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The p38R mitogen-activated protein (MAP) kinase is a central signaling molecule in many proin-
flammatory pathways, regulating the cellular response to a multitude of external stimuli including heat,
ultraviolet radiation, osmotic shock, and a variety of cytokines especially interleukin-1β and tumor
necrosis factorR. Thus, inhibitors of this enzyme are postulated to have significant therapeutic potential
for the treatment of rheumatoid arthritis, inflammatory bowel disease, and Crohn’s disease, as well as
other diseases where aberrant cytokine signaling is the driver of disease. In this communication, we
describe a novel class of 7-alkyl-1,5-bis-aryl-pyrazolopyridinone-based p38R inhibitors. In particular,
compound 3f is highly potent in the enzyme and cell-based assays, selective in an Ambit kinase screen,
and efficacious (ED50 e 0.01 mg/kg) in the rat collagen induced arthritis (CIA) model.

Introduction

p38Rmitogen-activated protein (MAPa) kinase is activated
by multiple external stimuli including stress and a variety of
cytokines, especially tumor necrosis factor R (TNFR) and
interleukin-1β (IL-1β).1 Once activated, it phosphorylates
a range of downstream protein substrates, leading to the
biosynthesis of TNFR and IL-1β.2 Excessive production of
these cytokines is implicated in many chronic inflammatory
diseases, such as rheumatoid arthritis (RA), inflammatory
bowel disease, Crohn’s disease, and chronic obstructive pul-
monary disease (COPD). The proven ability of p38R MAP
kinase to regulate both the productionand the activityof these
cytokines has prompted many pharmaceutical groups to
pursue orally active inhibitors of p38R for the potential
treatment of various inflammatory diseases.3

In our previous communications,4,5 we reported the dis-
covery of 4-methyl-3-phthalazinyl benzamide 1a (Figure 1)
and its bioisostere, 4-methyl-3-phthalazinyl benzoisoxazole
1b, as potent and selective p38R inhibitors. Preliminary meta-
bolic studies indicated hydroxylation of the phthalazine ring
to be the major metabolic pathway for these compounds. In
addition, several lead molecules in the phthalazine series were

burdened withmoderate-to-strong inhibition of various cyto-
chrome P450 isoforms. To identify novel chemotypes with
potentially improved PKDM profiles and reduced brain
exposure (for some phthalazine inhibitors, the ratio of con-
centration in brain/plasmawas about one), whilemaintaining
the good potency and selectivity, we sought to replace the
phthalazine moiety in compounds 1a and 1b with other fused

Figure 1. Amgen’s various p38R inhibitors.
^Atomic coordinates and structure factors for crystal structure of

compound 3d with p38R can be accessed using PDB code 3LHJ.
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bicycles. From these efforts, several fused pyrazole scaffolds
were identified. In particular, the structure-activity relation-
ship (SAR) studies of 4-aminoaryl-pyrazolopyridinones
(such as 2a) and 4-aminoaryl-pyrazolopyridazines (such as
2b) have been the subject of our recent communications.6

Herein, we report the synthesis and biological evaluation of a
novel class of 7-alkyl-1,5-bis-aryl-pyrazolopyridinones (3) as
p38R inhibitors.7 The optimized analogue 3f proved to be
potent, selective against other kinases, highly efficacious
(ED50 e 0.01 mg/kg) in the rat CIA model, and devoid of
CYP inhibition.

Chemistry

A general synthetic route to 1,5-bisaryl-7-Me/Et-pyrazolo-
pyridinones 3a-g and 3n is shown in Scheme 1. The synthesis
commenced with the commercially available aryl hydrazine
hydrochloride 5, whichwas heatedwith 2-(ethoxymethylene)-
malononitrile (4) in ethanol in the presence of triethylamine to
furnish 5-amino-1-aryl-pyrazole-4-carbonitrile 6 in quantita-
tive yield. Raney nickel-catalyzed hydrogenation of the car-
bonitrile in 6 in 70% acetic acid followed by in situ hydrolysis
of the resulting imine gave aldehyde7. Cyclocondensationof7
with diethylmalonate in the presence of piperidine in boiling
ethanol afforded the fused bicyclic ester 8,8 which was then

subjected to halodecarboxylation using lithium hydroxide
and N-bromosuccinimide in aqueous acetonitrile to generate
1-aryl-5-bromo-pyrazolopyridinone 9.9 Selective N-methyla-
tion of 9a-f and 9n using NaH/LiBr/MeI in a mixture of
DME/DMF (10/1), a procedure that was previously reported
by Curran and co-workers to predominantly afford N-alky-
lated pyridinones,10 produced 1-aryl-5-bromo-7-methyl-pyr-
azolopyridinones 10a-f and 10n in 50-85% yield. Finally,
Suzuki coupling of 10a-f and 10n with boronic ester 11 (see
Scheme 2) afforded benzamides 3a-f and 3n in 65-85%
yield.

In general, the selective N-ethylation of pyridinone 9 was
muchmore difficult to accomplish than the selectiveN-methyl-
ation mentioned above. For example, treatment of 9d with
NaH/LiBr/EtI in a mixture of DME/DMF (10/1) gave the
N-ethyl pyridinone 10g in only 17% yield, and the ethoxy-
pyrazolopyridine23 in 78%yield. Suzuki couplingof 10gwith
boronic ester 11 afforded compound 3g in 80% yield.

In Scheme 2, the synthesis of 5-aryl-1-(2,6-difluorophenyl)-
7-methyl-pyrazolopyridinones was accomplished by either a
one-step or two-step procedure. In the one-step fashion, the
Suzuki coupling of 10fwith boronic esters 12, 13,3d and 155,11

gave benzamides 3i, 3j, and benzoisoxazole 17, respectively.
Alternatively, via a two-step procedure, 10f was coupled with
boronic acid 14 to give benzoic acid 16 which served as a

Scheme 1. Synthetic Route to the 1,5-Bisaryl-7-Me/Et-pyrazolopyridinones 3a-g,na

aReagents and conditions: (a) Et3N, EtOH, reflux, 1.5 h, quant.; (b) Raney nickel, H2, 70%HOAc, 50-80%; (c) diethyl malonate, piperidine, EtOH,

reflux, 18 h,>90%; (d) (i) LiOH, CH3CN/H2O; (ii) NBS, 75-95%; (e) NaH, LiBr, MeI, DME/DMF, 40 �C, 18 h, 50-85%; (f) 11, Pd2(dba)3, X-Phos,

K3PO4, dioxane/water, 125 �C, 30 min, microwave, 65-85%; (g) NaH, LiBr, EtI, DME/DMF, 40 �C, 24 h.
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common intermediate for the preparation of benzamides
3k-m.

As shown in Scheme 3, the synthetic route to 3-Me-pyr-
azolopyridinone 3h is analogous to that depicted in Scheme 1
for the 3-des-Me analogue 3f, with the exception of starting
with 2-(1-ethoxyethylidene)malononitrile (18) rather than
2-(ethoxymethylene)malononitrile (4).

Results and Discussion

In Vitro SAR.Compounds were evaluated for their ability
to inhibit the phosphorylation of activating transcription

factor 2 (ATF2) by recombinant human p38R, as well as

LPS-induced TNFR production in THP1 cells. Compounds

were also evaluated againstTNFR-challenged IL-8production

Scheme 2. Synthesis of the 5-Aryl-1-(2,6-difluorophenyl)-7-methyl-pyrazolopyridinones (3i-m, 17)a

aReagents and conditions: (a) 12, Pd(PPh3)4, Na2CO3, dioxane/water, 130 �C, 25 min, microwave, 44%; (b) 13, Pd(PPh3)4, Na2CO3, dioxane/water,

130 �C, 45 min, microwave, 65%; (c) 14, Pd(PPh3)4, Na2CO3, dioxane/water, 130 �C, 30 min, microwave, 90%; (d) (i) CDI, THF; (ii) 0.5 M NH3 in

dioxane, 82% for 3k; (e) (i) SOCl2; (ii) DMAP,EtN(iPr)2,DCM,R5NH2, 76%and 35% for 3l and 3m, respectively; (f) 15, Pd(PPh3)4,Na2CO3, dioxane/

water, 110 �C, 5 h, 63%.

Scheme 3. Synthesis of 3ha

aReagents and conditions: (a) 5f, Et3N, EtOH, reflux, 97%; (b) Raney nickel, H2, 70%AcOH, 78%; (c) diethyl malonate, piperidine, EtOH, reflux,

86%; (d) (i) LiOH, MeCN, H2O; (ii) NBS; (iii) NaH, LiBr, MeI, DME/DMF, 19% for 3 steps; (e) 11, Pd(PPh3)4, Na2CO3, dioxane/water, 120 �C,
microwave, 25 min, 29%.
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in 50% human whole blood (hWB), an assay that was a more
meaningful measurement of inhibitor potency in a physiolo-
gically relevant environment due to the presence of serum
albumin and other proteins. The TNFR/IL-8 in hWB assay
was used as one of themajor drivers for compound selection in
this program. For advanced compounds, on-mechanism
activity was verified by measuring their ability to modulate
LPS-driven MAPKAP kinase 2 (MK2) phosphorylation in
human whole blood, an event that is currently understood to
be mediated solely by p38 MAP kinase.12

In the generic structure 3 (Figure 1), there were two major
sites for SAR investigation: the substitution patterns surround-
ing the pyrazolopyridinone moiety on the left-hand side of the
molecule (Ar, R1, and R2 groups), and the benzamide on the
right-hand side of the molecule (R3, R4, and R5 groups). The
preliminarySARinvestigationwas focusedon theoptimization
of the N1-Ar group when R1 = Me and R2 = H, while
conserving the 3-N-cyclopropyl-2-methylbenzamide on the
right-hand side (Table 1). The o-tolyl analogue 3a (p38R
Ki=1.9nM,TNFR/IL-8 IC50=12.1nM), the first compound
made in this series, was about 5-fold weaker than its phthala-
zinyl counterpart 1a (Figure 1) in both enzyme and cell-based
assays. For the other two ortho-substituted analogues, 3b

(Ar = 2-Cl-Ph) was comparable to 3a in terms of potency in
the TNFR/IL-8 assay, while 3c (Ar = 3-CF3-2-pyridyl) was
2-fold weaker than 3a. Although the difluorinated analogues,
3d (2,4-Di-F-Ph), 3e (2,5-Di-F-Ph), and 3f (2,6-Di-F-Ph), were
similar to 3a in p38R activity (Ki in the range 1.4-2.3 nM), they
were more potent than 3a in the cell-based assays, with almost
no shift between enzyme and hWB potency.

Increasing the size of the N7-R1 group fromMe to Et gene-
rally improved the p38R potency, for example, 3d (Ki 2.3 nM)
versus 3g (Ki 0.6 nM).However, theN7-Et analogue 3gwas not
advanced further due to its strong CYP3A4 inhibition (IC50=
1.6 μM) and elevated human pregnane X receptor (hPXR)
activity.13 In comparison, neither CYP inhibition nor hPXR
trans-activationwas an issue for any of theN7-Me analogues in
Table 1. Finally, in the last rowofTable 1, theC3-Me analog 3h
(p38R Ki = 8.0 nM) was nearly 4-fold weaker than 3f in both
p38R and THP1 assays, and 20-fold weaker than 3f in the
TNFR/IL-8 assay.

A crystal structure of the unphosphorylated p38R/3d
complex14 (Figure 2) reveals that the binding of 3d with the
protein includes three H-bond interactions: the cyclopropyl
amide carbonyl oxygen with the backbone NH of Asp168;
the cyclopropyl amide NH with the carboxylate of Glu71
located on the C-helix; and the pyrazolo nitrogen (N2) with
the linker Met109. The CH3-group in the benzamide moiety
occupies the Thr106 “gatekeeper pocket”. The cyclopropyl
group is nested against Phe169 that resides DFG-in.15 In
stark contrast to the phthalazine-based system (Figure 3,
cocrystal of 1a and p38R),4 the N-methylpyridinone subunit
in 3d forces a reorganization of the P-loop; a bound water
molecule bridges the pyridinone carbonyl to the carboxylate
of Asp168, the ammonium terminus of Lys53, and the
backbone NH of Ala34 on the reoriented P-loop; and
Tyr35 no longer engages the inhibitor as it does with the

Table 1. SARa: Modifications to the Ar, R1, and R2 Groups

aThe p38R Ki and IC50 of cell-based assays are mean values derived
from at least three independent dose-response curves. Variability
around the mean value was <50%.

Figure 2. X-ray crystal structure of compound 3d bound in the ATP
binding site of unphosphorylated p38R. Bond distances are given in
angstroms. For the inhibitor, C: purple; F: cyan; N: blue; O: red.

Figure 3. X-ray crystal structure of compound 1a bound in the
ATP binding site of unphosphorylated p38R. PDB code 3DS6.
Bond distances are given in angstroms. For the inhibitor, C: green;
N: Blue; O: Red.
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phthalazine. The 2,4-difluorophenyl group is oriented per-
pendicular to the pyrazolopyridinone, a feature driven by the
adjacentN-methyl group, and nests in a hydrophobic pocket
formed by the linker strand, Leu167 from the activation loop

and Ala157 on the floor of the ATP binding site. An alanine
residue at this location is present in only seven proteins
within the kinome;16 hence, exploiting this feature with a
rigid inhibitor provides a superior selectivity profile for
pyrazolopyridinones 3d and 3n relative to that observed with
phthalazine 1c4b (Table 2).17 In contrast to the phthalazines,
the pyrazolopyridinones do not cause the backbone Gly110
to flip, a binding motif that has been shown to contribute to
kinase selectivity.4a,5 However, because the pyrazolopyridi-
nones explore both features of Ala157 and Thr106 (a rela-
tively small gatekeeper) more effectively, they end up being
more selective p38R inhibitors than the phthalazines, such as
against Kdr, LCK, and cKit. This phenomenon of exquisite
kinase selectivity is also observed in two other fused pyrazole
scaffolds, the 4-aminoaryl-pyrazolopyridinones (such as
2a)6a and 4-aminoaryl-pyrazolopyridazines (such as 2b).6b

We next examined the SAR of the benzamide portion (R3,
R4, and R5) while conserving the 1-(2,6-difluorophenyl)-7-
methyl-pyrazolopyridinone moiety (Table 3). The three N-
cyclopropyl benzamides, 3f, 3i, and 3j, had comparable
potency in enzyme (Ki 0.8-1.4 nM), THP1 (IC50 0.4-
0.9 nM), and hWB (IC50 1.7-4.4 nM) assays. Replacement
of the cyclopropyl amide in 3f with a smaller primary amide
(3k) or a bulkier 1-methylcyclopropyl amide (3l) resulted in
nearly equal p38R potency (Ki 1.5-1.7 nM), but reduced
hWB potency (IC50 = 6.4 and 11 nM for 3k and 3l,
respectively). The isoxazole derived amide 3m was equally
potent to 3f in all 3 assays, which demonstrated that small
heterocycles could be good replacements for the cyclopropyl
group. However, compounds 3j and 3m were not further
pursued due to highly elevated hPXR level observed with
these compounds.13,18 The carboxylic acid 16, a major
metabolite of amide 3f in rats, had weak inhibitory activity
on p38R (Ki = 458 nM) and almost nomeasurable activity in
the hWB TNFR-IL8 assay (IC50 > 2.5 μM). Lastly, the
benzoisoxazole 17, an amide bioisostere, also demonstrated
good potency in the hWB assay (IC50 = 5.4 nM).

Several potent compounds (TNFR/IL-8 IC50 < 7 nM)
were selected for assessment of their pharmacokinetic (PK)
profiles in male Sprague-Dawley rats (Table 4). With the
exception of benzoisoxazole 17, all compounds showed low
clearance (CL). Since p38 inhibitors with high brain expo-
sure have been reported to cause central nervous system
toxicity in preclinical toxicology studies,3f,19 one of the goals
for this program was to design inhibitors with limited
potential to cross the blood brain barrier. Gratifyingly, the
pyrazolopyridinone benzamides in Table 4 all showed
low brain exposure, with the ratio of concentration in
brain/plasma being <0.08. This event is likely driven by
the higher PSA and lower cLogP of the pyrazolopyridinone

Table 2. Binding Constant (Kd) Values of Phthalazine 1c and Pyrazo-
lopyridinones 3d and 3n towards p38R, Kdr, Lck, and cKit a

compd p38R (nM) Kdr (nM) Lck (nM) cKit (nM)

1c 0.05 320 530 2.4

3d 0.31 40 000 40 000 13 000

3n 0.18 40 000 40 000 1700
a Kd (an average of two values) measurements were performed by

Ambit Bioscience.

Table 3. SARa: Benzamides (Modifications to the R3, R4, and R5

Groups), Benzoic Acid (16) and Benzoisoxazole (17)

aThe p38R Ki and IC50 of cell-based assays are mean values derived
from at least three independent dose-response curves. Variability
around the mean value was <50%.

Table 4. PK Profiles of Lead Compounds in Sprague-Dawley Rats
Following Intravenous (IV) and Oral (PO) Dosea

IV (2.0 mg/kg in DMSO) PO (2 mg/kg)b

compd

CL

(mL/h/kg)

Vdss

(mL/kg) t1/2 (h)

AUC (0-¥)
(ng*h/mL) F (%)

3d 173 1690 7.7 5124 73

3e 247 955 2.2 782 10

3f 220 837 2.7 3990 43

3i 165 1466 6.3 8857 73

3k 312 1105 2.4 2393 37

17 1055 1888 3.5 515 27
aValues are an average of three rats. bVehicle = 1% Pluronic F68,

1% HPMC, 15% hydroxypropyl beta cyclodextrin and 83% water.
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benzamides than that of the phthalazine benzamides. For
example, the PSA and cLogP for pyrazolopyridinone amide
3f are 70.0 and 3.5, respectively; while the PSA and cLogP for
phthalazine amide 1a are 54.8 and 4.3, respectively.20 Further-
more, compounds 3d, 3f, and 3i, which displayed exceptional
oral exposure (AUC) and good bioavailability (F%) upon oral
dosing at 2 mg/kg, were advanced for further testing.

For a proximal readout of the on-target effects of these
inhibitors, we measured the inhibition of LPS-induced
MAPKAP kinase 2 (MK2) phosphorylation in whole cells.
To the best of our knowledge, this is the first time a pMK2
assay is reported in a SAR article; thus, a brief description
of the assay is warranted. Human peripheral blood was
incubated with various concentrations of inhibitor in the
presence or absence of LPS (1 μg/mL), then fixed and permea-
blized for staining of intracellular proteins. Phosphorylated
MK2was detectedwith fluorochrome-conjugated anti-pMK2
antibody, and levels of phosphorylation were determined by
flow cytometry (FACS Calibur, BD, San Jose, CA) and
presented as mean fluorescence intensity (MFI) of labeled
cells. Results were expressed as POC (percentage of control)
ofMFI where LPS-treated blood in the absence of compound
was used as 100% control. Data were analyzed by GraphPad
Prism4.01 (GraphPadSoftware Inc. SanDiego,CA).Using 3f

as an example, Figure 4 shows the data that is presented in
graphs. In Table 5, the single digit nM potency (IC50) of the
pMK2 inhibition of the three lead compounds, 3d, 3f, and 3i,
was consistent with their single digit nanomolar potency in the
cytokine production inhibition (Table 1 and Table 3). Again,
there was a minimal shift in potency from the enzyme assay to
the LPS-pMK2 in 50% hWB assay, which could be attributed
to the fact that these inhibitors were not highly plasma protein
bound and were quite permeable (Table 5).

To evaluate kinase selectivity, 3fwas tested at 1μMagainst a
panel of 317 kinases using the Ambit Biosciences Kinomescan
platform.21 Only 4 kinases, namely, p38R, p38β, PDGFRA,
and RAF1, have POC < 50%. Subsequently, Kd determina-
tions were performed by Ambit Bioscience and the data is
as follows: p38R (0.25 nM), p38β (0.67 nM), PDGFRΑ
(1100 nM), and RAF1 (1100 nM). As with other reported
p38R inhibitors,3f,22 3f was selective against p38γ (Ki =
3500 nM) and p38δ (Ki = 2100 nM) isoforms, but not
against p38β (Ki = 2.5 nM). In a broader selectivity screen
against a variety of G-protein coupled receptors and ion
channels, 3f did not exhibit any off-target interactions
when tested at 10 μM concentration. Furthermore, it
yielded an IC50 of 36 μMfor blockade of the hERG cardiac
channel determined by manual electrophysiology. It was
negative in both Ames and Micronucleus (MN) assays.
Additional profiling of 3f showed minimal inhibition of
five of the principal cytochrome P450 isoforms (1A2, 2C9,
2C19, 2D6, and 3A4, IC50 > 25 μM);23 and at a concen-
tration of 25 μM, there was no induction of CYP1A2, 2B6,
2C9, and 3A4.24 It had low potential in hPXR trans-
activation (5% and 13% of positive control when tested at
2 and 10 μM, respectively). Although 3d and 3i showed profiles
similar to that of 3f when screened in the above-mentioned
selectivity, safety, and metabolic panels, ultimately only 3f was
advanced for further testing based on its better solubility and
more linear exposure in rats (data not shown) than its two close
analogues.

In Vivo Pharmacology

The rat collagen induced arthritis (CIA) model was chosen
as the preclinical disease model for RA.25 Compound 3f was
administered orally at 0.01, 0.03, 0.1, 0.3, and 1.0 mg/kg once
daily to rats, beginning on day 10 through day 17 following
immunization.As shown inFigure 5,3f inhibitedpawswelling
in the CIA model in a dose-dependent manner with an ED50

of e0.01 mg/kg, corresponding to an exposure of AUC
(0-24 h) = 180 nM h, with an interpolated Cmax and C24 h

of 11 nM and 4.4 nM, respectively. On-target activity was
verified by the measurement of MK2 phosphorylation in the
ankles of two rats chosen randomly from the studied group.
Compound 3f showed an ED50 of e0.01 mg/kg for the
inhibition of MK2 phosphorylation, which correlated well
with the efficacy for inhibition of paw swelling.

Figure 4. Inhibition of LPS-induced MK2 phosphorylation in
50% hWB by 3f. Human peripheral blood was incubated with
various concentrations of 3f in the presence or absence of 1 μg/mL
LPS. MK2 phosphorylation was measured by MFI as presented in
the top figure. Results were expressed as POC of MFI where
unstimulated samples served as background, and LPS-stimulated
no-compound treated samples as 100% (bottom figure). Duplicates
were run for each concentration point. This is a representative of
5 experiments.

Table 5. Additional Profiling on the Lead Compounds: Inhibition of LPS-Induced MK2 Phosphorylation in 50% hWB, Plasma Protein Binding and
Cell Permeability

pMK2 protein binding (%)b Caco-2c

compd IC50 (nM) na human rat Papp A>B (cm/s) Papp B>A (cm/s)

3d 5.7 ( 1.0 5 93.0 92.5 20� 10-6 29� 10-6

3f 4.3( 0.5 5 92.1 91.3 27� 10-6 27� 10-6

3i 7.0( 1.6 4 96.2 96.8 25� 10-6 18� 10-6

aNumber of replicates. bDetermined by the ultrafiltration methods (n = 1). cHuman colon carcinoma cell line (Caco-2); apparent permeability
coefficient (Papp); results from single assay (n = 1).
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Conclusions

A structurally novel pyrazolopyridinone series has been
discovered as p38R MAP kinase inhibitors. An X-ray crystal
structure of p38R/3d indicated that the N1-Ar group engaged
in van der Waals contact with an uncommon floor residue,
Ala157, thus providing a structure-basedapproach for achiev-
ing selectivity over other kinases. Through SAR studies,
several analogues with single digit nanomolar potency in both
enzyme and cell-based assays were identified. In particular, 3f
was highly selective against other kinases and devoid of CYP
inhibition and induction. Furthermore, with a desirable
pharmacokinetic profile, 3f was highly efficacious (ED50 e
0.01 mg/kg) in the rat CIA model.

Experimental Section

Chemistry. All reagents and solvents were obtained from
commercial suppliers and used without further purification.
All reactions were carried out under an inert atmosphere of
nitrogen unless otherwise noted. All microwave-assisted reac-
tions were conducted with a Smith synthesizer from Personal
Chemistry, Uppsala, Sweden. Silica gel chromatography was
performed using either glass columns packed with silica gel

(200-400 mesh, Aldrich Chemical) or prepacked silica gel
cartridges (Biotage and ISCO). 1H NMR spectra were obtained
on Bruker DRX 400 (400 MHz) spectrometer and reported as
ppm downfield from tetramethylsilane. All tested compounds
were purified to >95% purity as determined by HPLC. HPLC
analysis was obtained on Agilent 1100, using one or two of the
following three methods. HPLC Method A (3.6 min LC-MS
Run): Zorbax analytical C18 column (50 � 3 mm, 3.5 μm,
40 �C); mobile phase: A=0.1%TFA inWater, B= 0.1%TFA
in acetonitrile; gradient: 0.0-3.6 min, 5-95% B; flow rate =
1.5 mL/min; λ = 254 nm; 0 min post time; 1.0 μL injection.
HPLCMethodB (10min LC-MSRun): YMCODS-AM (100�
2.1 mm, 5 μm, 40 �C); mobile phase: A = 0.1% HCOOH in
Water, B = 0.1% HCOOH in acetonitrile; gradient: 0.0-0.5
min, 10% B; 0.5-7.0 min, 10-100% B; 7.0-10 min, 100% B;
flow rate = 0.5 mL/min; λ=254 nm; 1.5 min post time; 3.0 μL
injection. HPLC Method C (5 min LC-MS Run): Phenomenex
Synergi MAX-RP (50 � 2.0 mm, 4.0 μm, 40 �C); mobile phase:
A=0.1%TFAinWater,B=0.1%TFAinacetonitrile; gradient:
0.0-0.2 min, 10% B, 0.2-3.0 min, 10-100% B, 3.0-4.5 min,
100% B, 4.5-5.0 min, 100-10% B; flow rate = 0.8 mL/min;
λ = 254 nm; 1.5 min post time; 3.0 μL injection. Low-resolution
mass spectral (MS) data were determined on a Perkin-Elmer-
SCIEX API 165 mass spectrometer using ES ionization modes
(positive or negative).

5-Amino-1-(2,6-difluorophenyl)-1H-pyrazole-4-carbonitrile (6f).
To a solution of 1-(2,6-difluorophenyl)hydrazine hydrochloride
(12.38 g, 68.56 mmol) in anhydrous ethanol (70 mL) at RT was
added 2-(ethoxymethylene)malononitrile (8.79 g, 71.98 mmol)
followed by triethylamine (10.01 mL, 71.98 mmol). The reaction
mixturewas stirred atRT for 10min, then heated at 75 �C in an oil
bath for 1.5 h. The contents were cooled to RT and solvents
removed under reduced pressure. The remaining brown solid was
stirred in50mLofwater and150mLofEtOAc.Theaqueous layer
was separated and extracted with 150mL of EtOAc. The combined
EtOAc solution was washed with 50 mL of brine, dried, and
concentrated. The remaining residue was stirred in 50 mL of
hexanes, and the insoluble material was filtered through a fritted
funnel to give 5-amino-1-(2,6-difluorophenyl)-1H-pyrazole-4-car-
bonitrile (14.97g, 99%yield) as abrownsolid,whichwasused in the
next stepwithout further purification. 1HNMR(DMSO-d6):δ 7.84
(s, 1 H), 7.68 (m, 1H), 7.36 (m, 2H), 6.96 (br., 2 H).MS (ESI, pos.
ion)m/z: 221.1 (Mþ1).HPLC(MethodA): retention time1.37min.

A similar procedure was used to prepare compounds 6a-e

and 6n.
5-Amino-1-o-tolyl-1H-pyrazole-4-carbonitrile (6a). 1H NMR

(DMSO-d6): δ 7.75 (s, 1H), 7.31-7.47 (m, 3H), 7.24-7.30 (m, 1
H), 6.44 (s, 2 H), 2.04 (s, 3 H). MS (ESI, pos.ion) m/z: 199.0
(Mþ1). HPLC (Method B): retention time 4.16 min.

5-Amino-1-(2-chlorophenyl)-1H-pyrazole-4-carbonitrile (6b).
1H NMR (DMSO-d6): δ 7.77 (s, 1 H), 7.67 (d, J = 7.5 Hz, 1
H), 7.58 (m, 1H), 7.51 (m, 2H), 6.67 (br, 2H).MS (ESI, pos.ion)
m/z: 219.0 (Mþ1). HPLC (Method B): retention time 4.21 min.

5-Amino-1-(3-(trifluoromethyl)pyridin-2-yl)-1H-pyrazole-4-car-

bonitrile (6c). 1HNMR (CDCl3): δ 8.66 (d, J=4.0Hz, 1 H), 8.28
(d, J=8.0Hz, 1 H), 7.67 (s, 1 H), 7.50 (dd, J=7.8, 4.8Hz, 1 H),
5.79 (br., 2 H). MS (ESI, pos.ion) m/z: 254.0 (Mþ1). HPLC
(Method A): retention time 1.42 min.

5-Amino-1-(2,4-difluorophenyl)-1H-pyrazole-4-carbonitrile (6d).
1HNMR (DMSO-d6): δ 7.79 (s, 1 H), 7.49-7.64 (m, 2 H), 7.26 (t,
J = 8.5 Hz, 1 H), 6.80 (s, 2 H). MS (ESI, pos.ion) m/z: 221.0
(Mþ1). HPLC (Method B): retention time 4.01 min.

5-Amino-1-(2,5-difluorophenyl)-1H-pyrazole-4-carbonitrile (6e).
1H NMR (CDCl3): δ 7.74 (s, 1 H), 7.36-7.26 (m, 2 H), 7.20 (m,
1 H), 4.55 (br, 2 H). MS (ESI, pos.ion) m/z: 221.1 (Mþ1). HPLC
(Method A): retention time 1.42 min.

5-Amino-1-(2-fluorophenyl)-1H-pyrazole-4-carbonitrile (6n).
1H NMR (DMSO-d6): δ 7.79 (s, 1 H), 7.56-7.48 (m, 3 H),
7.67 (s, 1 H), 7.44 (m, 1 H), 6.67 (br., 2 H). MS (ESI, pos.ion)
m/z: 202.9 (Mþ1). HPLC (Method B): retention time 3.03 min.

Figure 5. Effect of 3f on CIA in Lewis Rats. Arthritis was induced
by intradermal injection of Porcine Type II collagen emulsified 1:1
in Incomplete Freund’s Adjuvant (IFA). Animals were assigned to
treatment groups at disease onset (study day 0), which occurred
10-12 days following immunization. Compound 3f or vehicle (15%
HPBCD, 1% HPMC, 1% Pluronic F68, pH 2.2) was administered
orally once a day for 7 days. (A) Paw diameter was measured daily
fromday 0 through day 7.Area under the paw swelling curve (AUC)
was calculated and used to determine percent inhibition of inflam-
mation comparedwith vehicle controls. Data points representmean
( ste (n=8rats/group). * pe 0.05 vs vehicle control. (B)Rat ankles
(n = 2 per group) were frozen immediately after decapitation. The
ankles were later pulverized, and lysed with lysis buffer. Fifteen
micrograms of protein lysate was loaded in each lane for Western
analysis. The blot was probed with phosphor-MK2 antibody.MK2
signal intensities were quantitated using Nonlinear’s Phoretix 1D
software version 2003 02 and normalized to the Akt loading control
and expressed them as POC (vehicle þ arthritis as 100%).
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5-Amino-1-(2,6-difluorophenyl)-1H-pyrazole-4-carbaldehyde (7f).
To a solution of 5-amino-1-(2,6-difluorophenyl)-1H-pyrazole-4-
carbonitrile (6f) (50.02 g, 227mmol) in 70% acetic acid (250 mL)
was added Raney nickel (Aldrich, active catalyst slurry in water,
10 g), and the contents were purged with hydrogen (30 psi) and
backfilledwith argon. Thiswas done twice, and the contentswere
stirred vigorously under a positive pressure of hydrogen (30 psi)
for 24 h. The reactionmixturewas filtered through a pad ofCelite
to remove nickel and the filter bedwashedwith 2� 30mLof 70%
acetic acid. The filtrate was concentrated under reduced pressure
to remove most of the solvent. To the remaining residue at 0 �C
was addedwater (90mL) dropwise, and the resultingmixturewas
stirred at RT for 1 h. The precipitated brown solid was filtered
through a fritted funnel, washed with water (2 � 30 mL), and
collected. Itwas dried in a vacuumoven at 45 �C for 18 h to afford
the title compound (40.3 g, 79%) as a tan crystalline solid. 1H
NMR (CDCl3): δ 9.73 (s, 1 H), 7.89 (s, 1 H), 7.51 (m, 1 H), 7.14
(m, 2 H), 5.65 (br, 2 H). MS (ESI, pos.ion) m/z: 224.0 (Mþ1).
HPLC (Method A): retention time 1.22 min.

A similar procedure was used to prepare compounds 7a-e

and 7n.
5-Amino-1-o-tolyl-1H-pyrazole-4-carbaldehyde (7a). 1H NMR

(CDCl3): δ 9.73 (s, 1 H), 7.81 (s, 1 H), 7.28-7.46 (m, 4 H), 5.46
(br, 2 H), 2.17 (s, 3 H). MS (ESI, pos.ion) m/z: 202.0 (Mþ1).
HPLC (Method A): retention time 1.27 min.

5-Amino-1-(2-chlorophenyl)-1H-pyrazole-4-carbaldehyde (7b).
1H NMR (CDCl3): δ 9.73 (s, 1 H), 7.84 (s, 1 H), 7.560 (m, 1
H), 7.47 (m, 3 H), 5.59 (br, 2 H). MS (ESI, pos.ion) m/z: 222.0
(Mþ1). HPLC (Method C): retention time 2.06 min.

5-Amino-1-(3-(trifluoromethyl)pyridin-2-yl)-1H-pyrazole-4-car-
baldehyde (7c). 1H NMR (CDCl3): δ 9.74 (s, 1 H), 8.61-8.69 (m,
1 H), 8.23-8.29 (m, 1 H), 7.82 (s, 1 H), 7.46 (dd, J=7.8, 4.8 Hz,
1 H), 7.08 (br., 2 H). MS (ESI, pos.ion)m/z: 257.0 (Mþ1). HPLC
(Method C): retention time 1.37 min.

5-Amino-1-(2,4-difluorophenyl)-1H-pyrazole-4-carbaldehyde (7d).
1HNMR (CDCl3): δ 9.73 (s, 1 H), 7.84 (s, 1 H), 7.53 (td, J=8.8,
6.0Hz, 1H), 7.01-7.13 (m, 2H), 5.69 (br, 2H).MS(ESI, pos.ion)
m/z: 224.0 (Mþ1). HPLC (Method B): retention time 3.44 min.

5-Amino-1-(2,5-difluorophenyl)-1H-pyrazole-4-carbaldehyde (7e).
1HNMR(CDCl3):δ9.75 (s, 1H), 7.89 (s, 1H), 7.41-7.21 (m, 3H),
5.70 (br, 2 H). MS (ESI, pos.ion) m/z: 224.0 (Mþ1). HPLC
(Method C): retention time 2.08 min.

5-Amino-1-(2-fluorophenyl)-1H-pyrazole-4-carbaldehyde (7n). 1H
NMR (CDCl3): δ 9.73 (s, 1H), 7.84 (s, 1H), 7.54 (m, 2H), 7.33 (m,
2 H), 5.73 (br, 2 H). MS (ESI, pos.ion) m/z: 206.0 (Mþ1).

Ethyl 1-(2,6-Difluorophenyl)-6-oxo-6,7-dihydro-1H-pyrazolo-

[3,4-b]pyridine-5-carboxylate (8f). In a 500 mL round-bottomed
flask was weighed 5-amino-1-(2,6-difluorophenyl)-1H-pyra-
zole-4-carbaldehyde (7f) (7.77 g, 35 mmol) followed by ethanol
(100 mL). The solution was treated with diethyl malonate
(11 mL, 70 mmol) and piperidine (3.4 mL, 35 mmol) and heated
at 75 �C in an oil bath overnight. The reaction mixture was
concentrated under reduced pressure and the brown residue was
treated with 200 mL of a 1:1 solution of EtOAc/hexanes. The
precipitated solid was filtered through a sintered glass frit and
rinsed with hexanes (2 � 15 mL). It was dried under high
vacuum affording the title compound (11.13 g, 100% yield) as
a beige crystalline solid. 1HNMR (CDCl3): δ 12.05 (s, 1H), 8.76
(s, 1 H), 8.26 (s, 1 H), 7.47 (m, 1 H), 7.10 (m, 2 H), 4.51 (m, 2 H),
1.47 (m, 3 H). MS (ESI, pos.ion) m/z: 320.0 (Mþ1). HPLC
(Method B): retention time 5.95 min.

A similar procedure was used to prepare compounds 8a-e

and 8n.
Ethyl 6-Oxo-1-o-tolyl-6,7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate (8a). 1H NMR (CDCl3): δ 11.95 (s, 1 H), 8.75 (s, 1
H), 8.18 (s, 1H), 7.28-7.44 (m, 4H), 4.50 (q, J=7.4Hz, 2H), 2.16
(s, 1 H), 1.47 (t, J = 7.3 Hz, 3 H). MS (ESI, pos.ion) m/z: 298.1
(Mþ1). HPLC (Method A): retention time 2.21 min.

Ethyl 1-(2-Chlorophenyl)-6-oxo-6,7-dihydro-1H-pyrazolo-

[3,4-b]pyridine-5-carboxylate (8b). 1H NMR (CDCl3): δ 11.98

(s, 1 H), 8.75 (s, 1 H), 8.21 (s, 1 H), 7.59-7.52 (m, 2 H),
7.46-7.40 (m, 2 H), 4.51 (m, 2 H), 1.47 (m, 3 H). MS (ESI,
pos.ion) m/z: 318.0 (Mþ1). HPLC (Method B): retention time
6.10 min.

Ethyl 6-Oxo-1-(3-(trifluoromethyl)pyridin-2-yl)-6,7-dihydro-
1H-pyrazolo[3,4-b]pyridine-5-carboxylate (8c). 1H NMR
(CDCl3): δ 12.01 (s, 1 H), 8.86 (d, J = 3.5 Hz, 1 H), 8.76 (s,
1 H), 8.22-8.28 (m, 1 H), 8.21 (s, 1 H), 7.62 (dd, J=7.8, 4.8 Hz,
1 H), 4.49 (q, J = 7.0 Hz, 2 H), 1.47 (t, J = 7.3 Hz, 3 H). MS
(ESI, pos.ion) m/z: 353.0 (Mþ1). HPLC (Method A): retention
time 1.93 min.

Ethyl 1-(2,4-Difluorophenyl)-6-oxo-6,7-dihydro-1H-pyrazolo-
[3,4-b]pyridine-5-carboxylate (8d). 1HNMR (CDCl3): δ 12.03 (s,
1 H), 8.75 (s, 1 H), 8.21 (s, 1 H), 7.62 (td, J= 8.5, 6.0 Hz, 1 H),
7.00-7.09 (m, 2H), 4.50 (q, J=7.0Hz, 2H), 1.48 (t, J=7.4Hz,
3 H). MS (ESI, pos.ion) m/z: 320.0 (Mþ1). HPLC (Method B):
retention time 6.13 min.

Ethyl 1-(2,5-Difluorophenyl)-6-oxo-6,7-dihydro-1H-pyrazolo-

[3,4-b]pyridine-5-carboxylate (8e). 1H NMR (DMSO-d6): δ
12.10 (s, 1 H), 8.75 (s, 1 H), 8.40 (s, 1 H), 7.68 (m, 1 H), 7.58
(m, 1 H), 7.47 (m, 1 H), 4.34 (m, 2 H), 1.34 (m, 3 H). MS (ESI,
pos.ion) m/z: 320.1 (Mþ1). HPLC (Method C): retention time
3.18 min.

5-Amino-1-(2-fluorophenyl)-1H-pyrazole-4-carbaldehyde (8n). 1H
NMR (CDCl3): δ 12.01 (s, 1 H), 8.75 (s, 1 H), 8.22 (s, 1 H), 7.65 (t,
J=7.0Hz, 1H), 7.43 (m, 1H), 7.30 (m, 2H), 4.50 (q, J=7.0Hz,
2H), 1.34 (t,J=7.0Hz, 3H).MS (ESI, pos.ion)m/z: 301.0 (Mþ1).

5-Bromo-1-(2,6-difluorophenyl)-1H-pyrazolo[3,4-b]pyridin-
6(7H)-one (9f). A mixture of ethyl 1-(2,6-difluorophenyl)-6-oxo-
6,7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate (8f) (9.40 g,
29 mmol) in acetonitrile (80 mL) and water (80 mL) at RT was
treated with lithium hydroxide monohydrate (3.10 g, 74 mmol).
The resulting suspensionwasheatedat 90 �Cinanoil bath for1h. It
was cooled to 35 �C and treated withN-bromosuccinimide (5.20 g,
29 mmol) in one portion. The reaction mixture was allowed to stir
for 1 h at RT then treated with additional N-bromosuccinimide
(5.20 g, 29 mmol) in one portion. After stirring for 1 h at RT, the
reactionmixture was treated with a saturated solution of NaHCO3

and extracted with 2 � 150 mL EtOAc. The combined organic
solution was washed with 15 mL of water followed by 15 mL of
brine, dried over MgSO4, filtered, and concentrated to afford the
title compound (8.31 g, 88% yield) as an orange amorphous solid.
1HNMR (DMSO-d6): δ 12.63 (s, 1 H), 8.50 (s, 1 H), 8.22 (s, 1 H),
7.69 (m, 1 H), 7.42 (m, 2 H). MS (ESI, pos.ion) m/z: 325.9/327.9
(Mþ1). HPLC (Method B): retention time 5.05 min.

A similar procedure was used to prepare compounds 9a-e

and 9n.
5-Bromo-1-o-tolyl-1H-pyrazolo[3,4-b]pyridin-6(7H)-one (9a).

1H NMR (CDCl3): δ 9.43 (s, 1 H), 8.15 (s, 1 H), 7.85 (s, 1 H),
7.35-7.52 (m, 3 H), 7.29-7.34 (m, 1 H), 2.14 (s, 3 H). MS (ESI,
pos.ion)m/z: 304.0/305.9 (Mþ1). HPLC (Method A): retention
time 1.58 min.

5-Bromo-1-(2-chlorophenyl)-1H-pyrazolo[3,4-b]pyridin-6(7H)-
one (9b). 1HNMR(DMSO-d6): δ 12.50 (s, 1H), 8.48 (s, 1H), 8.13
(s, 1 H), 7.70 (dd, J=1.4, 7.8 Hz, 1 H), 7.66-7.54 (m, 3 H). MS
(ESI, pos.ion) m/z: 324.0/326.0 (Mþ1). HPLC (Method C):
retention time 2.88 min.

5-Bromo-1-(3-(trifluoromethyl)pyridin-2-yl)-1H-pyrazolo[3,4-
b]pyridin-6(7H)-one (9c). 1H NMR (CDCl3): δ 11.47 (s, 1 H),
8.73 (d, J=4.0Hz, 1 H), 8.32 (d, J=7.5Hz, 1 H), 8.15 (s, 1 H),
7.88 (s, 1 H), 7.41-7.55 (m, 1 H). MS (ESI, pos.ion)m/z: 358.9/
360.9 (Mþ1). HPLC (Method C): retention time 1.71 min.

5-Bromo-1-(2,4-difluorophenyl)-1H-pyrazolo[3,4-b]pyridin-
6(7H)-one (9d). 1HNMR (DMSO-d6): δ 12.66 (br., 1 H), 8.48 (s,
1 H), 8.15 (s, 1 H), 7.74 (td, J=8.8, 6.2 Hz, 1 H), 7.55-7.63 (m, 1
H), 7.31 (t, J= 8.4 Hz, 1 H). MS (ESI, pos.ion) m/z: 325.9/327.9
(Mþ1). HPLC (Method B): retention time 5.43 min.

5-Bromo-1-(2,5-difluorophenyl)-1H-pyrazolo[3,4-b]pyridin-
6(7H)-one (9e). MS (ESI, pos.ion) m/z: 326.0/328.0 (Mþ1).
HPLC (Method C): retention time 2.63 min.
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5-Bromo-1-(2-difluorophenyl)-1H-pyrazolo[3,4-b]pyridin-6(7H)-
one (9n). 1HNMR(DMSO-d6):δ12.62 (br, 1H), 8.48 (s, 1H), 8.15
(s, 1H), 7.66 (t, J=8.8Hz, 1H), 7.49 (m, 2H), 7.40 (t, J=7.6Hz,
1 H).MS (ESI, pos.ion)m/z: 307.9/309.9 (Mþ1). HPLC (Method
A): retention time 1.56 min.

5-Bromo-1-(2,6-difluorophenyl)-7-methyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (10f). At 0 �C, a solution of 5-bromo-1-(2,
6-difluorophenyl)-1H-pyrazolo[3,4-b]pyridin-6(7H)-one (9f)
(11.3 g, 34.7 mmol) in DME (78 mL) and DMF (7.7 mL) was
treatedwith sodiumhydride (1.24 g of 95%wt., 49mmol) in small
portions and the solution was allowed to stir at 0 �C for 10 min.
Finely ground lithiumbromide (8.83 g, 102mmol) was then added
and the solution stirred at RT for 20 min at which point iodo-
methane (4.37 mL, 68.9 mmol) was added. The suspension was
heated at 40 �C for 16 h then cooled to RT. The reaction mixture
was quenched with ice cold water (25 mL) slowly and extracted
with EtOAc (3 � 100 mL). The combined organic solution was
washed with 2� 20 mL of brine, dried over MgSO4, filtered, and
concentrated. The resulting crude solid was then suspended in
300 mL of 1:1 solution of EtOAc/hexanes with stirring over
30 min. The solution was allowed to precipitate in the freezer for
2 h. The resulting solidwas collected by filtrationwashingwith 2�
30mLofmethyl t-butyl ether to afford the title compound (5.27 g)
in >95% purity as a beige solid. The mother liquor was and
concentrated to ca. 15 mL in vacuo and treated with 50 mL of
MTBE and again chilled in the freezer overnight. The resulting
solid was collected by filtration followed by washing with 2 �
10 mL of methyl t-butyl ether to afford a second crop (2.54 g) in
>95% purity. 1H NMR (CDCl3): δ 8.09 (s, 1 H), 7.91 (s, 1 H),
7.56 (m, 1 H), 7.15 (m, 2 H), 3.39 (s, 3 H). MS (ESI, pos.ion)m/z:
340.0/342.0 (Mþ1). HPLC (Method B): retention time 5.37 min.

A similar procedure was used to prepare compounds 10a-e

and 10n.
5-Bromo-7-methyl-1-o-tolyl-1H-pyrazolo[3,4-b]pyridin-6(7H)-

one (10a). 1H NMR (CDCl3): δ (s, 1 H), 7.83 (s, 1 H), 7.43-7.50
(m, 1H), 7.34-7.40 (m, 3H), 3.21 (s, 3H), 2.05 (s, 3H).MS (ESI,
pos.ion) m/z: 317.9/320.0 (Mþ1). HPLC (Method A): retention
time 1.83 min.

5-Bromo-1-(2-chlorophenyl)-7-methyl-1H-pyrazolo[3,4-b]pyridin-
6(7H)-one (10b). 1H NMR (CDCl3): δ 8.09 (s, 1 H), 7.85 (s, 1 H),
7.62-7.46 (m, 4 H), 3.29 (s, 3 H). MS (ESI, pos.ion) m/z: 337.9/
339.9 (Mþ1). HPLC (Method B): retention time 5.49 min.

5-Bromo-7-methyl-1-(3-(trifluoromethyl)pyridin-2-yl)-1H-

pyrazolo[3,4-b]pyridin-6(7H)-one (10c). 1H NMR (CDCl3): δ
8.81 (d, J = 4.7 Hz, 1 H), 8.26-8.34 (m, 1 H), 8.11 (s, 1 H),
7.88 (s, 1 H), 7.71 (dd, J=7.7, 5.0 Hz, 1 H), 3.24 (s, 3 H). MS
(ESI, pos.ion) m/z: 372.8/374.9 (Mþ1). HPLC (Method A):
retention time 1.71 min.

5-Bromo-1-(2,4-difluorophenyl)-7-methyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (10d). 1HNMR (CDCl3): δ 8.08 (s, 1 H), 7.84
(s, 1 H), 7.58 (td, J=8.5, 6.0 Hz, 1 H), 7.02-7.14 (m, 2 H), 3.36
(s, 3 H). MS (ESI, pos.ion) m/z: 339.9/341.9 (Mþ1). HPLC
(Method B): retention time 5.31 min.

5-Bromo-1-(2,5-difluorophenyl)-7-methyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (10e). 1H NMR (DMSO-d6): δ 8.43 (s, 1 H),
8.08 (s, 1 H), 7.81 (m, 1 H), 7.60 (m, 2 H), 3.24 (s, 3 H).MS (ESI,
pos.ion)m/z: 340.0/342.0 (Mþ1). HPLC (Method C): retention
time 2.78 min.

5-Bromo-1-(2-fluorophenyl)-7-methyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (10n). 1H NMR (DMSO-d6): δ 8.43 (s, 1 H),
8.06 (s, 1 H), 7.78 (t, J=7.8 Hz, 1 H), 7.67 (m, 1 H), 7.53 (t, J=
9.0Hz, 1H), 7.44 (t, J=7.7Hz, 1H), 3.19 (s, 3H).MS (ESI, pos.
ion) m/z: 321.9/323.9 (Mþ1). HPLC (Method A): retention time
1.73 min.

N-Cyclopropyl-3-(1-(2,6-difluorophenyl)-7-methyl-6-oxo-6,7-di-

hydro-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (3f). A
mixtureof5-bromo-1-(2,6-difluorophenyl)-7-methyl-1H-pyrazolo-
[3,4-b]pyridin-6(7H)-one (10f) (83.0 mg, 0.24 mmol), potassium
phosphate (155 mg, 0.73 mmol), N-cyclopropyl-4-methyl-3-(4,4,5,
5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (88mg, 0.29mmol),

X-Phos (7 mg) and tris(dibenzylideneacetone)dipalladium (0)
(6.7 mg) in 2.0 mL of dioxane and 1.0 mL of water in a sealed
glass tube was heated in a microwave at 135 �C for 30 min. The
reaction mixture was partitioned between 10 mL of EtOAc and
1 mL of 1 NNaOH. The organic layer was washed with 1 mL of
brine, dried overMgSO4, filtered, and concentrated. Purification
on a silica gel column (eluted with 40-90% EtOAc in hexanes)
afforded the title compound (76.3mg, 72%yield) as awhite fluffy
amorphous solid. 1H NMR (CDCl3): δ 7.97 (s, 1 H), 7.66 (m,
2 H), 7.56 (m, 2H), 7.33 (d, J=8.0Hz, 1 H), 7.17 (t, J=8.0Hz,
2 H), 6.20 (br, 1 H), 3.49 (s, 3 H), 2.88 (m, 1H), 2.29 (s, 3 H), 0.85
(m, 2 H), 0.59 (m, 2 H). MS (ESI, pos.ion) m/z: 435.1 (Mþ1).
HPLC (Method A): retention time 1.84 min. HPLC (Method B):
retention time 5.67 min.

A similar procedure was used to prepare compounds 3a-e
and 3n.

N-Cyclopropyl-4-methyl-3-(7-methyl-6-oxo-1-o-tolyl-6,7-dihydro-
1H-pyrazolo[3,4-b]pyridin-5-yl)benzamide (3a). 1HNMR(methanol-
d4): δ 8.07 (s, 1 H), 7.89 (s, 1 H), 7.74 (d, J=8.0 Hz, 1 H), 7.66 (s,
1 H), 7.53-7.61 (m, 2 H), 7.42-7.53 (m, 2 H), 7.38 (d, J=8.0 Hz,
1 H), 3.24 (s, 3 H), 2.86 (m, 1 H), 2.28 (s, 3 H), 2.13 (s, 3 H),
0.78-0.85 (m, 2 H), 0.60-0.67 (m, 2 H). MS (ESI, pos.ion) m/z:
413.1 (Mþ1). HPLC (Method A): retention time 1.90 min. HPLC
(Method B): retention time 5.31 min.

3-(1-(2-Chlorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-pyrazolo-

[3,4-b]pyridin-5-yl)-N-cyclopropyl-4-methylbenzamide (3b). 1HNMR
(CDCl3): δ 7.91 (s, 1H), 7.67 (m, 3H), 7.60 (m, 1H), 7.57-7.44 (m,
3H), 7.31 (d, J=8.0Hz, 1H), 6.25 (br, 1H), 3.28 (s, 3H), 2.89 (m,
1 H), 2.28 (s, 3 H), 0.85 (m, 2 H), 0.59 (m, 2 H). MS (ESI, pos.ion)
m/z: 433.2 (Mþ1). HPLC (Method A): retention time 1.88 min.
HPLC (Method B): retention time 5.55 min.

N-Cyclopropyl-4-methyl-3-(7-methyl-6-oxo-1-(3-(trifluoromethyl)-
pyridin-2-yl)-6,7-dihydro-1H-pyrazolo[3,4-b]pyridin-5-yl)benzamide
(3c). 1HNMR (CDCl3): δ 8.83 (dd, J=4.8, 1.5Hz, 1H), 8.32 (dd,
J=8.0, 1.6Hz, 1H), 7.92-7.96 (m, 1H), 7.64-7.74 (m, 3H), 7.55
(d,J=1.8Hz, 1H), 7.32 (d,J=8.0Hz,1H), 6.21 (br, 1H), 3.23 (s,
3 H), 2.89 (td, J= 7.0, 3.3 Hz, 1 H), 2.29 (s, 3 H), 0.81-0.89 (m,
2 H), 0.55-0.63 (m, 2 H). MS (ESI, pos.ion) m/z: 468.0 (Mþ1).
HPLC (Method A): retention time 1.80 min.

N-Cyclopropyl-3-(1-(2,4-difluorophenyl)-7-methyl-6-oxo-6,7-

dihydro-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (3d).
1H NMR (methanol-d4): δ 8.09 (s, 1 H), 7.88 (s, 1 H), 7.84 (td,
J = 8.7, 5.8 Hz, 1 H), 7.74 (d, J = 8.0 Hz, 1 H), 7.66 (s, 1 H),
7.34-7.41 (m, 2 H), 7.28 (t, J= 8.3 Hz, 1 H), 3.38 (s, 3 H), 2.86
(dt, J = 7.0, 3.5 Hz, 1 H), 2.27 (s, 3 H), 0.77-0.85 (m, 2 H),
0.61-0.67 (m, 2H).MS (ESI, pos.ion)m/z: 435.1 (Mþ1). HPLC
(Method A): retention time 1.86 min. HPLC (Method C): reten-
tion time 2.84 min.

N-Cyclopropyl-3-(1-(2,5-difluorophenyl)-7-methyl-6-oxo-6,7-dihy-
dro-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (3e). 1H
NMR (DMSO-d6): δ 8.35 (d, J=3.9Hz, 1H), 8.13 (s, 1H), 7.86
(s, 1 H), 7.73 (d, J = 7.9 Hz, 1 H), 7.65-7.59 (m, 4 H), 7.32 (d,
J= 7.8 Hz, 1 H), 3.32 (s, 3 H), 2.84 (m, 1 H), 2.19 (s, 3 H), 0.68
(m, 2 H), 0.59 (m, 2 H). MS (ESI, pos.ion) m/z: 435.0 (Mþ1).
HPLC (Method A): retention time 1.86 min.

N-Cyclopropyl-3-(1-(2-fluorophenyl)-7-methyl-6-oxo-6,7-dihydro-
1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (3n). 1H NMR
(DMSO-d6): δ 8.34 (d, J=4.1Hz, 1H), 8.10 (s, 1H), 7.96 (s, 1H),
7.84 (t, J=7.9Hz, 1H), 7.74-7.65 (m, 3H), 7.54 (t, J=9.5Hz, 1
H), 7.46 (t, J=7.7Hz, 1H), 7.32 (d, J=8.0Hz, 1H), 3.20 (s, 3H),
2.85 (m, 1 H), 2.19 (s, 3 H), 0.67 (m, 2 H), 0.56 (m, 2 H). MS (ESI,
pos.ion)m/z: 417.0 (Mþ1). HPLC (MethodA): retention time 1.80
min. HPLC (Method C): retention time 1.81 min.

3-(1-(2,6-Difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-
pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzoic acid (16). A mixture
of 5-bromo-1-(2,6-difluorophenyl)-7-methyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (10f) (717mg, 2.10mmol), 3-borono-4-methyl-
benzoic acid (14) (455 mg, 2.53 mmol), and tetrakis(triphenyl-
phosphine)palladium (0) (73 mg, 0.06 mmol) in dioxane (10 mL)
and sodium carbonate (5.2 mL of 1 N solution) in a sealed glass
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tubewas heated in amicrowave at 125 �C for 30min. The reaction
mixture was treated with 20 mL EtOAc and extracted 3� 10 mL
of 1NNaOH. The organic solutionwas discarded. The combined
aqueous solution was acidified with 5 N HCl to pH 4, and
extracted with 3 � 75 mL of EtOAc. The combined EtOAc
extracts were washed with 10 mL of brine, dried over MgSO4,
filtered, and concentrated to afford the title compound (747 mg,
90% yield) as a white amorphous solid. 1H NMR (DMSO-d6): δ
12.78 (br, 1H), 8.18 (s, 1H), 7.90 (s, 1H), 7.88-7.60 (m, 2H), 7.75
(s, 1H), 7.49 (t, J=8.5Hz, 2H), 7.39 (d, J=8.0Hz, 1H), 3.26 (s,
3 H), 2.23 (s, 3 H). MS (ESI, pos.ion) m/z: 396.0 (Mþ1). HPLC
(Method A): retention time 1.82 min. HPLC (Method B): reten-
tion time 5.65 min.

Alternative procedure for the synthesis of N-cyclopropyl-
3-(1-(2,6-difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-pyrazolo-
[3,4-b]pyridin-5-yl)-4-methylbenzamide (3f). A solution of 3-(1-(2,
6-difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-pyrazolo[3,
4-b]pyridin-5-yl)-4-methylbenzoic acid (16) (1.69 g, 4.14 mmol) in
THF (10.0 mL) at RTwas treated with CDI (798mg, 4.92 mmol)
thenheated at 50 �Cfor 1.5 h. Itwas cooled toRTand treatedwith
cyclopropylamine (0.64 mL, 9.23 mmol). The reaction mixture
was stirred at RT for 2 h then 50 �C for 2 h. It was then allowed to
stir at RT overnight (16 h) resulting in a white suspension. The
reactionmixturewas partitioned betweenEtOAc (80mL) and 1N
NaOH (15 mL). The organic layer was washed with brine, dried
over MgSO4, filtered, and concentrated. Purification on a silica
gel column (eluted with 40-90% EtOAc in hexanes) afforded
N-cyclopropyl-3-(1-(2,6-difluorophenyl)-7-methyl-6-oxo-6,7-dihy-
dro-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (1.23 g,
69% yield) as a white fibrous solid. MS (ESI, pos.ion) m/z: 435.1
(Mþ1). HPLC (Method A): retention time 1.84 min. HPLC
(Method B): retention time 5.67 min.

5-Bromo-1-(2,4-difluorophenyl)-7-ethyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (10g) and 5-bromo-1-(2,4-difluorophenyl)-6-
ethoxy-1H-pyrazolo[3,4-b]pyridine (23).A solution of 5-bromo-
1-(2,4-difluorophenyl)-1H-pyrazolo[3,4-b]pyridin-6(7H)-one (9c)
(500 mg, 1.53 mmol) in DME (10 mL) and DMF (1 mL) at 0 �C
was treated with sodium hydride (368 mg of 60% wt. in mineral
oil, 9.20 mmol) under argon. After stirring 20 min, lithium
bromide (533 mg, 6.13 mmol) was added and the resulting
suspensionwas allowed to stir for 30min atRTbefore iodoethane
(1.24mL, 15.3mmol) was added.The reactionmixturewas heated
at 40 �C inanoil bath for 24 h.The reactionmixturewas quenched
with ice-cold water (5 mL) and extracted with EtOAc (2 �
40 mL). The combined organic extracts were washed with brine
(10 mL) and dried over MgSO4, filtered, and concentrated. The
resulting crude residue was loaded on an ISCO 40 g column and
eluted with 0-50% EtOAc in hexanes to give the 5-bromo-1-(2,
4-difluorophenyl)-6-ethoxy-1H-pyrazolo[3,4-b]pyridine (23) (423 mg,
78% yield) as a white fibrous solid and the 5-bromo-1-(2,
4-difluorophenyl)-7-ethyl-1H-pyrazolo[3,4-b]pyridin-6(7H)-one
(10g) (92 mg, 17% yield) as a pale yellow viscous oil. Compound
23: 1HNMR (CDCl3): δ 8.19 (s, 1 H), 8.04 (s, 1 H), 7.62 (td, J=
8.6, 6.1 Hz, 1 H), 7.00-7.09 (m, 2 H), 4.43 (q, J= 7.0 Hz, 2 H),
1.43 (t, J = 7.1 Hz, 3 H). MS (ESI, pos.ion) m/z: 353.9/355.9
(Mþ1). HPLC (MethodA): retention time 2.77min. Compound
10g: 1HNMR(CDCl3): δ 8.07 (s, 1H), 7.85 (s, 1H), 7.58 (td, J=
8.4, 5.8 Hz, 1 H), 7.01-7.13 (m, 2 H), 4.02 (dq, J=14.1, 7.0 Hz,
1 H), 3.82 (dq, J= 14.1, 7.2 Hz, 1 H), 1.03 (t, J= 7.0 Hz, 3 H).
MS (ESI, pos.ion)m/z: 353.9/355.9 (Mþ1). HPLC (Method A):
retention time 1.93 min.

N-Cyclopropyl-3-(1-(2,4-difluorophenyl)-7-ethyl-6-oxo-6,7-dihy-
dro-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (3g). In a
5 mL glass microwave tube was weighed tetrakis(triphenyl-
phosphine) palladium(0) (6.9 mg, 5.9 μmol), N-cyclopropyl-4-
methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide
(65 mg, 0.22 mmol) and 5-bromo-1-(2,4-difluorophenyl)-7-ethyl-
1H-pyrazolo[3,4-b]pyridin-6(7H)-one (10g) (70.0 mg, 0.20 mmol).
The solids were purged with argon and treated with 1,4-dioxane
(1.5mL), 1Msodiumcarbonate (0.40mL, 0.40mmol), andheated

in a microwave at 130 �C for 30 min. The reaction mixture was
treated with brine and extracted EtOAc (2 � 15 mL), dried over
MgSO4, filtered, and concentrated. Purification on the ISCO (12 g
column, 20-80%EtOAc in hexanes) afforded the title compound
(54mg, 61%yield) as awhite amorphous solid. 1HNMR(CDCl3):
δ 7.91 (s, 1 H), 7.60-7.67 (m, 3 H), 7.57 (s, 1 H), 7.31 (d, J= 8.0
Hz, 1 H), 7.04-7.15 (m, 2 H), 6.19 (br, 1 H), 3.97-4.09 (m, 1 H),
3.76-3.89 (m, 1 H), 2.89 (dd, J= 7.0, 3.5 Hz, 1 H), 2.28 (s, 3 H),
1.04 (m, 3 H), 0.81-0.89 (m, 2 H), 0.55-0.63 (m, 2 H). MS (ESI,
pos.ion) m/z: 449.1 (Mþ1). HPLC (Method A): retention time
1.98 min. HPLC (Method B): retention time 5.88 min.

4-Chloro-N-cyclopropyl-3-(1-(2,6-difluorophenyl)-7-methyl-6-
oxo-6,7-dihydro-1H-pyrazolo[3,4-b]pyridin-5-yl)benzamide (3i).
In a 25 mL microwave tube was weighed 4-chloro-N-cyclopropyl-
3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (12) (129
mg, 0.40mmol), 5-bromo-1-(2,6-difluorophenyl)-7-methyl-1H-pyr-
azolo[3,4-b]pyridin-6(7H)-one (10f) (119 mg, 0.35 mmol) and
tetrakis(triphenylphosphine)palladium (0) (16 mg, 14 μmol). The
solids were purged with argon and treated with sodium carbonate
(0.88 mL of 1 M solution, 0.88 mmol) and 2.0 mL dioxane and
heated to 130 �C in a microwave for 25 min. The reaction mixture
was treated with 5 mL of water and extracted with 2 � 15 mL
EtOAc. The combined organic solution was dried over MgSO4,
filtered, and concentrated. Purification on the ISCO (12 g column,
40-90% EtOAc in hexanes) afforded the title compound (70 mg,
44% yield) as an off-white amorphous solid. 1H NMR (CDCl3): δ
7.99 (s, 1H), 7.75 (s, 1H), 7.73 (m, 1H), 7.70 (s, 1H), 7.54 (m, 2H),
7.17 (m, 2 H), 6.22 (br., 1 H), 3.39 (s, 3 H), 2.88 (m, 1 H), 0.86 (m,
2 H), 0.60 (m, 2 H). MS (ESI, pos.ion) m/z: 455.0 (Mþ1). HPLC
(MethodA): retention time 1.90min.HPLC (Method B): retention
time 5.67 min.

N-Cyclopropyl-3-(1-(2,6-difluorophenyl)-7-methyl-6-oxo-6,7-

dihydro-1H-pyrazolo[3,4-b]pyridin-5-yl)-5-fluoro-4-methylben-

zamide (3j). A mixture of 5-bromo-1-(2,6-difluorophenyl)-7-
methyl-1H-pyrazolo[3,4-b]pyridin-6(7H)-one (10f) (110 mg,
0.32 mmol),N-cyclopropyl-3-fluoro-4-methyl-5-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)benzamide(13) (122mg,0.38mmol),
tetrakistriphenylphosphine palladium (0) (15mg, 12 μmol) in 2.0 mL
of dioxane and 0.8 mL of 1 M sodium carbonate was heated in a
microwave at 130 �C for 45 min. The reaction mixture was diluted
with 5 mL of water and extracted with EtOAc (2 � 15 mL). The
combined organic extracts were dried over MgSO4, filtered, and
concentrated. Purification on the ISCO (12 g column, 40-80%
EtOAc in hexanes) afforded the title compound (96mg, 65%yield)
as a light yellow amorphous solid. 1H NMR (methanol-d4) δ 8.16
(s, 1H), 7.94 (s, 1H), 7.72-7.82 (m, 1H), 7.51-7.59 (m, 2H), 7.36
(t, J=8.5 Hz, 2 H), 3.41 (s, 3 H), 2.86 (dt, J= 7.4, 3.6 Hz, 1 H),
2.17 (s, 3 H), 0.78-0.85 (m, 2 H), 0.60-0.68 (m, 2 H). MS (ESI,
pos.ion) m/z: 453.0 (Mþ1). HPLC (Method A): retention time
1.97 min. HPLC (Method B): retention time 5.82 min.

3-(1-(2,6-Difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-

pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (3k). To a slurry of
3-(1-(2,6-difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-pyrazolo-
[3,4-b]pyridin-5-yl)-4-methylbenzoic acid (16) (2.72 g, 6.88 mmol)
inTHF(15mL) atRTwasadded1,10-carbonyldiimidazole (2.10g,
13.0mmol).After stirring atRT for 2 h, the heterogeneousmixture
turned into a homogeneous clear solution. To the reactionmixture
at RT was added in ammonia (70 mL of 0.5 M solution in 1,
4-dioxane, 35 mmol). After stirring at RT for 18 h, the reaction
mixture was diluted with EtOAc (100 mL), washed sequentially
with 1NNaOH (15mL) and brine (15mL). The organic layer was
dried and concentrated. Purification on an ISCO (40 g column,
eluted with 50-100% EtOAc in CH2Cl2) afforded 3-(1-(2,6-
difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-pyrazolo[3,4-b]-
pyridin-5-yl)-4-methylbenzamide (2.22 g, 82% yield) as an off-
white crystalline solid. 1HNMR(CDCl3): δ 7.98 (s, 1H), 7.73 (dd,
J=7.8, 1.9Hz,1H), 7.67 (s, 2H), 7.58 (m,1H), 7.36 (d,J=8.0Hz,
1H), 7.16 (m,2H), 6.10 (br, 1H), 5.60 (br, 1H), 3.39 (s, 3H), 2.31 (s,
3 H). MS (ESI, pos.ion) m/z: 395.1 (Mþ1). HPLC (Method A):
retention time1.62min.HPLC(MethodC): retention time1.80min.
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3-(1-(2,6-Difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-
pyrazolo[3,4-b]pyridin-5-yl)-N-(isoxazol-3-yl)-4-methylbenzamide

(3m).AtRT, 3-(1-(2,6-difluorophenyl)-7-methyl-6-oxo-6,7-dihy-
dro-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzoic acid (16)
(74.0 mg, 0.18 mmol) was treated with thionyl chloride (3.0 mL,
41.1mmol) and the resultingmixture heated at 95 �C inanoil bath
for 2 h. The excess thionyl chloride was removed in vacuo. The
remaininng crude acid chloride was dissolved in 3 mL of CH2Cl2
and then added slowly to another reaction vessel at RT which
contained a mixture of 4-(dimethylamino) pyridine (23 mg, 0.18
mmol), 3-aminoisoxazole (24 mg, 0.28 mmol), Hunig’s base
(0.065 mL, 0.37 mmol) in CH2Cl2 (1.0 mL). The reaction mixture
was allowed to stir atRT for 16 h. Itwas quenchedwith 0.5NHCl
(4 mL) and extracted with EtOAc (2 � 30 mL). The combined
organic solution was washed with a saturated solution of NaH-
CO3 and dried over MgSO4. Purification on the ISCO (12 g
column, 30-80%EtOAc in hexanes) afforded the title compound
(26.2 mg, 30% yield) as a white amorphous solid. 1H NMR
(CDCl3): δ 8.78 (s, 1 H), 8.30 (d, J = 1.6 Hz, 1 H), 7.99 (s, 1
H), 7.82 (dd, J=7.8, 2.0 Hz, 1 H), 7.78 (d, J=2.0Hz, 1H), 7.69
(s, 1 H), 7.53-7.63 (m, 1 H), 7.41 (d, J=8.0 Hz, 1 H), 7.14-7.22
(m, 3 H), 3.40 (s, 3 H), 2.34 (s, 3 H). MS (ESI, pos.ion)m/z: 462.0
(Mþ1). HPLC (Method A): retention time 1.97 min. HPLC
(Method B): retention time 5.80 min.

3-(1-(2,6-Difluorophenyl)-7-methyl-6-oxo-6,7-dihydro-1H-

pyrazolo[3,4-b]pyridin-5-yl)-4-methyl-N-(1-methylcyclopropyl)-
benzamide (3l). (43 mg, 76% yield) was prepared in a similar
procedure to that described for 3m. 1H NMR (DMSO-d6): δ 8.55
(s, 1H), 8.19 (s, 1H), 7.87 (s, 1H), 7.80 (m, 1H), 7.72 (m, 1H), 7.66
(s, 1H), 7.49 (m, 2H), 7.31 (d, J=8.0Hz, 1H), 3.25 (s, 3H), 2.18
(s, 3 H), 1.36 (s, 3 H), 0.71 (m, 2 H), 0.59 (m, 2 H). MS (ESI, pos.
ion) m/z: 449.1 (Mþ1). HPLC (Method A): retention time
1.96 min. HPLC (Method C): retention time 2.00 min.

1-(2,6-Difluorophenyl)-7-methyl-5-(6-methyl-3-(methylamino)-
benzo[d]isoxazol-7-yl)-1H-pyrazolo[3,4-b]pyridin-6(7H)-one (17).
Amixture of 7-iodo-N,6-dimethylbenzo[d]isoxazol-3-amine (240
mg, 0.833 mmol), 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.50
mLof 1.0MTHFsolution, 2.50mmol), triethylamine (0.464mL,
3.33mmol), 2-(dicyclohexylphosphino)-20-methylbiphenyl (60mg,
0.167 mmol), and palladium acetate (9.3 mg, 0.041 mmol) in
3.0mLof dioxane in a sealed glass tubewas heated in amicrowave
at 100 �C for 20 min. LC-MS of the crude reaction mixture
indicated the formation ofN,6-dimethylbenzo[d]isoxazol-3-amine
[MS (ESI, pos.ion) m/z: 163.0 (Mþ1). HPLC (Method C): reten-
tion time 1.61 min] andN,6-dimethyl-7-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzo[d]isoxazol-3-amine (15) [MS (ESI, pos.
ion) m/z: 289.0 (Mþ1). HPLC (Method C): retention time 2.26
min.] in a ratio of 2:3. The crude reaction mixture was transferred
via pipet to a 25mLround-bottom flaskwhich containeda solution
of 5-bromo-1-(2,6-difluorophenyl)-7-methyl-1H-pyrazolo[3,4-b]pyri-
din-6(7H)-one (10f) (100 mg, 0.29 mmol) in 2.0 mL of dioxane.
The mixture was cooled with an ice bath and sodium carbonate
(10.00mLof 1Msolution, 10.0mmol) was added dropwise, which
resulted in vigorous evolution of gas.After all the gas bubbleswere
gone, it was treated with tetrakis(triphenylphosphine)palladium
(0) (17mg, 0.015mmol). The reactionmixture was heated in an oil
bath at 110 �C for 5 h. After cooling to RT, it was diluted with
60 mL of EtOAc. The organic phase was separated and washed
with saturated aqueous solution of sodium bicarbonate, followed
by brine. The resulting organic solutionwas dried overmagnesium
sulfate and concentrated under reduced pressure. Purification
by flash chromatography on silica gel (eluted with 50-100%
EtOAc in CH2Cl2) gave 1-(2,6-difluorophenyl)-7-methyl-5-(6-
methyl-3-(methylamino)benzo[d]isoxazol-7-yl)-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (78mg, 63%yield) as awhite crystalline solid. 1H
NMR (CDCl3): δ 7.97 (s, 1H), 7.81 (s, 1H), 7.57 (m, 1H), 7.27 (m,
1H), 7.20 (m, 2H), 7.07 (d, J=8.0Hz, 1H), 4.50 (br, 1H), 3.41 (s,
3 H), 3.04 (d, J = 5.1 Hz, 3 H), 2.35 (s, 3 H). SXU 84133-6 MS
(ESI,pos.ion)m/z: 422.0 (Mþ1).HPLC(MethodA): retention time
1.85 min.

5-Amino-1-(2,6-difluorophenyl)-3-methyl-1H-pyrazole-4-car-
bonitrile (19). (1-Ethoxyethylidene)malononitrile (18) (1.58 g,
11.6 mmol) was added in small portions to a solution of 1-(2,
6-difluorophenyl)hydrazine hydrochloride (2.00 g, 11.1 mmol)
and triethylamine (1.62mL, 11.6mmol) in 7mLof EtOHatRT.
The mixture was heated at reflux for 1 h. The reaction mixture
was then concentrated and the residue was dissolved in EtOAc
and washed with water followed by saturated NaHCO3 (aq.).
The combined organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated to give the title compound
(2.51 g, 97% yield) as a brown solid. 1H NMR (CDCl3): δ 7.50
(m, 1 H), 7.13 (m, 2 H), 4.41 (br., 2 H), 2.34 (s, 3 H). MS (ESI,
pos.ion) m/z: 235.1 (Mþ1).

5-Amino-1-(2,6-difluorophenyl)-3-methyl-1H-pyrazole-4-car-

baldehyde (20).Raney 2800 nickel (slurry inwater, 3.00mL, 25.6
mmol) was added to amixture of 5-amino-1-(2,6-difluorophenyl)-
3-methyl-1H-pyrazole-4-carbonitrile (19) (2.15 g, 9.18 mmol) in
50 mL of 70% acetic acid and 15 mL of EtOH. The mixture was
stirred under a positive pressure of hydrogen (40 psi) for 48 h. The
reaction mixture was filtered through a pad of Celite and washed
with wet EtOAc. The filtrate was transferred to a separatory
funnel, layers were separated and the aqueous layer was extracted
with EtOAc (3�). The combined organic layers werewashed with
1MNaOH(aq.) and brine and then dried over anhydrous sodium
sulfate, filtered, and concentrated.The crudematerialwaspurified
by silica gel chromatography (25-50% EtOAc in hexanes) to
afford the title compound (1.70 g, 78% yield) as a light yellow
solid. 1H NMR (CDCl3): δ 9.72 (s, 1 H), 7.47 (m, 1 H), 7.11 (m,
2 H), 5.70 (br, 2 H), 2.42 (s, 3 H). MS (ESI, pos.ion) m/z: 238.1
(Mþ1).

Ethyl 1-(2,6-difluorophenyl)-3-methyl-6-oxo-6,7-dihydro-1H-

pyrazolo[3,4-b]pyridine-5-carboxylate Piperidine Salt (21). A
solution of 5-amino-1-(2,6-difluorophenyl)-3-methyl-1H-pyra-
zole-4-carbaldehyde (20) (1.04 g, 4.37 mmol) in 12 mL of EtOH
was treated with diethyl malonate (2.66 mL, 8.74 mmol) and
piperidine (0.86 mL, 8.74 mmol) and heated to reflux for 20 h.
The reaction mixture was concentrated and 10 mL of 1/1
mixture of EtOAc/hexanes was added to the beige solid and it
was filtered. The solid was washed with hexanes (25 mL) to
afford the title compound (1.57 g, 86%yield) as awhite solid. 1H
NMR (CD3OD): δ 8.49 (s, 1 H), 7.57 (m, 1 H), 7.20 (m, 2 H),
4.36 (q, J=7.03Hz, 2 H), 3.02 (m, 4 H), 2.51 (s, 3 H), 1.71 (m, 4
H), 1.64 (m, 2 H), 1.41 (t, J= 7.03 Hz, 3 H). MS (ESI, pos.ion)
m/z: 334.1 (Mþ1). HPLC (Method A): retention time 2.26 min.

5-Bromo-1-(2,6-difluorophenyl)-3,7-dimethyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (22).Asuspensionof ethyl 1-(2,6-difluorophenyl)-
3-methyl-6-oxo-6,7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxy-
late piperidine salt (21) (1.04 g, 3.14 mmol) in 16 mL of 1/1 mixture
of MeCN/H2O was treated with LiOH monohydrate (0.336 g,
8.00 mmol) and heated to 90 �C for 2 h. The reaction mixture
was allowed to cool toRT andN-bromosuccinimide (1.12 g, 6.28
mmol) was added and the mixture was stirred for 2 h at RT.
Saturated NaHCO3 (aq.) was added and the mixture was ex-
tractedwithEtOAc (3�). The combinedorganic layersweredried
over anhydrous Na2SO4, filtered and concentrated to give
5-bromo-1-(2,6-difluorophenyl)-3-methyl-1H-pyrazolo[3,4-b]-
pyridin-6(7H)-one (852 mg, 80% yield) as a brown syrup. MS
(ESI, pos.ion) m/z: 340.0/342.0 (Mþ1).

A solution of 5-bromo-1-(2,6-difluorophenyl)-3-methyl-1H-
pyrazolo[3,4-b]pyridin-6(7H)-one (475 mg, 1.40 mmol) in 2.5
mLof 10/1mixture ofDME/DMFat 0 �Cwas treatedwithNaH
(60% wt. in mineral oil, 78 mg, 1.96 mmol). The mixture was
allowed to stir for 10 min at 0 �C and then LiBr (358 mg, 4.12
mmol) was added and the mixture was allowed to stir for 20min
at RT. MeI (0.174 mL, 2.79 mmol) was added, and the reaction
was heated at 40 �C for 16 h. The mixture was allowed to cool to
RT, water was added, and the mixture was extracted with
EtOAc (3�). The combined organic layers were dried over
anhydrous sodium sulfate, filtered, and concentrated. The crude
product was purified by silica gel chromatography (10-60%
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EtOAc in hexanes) to afford the title compound (120 mg, 24%
yield) as a yellow solid. 1HNMR (CD3OD): δ 8.03 (s, 1 H), 7.54
(m, 1H), 7.14 (m, 2 H), 3.37 (s, 3 H), 2.44 (s, 3 H).MS (ESI, pos.
ion) m/z: 354.0/ 356.0 (Mþ1).

N-Cyclopropyl-3-(1-(2,6-difluorophenyl)-3,7-dimethyl-6-oxo-6,

7-dihydro-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-methylbenzamide (3h).
In a microwave tube was placed 5-bromo-1-(2,6-difluorophenyl)-
3,7-dimethyl-1H-pyrazolo[3,4-b]pyridin-6(7H)-one (22) (68 mg,
0.19 mmol),N-cyclopropyl-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzamide (11) (75 mg, 0.25 mmol), tetrakis-
(triphenylphosphine)palladium (0) (11 mg, 0.0096 mmol) and
Na2CO3 (aq. 2 M solution, 0.48 mL, 0.96 mmol) in 2 mL of
dioxane. The mixture was heated in a microwave at 120 �C for
25 min. Water was added, and the mixture was extracted with
EtOAc (3�). The combined organic layers were dried over
anhydrous sodium sulfate, filtered, and concentrated. The crude
material was purified by silica gel chromatography (30-80%
EtOAc in hexanes) to give the title compound (25 mg, 29% yield)
as white needles. 1H NMR (CD3OD): δ 7.66 (m, 1 H), 7.55 (m,
3H), 7.30 (m, 1H), 7.15 (m, 2H), 6.21 (br, 1H), 3.36 (s, 3H), 2.90
(m, 1 H), 2.46 (s, 3 H), 2.29 (s, 3 H), 0.86 (m, 2 H), 0.60 (m, 2 H).
MS (ESI, pos.ion) m/z: 449.2 (Mþ1). HPLC (Method A): reten-
tion time 1.90 min. HPLC (Method C): retention time 1.96 min.

Biological Methods. p38r MAP Kinase in Vitro Assay. The
p38R kinase reaction was carried out in a polypropylene 96-well
black round-bottomed assay plate in a total volume of 30 μL
kinase reaction buffer (50 mM Tris-pH 7.5, 5 mM MgCl2,
0.1 mg/mL BSA, 100 μMNa3VO4, and 0.5 mMDTT). Recom-
binant activated human p38 enzyme (1 nM) was mixed with
50 μMATP and 100 nMGST-ATF2-Avitag, in the presence or
absence of inhibitor. The reaction was allowed to incubate for
1 h at RT. The kinase reaction was terminated and phospho-
ATF2 was revealed by addition of 30 μL of HTRF detection
buffer (100 mM HEPES, pH 7.5, 100 mM NaCl, 0.1% BSA,
0.05% Tween-20, and 10 mM EDTA) supplemented with 0.1
nM Eu-anti-pTP and 4 nM SA-APC. After 1 h incubation at
RT, the assay plate was read in a Discovery Plate Reader
(Perkin-Elmer). The wells were excited with coherent 320 nm
light and the ratio of delayed (50ms post excitation) emissions at
620 nm (native europium fluorescence) and 665 nm (europium
fluorescence transferred to allophycocyanin, an index of sub-
strate phosphorylation) was determined (reference: Park,Y.W.;
Cummings, R. T.; Wu, L.; Cameron, P. M.; Woods, A.; Zaller,
D. M.; Marcy, A. I.; Hermes, J. D. Homogeneous Proximity
Tyrosine Kinase Assays: Scintillation Proximity Assay versus
Homogeneous Time-Resolved Fluorescence. Anal. Biochem.
1999, 269, 94-104). The proportion of substrate phosphory-
lated in the kinase reaction in the presence of compound
compared with that phosphorylated in the presence of DMSO
vehicle alone (HI control) was calculated using the formula: %
control (POC)= (compd- average LO)/(averageHI- average
LO) � 100. Data (consisting of POC and inhibitor concentra-
tion inμM)was fitted to a four-parameter equation (y=Aþ ((B
-A)/(1þ ((x/C)∧D))), whereA is theminimum y (POC) value,B
is themaximum y (POC),C is thex (compd concentration) at the
point of inflection, andD is the slope factor) using aLevenberg-
Marquardt nonlinear regression algorithm. The inhibition con-
stant (Ki) of the inhibitor was estimated from the IC50

(compd concentration at the point of inflection; C) using the
Cheng-Prussof equation: Ki = IC50 /(1 þ S/Km), where S is the
ATP substrate concentration, and Km is the Michaelis constant
for ATP as determined experimentally.

LPS-Induced TNF-r Production in THP-1 Cells. THP1 cells
were resuspended in fresh THP1media (RPMI 1640, 10% heat-
inactivated FBS, 1 � PGS, 1 � NEAA, plus 30 μM βME) at a
concentration of 1.5� 106 cells permL.One hundredmicroliters
of cells per well were plated in a flat-bottom polystyrene 96-well
tissue culture plate. Two micrograms per milliliter of bacterial
LPS (Sigma) was prepared in THP1 media and transferred to
the first 11 columns of a 96-well polypropylene plate. Column

12 contained only THP1media for the LO control. Compounds
were dissolved in 100% DMSO and serially diluted 3-fold in a
polypropylene 96-well microtiter plate (drug plate). Columns 6
and 12 were reserved as controls (HI control and LO control,
respectively) and contained only DMSO. One microliter of
inhibitor compound from the drug plate followed by 10 μL of
LPS was transferred to the cell plate. The treated cells were
induced to synthesize and secrete TNFR in a 37 �C humidified
incubator with 5% CO2 for 3 h. TNFR production was deter-
mined by transferring 50 μL of conditioned media to a 96-well
small spot TNFR plate (MSD-Meso ScaleDiscovery) contain-
ing 100 μL of 2� Read Buffer P supplemented with an anti-
TNFR polyclonal Ab labeled with ruthenium (MSD-Sulfo-
TAG - NHS ester). After overnight incubation at RT with
shaking, the reaction was read on the Sector Imager 6000
(MSD). A low voltage was applied to the ruthenylated TNFR
immune complexes, which in the presence of TPA (the active
component in the ECL reaction buffer, Read Buffer P), resulted
in a cyclical redox reaction generating light at 620 nm. The
amount of secreted TNFR in the presence of compound com-
pared with that in the presence of DMSO vehicle alone (HI
control) was calculated using the formula: % control (POC) =
(compd - average LO)/(average HI - averageLO) � 100.

TNF-Challenged IL-8 Production in Human Whole Blood

Cells. Whole blood was drawn from healthy, nonmedicated
volunteers into sodiumheparin tubes. 100 μLof bloodwere then
plated into 96 well tissue culture plates (BD). Ten point com-
pound titrations were added to the blood and incubated for 1 h
at 37 �C with 5% CO2. TNF-R (Amgen) with a final concentra-
tion of 1 nM was then added to the blood and incubated
overnight (16-18 h) at 37 �C with 5% CO2. Plasma was
harvested and cytokines (IL8) were measured by MSD (Meso
Scale Discovery) ECL based antibody sandwich assay. All
reagents were prepared in RPMI 1640, 10% v/v human serum
AB (Gemini Bio-Products), 1� Pen/Strep/Glu. Final concen-
tration of human whole blood was 50%. Data were analyzed
using XLfit/Activity Base software package (IDBS).

LPS-Induced MK2 Phosphorylation in Human Whole Blood
Cells. Whole blood was drawn from healthy, nonmedicated
volunteers into sodium heparin tubes. 60 μL of the blood was
aliquoted into 96-well deep well plate. Inhibitor was diluted at
series of 3� dilutions with RPMI medium plus 10% human
serum. Ten point compound dilutions as well as no-compound
control were added to the blood to make 50% blood as a final
condition. Compounds were allowed to incubate with blood at
RT for 30 min and LPS were added at a final concentration of
1 μg/mL to each well; no LPS treated wells were kept as negative
control for each set of series of dilutions. LPS activation was
carried out at RT for 45 min and the reaction stopped by
addition of 800 μL of 37 �C PhosFlow Lyse/Fix buffer (BD,
San Jose, CA) with vigorous shaking. Cells were kept in Lyse/
Fix buffer at 37 �C for 30 min for complete fixation and
permeablized in 800 μL ice cold 80% methanol on ice for no
less than 2 h. Cells were then rinsed with PBS and stained with
Alexa 647 conjugated antihuman pMK2 antibody (Cell Signal-
ing, Danvers, MA) at 1:500 dilution. Levels of MK2 phosphor-
ylationwere determined by flow cytometry (FACSCalibur, BD,
San Jose, CA) and presented as mean fluorescence intensity
(MFI) of labeled cells. Results were expressed as POC of MFI
and standard error of the MFI for duplicate measurements.
Data were analyzed using GraphPad Prism 4.01 (GraphPad
Software Inc. San Diego, CA).
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