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Figure 1. Previously reported Roche p38 inhibitors and screening hit 3.
The p38 family of MAP kinases, especially the p38a isoform, has
attracted attention over the last 15 years as an attractive target for
pharmacological intervention in the treatment of inflammatory dis-
eases.1,2 This interest stems from the family’s central role in regu-
lating the production of inflammatory cytokines, including TNF-a,
IL-1 and IL-6. Biologic agents targeting these cytokines or their
receptors have proven efficacious for inflammatory diseases,
including rheumatoid arthritis, psoriasis and inflammatory bowel
disease.3 While the initial excitement over p38a has been damp-
ened by mediocre phase 2 efficacy results in rheumatoid arthritis
and inflammatory bowel disease for multiple small molecule inhib-
itors, there continues to be interest in this target, for both rheuma-
toid arthritis as well as for pain and respiratory conditions.2c,2d,4

We recently reported on our pyrimidinopyridone inhibitors,
exemplified by 1 (R1487) and 2 (pamapimod), which completed
phase 2 clinical trials for rheumatoid arthritis (Fig. 1).5 As part of
a screening exercise to identify a backup to 2, we discovered inda-
zole 3 to bind weakly to p38a (Kd = 2 mM as determined by surface
plasmon resonance6). A modeled structure of 3, overlaid onto the
corresponding crystal structure for 1 bound to the ATP-binding site
of p38a, suggested that learnings from our pyridopyrimidine work
would translate well to indazole-type scaffolds (Fig. 2). Specifically,
All rights reserved.

: +1 973 235 6263.
).
we expected that the 2,4-difluorophenyl ether sidechain discov-
ered to be optimal in our earlier work would translate well to
the 6-position of indazole-type scaffolds, and allow us to focus
our optimization efforts on other parts of the scaffold. The overlay
also suggested that 3-amino substituents would be well-tolerated.

Pyrazolo[3,4-d]pyrimidines appeared particularly attractive, for
intellectual property and synthetic reasons as well as a perception
that they would have more favorable properties than the corre-
sponding indazoles. We therefore decided to investigate 3-amino-
pyrazolopyrimidines as p38a inhibitors.

Our first generation synthesis is outlined in Scheme 1.7 The
chloride of 2-thiomethyl-4-chloro-5-cyano pyrimidine was dis-
placed with tert-butyl carbazate (affording 4), then the thiomethyl

http://dx.doi.org/10.1016/j.bmcl.2011.03.098
mailto:michael.soth@roche.com
http://dx.doi.org/10.1016/j.bmcl.2011.03.098
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


N
NCl

NC

SMe
N

NNH

NC

SMe
NHBoc

N
NNH

NC

O
F

F

NH
Boc

N
N O

F

F

N
H

N

NH
R

N
NN

H
N

NH2

O
F

F

(a) (b)

(c)

(d) or (e)

4

5 6

7-19

Scheme 1. First generation synthesis of amino pyrazolopyrimidines. Representa-
tive detailed examples can be found in WO 2007/023110. Reagents and conditions:
(a) tert-butyl carbazate, triethylamine, tetrahydrofuran (62%); (b) (i) m-chloroper-
benzoic acid, dichloromethane, (ii) 2,4-difluorophenol, sodium hydride, N,N-
dimethylformamide (47%); (c) (i) trifluoroacetic acid, dichloromethane, (ii) trieth-
ylamine, n-butanol, D (62%); (d) acid or sulfonyl chloride, pyridine, 1,4-dioxane, RT
or reflux (7–49%); (e) ketone or aldehyde, sodium triacetoxyborohyride, cat. acetic
acid, tetrahydrofuran (20–59%). For compounds 16–18 proceeding through step; (f)
the carbonyl component contained unoxidized sulfides, which were oxidized to the
corresponding sulfones using m-chloroperbenzoic acid or oxone as a final step.
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Scheme 2. Improved synthesis of 22 (R6226). Detailed conditions can be found in
WO 2007/023110. Reagents and conditions: (a) sodium 2,4-difluorophenoxide,
tetrahydrofuran (70%); (b) (i) iPrMgBr, diethyl ether/tetrahydrofuran, (ii) CO2 (98%);
(c) (i) (COCl)2, cat. N,N-dimethylformamide, dichloromethane, (ii) (R)-2-methane-
sulfonyl-1-methyl-ethylamine, triethylamine, dichloromethane, used crude; (d)
H2O2, HCO2H, dichloromethane (75% from acid); (e) (i) trifluoromethanesulfonic
anhydride, 2,6-lutidine, dichloromethane, (ii) add tert-butyl carbazate, (iii) add
trifluoroacetic acid (64%).

Figure 2. Modeled structure of screening hit 3 (yellow) overlaid onto a p38a-bound
crystal structure of pyrimidinopyridone 1 (orange, PDB accession number 3FLN)
suggests an optimization path for indazole-type scaffolds through 6-(2,4-difluoro-
phenoxy) and 3-amino substitution.
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group was oxidized to the corresponding sulfone, which was dis-
placed with 2,4-difluorophenol to afford hydrazide 5. Removal of
the tert-butoxycarbonyl group of 5 released the corresponding
hydrazine, which was then cyclized to afford key intermediate 6.
Intermediate 6 was a suitable starting material for a variety of ana-
logs, and from it we could make amides 7–10 via reaction with acid
chlorides, sulfonamides 11–12 via reaction with the corresponding
sulfonyl chlorides, and amines 13–19 via reductive alkylation.
Compound 20 was made by a route analogous to that outlined in
Scheme 2. The amide and sulfonamide sidechains were arbitrarily
chosen for synthesis; most of the amine sidechains were selected
based on analogy to examples in our previously published pyrim-
idinopyridone work.5d

Compounds 6–20 were tested in an enzyme assay for inhibition
of the p38a-catalyzed phosphorylation of myelin basic protein.
Potent inhibitors were identified from both the amide and amine
subseries (Table 1). Amide analogs 7–10 showed relatively shallow
structure–activity relationships (SAR), with a less than 10-fold
range in potencies; the variable portion of the amide subseries is
likely placed out of the binding pocket into solvent and therefore
unlikely to greatly affect binding. The wider range of SAR observed
across the amino analogs 13–22 indicates more stringent
requirements for the amine subseries to optimally fit the protein,
presumably due to closer protein contacts. Most notably, the large
(>100-fold) difference in potencies between example 16 and des-
methyl analog 18 indicates the importance of the pocket filled by
the methyl group (see crystal structure, below). The sulfonamide
subseries was not extensively pursued; while sulfonamide 11
had potency comparable to other compounds shown in Table 1,
it had poor cellular permeability (tested against Caco-2 cells, data
not shown).

Select compounds were also tested for inhibitory activity
against lipopolysaccharide-induced production of interleukin-1 in
human whole blood (HWB). Surprisingly, the upward shifts in
IC50s observed for these compounds between our enzyme assay
and our HWB assay were very small or even reversed (except for
the poorly permeable sulfonamide 11). However, general SAR
trends are consistent; subtle differences between the shifts



Table 1
Potencies for compounds 6–22

N
N O

F

F

N
H

N

NH
R

Compound R p38a enzyme IC50
a (lM) HWB IC50

b (lM)

6 –H 1.00 (0.129) ND

7 O 0.100 (0.046) ND

8
O

0.420 (0.100) 0.446 (0.108)

9
O

0.084 (0.005) ND

10
O

0.059 (0.010) ND

11 S
O

O 0.257 (0.053) >10

12 S
O

O
3.58 (0.949) ND

13 0.023 (0.006) 0.021 (0.016)

14
O

0.218 (0.69) ND

15 N
S

O
O 0.038 (0.016) 0.126 (0.002)

16 S
O

O
0.045 (0.005) 0.048 (0.014)

17
S
O

O
2.20 (1.73) ND

18 S
O

O
10.4 (3.32) ND

19
N O

0.690 (0.130) ND

20 SO
O

0.795 (0.204) ND

21 S
O

O
2.34 (0.737) ND

22 (R6226) S
O

O
0.109 (0.025) 0.039 (0.006)

ND = not determined.
a Inhibition of phosphorylation of myelin basic protein by c-33P-ATP catalyzed by

p38a. Values are means of three or more experiments. SEM’s are included in
parentheses.

b Inhibition of lipopolysaccharide-stimulated production of interleukin-1 in
human whole blood (HWB). Values are means of two or more experiments. SEM’s
are included in parentheses.
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observed for individual compounds are likely due to differences in
plasma protein binding (data not shown).

Branched sulfone 16 was chosen for further evaluation, based
on its excellent HWB potency as well as a good properties profile,
including high microsomal stability and reasonable solubility.
Enantiomers of 16 were separated by chiral HPLC to afford com-
pounds 21 and 22, and each was co-crystallized with p38a. The
crystal structures were used to identify the more potent enantio-
mer as the R-form, 22 (R6226). The higher potency of 22 is easily
explainable from its p38a-bound crystal structure ( Fig. 3). The
methyl group of 22 fills a small hydrophobic pocket of the protein,
while the sulfone is exposed to solvent. This ideal arrangement is
not available to enantiomer 21.

Compound 22 also shows extremely high selectivity for p38a
over other kinases. Against a 363-kinase panel run by Ambit Biosci-
ences at a test concentration of 10 lM,8 22 bound strongly to only
p38a and b. For all other kinases tested, binding was <50%. Kd’s
determined by Ambit Biosciences for 22 against p38a and b were
1 and 25 nM, respectively (10 point concentration curves). We be-
lieve that there are three major factors driving this exquisite
selectivity. The first is an optimal fit of the 2,4-difluorophenyl ether
into the back pocket of p38. This pocket is bigger in p38a than in
many other kinases, due to its small gatekeeper residue
(Thr106); this design principle has previously been used by us
and others in the design of selective p38a inhibitors.2c The second
factor is the presence of a nonplanar front pocket sidechain (the
branched sulfone of 22), which is particularly well-tolerated by
p38a versus other kinases, for example, Lck, due to a larger open
space in the front of the protein.2c

Both of these factors are major contributors to kinase selectiv-
ity. However, they are not sufficient to completely explain the high
kinase selectivity of 22. An instructive comparator is the pyrimidi-
nopyridone analog of 22, compound 23.5d Pyrimidinopyridone 23
is a highly selective p38a inhibitor and demonstrates the power
of the first two selectivity factors. However, it is not as selective
as 22; most notably, it also shows binding to the JNK family of pro-
tein kinases.9
Figure 3. p38a-bound crystal structure of 22 (R6226), PDB accession number
3FMM.



Table 2
In vitro and in vivo properties of compound 22

In vitro

Aq solna

(lg/mL)
Cacob

AB/BA
Protein
bindingc

Microsomal
stabilityd

57.2 3.0/18.9 18.7% free Clint (human) 0.74
Clint (rat) 6.2

In vivo rat (Hanover–Wistar)e,f

t1/2
f

(h)
Vdss

(L/kg)
Cl
(ml/kg min)

% F AUC
(ng�h/mL)

Cmax

(ng/mL)
3.4 8.1 43.6 105 1220 446

a Aqueous solubility in phosphate buffer at pH 6.5, resolved by reverse-phase
high performance liquid chromatography (HPLC) with a diode array detector using
an external HPLC standard.

b Permeability in Caco-2 cells AB (apical to basolateral) and BA (basolateral to
apical) movement of 10 lM test compound in 21 days cultured Caco-2 cells (cm/
sec � 10E�6), pH 7.4 on both sides.

c Centrifree�, human plasma.
d Liver microsomal intrinsic clearance (ll/min/mg protein).
e Doses were 3.0 mg/kg IV (intravenous) and PO (per os); mean values from three

rats per sample time.
f Cmax, AUC and % F were determined after the oral dose and Cl, Vdss and t1/2 were

determined from the IV dose.
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A satisfying explanation for the improved selectivity of
pyrazolopyrimidine 22 over pyrimidinopyridone 23 comes from
comparison of their p38a-bound crystal structures (Fig. 4). The sul-
fone-containing sidechain sits closer towards the hinge for the pyr-
azolopyrimidine core than it does in the corresponding
pyrimidinopyridone, a consequence of the smaller hinge-binding
motif (five-membered pyrazolo vs six-membered pyrimidino).
Due to this closer fit, the methyl group of the sulfone sidechain
of 22 fits more snugly into a lower hydrophobic pocket defined
in part by Ala157. Ala157 is an uncommon residue in this position,
present in only five kinases, including p38a; for most other kinases
it is a larger residue. The corresponding residue in the JNKs is a va-
line. The tight fit of 22 into this hydrophobic pocket clearly favors
p38a over JNK to a greater extent than for the looser fitting 23.
Close inhibitor contact to Ala157 has been noted as a potential
selectivity factor for other p38a inhibitors.10

For further development, a chiral and scalable synthesis of 22
was developed (Scheme 2).7,11 Both chlorides of 2,4-dichloro-5-
bromopyrimidine were displaced with 2,4-difluorophenol, and
the resulting bromide 24 was converted to the corresponding orga-
nomagnesium species and reacted with carbon dioxide to afford
acid 25. Acid 25 was condensed with R-2-aminopropyl methyl sul-
fide, and the sulfide of the resulting amide 26 was oxidized to
afford amide 27. The synthesis was completed with a novel one-
pot, three-step sequence in which amide 27 was first treated with
trifluoromethanesulfonic anhydride in the presence of lutidine.
This reaction presumably forms an imidoyl triflate, which was then
treated with tert-butyl carbazate to afford a tert-butoxycarbonyl-
protected hydrazino amidine. The hydrazide could be isolated
but was generally treated directly with trifluoroacetic acid to re-
move the tert-butoxycarbonyl group and allow cyclization of the
resulting hydrazine, with displacement of 2,4-difluorophenol, to
afford 22.

Compound 22 showed in vitro properties that translated to
good absorption and high bioavailability in rat (Table 2).
Figure 4. Connolly surface on p38a-bound crystal structures of 22 (PDB accession
number 3FMM) and 23 (3FLS) illustrates that the methyl group of 22 is positioned
to make better contacts with the small pocket defined by Ala157.
Compound 22 was also a potent inhibitor ex vivo of LPS-induced
cytokine production in rat, blocking formation of TNF-a (ED50

1.5 mg/kg, EC50 0.76 lM).12

In conclusion, a scaffold-hopping exercise from our previously-
reported pyridopyrimidine series of p38a inhibitors yielded a via-
ble new scaffold, 3-amino pyrazolopyrimidines. A particularly
promising analog, 22, satisfied all internal criteria for selection as
a candidate and was chosen for pre-clinical development.

Modeling: The screening hit 3 was docked into the structure of
compound 1 bound into p38a using the program FlexX.13 The top
20 binding modes as prioritized by Screenscore and FlexX scoring
functions were visually examined. The selected binding mode
was optimized in the protein environment using the MAB force-
field14 and 500 steps of conjugate gradient. No constraints were
placed on the ligand atoms during minimization. Binding pocket
residues within 5 Å of ligand atoms were kept free during optimi-
zation while the rest of the protein atoms were fixed. Binding
modes have been captured in the manuscript using the program
PyMOL.15

Protein crystallography: X-ray crystal structures of p38a-ligand
complexes were determined following published procedures.16

Atomic co-ordinates and structure factor amplitudes have been
deposited to the RCSB PDB along with detailed statistics on data
collection and structure refinement.
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