similar fashion employing commercially available pyrazole 38
(Scheme 6). Slight modification of reaction conditions
provided access of compound 17 in good yield and >99.5%
purity on 10 g scale. Purification of 39 and 40 after Suzuki
coupling, followed by deprotection with HCl allowed for clean
isolation of amine hydrochlorides 41 and 42, and reaction with

cyclopropanesulfonyl chloride furnished compounds 17 and
18.

■ EXPERIMENTAL SECTION
All reactions were carried out under an atmosphere of dry nitrogen.
Unless otherwise noted all reactions were performed at ambient
temperature, which averaged 23 °C. All solvents were anhydrous and
used without further purification as acquired from commercial
sources. No unexpected or unusually high safety hazards were
encountered. Microwave reactions were performed on a Biotage
Initiator+ system. NMR spectra were obtained using a Varian
Mercury-400, Inova-500, or a Bruker Advance III HD 600 MHz
spectrometer equipped with a 5 mm QCI Cryoprobe. Data for 1H
spectra are reported as follows: chemical shift (δ ppm), multiplicity,
coupling constant (Hz), integration, and are referenced to the residual
solvent peak (2.50 for DMSO-d6, 7.26 ppm for CDCl3, and 4.79 for
D2O). Data for 13C{1H} spectra are reported as follows: chemical shift
(δ ppm), multiplicity, coupling constant (Hz), and are referenced to
the residual solvent peak (39.52 ppm for DMSO-d6 and 77.16 ppm
for CDCl3). Purifications by flash chromatography were performed on
RediSep normal-phase silica columns using either a Biotage Isolera or
a Teledyne ISCO CombiFlash system. Preparative HPLC purifica-
tions were performed on Waters Fraction Lynx system using UV
triggered or mass directed fractionation and compound-specific
method optimization.21 All final compounds for biological testing
were purified to >95% purity as determined by analytical LCMS.

Synthesis of Compound 2. Step 1. 2,5-Dichloro-4-(1-(tetrahy-
dro-2H-pyran-4-yl)-1H-pyrazol-4-yl)pyrimidine (21). To a mixture
of 2,4,5-trichloropyrimidine (19, 0.330 g, 1.80 mmol), 1-(tetrahydro-
2H-pyran-4-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole (20, 0.50 g, 1.80 mmol) and Na2CO3 (0.381 g, 3.60 mmol)
in CH3CN/H2O (5:1, 6 mL) was added Pd(dppf)Cl2·CH2Cl2 (0.147
g, 0.180 mmol), and the reaction mixture was stirred at 80 °C for 2 h.
After cooling to r.t., the reaction mixture was concentrated and the
residue was purified by flash chromatography (SiO2, EtOAc/hexanes)
to afford the title compound (450 mg, 84%) as a light yellow waxy
solid. LCMS calculated for C12H13Cl2N4O (M + H)+: m/z = 299.0;
found, 299.0. 1H NMR (400 MHz, CDCl3): δ 8.50 (s, 1H), 8.41 (s,
1H), 8.39 (s, 1H), 4.48−4.36 (m, 1H), 4.18−4.09 (m, 2H), 3.60−

Scheme 6. Synthesis of Compounds 17 and 18a

aReagents and conditions: (a) Pd(dppf)Cl2·CH2Cl2, Na2CO3, dioxane/H2O, 100 °C; (b) 17: HCl (4 M in dioxane), CH2Cl2/MeOH, rt, 96% (two
steps); (c) 18: HCl (4 M in dioxane), THF, 60 °C, 90%; and (d) cyclopropanesulfonyl chloride, DIPEA, CH3CN, rt, 56−87%.

Journal of Medicinal Chemistry pubs.acs.org/jmc Article

https://doi.org/10.1021/acs.jmedchem.3c02287
J. Med. Chem. 2024, 67, 3112−3126

3119

https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?fig=sch6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c02287?fig=sch6&ref=pdf
pubs.acs.org/jmc?ref=pdf
https://doi.org/10.1021/acs.jmedchem.3c02287?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


3.51 (m, 2H), 2.20−2.07 (m, 4H). 13C{1H} NMR (101 MHz,
CDCl3): δ 159.4, 158.7, 158.2, 140.8, 130.0, 125.0, 118.1, 66.8, 59.0,
33.2.

Step 2. 5-Chloro-N-(1-(methylsulfonyl)piperidin-4-yl)-4-(1-(tetra-
hydro-2H-pyran-4-yl)-1H-pyrazol-4-yl)pyrimidin-2-amine (2). A
mixture of 2,5-dichloro-4-(1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-
4-yl)pyrimidine (30.0 mg, 0.100 mmol), 1-(methylsulfonyl)piperidin-
4-amine (26.8 mg, 0.150 mmol), RuPhos Pd G2 (15.58 mg, 0.020
mmol), and Cs2CO3 (82 mg, 0.251 mmol) in 1,4-dioxane (0.5 mL)
was stirred at 100 °C overnight. After cooling to r.t., the reaction
mixture was diluted with MeOH and H2O, filtered, and purified by
prep HPLC (pH 2) to afford the title compound (23.4 mg, 53%
yield) as a white solid. LCMS calculated for C18H26ClN6O3S (M +
H)+: m/z = 441.1; found, 441.2. 1H NMR (500 MHz, DMSO-d6, 70
°C): δ 8.49 (s, 1H), 8.28 (s, 1H), 8.20 (s, 1H), 4.58−4.48 (m, 1H),
3.99 (dt, J = 11.5, 3.7 Hz, 2H), 3.96−3.87 (m, 1H), 3.61−3.54 (m,
2H), 3.54−3.46 (m, 2H), 2.94 (td, J = 11.7, 2.8 Hz, 2H), 2.87 (s,
3H), 2.08−1.95 (m, 6H), 1.68−1.55 (m, 2H). 13C{1H} NMR (126
MHz, DMSO-d6, 70 °C): δ 159.5, 157.5, 154.7, 139.1, 129.5, 118.0,
112.9, 65.5, 57.2, 46.9, 44.0, 34.5, 32.4, 30.4.

Synthesis of Intermediate 23. tert-Butyl 4-((4-Chloro-5-
(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1-carboxylate
(23). A mixture of 2,4-dichloro-5-(trifluoromethyl)pyrimidine (22,
11.4 g, 52.5 mmol) in 1,2-DCE (100 mL) and t-BuOH (100 mL) was
cooled to 0 °C before ZnCl2 (1 M in Et2O, 74.9 mL, 74.9 mmol) was
added, and the mixture was stirred at 0 °C for 1 h. To the reaction
mixture was added tert-butyl 4-aminopiperidine-1-carboxylate (10.0 g,
49.9 mmol) followed by dropwise addition of a solution of N-ethyl-N-
isopropylpropan-2-amine (8.72 mL, 49.9 mmol) in 1,2-DCE/t-BuOH
(1:1, 15 mL). The reaction mixture was allowed to warm to r.t. before
heating to 60 °C overnight. After cooling to r.t., the mixture was
diluted with EtOAc (300 mL) and extracted with aqueous 1 M HCl.
The aqueous phase was removed and the organic phase was washed
with brine, dried over MgSO4, and concentrated. The residue was
taken up in CH3CN (20 mL) and the mixture was heated to 50 °C for
1 h before cooling to r.t. overnight. The mixture was cooled to 0 °C
for 1 h. The solid precipitate that formed was collected via filtration,
washed with Et2O, and dried to afford the title compound (11.33 g,
60% yield) as a white solid. LCMS calculated for C11H13ClF3N4O2
(M − C4H8 + 1)+: m/z = 325.1; found, 325.0. 1H NMR (400 MHz,
CDCl3) (mixture of rotamers): δ 8.45 (s, 1H), 6.51−5.35 (m, 1H),
4.04 (s, 3H), 3.07−2.82 (m, 2H), 2.09−1.94 (m, 2H), 1.55−1.36 (m,
11H). 19F NMR (376 MHz, CDCl3): δ −61.54 (s, 1.5F), −61.66 (s,
1.5F).

Synthesis of Intermediate 25. Step 1. 4-Chloro-N-(piperidin-4-
yl)-5-(trifluoromethyl)pyrimidin-2-amine hydrochloride (24). A
mixture of tert-butyl 4-((4-chloro-5-(trifluoromethyl)pyrimidin-2-yl)-
amino)piperidine-1-carboxylate (23, 1.905 g, 5.00 mmol) in THF
(25.0 mL) was stirred at 60 °C for 10 min. After cooling to r.t., HCl
(4 M in 1,4-dioxane, 5.0 mL, 20 mmol) was added and the reaction
mixture was stirred at 60 °C for 8 h. After cooling to r.t., the mixture
was sparged with N2 for 5 min before Et2O was added and the mixture
was slurried for 15 min before the solid precipitate was collected via
filtration, washed with Et2O, and dried to afford the title compound
(1.40 g, 88% yield) as a white solid. LCMS calculated for
C10H13ClF3N4 (M + H)+: m/z = 281.1; found, 281.0.

Step 2. 4-Chloro-N-(1-(methylsulfonyl)piperidin-4-yl)-5-
(trifluoromethyl)pyrimidin-2-amine (25). A mixture of 4-chloro-N-
(piperidin-4-yl)-5-(trifluoromethyl)pyrimidin-2-amine hydrochloride
(1.40 g, 4.41 mmol) in THF (22 mL) was cooled to 0 °C before
methanesulfonyl chloride (0.4 mL, 5 mmol) was added followed by
N-ethyl-N-isopropylpropan-2-amine (3.0 mL, 17 mmol). The reaction
mixture was warmed to r.t. and stirred for 2 h. The mixture was
diluted with saturated aqueous NaHCO3 and extracted with CH2Cl2
and EtOAc. The combined organic phases were washed with brine,
dried over MgSO4, and concentrated. The crude residue was taken up
in CH3CN (7 mL) and heated to 50 °C for 1 h before cooling to r.t.
overnight. The solid precipitate was collected via filtration and dried
to afford the title compound (1.35 g, 85% yield) as a white solid.
LCMS calculated for C11H15ClF3N4O2S (M + H)+: m/z = 359.1;

found, 359.0. 1H NMR (400 MHz, CDCl3): δ 8.50−8.35 (m, 1H),
5.85−5.44 (m, 1H), 4.09−3.96 (m, 1H), 3.87−3.71 (m, 2H), 2.97−
2.86 (m, 2H), 2.82 (s, 3H), 2.21−2.10 (m, 2H), 1.73−1.59 (m, 2H).
19F{1H} NMR (376 MHz, CDCl3): δ −61.6 (s, 3F).

Synthesis of Compound 3. N-(1-(Methylsulfonyl)piperidin-4-
yl ) -4-(1-(tetrahydro-2H-pyran-4-yl ) -1H-pyrazol-4-yl ) -5-
(trifluoromethyl)pyrimidin-2-amine (3). A mixture of 4-chloro-N-(1-
(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)pyrimidin-2-amine
(25, 210 mg, 0.585 mmol), 1-(tetrahydro-2H-pyran-4-yl)-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (20, 195 mg, 0.702
mmol), Pd(dppf)Cl2·CH2Cl2 (47.8 mg, 0.059 mmol), and Na2CO3
(124 mg, 1.17 mmol) in 1,4-dioxane/H2O (2:1, 15 mL) was stirred at
100 °C overnight. After cooling to r.t., the reaction mixture was
extracted with EtOAc. The combined organic phases were dried over
MgSO4, filtered, and concentrated. The residue was purified by flash
chromatography (SiO2, EtOAc/CH2Cl2). The product was further
purified by prep HPLC (pH 2) to afford the title compound (65 mg,
23%) as an off-white solid. LCMS calculated for C19H26F3N6O3S (M
+ H)+: m/z = 475.2; found, 475.1. 1H NMR (500 MHz, DMSO-d6)
(mixture of rotamers): δ 8.59 (s, 0.5H), 8.53 (s, 0.5H), 8.27 (s, 0.5H),
8.24 (s, 0.5H), 8.03 (s, 0.5H), 7.99−7.88 (m, 1.5H), 4.60−4.49 (m,
1H), 4.07−3.91 (m, 3H), 3.59−3.51 (m, 2H), 3.51−3.42 (m, 2H),
2.98−2.82 (m, 5H), 2.04−1.92 (m, 6H), 1.65−1.54 (m, 2H). 19F
NMR (470 MHz, DMSO-d6): δ −59.0 (s, 1.5F), −59.3 (s, 1.5F).

Synthesis of Compound 4. 4-(1-Cyclohexyl-1H-pyrazol-4-yl)-
N-(1-(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)pyrimidin-
2-amine (4). A mixture of 4-chloro-N-(1-(methylsulfonyl)piperidin-4-
yl)-5-(trifluoromethyl)pyrimidin-2-amine (25, 50 mg, 0.14 mmol), 1-
cyclohexyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyra-
zole (58 mg, 0.21 mmol), Pd(dppf)Cl2·CH2Cl2 (22.8 mg, 0.028
mmol), and Na2CO3 (29.5 mg, 0.28 mmol) in CH3CN/H2O (5:1, 2.4
mL) was irradiated in a microwave reactor at 100 °C for 30 min. After
cooling to r.t., the crude mixture was purified by prep HPLC (pH 2)
to afford the title compound (27.4 mg, 42% yield) as a white solid.
LCMS calculated for C20H28F3N6O2S (M + H)+: m/z = 473.2; found,
473.1. 1H NMR (400 MHz, DMSO-d6) (mixture of rotamers): δ 8.58
(s, 0.5H), 8.52 (s, 0.5H), 8.22 (s, 0.5H), 8.18 (s, 0.5H), 8.00 (s,
0.5H), 7.96−7.86 (m, 1.5H), 4.35−4.17 (m, 1H), 4.10−3.89 (m,
1H), 3.60−3.50 (m, 2H), 3.03−2.79 (m, 5H), 2.07−1.90 (m, 4H),
1.87−1.53 (m, 7H), 1.48−1.33 (m, 2H), 1.29−1.12 (m, 1H). 19F{1H}
NMR (376 MHz, DMSO-d6): δ −59.2 (s, 1.5F), −59.5 (s, 1.5F).

Synthesis of Compound 5. 4-(1-(1-Methylpiperidin-4-yl)-1H-
py razo l -4 -y l ) -N - (1 - (methy l su l fony l )p ipe r id in -4 -y l ) -5 -
(trifluoromethyl)pyrimidin-2-amine (5). A mixture of 4-chloro-N-(1-
(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)pyrimidin-2-amine
(25, 325 mg, 0.91 mmol), 1-methyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)piperidine (396 mg, 1.36 mmol),
Pd(dppf)Cl2·CH2Cl2 (148 mg, 0.18 mmol), and Na2CO3 (192 mg,
1.81 mmol) in CH3CN/H2O (5:1, 6 mL) was irradiated in a
microwave reactor at 100 °C for 30 min. After cooling to r.t., the
mixture was diluted with CH2Cl2, filtered, and concentrated. The
residue was purified by flash chromatography (SiO2, EtOAc/hexanes
followed by MeOH/CH2Cl2). The product was further purified by
prep HPLC (pH 2) to afford the title compound (96.8 mg, 22%
yield) as a white solid. LCMS calculated for C20H29F3N7O2S (M +
H)+: m/z = 488.2; found, 488.1. 1H NMR (500 MHz, DMSO-d6)
(mixture of rotamers): δ 8.60 (s, 0.5H), 8.55 (s, 0.5H), 8.36−8.19 (m,
1H), 8.07 (s, 0.5H), 8.03−7.89 (m, 1.5H), 4.67−4.54 (m, 1H), 4.08−
3.91 (m, 1H), 3.62−3.52 (m, 4H), 3.19−3.06 (m, 2H), 2.98−2.80
(m, 8H), 2.33−2.10 (m, 4H), 2.05−1.90 (m, 2H), 1.59 (s, 2H). 19F
NMR (471 MHz, DMSO-d6): δ −59.6 (s, 1.5F), −59.9 (s, 1.5F).

Synthesis of Compound 6. 4-(1-(2-Fluorophenyl)-1H-pyrazol-
4-yl)-N-(1-(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)-
pyrimidin-2-amine (6). The title compound was prepared according
to the procedure described for 4 with (1-(2-fluorophenyl)-1H-
pyrazol-4-yl)boronic acid replacing 1-cyclohexyl-4-(4,4,5,5-tetrameth-
yl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole. White solid; 54% yield (36.5
mg, 75.3 μmol). LCMS calculated for C20H21F4N6O2S (M + H)+: m/
z = 485.1; found, 485.0. 1H NMR (400 MHz, DMSO-d6) (mixture of
rotamers): δ 8.70−8.56 (m, 2H), 8.31 (s, 0.5H), 8.20 (s, 0.5H),
8.13−8.04 (m, 1H), 7.92−7.83 (m, 1H), 7.57−7.36 (m, 3H), 4.11−
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3.92 (m, 1H), 3.61−3.51 (m, 2H), 2.99−2.79 (m, 5H), 2.08−1.91
(m, 2H), 1.69−1.49 (m, 2H). 19F{1H} NMR (376 MHz, DMSO-d6):
δ −59.3 (s, 1.5F), −59.6 (s, 1.5F), −127.4 (s, 0.5F), −127.5 (s, 0.5F).

Synthesis of Compound 7. 4-(1-(2-Chlorophenyl)-1H-pyrazol-
4-yl)-N-(1-(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)-
pyrimidin-2-amine (7). The title compound was prepared according
to the procedure described for 4 with (1-(2-chlorophenyl)-1H-
pyrazol-4-yl)boronic acid replacing 1-cyclohexyl-4-(4,4,5,5-tetrameth-
yl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole. Off-white solid; 11% yield
(45 mg, 90 μmol). LCMS calculated for C20H21ClF3N6O2S (M +
H)+: m/z = 501.1; found, 501.2. 1H NMR (400 MHz, DMSO-d6)
(mixture of rotamers): δ 8.65 (s, 0.5H), 8.63−8.57 (m, 1H), 8.51 (s,
0.5H), 8.27 (s, 0.5H), 8.17 (s, 0.5H), 8.08−8.02 (m, 1H), 7.77−7.65
(m, 2H), 7.60−7.52 (m, 2H), 4.14−3.91 (m, 1H), 3.61−3.49 (m,
2H), 3.00−2.81 (m, 5H), 2.07−1.91 (m, 2H), 1.68−1.52 (m, 2H).
19F{1H} NMR (376 MHz, DMSO-d6): δ −58.7 (s, 1.5F), −59.0 (s,
1.5F).

Synthesis of Compound 8. N-(1-(Methylsulfonyl)piperidin-4-
yl)-4-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)-5-(trifluoromethyl)-
pyrimidin-2-amine (8). The title compound was prepared according
to the procedure described for 5 with 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazole (35) replac-
ing 1-methyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)piperidine. White solid; 29% yield (126 mg, 0.267
mmol). LCMS calculated for C16H19F6N6O2S (M + H)+: m/z =
473.1; found, 473.1. 1H NMR (500 MHz, DMSO-d6) (mixture of
rotamers): δ 8.62 (s, 0.5H), 8.57 (s, 0.5H), 8.40 (s, 0.5H), 8.34 (s,
0.5H), 8.15 (s, 0.5H), 8.06−8.00 (m, 1.5H), 5.29 (qd, J = 8.9, 2.9 Hz,
2H), 4.07−3.93 (m, 1H), 3.59−3.51 (m, 2H), 2.97−2.83 (m, 5H),
2.04−1.92 (m, 2H), 1.65−1.54 (m, 2H). 19F NMR (471 MHz,
DMSO-d6): δ −59.2 (s, 1.5F), −59.6 (s, 1.5F), −72.0 (t, J = 9.2 Hz,
1.5F), −72.1 (t, J = 9.2 Hz, 1.5F).

Synthesis of Compound 9. 2-Methyl-1-(4-(2-( (1-
(methylsulfonyl)piperidin-4-yl)amino)-5-(trifluoromethyl)-
pyrimidin-4-yl)-1H-pyrazol-1-yl)propan-2-ol (9). A mixture of 4-
chloro-N-(1-(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)-
pyrimidin-2-amine (25, 86.1 mg, 0.240 mmol), 2-methyl-1-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)-
propan-2-ol (38, 96 mg, 0.360 mmol), Pd(dppf)Cl2·CH2Cl2 (39.2
mg, 0.048 mmol), and Na2CO3 (63.6 mg, 0.60 mmol) in 1,4-dioxane/
H2O (5:1, 1.2 mL) was stirred at 100 °C for 16 h. After cooling to r.t.,
the mixture was diluted with CH3CN, H2O, and TFA (0.1 mL) and
purified by prep HPLC (pH 2) to afford the title compound (64 mg,
58% yield) as an off-white solid. LCMS calculated for C18H26F3N6O3S
(M + H)+: m/z = 463.2; found, 463.3. 1H NMR (500 MHz, DMSO-
d6) (mixture of rotamers): δ 8.58 (s, 0.5H), 8.53 (s, 0.5H), 8.21 (s,
0.5H), 8.18 (s, 0.5H), 8.02 (s, 0.5H), 7.97−7.92 (m, 1H), 7.89 (s,
0.5H), 4.15−4.06 (m, 2H), 4.06−3.92 (m, 1H), 3.59−3.51 (m, 2H),
2.99−2.81 (m, 5H), 2.06−1.90 (m, 2H), 1.66−1.53 (m, 2H), 1.13−
1.02 (m, 6H).

Synthesis of Intermediate 28. Step 1. 4-(1-(1-Ethoxyethyl)-1H-
py razo l -4 -y l ) -N - (1 - (methy l su l fony l )p ipe r id in -4 -y l ) -5 -
(trifluoromethyl)pyrimidin-2-amine (27). A mixture of 4-chloro-N-
(1-(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)pyrimidin-2-
amine (25, 1.5 g, 4.2 mmol), 1-(1-ethoxyethyl)-4-(4,4,5,5-tetrameth-
yl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (26, 1.22 g, 4.6 mmol),
Pd(dppf)Cl2·CH2Cl2 (0.34 g, 0.42 mmol), and Na2CO3 (1.11 g,
10.5 mmol) in CH3CN/H2O (5:1, 24 mL) was stirred at 90 °C for 70
min. After cooling to r.t., the reaction mixture was diluted with H2O
and extracted with EtOAc. The combined organic phases were
washed with brine, dried over MgSO4, and concentrated. The residue
was purified by flash chromatography (SiO2, EtOAc/hexanes) to
afford the title compound (1.30 g, 67% yield) as an off-white solid.
LCMS calculated for C18H26F3N6O3S (M + H)+: m/z = 463.2; found,
463.2. 1H NMR (600 MHz, DMSO-d6): δ 8.61 (s, 0.5H), 8.55 (s,
0.5H), 8.33 (s, 0.5H), 8.30 (s, 0.5H), 8.07 (s, 0.5H), 8.01−7.96 (m,
1H), 7.95 (s, 0.5H), 5.72−5.64 (m, 1H), 4.09−3.92 (m, 1H), 3.58−
3.52 (m, 2H), 3.51−3.42 (m, 1H), 3.26−3.18 (m, 1H), 2.97−2.84
(m, 5H), 2.04−1.92 (m, 2H), 1.66−1.54 (m, 5H), 1.08−1.01 (m,
3H).

Step 2. N-(1-(Methylsulfonyl)piperidin-4-yl)-4-(1H-pyrazol-4-yl)-
5-(trifluoromethyl)pyrimidin-2-amine (28). To a mixture of 4-(1-(1-
ethoxyethyl)-1H-pyrazol-4-yl)-N-(1-(methylsulfonyl)piperidin-4-yl)-
5-(trifluoromethyl)pyrimidin-2-amine (1.30 g, 2.81 mmol) in THF (6
mL) was added HCl (4 M in 1,4-dioxane, 3.0 mL, 12 mmol) and the
reaction mixture was stirred at r.t. for 2 h. The mixture was
concentrated in vacuo to afford the title compound (0.93 g, 85%
yield) as an off-white solid. LCMS calculated for C14H18F3N6O2S (M
+ H)+: m/z = 391.1; found, 391.1. 1H NMR (400 MHz, DMSO-d6)
(mixture of rotamers): δ 8.58 (s, 0.5H), 8.53 (s, 0.5H), 8.15 (s, 1H),
8.06 (s, 1H), 7.93 (s, 0.5H), 7.92 (s, 0.5H), 4.10−3.89 (m, 1H),
3.60−3.51 (m, 2H), 2.88 (s, 5H), 2.06−1.90 (m, 2H), 1.67−1.50 (m,
2H). 19F{1H} NMR (376 MHz, DMSO-d6): δ −57.4 (s, 1.5F), −57.8
(s, 1.5F).

Synthesis of Compound 10. 3-Chloro-4-(4-(2-(1-
(methylsulfonyl)piperidin-4-ylamino)-5-(trifluoromethyl)pyrimidin-
4-yl)-1H-pyrazol-1-yl)benzonitrile (10). A mixture of N-(1-
(methy l su l fony l)p iper id in -4 -y l ) -4 -(1H -py razo l -4 -y l ) -5 -
(trifluoromethyl)pyrimidin-2-amine (28, 600 mg, 1.54 mmol), 3-
chloro-4-fluorobenzonitrile (598 mg, 3.84 mmol), and K3PO4 (1.31 g,
6.15 mmol) in DMSO (4.0 mL) was stirred at 140 °C for 30 min.
After cooling to r.t., the reaction mixture was diluted with H2O and
extracted with EtOAc. The combined organic phases were dried over
MgSO4 and concentrated. The residue was purified by flash
chromatography (SiO2, 0−50% EtOAc/CH2Cl2). The product was
further purified by prep HPLC (pH 2) to afford the title compound
(190 mg, 24% yield) as a white solid. LCMS calculated for
C21H20ClF3N7O2S (M + H)+: m/z = 526.1; found, 526.0. 1H NMR
(600 MHz, DMSO-d6) (mixture of rotamers): δ 8.75 (s, 0.6H), 8.67
(s, 0.8H), 8.61 (s, 0.6H), 8.41−8.37 (m, 1H), 8.34 (s, 0.6H), 8.23 (s,
0.4H), 8.10 (d, J = 7.7 Hz, 1H), 8.07−8.02 (m, 1H), 7.95−7.88 (m,
1H), 4.10−3.93 (m, 1H), 3.59−3.52 (m, 2H), 2.97−2.82 (m, 5H),
2.05−1.93 (m, 2H), 1.65−1.54 (m, 2H). 19F NMR (376 MHz,
DMSO-d6): δ −57.0 (s, 1.3F), −57.3 (s, 1.7F).

Synthesis of Compound 11. Step 1. 3-Chloro-4-(4-(2-((1-
(methylsulfonyl)piperidin-4-yl)amino)-5-(trifluoromethyl)-
pyrimidin-4-yl)-1H-pyrazol-1-yl)benzaldehyde (29). A mixture of N-
(1-(methylsulfonyl)piperidin-4-yl)-4-(1H-pyrazol-4-yl)-5-
(trifluoromethyl)pyrimidin-2-amine (28, 100 mg, 0.256 mmol), 3-
chloro-4-fluorobenzaldehyde (122 mg, 0.768 mmol), and K3PO4 (217
mg, 1.02 mmol) in DMSO (500 μL) was stirred at 140 °C for 30 min.
After cooling to r.t., the reaction mixture was diluted with aqueous 1
M HCl and extracted with EtOAc. The combined organic phases were
dried over MgSO4 and concentrated. The crude material was used
without further purification. LCMS calculated for C21H21ClF3N6O3S
(M + H)+: m/z = 529.1; found, 529.1.

Step 2. 4-(1-(2-Chloro-4-((methylamino)methyl)phenyl)-1H-pyr-
azol-4-yl)-N-(1-(methylsulfonyl)piperidin-4-yl)-5-(trifluoromethyl)-
pyrimidin-2-amine (11). To a mixture of 3-chloro-4-(4-(2-((1-
(methylsulfonyl)piperidin-4-yl)amino)-5-(trifluoromethyl)pyrimidin-
4-yl)-1H-pyrazol-1-yl)benzaldehyde (step 1) in toluene (0.5 mL) and
AcOH (0.5 mL) was added methylamine (2 M in THF, 0.9 mL, 1.8
mmol) and the reaction mixture was stirred at r.t. for 1 h. The mixture
was concentrated in vacuo. The residue was taken up in 1,2-DCE (0.5
mL) before NaBH(OAc)3 (543 mg, 2.56 mmol) was added
portionwise followed by a drop of MeOH and the reaction mixture
was stirred at r.t. overnight. The product was purified by prep HPLC
(pH 2) to afford the title compound (45 mg, 32% yield over two
steps) as a white solid. LCMS calculated for C22H26ClF3N7O2S (M +
H)+: m/z = 544.2; found, 544.0. 1H NMR (600 MHz, DMSO-d6)
(mixture of rotamers): δ 8.90 (s, 2H), 8.67 (s, 0.4H), 8.62 (s, 0.6H),
8.61 (s, 0.6H), 8.54 (s, 0.4H), 8.30 (s, 0.6H), 8.19 (s, 0.4H), 8.11−
8.04 (m, 1H), 7.89−7.85 (m, 1H), 7.83−7.77 (m, 1H), 7.66−7.61
(m, 1H), 4.27−4.22 (m, 2H), 4.09−3.95 (m, 1H), 3.60−3.52 (m,
2H), 2.97−2.83 (m, 5H), 2.62 (t, J = 5.2 Hz, 3H), 2.04−1.94 (m,
2H), 1.65−1.56 (m, 2H). 19F NMR (565 MHz, DMSO-d6): δ −57.0
(s, 1.3F), −57.4 (s, 1.7F).

Synthesis of Intermediate 31. tert-Butyl 4-((4-Chloro-5-
cyanopyrimidin-2-yl)amino)piperidine-1-carboxylate (31). The
title compound was prepared according to the procedure described
for 23 with 2,4-dichloropyrimidine-5-carbonitrile (30) replacing 2,4-
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dichloro-5-(trifluoromethyl)pyrimidine. Off-white solid; 51% yield
(8.54 g, 25.3 mmol). LCMS calculated for C11H13ClN5O2 (M − C4H8
+ 1)+: m/z = 282.1; found, 282.0. 1H NMR (400 MHz, CDCl3)
(mixture of rotamers): δ 8.44 (s, 0.5H), 8.36 (s, 0.5H), 5.85 (d, J =
8.0 Hz, 0.5H), 5.79 (d, J = 8.0 Hz, 0.5H), 4.17−3.94 (m, 3H), 3.01−
2.82 (m, 2H), 2.05−1.95 (m, 2H), 1.50−1.35 (m, 11H).

Synthesis of Intermediate 33. 3-Chloro-4-(4-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)benzaldehyde
(33). To a mixture of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1H-pyrazole (32, 1.00 g, 5.15 mmol) in DMF (10 mL) was added 3-
chloro-4-fluorobenzaldehyde (1.63 g, 10.3 mmol) and Cs2CO3 (3.36
g, 10.3 mmol) and the reaction mixture was stirred at 120 °C for 1 h.
After cooling to r.t., the mixture was diluted with H2O and extracted
with CH2Cl2. The combined organic phases were washed with brine,
dried over MgSO4, and concentrated. The residue was purified by
flash chromatography (40 g SiO2, EtOAc/hexanes) to afford the title
compound (0.92 g, 54% yield) as a colorless waxy solid. LCMS
calculated for C16H19BClN2O3 (M + H)+: m/z = 333.1; found, 333.0.
1H NMR (400 MHz, DMSO-d6): δ 10.05 (s, 1H), 8.44 (s, 1H), 8.19
(d, J = 1.8 Hz, 1H), 8.00 (dd, J = 8.2, 1.8 Hz, 1H), 7.95 (s, 1H), 7.84
(d, J = 8.2 Hz, 1H), 1.29 (s, 12H).

Synthesis of Compound 12. Step 1. 4-(1-(2-Chloro-4-
formylphenyl)-1H-pyrazol-4-yl)-2-(piperidin-4-ylamino)pyrimidine-
5-carbonitrile (34). A mixture of tert-butyl 4-((4-chloro-5-cyanopyr-
imidin-2-yl)amino)piperidine-1-carboxylate (31, 1.351 g, 4.00 mmol),
3-chloro-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyra-
zol-1-yl)benzaldehyde (33, 2.00 g, 6.01 mmol), Pd(dppf)Cl2·CH2Cl2
(0.327 g, 0.400 mmol), and Na2CO3 (1.06 g, 10.0 mmol) in CH3CN/
H2O (5:1, 20 mL) was stirred at 80 °C for 2 h. After cooling to r.t.,
HCl (4 M in 1,4-dioxane, 20.0 mL, 80.0 mmol) was added and the
reaction mixture was stirred at r.t. for 2 h. MeOH (10 mL) was added
and the mixture was stirred at r.t. for 30 min. The reaction mixture
was diluted with H2O and extracted with CH2Cl2. The organic phase
was removed, and the aqueous phase was made basic with NaOH and
extracted with CH2Cl2 and EtOAc. The combined organic phases
were dried over MgSO4 and concentrated. The crude material was
used without further purification. LCMS calculated for C20H19ClN7O
(M + H)+: m/z = 408.1; found, 408.1.

Step 2. 4-(1-(2-Chloro-4-((methylamino)methyl)phenyl)-1H-pyr-
azol-4-yl)-2-((1-(methylsulfonyl)piperidin-4-yl)amino)pyrimidine-5-
carbonitrile (12). To a mixture of 4-(1-(2-chloro-4-formylphenyl)-
1H-pyrazol-4-yl)-2-(piperidin-4-ylamino)pyrimidine-5-carbonitrile
(step 1) in THF (20 mL) was added methanesulfonyl chloride (0.458
g, 4.00 mmol) followed by the dropwise addition of NEt3 (0.557 mL,
4.00 mmol), and the reaction mixture was stirred at r.t. for 1 h.
Methylamine (33 wt % in EtOH, 5 mL, 40 mmol) was added and the
reaction mixture was stirred at r.t. for 1 h before heating to 70 °C for
30 min. The reaction mixture was concentrated in vacuo. The crude
residue was taken up in MeOH (20 mL) and THF (20 mL) before
NaBH4 (0.303 g, 8.00 mmol) was added portionwise and the reaction
mixture was stirred at r.t. for 30 min. The mixture was diluted with
CH3CN, H2O, and TFA (0.3 mL) and purified by prep HPLC (pH
10). The product was further purified by prep HPLC (pH 2) to afford
the title compound (286 mg, 14% yield over two steps) as a white
solid. LCMS calculated for C22H26ClN8O2S (M + H)+: m/z = 501.2;
found, 501.1. 1H NMR (500 MHz, DMSO-d6, 70 °C): δ 9.13−8.92
(m, 2H), 8.91−8.80 (m, 1H), 8.77−8.63 (m, 1H), 8.57−8.36 (m,
1H), 8.18−8.05 (m, 1H), 7.88 (d, J = 1.9 Hz, 1H), 7.80 (d, J = 8.2
Hz, 1H), 7.66 (dd, J = 8.2, 1.9 Hz, 1H), 4.27 (s, 2H), 4.19−3.98 (m,
1H), 3.65−3.55 (m, 2H), 3.03−2.89 (m, 2H), 2.87 (s, 3H), 2.65 (s,
3H), 2.08−1.94 (m, 2H), 1.66 (qd, J = 11.1, 4.0 Hz, 2H). 13C{1H}
NMR (126 MHz, DMSO-d6, 70 °C): δ 162.7, 160.8, 159.5, 140.3,
137.1, 134.2, 132.8, 131.6, 129.5, 127.8, 127.6, 120.3, 117.8, 90.0,
50.0, 47.0, 43.9, 34.6, 32.0, 30.2.

Synthesis of Compound 13. N-(1-((1-Methyl-1H-pyrazol-4-
yl)sulfonyl)piperidin-4-yl)-4-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-
yl)-5-(trifluoromethyl)pyrimidin-2-amine (13). The title compound
was prepared according to the procedure described for 14 with 1-
methyl-1H-pyrazole-4-sulfonyl chloride replacing 1-methyl-1H-imida-
zole-4-sulfonyl chloride. Off-white solid; 22% yield over two steps (37
mg, 69 μmol). LCMS calculated for C19H21F6N8O2S (M + H)+: m/z

= 539.1; found, 539.1. 1H NMR (500 MHz, DMSO-d6) (mixture of
rotamers): δ 8.57 (s, 0.5H), 8.54 (s, 0.5H), 8.38 (s, 0.5H), 8.35−8.30
(m, 1.5H), 8.13 (s, 0.5H), 8.05−7.96 (m, 1.5H), 7.80−7.75 (m, 1H),
5.27 (q, J = 9.0 Hz, 2H), 3.96−3.78 (m, 4H), 3.53−3.44 (m, 2H),
2.56−2.40 (m, 2H), 2.03−1.90 (m, 2H), 1.68−1.57 (m, 2H). 19F
NMR (471 MHz, DMSO-d6): δ −59.1 (s, 1.5F), −59.5 (s, 1.5F),
−71.9 (t, J = 9.0 Hz, 1.5F), −72.0 (t, J = 9.0 Hz, 1.5F).

Synthesis of Compound 14. Step 1. N-(Piperidin-4-yl)-4-(1-
(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)-5-(trifluoromethyl)pyrimidin-
2-amine (36) . A mixture of tert-butyl 4-((4-chloro-5-
(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1-carboxylate (23,
3.00 g, 7.88 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1-(2,2,2-trifluoroethyl)-1H-pyrazole (35, 2.61 g, 9.45 mmol), Pd-
(dppf)Cl2·CH2Cl2 (0.643 g, 0.788 mmol), and Na2CO3 (5.01 g, 47.3
mmol) in CH3CN/H2O (5:1, 20 mL) was irradiated in a microwave
reactor at 110 °C for 2 h. After cooling to r.t., HCl (4 M in 1,4-
dioxane, 24 mL, 96 mmol) was added and the reaction mixture was
stirred at r.t. overnight. The mixture was diluted with H2O and
extracted with CH2Cl2. The organic phase was removed, and the
aqueous phase was made basic with NaOH and extracted with
CH2Cl2 and EtOAc. The combined organic phases were washed with
brine, dried over MgSO4, and concentrated. The crude material was
used without further purification. LCMS calculated for C15H17F6N6
(M + H)+: m/z = 395.1; found, 395.3.

Step 2. N-(1-((1-Methyl-1H-imidazole-4-yl)sulfonyl)piperidin-4-
yl)-4-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)-5-(trifluoromethyl)-
pyrimidin-2-amine (14). To a mixture of N-(piperidin-4-yl)-4-(1-
(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)-5-(trifluoromethyl)pyrimidin-
2-amine (step 1) in THF (20 mL) was added 1-methyl-1H-imidazole-
4-sulfonyl chloride (1.42 g, 7.86 mmol) followed by dropwise
addition of NEt3 (1.1 mL, 7.9 mmol), and the reaction mixture was
stirred at r.t. for 1 h. The reaction mixture was concentrated in vacuo.
The crude residue was taken up in CH3CN, H2O, and TFA (0.6 mL)
and purified by prep HPLC (pH 2) to afford the title compound
(2.03 g, 48% yield over two steps) as a white solid. LCMS calculated
for C19H21F6N8O2S (M + H)+: m/z = 539.1; found, 539.1. 1H NMR
(500 MHz, DMSO-d6, 70 °C): δ 8.54 (s, 1H), 8.32 (s, 1H), 8.03 (s,
1H), 7.83−7.65 (m, 3H), 5.22 (q, J = 9.0 Hz, 2H), 3.95−3.80 (m,
1H), 3.74 (s, 3H), 3.66−3.55 (m, 2H), 2.84−2.66 (m, 2H), 2.03−
1.85 (m, 2H), 1.68−1.52 (m, 2H). 13C{1H} NMR (126 MHz,
DMSO-d6, 70 °C): δ 161.8, 156.9, 156.6 (q, J = 6.0 Hz), 140.4, 139.4,
136.5, 133.3, 124.8, 124.6 (q, J = 270.3 Hz), 123.1 (q, J = 279.5 Hz),
119.4, 107.2, 51.4 (q, J = 33.9 Hz), 46.9, 44.5, 33.1, 30.1. 19F{1H}
NMR (471 MHz, DMSO-d6, 70 °C): δ −58.9 (s, 3F), −71.6 (s, 3F).

Synthesis of Compound 15. Step 1. 2-(Piperidin-4-ylamino)-4-
(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)pyrimidine-5-carbonitrile
(37). The title compound was prepared according to the procedure
described for 36 with tert-butyl 4-((4-chloro-5-cyanopyrimidin-2-
yl)amino)piperidine-1-carboxylate (31) replacing tert-butyl 4-((4-
chloro-5-(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1-carbox-
ylate. LCMS calculated for C15H17F3N7 (M + H)+: m/z = 352.1;
found, 352.2.

Step 2. 2-((1-((1-Methyl-1H-imidazole-4-yl)sulfonyl)piperidin-4-
yl)amino)-4-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)pyrimidine-5-
carbonitrile (15). The title compound was prepared according to the
procedure described for 14 with 2-(piperidin-4-ylamino)-4-(1-(2,2,2-
trifluoroethyl)-1H-pyrazol-4-yl)pyrimidine-5-carbonitrile replacing N-
(piperidin-4-yl)-4-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)-5-
(trifluoromethyl)pyrimidin-2-amine. White solid; 13% yield over two
steps (144 mg, 0.291 mmol). LCMS calculated for C19H21F3N9O2S
(M + H)+: m/z = 496.1; found, 496.1. 1H NMR (500 MHz, DMSO-
d6) (mixture of rotamers): δ 8.70 (s, 0.4H), 8.69 (s, 0.6H), 8.64 (s,
0.6H), 8.61 (s, 0.4H), 8.33 (s, 0.6H), 8.28−8.20 (m, 1.4H), 7.86−
7.79 (m, 2H), 5.39−5.27 (m, 2H), 3.96−3.77 (m, 1H), 3.72 (s, 3H),
3.64−3.55 (m, 2H), 2.77−2.59 (m, 2H), 2.01−1.84 (m, 2H), 1.65−
1.52 (m, 2H). 19F NMR (471 MHz, DMSO-d6): δ −71.8 (t, J = 9.0
Hz, 1.6F), −71.9 (t, J = 9.0 Hz, 1.4F).

Synthesis of Compound 16. 2-((1-(Pyridin-2-ylsulfonyl)-
piperidin-4-yl)amino)-4-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)-
pyrimidine-5-carbonitrile (16). This compound was prepared
according to the procedures described for 14 with 2-(piperidin-4-
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ylamino)-4-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl)pyrimidine-5-
carbonitrile (37) replacing N-(piperidin-4-yl)-4-(1-(2,2,2-trifluoroeth-
yl)-1H-pyrazol-4-yl)-5-(trifluoromethyl)pyrimidin-2-amine and pyri-
dine-2-sulfonyl chloride replacing 1-methyl-1H-imidazole-4-sulfonyl
chloride. White solid; 11% yield over two steps (118 mg, 0.240
mmol). LCMS calculated for C20H20F3N8O2S (M + H)+: m/z =
493.1; found, 493.1. 1H NMR (500 MHz, DMSO-d6) (mixture of
rotamers): δ 8.81−8.76 (m, 1H), 8.70 (s, 0.4H), 8.68 (s, 0.6H), 8.64
(s, 0.6H), 8.61 (s, 0.4H), 8.34 (s, 0.6H), 8.29−8.24 (m, 1H), 8.22 (s,
0.4H), 8.16−8.09 (m, 1H), 7.97−7.91 (m, 1H), 7.75−7.70 (m, 1H),
5.38−5.27 (m, 2H), 4.03−3.85 (m, 1H), 3.78−3.69 (m, 2H), 2.96−
2.80 (m, 2H), 2.01−1.84 (m, 2H), 1.61−1.49 (m, 2H). 19F NMR
(565 MHz, DMSO-d6): δ −71.7 (t, J = 9.1 Hz, 1.6F), −71.8 (t, J = 9.1
Hz, 1.4F).

Synthesis of Compound 17. Step 1. tert-Butyl 4-((4-(1-(2-
Hydroxy-2-methylpropyl)-1H-pyrazol-4-yl)-5-(trifluoromethyl)-
pyrimidin-2-yl)amino)piperidine-1-carboxylate (39). A mixture of
tert-butyl 4-((4-chloro-5-(trifluoromethyl)pyrimidin-2-yl)amino)-
piperidine-1-carboxylate (23, 10.0 g, 26.3 mmol), 2-methyl-1-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)-
propan-2-ol (38, 8.39 g, 31.5 mmol), Pd(dppf)Cl2·CH2Cl2 (1.72 g,
2.10 mmol), and Na2CO3 (8.35 g, 79 mmol) in 1,4-dioxane (105 mL)
and H2O (26.3 mL) was degassed with nitrogen and sealed. The
reaction mixture was stirred 100 °C for 5 h. After cooling to r.t., the
reaction was diluted with saturated aqueous NaHCO3 and extracted
with EtOAc. The combined organic phases were dried over Na2SO4,
filtered, and concentrated. The crude residue was purified by flash
chromatography (0−60% EtOAc/hexanes) to afford the title
compound as an off-white solid. LCMS calculated for
C22H32F3N6O3 (M + H)+: m/z = 485.2; found, 485.2. 1H NMR
(400 MHz, DMSO-d6) (mixture of rotamers): δ 8.57 (s, 0.5H), 8.51
(s, 0.5H), 8.22 (s, 0.5H), 8.17 (s, 0.5H), 7.99 (s, 0.5H), 7.94−7.81
(m, 1.5H), 4.75 (s, 1H), 4.16−4.06 (m, 2H), 4.06−3.97 (m, 1H),
3.97−3.81 (m, 2H), 3.10−2.70 (m, 2H), 1.96−1.75 (m, 2H), 1.50−
1.28 (m, 11H), 1.17−0.97 (m, 6H). 19F{1H} NMR (376 MHz,
DMSO-d6): δ −57.5 (s, 1.5F), −57.9 (s, 1.5F).

Step 2 . 2 -Methy l -1 - (4 - (2 - (p iper id in -4 -y lamino) -5 -
(trifluoromethyl)pyrimidin-4-yl)-1H-pyrazol-1-yl)propan-2-ol Hy-
drochloride (41). To a mixture of tert-butyl 4-((4-(1-(2-hydroxy-2-
methylpropyl)-1H-pyrazol-4-yl)-5-(trifluoromethyl)pyrimidin-2-yl)-
amino)piperidine-1-carboxylate (step 1) in CH2Cl2/MeOH (4:1, 25
mL) was added HCl (4 M in 1,4-dioxane, 25 mL, 100 mmol) and the
reaction mixture was stirred at r.t. for 2 h to form a suspension. The
solid precipitate was filtered, washed with Et2O, and dried to afford
the title compound (10.6 g, 96% yield over two steps) as a white solid.
LCMS calculated for C17H24F3N6O (M + H)+: m/z = 385.2; found,
385.2. 1H NMR (500 MHz, D2O): δ 8.60 (s, 1H), 8.40 (s, 1H), 8.21
(s, 1H), 4.56−4.31 (m, 1H), 4.22 (s, 2H), 3.62−3.54 (m, 2H), 3.31−
3.22 (m, 2H), 2.38−2.29 (m, 2H), 2.00−1.88 (m, 2H), 1.23 (s, 6H).

Step 3. 1-(4-(2-((1-(Cyclopropylsulfonyl)piperidin-4-yl)amino)-5-
(trifluoromethyl)pyrimidin-4-yl)-1H-pyrazol-1-yl)-2-methylpropan-
2-ol (17). To a mixture of 2-methyl-1-(4-(2-(piperidin-4-ylamino)-5-
(trifluoromethyl)pyrimidin-4-yl)-1H-pyrazol-1-yl)propan-2-ol hydro-
chloride (10.6 g, 25.2 mmol) and N-ethyl-N-isopropylpropan-2-amine
(11.0 mL, 63 mmol) in CH3CN (100 mL) was added cyclo-
propanesulfonyl chloride (4.60 g, 32.7 mmol) and the reaction
mixture was stirred at r.t. for 20 min. The mixture was diluted with
H2O (100 mL), quenched with saturated aqueous NaHCO3, and
diluted with additional H2O (200 mL). The resulting white
precipitate was filtered and washed sequentially with H2O and
H2O/CH3CN (5:1). The solid was dried under vacuum to afford the
title compound (10.7 g, 87% yield, >99.5% purity) as a white solid.
LCMS calculated for C20H28F3N6O3S (M + H)+: m/z = 489.2; found,
489.2. 1H NMR (500 MHz, DMSO-d6, 70 °C): δ 8.53 (s, 1H), 8.19
(s, 1H), 7.94 (s, 1H), 7.72 (s, 1H), 4.11 (s, 2H), 4.07−3.99 (m, 1H),
3.65 (dt, J = 13.2, 4.0 Hz, 2H), 3.08−2.99 (m, 2H), 2.59−2.52 (m,
1H), 2.04−1.95 (m, 2H), 1.70−1.59 (m, 2H), 1.11 (s, 6H), 1.04−
0.93 (m, 4H). 13C{1H} NMR (126 MHz, DMSO-d6, 70 °C): δ 161.8,
157.5, 156.5 (q, J = 6.0 Hz), 138.5, 132.5, 124.7 (q, J = 270.2 Hz),

118.0, 106.9, 68.8, 62.0, 46.9, 44.3, 30.5, 26.8, 25.7, 3.7. 19F{1H}
NMR (471 MHz, DMSO-d6, 70 °C): δ −57.6 (s, 3F).

Synthesis of Compound 18. Step 1. tert-Butyl 4-((5-Cyano-4-
(1-(2-hydroxy-2-methylpropyl)-1H-pyrazol-4-yl)pyrimidin-2-yl)-
amino)piperidine-1-carboxylate (40). A mixture of tert-butyl 4-((4-
chloro-5-cyanopyrimidin-2-yl)amino)piperidine-1-carboxylate (31,
86.1 mg, 0.255 mmol), 2-methyl-1-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)propan-2-ol (38, 102 mg, 0.382
mmol), Pd(dppf)Cl2·CH2Cl2 (41.6 mg, 0.051 mmol), and Na2CO3
(67.5 mg, 0.637 mmol) in 1,4-dioxane (1.06 mL) and H2O (0.21 mL)
was stirred at 100 °C for 16 h. After cooling to r.t., the crude mixture
was diluted with H2O and extracted with CH2Cl2. The combined
organic phases were dried over MgSO4, concentrated, and purified by
flash chromatography (12 g SiO2, EtOAc/hexanes) to afford the title
compound (75.2 mg, 67% yield) as a white solid. LCMS calculated for
C22H32N7O3 (M + H)+: m/z = 442.3; found, 442.3. 1H NMR (400
MHz, DMSO-d6) (mixture of rotamers): δ 8.69 (s, 0.5H), 8.60 (s,
0.5H), 8.51 (s, 0.5H), 8.45 (s, 0.5H), 8.22 (s, 0.5H), 8.17−8.11 (m,
1.5H), 4.81−4.76 (m, 1H), 4.18−3.83 (m, 5H), 3.08−2.69 (m, 2H),
1.92−1.77 (m, 2H), 1.47−1.32 (m, 11H), 1.09 (s, 3H), 1.08 (s, 3H).

Step 2. 4-(1-(2-Hydroxy-2-methylpropyl)-1H-pyrazol-4-yl)-2-(pi-
peridin-4-ylamino)pyrimidine-5-carbonitrile hydrochloride (42).
To a mixture of tert-butyl 4-((5-cyano-4-(1-(2-hydroxy-2-methyl-
propyl)-1H-pyrazol-4-yl)pyrimidin-2-yl)amino)piperidine-1-carboxy-
late (75.2 mg, 0.170 mmol) in THF (1 mL) was added HCl (4 M in
1,4-dioxane, 0.5 mL, 2 mmol) and the reaction mixture was stirred at
60 °C for 4 h. After cooling to r.t., the mixture was sparged with
nitrogen for 5 min before Et2O (1 mL) was added and the solid
precipitate was collected via filtration, washed with Et2O (1 mL), and
dried under vacuum to afford the title compound (58 mg, 90% yield)
as a white solid. LCMS calculated for C17H24N7O (M + H)+: m/z =
342.2; found, 342.2.

Step 3. 2-((1-(Cyclopropylsulfonyl)piperidin-4-yl)amino)-4-(1-(2-
hydroxy-2-methylpropyl)-1H-pyrazol-4-yl)pyrimidine-5-carboni-
trile (18). To a mixture of 4-(1-(2-hydroxy-2-methylpropyl)-1H-
pyrazol-4-yl)-2-(piperidin-4-ylamino)pyrimidine-5-carbonitrile hydro-
chloride (58 mg, 0.15 mmol) in CH3CN (1 mL) was added N-ethyl-
N-isopropylpropan-2-amine (0.1 mL, 0.6 mmol) followed by
cyclopropanesulfonyl chloride (32 mg, 0.23 mmol), and the reaction
mixture was stirred at r.t. for 2 h. The mixture was diluted with
CH3CN, H2O, and TFA (0.1 mL) and purified by prep HPLC (pH 2)
to afford the title compound (38.1 mg, 56% yield) as a white solid.
LCMS calculated for C20H28N7O3S (M + H)+: m/z = 446.2; found,
446.2. 1H NMR (500 MHz, DMSO-d6, 70 °C): δ 8.61 (s, 1H), 8.49
(s, 1H), 8.19 (s, 1H), 7.98 (d, J = 7.7 Hz, 1H), 4.14 (s, 2H), 4.10−
4.00 (m, 1H), 3.69−3.61 (m, 2H), 3.16−2.91 (m, 2H), 2.59−2.52
(m, 1H), 2.05−1.92 (m, 2H), 1.70−1.59 (m, 2H), 1.12 (s, 6H),
1.05−0.92 (m, 4H). 13C{1H} NMR (126 MHz, DMSO-d6, 70 °C): δ
162.7, 160.7, 160.1, 138.2, 132.3, 118.5, 118.0, 90.0, 68.8, 62.2, 47.0,
44.3, 30.4, 26.8, 25.7, 3.7.
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