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Structure–activity relationships of triazolopyridine oxazole p38
inhibitors: Identification of candidates for clinical development
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Abstract—The synthesis, structure–activity relationship, in vivo activity, and metabolic profile for a series of triazolopyridine-oxa-
zole based p38 inhibitors are described. The deficiencies of the lead structure in the series, CP-808844, were overcome by changes to
the C4 aryl group and the triazole side-chain culminating in the identification of several potential clinical candidates.
� 2006 Elsevier Ltd. All rights reserved.
N

N
H

S
O

F
SB-203580
p38 IC50 = 38 nM
HWB IC50 = 15 μM

VX-745
p38 IC50 = 5.7 nM

N N
N S

Cl Cl
O

F

F

Since the discovery of p38 kinase in the mid-1990s1 the
promise of p38 inhibitors as potential therapy for diseas-
es mediated by the overproduction of pro-inflammatory
cytokines has yet to be realized. This is certainly not due
to a lack of effort.2 A clear potential source of failure lies
with poorly predicting the translation of pharmacology
from in vitro assays and animal models to human. For
p38 this is complicated by the fact that no direct mea-
sures of p38 inhibition are yet possible in vivo.3

Although methods are under development4 that are
mechanistically close5 to the action of p38, the most
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common techniques involve measurement of
downstream markers such as TNF-a from blood after
exogenous stimulation.
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Figure 1. Enzyme and human whole blood IC50s for literature

compounds.12
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One of the disturbing trends we observed from the out-
set of our p38 discovery effort was the large loss in
potency when comparing the enzyme assay measuring
p38 inhibition to a human whole blood (HWB) screen
measuring TNF-a inhibition.6 It is noteworthy to point
out that many literature p38 inhibitors including SB-
203580,7 SB-242235,8 RWJ-68354,9,10 and VX-74511

(see Fig. 1) exhibit this same phenomenon, and further-
more, that the difference in potency cannot be accounted
for by correcting for protein binding. To the extent that
HWB is a more realistic measure of potency this was a
major concern for our program. Below we describe the
structure–activity relationship for a series of triazolo-
pyridines for which the HWB potency and ADME hur-
dles were overcome to identify compounds for clinical
development.
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Figure 2. Triazolopyridine oxazoles.

Table 1. Triazolopyridine oxazole SAR: R1 aryl group

Figure 2 Compound R2 = i-Pr R1 p38a IC50 (n

2a Ph 9.6

3 3-Me-Ph 18.3

4a 4-F-Ph 5.0

5a 3-F-Ph 37.8

6a 4-F,5-Me-Ph 6.6

7a 2-F,5-Me-Ph 4.3

8 4-Cl-Ph 17.7

9 3-Cl-Ph 13.5

10 2-Cl-Ph 3.0

11a 2,4-diF-Ph 4.6

12b 2,5-diF-Ph 5.8

13b 2,6-diF-Ph 14.6

14 3,4-diF-Ph 22.3

15b 3-Cl,4-F-Ph 12.4

16a 2-F,4-Cl-Ph 2.2

17 2-F,5-Cl-Ph 5.1

18b 2-Cl,4-F-Ph 2.5

19 3-F,4-Cl-Ph 43.2

20b 3,4,5-triF-Ph 4.1

21b 2,4,5-triF-Ph 3.2

22b 2,4,6-triF-Ph 7.2

23b 2,3,5-triF-Ph 83.3

24 2,3,4-triF-Ph 11.1

25 3,4-diCl-Ph 26.4

26b 2,4-diCl-Ph 8.3

27b 2,3-diCl-Ph 14.5

28b 2-F,4-Cl,5-F-Ph 24.5

29b 2-Cl,4-F,5-F-Ph 5.6

30b 3-Br,4-F-Ph 8.0

nd, not determined.
a Human hepatocyte extraction ratio (ErH) > 0.5.
b Human microsome and hepatocyte ErH < 0.3.
c IC50s are reported as the geometric mean of three or more experiments. Stan
Previously, we described the triazolopyridine-oxazole
CP-808844 (Fig. 2) that was shown to bind to p38 with
an unusual dual H-bond acceptor pattern,13 While this
configuration led to very good enzyme inhibition and
may contribute to the excellent kinase selectivity for
the series,14 CP-808844 was not without problems. Fore-
most amongst these was the modest HWB potency
(685 nM) which is masked by the excellent acute in vivo
efficacy (rat TNF-a ED50 = 0.8 mg/kg),15,16 consistent
with the superior rat potency (rat whole blood
IC50 = 92 nM). In addition, CP-808844 was metabolical-
ly unstable in human hepatic tissue, an attribute that
could potentially contribute to poor pharmacokinetics
in humans. As described herein, the narrowing of the
gap between enzyme and HWB potency was solved in
an empirical fashion and a clear understanding of
HWB activity was never found. The human metabolic
liability associated with CP-808844 was resolved in sub-
sequent analogs guided by a detailed understanding of
the biotransformation pathways.17

Three major areas were examined to improve the prop-
erties of the triazole series represented by CP-808844:
the C4 aryl group (R1), the side-chain (R2), and the oxa-
zole core ring (see Fig. 2). Shown in Table 1 are com-
pounds with variations to the R1 aryl group, a group
thought to be one of the biggest contributors to the en-
zyme binding affinity for the compounds. Based on
M)c TNF-a cell IC50 (nM)c TNFa HWB IC50 (nM)c

71.4 973

24.5 nd

45.3 685

135 nd

11.6 260

10.0 nd

70.0 nd

52.3 550

57.4 937

10.0 265

25.0 259

71.1 nd

49.0 nd

47.2 631

20.0 600

10.0 190

24.5 380

266 nd

480 nd

19.7 263

60.0 650

490 nd

57.4 nd

148 nd

30.0 nd

57.4 nd

60.0 nd

54.8 nd

122 nd

dard deviations for the assays are generally ±30% of the mean or less.
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structural data.18 substitutions on this aryl ring were
confined to non-polar groups. The synthesis of the com-
pounds (Tables 1 and 2) followed the chemistry already
described for CP-808844.13 What emerged from this
work is that close-in combinations of fluoro- or chloro-
phenyl substituents were enough to give important
improvements in both trouble areas for the lead struc-
ture. Preferred fluoro substitution patterns are 2,4 and
Table 2. Triazolopyridine oxazole SAR: R2 side-chain

Figure 2 Compound R2 p38a IC50 (nM)c

R1 = Ph

31a Et 54.5

32a c-Propyl 47.2

33 c-Bu 16.6

34a EtNH 5.4

35a EtMeN 9.2

36 F2CH 544

37a CF3CH2 83.2

38 Isoxazol-5-yl 285

R1 = 4-F-Ph

39b H 19.5

41 Et 21.6

42a Me2N 15.3

43 EtNH 7.6

44 EtO 55.5

45a c-Bu 17.7

46a c-Propyl 10.9

47 i-Bu 8.8

48 i-PrNH 5.5

49 n-Pr-NH 198

50 MeEtN 4.7

51 i-PrO 17.9

52a 1-Me-c-butyl 14.0

53a pyrrolidine 15.4

54a Ph 12.3

55 2-MeOPh 0.4

56a 2-EtO-Ph 0.4

57b t-Bu 3.5

58b Morpholine 11.8

59 PhCH2 19.9

R1 = 2,4-diF-Ph

60 c-Propyl 3.5

61a 1-Me-c-propyl 0.7

62a c-Butyl 3.75

63 1-Me-c-butyl 1.1

64b t-Bu 1.1

R1 = 2,5-diF-Ph

65 2-propanol-2-yl 25

66b c-Propyl 24.0

67b 1-Me-c-propyl 3.0

68 c-Butyl 9.7

69 1-Me-c-butyl 1.5

70b t-Bu 8.8

R1 = 2,4,5,-triF-Ph

71b c-Propyl 7.8

72b 1-Me-c-propyl 2.3

73 c-Butyl 9.1

74 1-Me-c-butyl 2.5

75b t-Bu 1.8

nd, not determined.
a Human hepatocyte extraction ratio (ErH) > 0.5.
b Human microsome and hepatocyte ErH < 0.3.
c IC50s are reported as the geometric mean of three or more experiments. Stan
2,5 and 2,4,5. Combinations with one chloro and one
fluoro were also well tolerated, especially with the same
2,4 and 2,5 substitution patterns. Poor monocyte cell
potency19 was generally predictive of poor HWB activity
(see 2, 46, 54, and 65), but the reverse was not always
true (see 55, 56, Table 2). Interestingly, changes in sub-
stitution patterns also increased the human microsomal
stability often in spite of large increases in lipophilicity.
TNFa cell IC50 (nM)c TNFa blood IC50 (nM)c

672 nd

150 nd

69.3 nd

40.0 1707

80.0 nd

nd nd

915 nd

> 2000 nd

>5000 nd

630 nd

165 nd

52 865

360 nd

49 nd

186 4650

70 nd

31.6 nd

nd nd

34.6 1553

470 nd

40.0 nd

52.0 935

90.0 5350

10 873

10 697

38.7 470

1440 nd

>1000 nd

45.8 910

30 245

40 nd

10 77

12.6 76

200 1395

31.6 1400

45.8 385

60 nd

10 nd

14.1 220

40 565

28.3 263

50 353

10 90

8.3 63

dard deviations for the assays are generally ±30% of the mean or less.
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For example, the majority of di-halo compounds in Ta-
ble 1 were more stable than the mono-fluoro compounds
4 and 5. Considering that oxidative metabolism on the
isopropyl and the oxazole group were the primary
routes of biotransformation,17 a potential explanation
for the improved metabolic stability is that the C4 aryl
substitution decreases the affinity of the compounds
for the cytochrome P450 responsible for metabolism.
Alternatively, an inductive effect by the C4 aryl group
could potentially deactivate the oxazole ring toward oxi-
dative metabolism.

Encouraged by these initial findings we incorporated
variations to the side-chain R2 (Table 2). In terms of
HWB potency a trend emerged favoring quaternary-
branched alkyl or cycloalkyls (cf. R2 = i-Pr to t-Bu,
cyclopropyl to 1-methylcyclopropyl and cyclobutyl to
1-methylcyclobutyl). In some cases less than a 30-fold
loss in potency is observed from the enzyme to the
HWB assay. Since P450-mediated oxidation of the R2

substituent was also a major route of metabolism in
the series, it is perhaps not surprising that changes to
this area of the molecule had influence on the metabo-
lism. One such example can be seen with 57 and 58 rel-
ative to 1. It is tempting to think that groups such as R2

equal to t-Bu lead to a general improvement in metabol-
ic stability but this interpretation is complicated by the
fact that the R1 aryl group also contributes to the overall
stability of the compounds.

The final region targeted for evaluation was the central
oxazole ring and a limited comparison of five-membered
ring heterocycles is shown in Table 3. The synthesis of
these analogs is shown in Schemes 1 and 2. As outlined
in Scheme 1 the aldehyde 76 was reacted with the N,P-
acetal 7720 to give the intermediate ketone 78 in poor
yield. The ketone was then used to prepare either the
pyrazole 79 or the isoxazole 80 by formylation with
N,N-dimethylformamide dimethyl acetal (DMF-DMA)
and subsequent reaction with either hydrazine or
hydroxylamine as appropriate.

The imidazole 81 was prepared in one step as shown in
Scheme 2.21 Alternative conditions employing aqueous
ammonium hydroxide described for pyridyl-imidaz-
oles22 led primarily to the Dimroth rearranged triazolo-
pyridine-imidazole product 82.13
Table 3. Core ring SAR and Caco-2 permeability

Schemes 1 and 2

Compound and 12

p38a IC50

(nM)a

TNF-a cell

IC50 (nM)a

TNF-a blood

IC50 (nM)a

Caco-2

AB/BAb

79 2.8 14.1 180 6/18

80 33.2 63 nd 41/29

81 6.2 24.5 297 1/32

12 Table 1 43/29

nd, not determined.
a IC50s are reported as the geometric mean of three or more experi-

ments. Standard deviations for the assays are generally ±30% of the

mean or less.
b AB, flux from apical to basolateral (·10�6 cm/s). BA, rate in reverse

direction.
The imidazole and pyrazole analogs 81 and 79 have in vi-
tro potencies comparable to their oxazole counterpart
(Table 3). Unlike the oxazole 12, however, they both
show unfavorable absorption in the Caco-2 permeability
screen (predicted oral absorption <10% based on the
flux from the apical to the basolateral direction). Fur-
thermore, the observation that the rate of translocation
from the basolateral to the apical side of the Caco-2 cells
significantly exceeds the flux from apical to basolateral
suggests that the two compounds may be substrates
for efflux transport proteins such as p-glycoprotein. In
contrast, the isoxazole 80 lacking the H-bond donor
present in 79 and 81 did exhibit good Caco-2 permeabil-
ity but was a considerably less potent p38 inhibitor.
Although specific in vivo studies were not performed
to reaffirm the Caco-2 findings on poor oral absorption,
the in vivo rat TNF-a activity for the pyrazole and imid-
azole analogs after oral absorption was generally inferi-
or to their oxazole comparators.

Based on overall in vitro properties a number of com-
pounds were evaluated for their overall pharmacokinetic
profiles. As shown in Table 4 the selected compounds
have low to moderate plasma clearance (CLp) and vol-
ume of distribution at steady state (Vdss) in the rat and
monkey that translated into low to moderate terminal
half-lives in these species. In general, the compounds
also exhibited moderate bioavailability.

In the case of 9 and 15 the lower bioavailabilities may be
attributable to their very poor thermodynamic solubility
(Table 5). Based on molecular weight (MW = 322) and
measured physicochemical properties of CP-808844
(log D = 2.18; pKa = 2.86) there was no particular reason
to suspect solubility as an issue for the series. As shown in
Table 5 melting points were only partially predictive of the
solubility. Interestingly, not only did the presence of
m-chloro group on the aromatic have a significant
influence on solubility it had a measurable effect on the
inhibition of the human ether-a-go-go-related gene
(hERG) channel expressed in human embryonic kidney
(HEK-293) cells (cf. 1, 9, 15, and 18).23 This could be
explained by some specific hydrophobic contact, but it
is also possible that it is a substituent tuning of a p–p
interaction24 given that such interactions are one of the
most important with hERG.25 While the very poor
solubility of 15 was not enough to halt its progression,
taken together with the observed inhibition of hERG
forced a consideration of other compounds. In this
regard, the acute in vivo activity was not particularly
discriminating and needed to be placed in the context of
drug concentrations and their relationship to efficacy in
human systems. To this end the HWB potency was used
as a key selection criterion. On this basis a number of
compounds looked more promising than 15. The
combined attributes of 12 and 75 including their
performance in other acute and chronic models of
inflammation led to their selection for clinical
development.

In summary, the evolution of the lead structure CP-
808844 to compounds suitable for clinical evaluation
was described. One of the significant observations is



Table 4. Rat and monkey pharmacokinetics after intravenous and oral

administration

Figure 2

Compound

CLp (mL/min/kg) Vdss (L/kg) t1/2 (h) F (%)

Rat

1 12 0.8 0.7 85

9 17 1 1.6 37

12 14 0.8 1.3 58

15 17 1.3 0.9 9.4

75 3 0.6 2.6 54

Monkey

1 16 1.8 1.3 75

9 15 1 1.1 19

12 6.0 1.3 5.4 40

15 5.7 1.4 4.7 31

75 3.4 1.2 5.2 66

Table 5. Solubility, melting point, hERG, and in vivo SAR

Figure 2

Compound

Equilibrium

solubilitya

(lg/mL)/melting

point (�C)

Inhibition of

hERG current

at 3 lM (%)

Rat LPS-TNFa
ED50 (mg/kg)

1 29.6/212 0 0.8

9 5.2/228–231 14 2.4–3

12 8.1/174 0 (at 1 lM) 0.3

15 2.8/227–228b 49 0.5

18 81/191–192 0 94% inhibc

75 41/177 5.9 0.1

a PBS, phosphate buffered saline pH 6.5.
b As HCl salt.
c at 3 mg/kg.
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the high similarity of CP-808844 to the more opti-
mized structures. Also noteworthy is the repeated
occurrence of large pharmacological, metabolic, or
physical changes attributable to small structural dif-
ferences. Ultimately, a number of promising com-
pounds with similar overall profiles were identified.
From these compounds, 12 and 75 were selected for
development with an emphasis on their potency in
HWB.
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