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Inhibitors of transforming growth factg# (TGF3) type | receptor (ALK5) offer a novel approach for the
treatment of fibrotic diseases such as renal, hepatic, and pulmonary fibrosis. The optimization of a novel
phenylpyridine pyrazole seriedd) led to the identification of potent, selective, and orally active ALK5
inhibitors. The cellular potency and pharmacokinetics profiles of these derivatives were improved and several
compounds presented antifibrotic activity when orally administered to rats in an acute liver model of
dimethylnitrosamine- (DMN-) induced expression of collagen IA1 mRNA, a major gene contributing to
excessive extra cellular matrix deposit. One of the most potent ALKS5 inhibitors identified in this chemical
series, compoundi3d (GW788388), reduced the expression of collagen I1A1 by 80% at a dose of 1 mg/kg
twice a day (b.i.d.). This compound significantly reduced the expression of collagen IA1 mRNA when
administered orally at 10 mg/kg once a day (u.i.d.) in a model of puromycin aminonucleoside-induced renal
fibrosis.

Introduction form heteromeric complexes of smad2, smad3, and smad4, after

Transforming growth factofl (TGF41) is the prototypic which t_he_ cr?zmplex translocates into the nucleus to affect gene
member of a superfamily of ligands involved in the regulation transcriptiorr: ) )
of numerous developmental and physiological processes but also Several approaches have been used to interfere with the
in pathological processes such as cancer and fibrosis. While TGF-8 pathway in liver and renal models of fibrosis. Indeed
TGF has both a tumor suppressor and tumor promoter role compared to wild-type animals, smad3 heterozygous or homo-
depending on the tumor type and stage of metastasis, its role inZygous knockout animals do not show as much a reduced
fibrosis is well established. TGB1 is a pluripotent cytokine  increase in liver matrix gene expression following acute
that not only regulates the extracellular matrix (ECM) deposition administration of CC|, a liver-damaging agefitSimilarly, a
in response to tissue injury, thus contributing to the healing truncated recombinant TGFtype Il receptor that specifically
process, but also is involved in pathological fibrosis including inhibits TGF# signaling as a dominant negative receptor has
pulmonary fibrosis, liver fibrosis, and renal glomerulosclerésis. been described to show antifibrotic effects in a liver fibrosis
Therefore, inhibition of TGFB signaling is thought to be a viable  model* Transgenic mice that overexpress TBE-develop
approach to treat fibrosis. Members of the T@Buperfamily, severe glomerulosclerogignd neutralizing antibodies against
such as TGFB1, TGF#2, and TGFS3, activins, inhibins, bone  TGF-81 can prevent the accumulation of extracellular matrix
morphogenetic proteins, and Merian-inhibiting substance,  in diabetic models of renal disease, translating into an improved
signal through a family of transmembrane serine/threonine renal functiorf Therapeutic approaches based on gene therapy
kinase receptors. These receptors can be divided into two classesy, injection of recombinant proteins have limitations, and a
the type | or activin-like kinase (ALK) receptors and type Il ggjective targeting of the TGE-signaling pathway by use of
receptors. Specifically, the b]ndlng of TGE- to t.he type Il direct inhibitors of ALK5 represents an attractive alternative to
receptor causes phosphorylation of the GS domain of the FGF- prevent detrimental profibrotic effects of TGF-
type | receptor, ALK5. The ALKS5 receptor, in turn, phosphor- . e N
ylates the cytoplasmic proteins smad2 and smad3 at two Rece_ntly we report_ed t_he |dent|f|cat|on and optimization of
carboxy-terminal serines. The phosphorylated smad proteinsan an.wmothlazol'e 9“,'”0"”e seriésthat led to potent and

selective ALK5 inhibitorsll andlll (Chart 1) We demon-

strated, from X-ray crystallographic data, that the binding mode
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identification of the phenylpyridine pyrazolie that exhibited
ALKS5 binding affinity (ICsp = 107 nM) and a moderate cellular
activity (ICsp = 519 nM) when evaluated in a TG¥dependent

Journal of Medicinal Chemistry, 2006, Vol. 49, No2Z11

the pyrazole core at the end of the synthesis (Scheme 1).
Commercially available 2-bromo-4-methylpyridine was coupled
with substituted phenylboronic acids under palladium-catalyzed
Suzuki standard conditions [Pd(P$h NaHCQ, toluene,
reflux] to afford the 2-phenyl-4-methylpyridine derivativés—

m. Condensation with ethyl 2-pyridinecarboxylate in the pres-
ence of potassium bis(trimethylsilyllamide-ab0 °C gave the
corresponding ketone&a—m. Therefore, reaction &a—m with
dimethylformamide dimethyl acetal (DMBMA) led to the
nonisolated enamine intermediates, which were cyclized directly
to pyrazolesla—m by reaction with hydrazine monohydrate in
DMF at room temperature.

The second approach was based upon the palladium-catalyzed
Suzuki cross-coupling of a key pyrazole intermedi@teith
various arylboronic acids. In this case, the diversity of the
commercially available boronic acids allowed us to explore
different functions in the para position of the phenyl ring at the
last step of the synthetic pathway. The pyraZoleas prepared
in three steps (Scheme 2) as previously described in Scheme 1,
and subsequent treatment with trityl chloride in the presence of
potassium carbonate in acetone at room temperature gave the
key intermediateb. Protection of the pyrazole was necessary
to perform the subsequent coupling reactions; the trityl goup
was chosen due to the possibility to further develop solid-phase
synthesis from the corresponding resin. Compoulrgs were
obtained following this second approach (Scheme 2) by Suzuki
coupling reaction with, respectively, the methyl carboxylate and
cyanophenylboronic acids followed by the cleavage of the trityl

transcriptional assay with HepG2 cells stably transfected with group in acidic condition. From the corresponding boronic acids,
the TGFA responsive PAI-1 promoter driving a luciferase different spacers were obtained: 4-hydroxy, 4-formyl, 4-car-

reporter. Interestinglyla presented in vivo activity in an acute

boxylate, or 4-amino (Scheme 3). Intermedidtevas then

model of dimethylnitrosamine- (DMN-) induced liver disease coupled with halide derivatives in the presence of sodium
when administered orally at doses of 25 mg/kg b.i.d. and above. hydride or potassium carbonate in acetone at room temperature
This first result was very encouraging, and our efforts focused to prepare the alkoxy compoundda—g.

on the optimization of this new phenylpyridine pyrazole series.

The methylamine derivatived2a—c were obtained by

The present report describes the main modifications that reductive amination of the benzaldehy8ewith sodium tri-
improved both in vitro potency and pharmacokinetics parameters acetoxyborohydride in the presence of catalytic amount of acetic

to enhance in vivo activity.

Chemistry

acid in dichloromethane.

The amido compoundE3a—e were synthesized by coupling
the acid9 with amines in the presence of 1-hydroxybenzotriazole

Two approaches were developed to synthesize these nove(HOBT) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

2-phenyl-4-[3-(pyridin-2-yl)-H-pyrazol-4-yl]pyridine deriva-

(EDCI) at room temperature in dichloromethane. The inverse

tives. The first approach was based upon the construction ofamide compound4a was obtained in an analogous manner

Scheme 1
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aReagents and conditions: (a) Substituted phenylboronic acid, Pg{PR&CO;, DME or toluene/EtOH, reflux; (b) ethyl 2-pyridinecarboxylate, KHMDS,
THF, —50 °C; (c) DMF-DMA, DMF, room temperature; (d) hydrazine monohydrate, DMF, room temperature.
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Scheme 2

1n, R=COOCH,
10, R=4-CN

a Reagents and conditions: (a) Ethyl 2-pyridinecarboxylate, KHMDS, 789 °C; (b) DMFDMA, acetic acid, DMF, room temperature; (c) hydrazine
monohydrate, DMF, room temperature; (d) trityl chlorideQQs, acetone, reflux, (e) &phenylboronic acid, Pd(PBh, NaxCOs, DME or toluene/EtOH,
reflux, (f) CRRCOOH, CHCI,, room temperature.

Scheme 3
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aReagents and conditions: (a) 4-Hydroxyphenylboronic acid, Pdji?Me,COs;, DME or toluene/EtOH, reflux; (b) B, NaH or K,COs;, DMF, room
temperature; (c) MeOH/HCI 1 N; (d) 4-formylphenylboronic acid, Pd@PRINaCOs;, DME, reflux; (e) RNH,, AcOH, sodium triacetoxyborohydride,
CH_Cl,, room temperature; (f) 4-(methoxycarbonylphenyl)boronic acid, PdjiMeCOs, toluene/EtOH, reflux; (g1 N NaOH, EtOH, reflux; (h) RR2NH,,
HOBT, EDCI, CHCl,, room temperature (i) 4-aminophenylboronic acid, PdgpPiNa,CO;, DME or toluene/EtOH, reflux; (j) tetrahydroH2pyran-4-
carboxylic acid, HOBT, EDCI, CbCl,, room temperature.

starting from the amindl0O, with the last step for all these  most potent compounds were selected for evaluation in a TGF-
syntheses being the removal of the protecting group after S-dependent transcriptional assay.

treatment wih 1 N HCI in methanol or with a mixture of At the outset of this work we had not yet obtained crystal-
trifluoroacetic acid/dichloromethane at Q. lographic data from a ligand cocrystallized with ALK5. From
docking studies, based on the crystal structure of the ALK5
FKBP12 complexX? we established thata was capable of
All the compounds were tested in a fluorescence polarization binding in a manner similar to compoundls and Il . This

(FP) binding assalf, in which the ability of test compounds to  hypothesis was later strengthened by X-ray cocrystallization
displace a rhodamine green-labeled ligand from recombinant data’® Two main hydrogen-bond interactions are required to
glutathione S-transferase (GSTALK5 was measured. The  achieve binding potency: one between the nitrogen of the

Results and Structure—Activity Relationship Discussion
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Table 1. Substitution of the Phenyl Ring and Impact on Binding

o Ser280 hydrophobic Affinity
pocket "rﬁ. o H
HN N-N
Lys232
Asp351
1a-0
phosphate/sugar 2-(Substituted phenyl)-4-[3-(pyridin-2-yl)-1H-pyrazol-4-yl]pyridine
reglon compounds
compd R 1Go for ALKS binding? (uM)
solvent
exposed la H 0.107 (0.028-0.415)
1b 2-F 0.059 (0.0230.152)
. - 1c 2-CHg 3.981 (3.805-4.165)
suﬁs;tuenttmodulatlng 1d 2-CFR 9.333 (7.79+11.179)
cellular potency le 3-CHs 0.191 (0.0670.538)
Figure 1. Schematic pharmacophore for (2-phenyl)pyridin-4-ylpyra- ig g:ggb 8?‘112 gg'gégg'gggg
éolt(tas(.j Ilrjteractlons between inhibitor and ALK5 residues are shown in 1h 4-Che 0.028 (0.016-0.076)
otied lines. 1 4-CR 0.024 (0.024-0.024)
1 4-OCHs 0.024 (0.016-0.059)
1k 4-F 0.048 (0.033:0.069)
1 44pr 0.032 (0.016:0.067)
im 4-Cl 0.043 (0.041-0.045)
1n 4-COOMe 0.027 (0.01:90.039)
lo 4-CN 0.035 (0.029:0.042)

aValues are the mean of two or more separate experimentssph@re
calculated, and mean pdgwas converted to 1§. Numbers in parentheses
are the 95% confidence limits on the pionverted to 1G values and
reported as the limits of the kg

LYS232
MAL219
ILE211
N \ _
LHIS283
TYR282
~.
Figure 2. Connoly surface map of the modeling b& into the ATP | GL—UEEM %

cleft of ALKS. Niis283

pyridin-4-yl group and the backbone NH of His-283, and a GLY286
second between one of the two nitrogens of the pyrazole core
and the side chain of Lys-232 (Figure 1). A third interaction
could be envisaged between the second pyrazole nitrogen ang
Asp-351. _The phenylpyridine moie_ty occupies a "POPh”iC Figure 3. Connoly surface map of the modeling bifi into the ATP
pocket with a narrow cleft extending from the ubiquitous ¢left of ALKS.
hydrogen bond (made between the pyridin-4-yl nitrogen and
the backbone NH of His283) toward the outside of the protein that of 1a. On the other hand, introduction of para substituents
(Figure 2). Therefore, it seemed attractive to focus the optimiza- such as methyl 1), trifluoromethyl (Li), or methoxy (j)
tion of this new pyrazole series on the phenyl part of the increased potency compared with the unsubstituted compound
molecule, which binds to a region of the ALKS binding site of (approximately 4-fold versuda), and overall the effect of
which we had little knowledge. substitution position on ALK5-inhibitory potency followed the
Initially, a limited range of substitution was carried out at trend para> meta> ortho. The generally lower binding affinity
the ortho, meta, and para positions of the phenyl ring to observed for substitution at the ortho and meta positions might
determine what were the tolerant positions for further exploration be explained by steric constraints arising from interactions of
(Table 1). While theo-fluoro analoguelb was equipotent with the substituted aryl ring with the wall of the pocket in which it
1a, ortho substitution with larger groups such as metty) ( binds. Viewed from the open mouth of the active site as in
and trifluoromethyl {d) gave a major decrease in binding Figure 3, the left side of the ligand phenyl group is closely
affinity compared with the unsubstituted compoute) while bordered by the backbone of three adjacent residues, Tyr282,
meta substitutionlfe—g) retained similar binding potency to  His283, and Glu284, and in particular Tyr282 projects its phenol
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Table 2. Exploration of the Diversity at the 4-Position on the Phenyl Ring

H

N-N N

A ) =

L/
X
P
N
R™4
2-(4-substituted phenyl)-4-[3-(pyridin-2-yl)-1H-pyrazol-4-yl]pyridine
compounds
compd R 1@o for ALKS5 binding? («M) ICso for TGF-3 cellular assa/(uM)

la H 0.107 (0.028-0.415) 0.519+ 0.061
1j -OCHs 0.024 (0.016-0.059) 0.537 0.203
1l1a -O(CHp),.-cyclohexyl 0.081 (0.0320.210) 0.529+ 0.467
11b -O(CH).CI 0.019 (0.019-0.019) 0.693t 0.358
1lic -OCH,COCH; 0.025 (0.018-0.036) 0.268+ 0.124
11d -O(CH)2N(CHg)2 0.015 (0.002-0.151) 0.014t 0.005
1lle -O(CHp),-pyrrolidine 0.040 (0.020.07) 0.050+ 0.035
11f -O(CHy)2-morpholine 0.012 (0.0%+10.014) 0.209t 0.200
11g -O(CHy)2-(imidazol-1-yl) 0.030 (0.02%0.110) 0.133£ 0.106
12a -CHa-pyrrolidine 0.019 (0.0160.022) 0.118t 0.054
12b -CHx-morpholine 0.042 (0.0080.221) 0.358+ 0.121
12¢c -CHyNH-(tetrahydro-#-pyran-4-yl) 0.047 (0.0260.110) 0.104+ 0.024
13a -CONH(CH,).0CH; 0.091 (0.064-0.131) 0.538+ 0.318
13b -CO-pyrrolidine 0.110(0.08 to 0.14) 0.5390.098
13c -CO-morpholine 0.123 (0.0460.332) 0.257 0.168
13d -CO-[N-(tetrahydro-2i-pyran-4-ylamine)] 0.018 (0.0630.094) 0.093+ 0.045
13e -CO-[N-methyl-(tetrahydro-BI-pyran-4-ylamine)] 0.214 (0.1190.384) 1.69% 0.508
1l4a -NHCO-(tetrahydro-Bi-pyran-4-yl) 0.112 (0.0710.176) 0.486+ 0.192

aValues are the mean of two or more separate experimentgggWere calculated and mean pi@vas converted to 1§5. Numbers in parentheses are
the 95% confidence limits on the plgtonverted to IG values and reported as the limits of thed® Mean valuest SD for a minimum of two determinations.

ring edge-on to the pocket containing the phenyl of the ligand. potency. Linking of basic side chains to the aryl ring via a
Above this region of the ligand lies lle211, and above but further methylene spacer showed that the length of the side chains had
back, Val219 is close to one ortho position of the phenyl moiety. no impact on the binding affinity, witli2a and 12b being
Below and similarly further back lies Leu340, while more equipotent to their alkoxy analogudsle and 11f. As was
directly below the phenyl of the ligand, thea®f Gly286 is observed with the alkoxy derivatives, the basicity of the amino
found. side chain appears to correlate with cellular potency, the
Docking studies suggested that tbeand m-methyl com- pyrrolidine 12a and the tetrahydro#2-pyran-4-ylaminel2c
pounds Lcandle) might make less favorable interactions with  presenting 3-fold higher cellular potency than the morpholine
the backbone amino acids (residues 2884) that link the N- 12h. Replacement of the methylene linkage with a carbonyl
and C-terminal domains of the kinase (the hinge region) or group led to a decrease of the binding affinity for the pyrrolidine
unfavorable interactions with [le2111¢) or Val219 (Lo 13b (5-fold versusl2a) and the morpholind3c (3-fold versus
compared with the para analoglib (Figure 3). 12b). The nature of the amine (secondary versus primary) had
While para substitution appeared optimal for ALK5 inhibition, ~also a significant impact on binding affinity. Indeed, replacement
the nature of the substituent had no major impact on the binding of morpholinel3cwith tetrahydro-21-pyran-4-ylaminel 3d led
potency;, indeed, a wide range of substituents was tolerated into approximately a 7-fold increase in binding potency. Incor-
this position (Table 1). From these first results we reasoned poration of a more flexible side chain led to lower binding
that modification of the substituent in this position might offer affinity (13aversusl3d). The gain in binding potency observed
the potential to improve both the physicochemical properties for 13d (6-fold versusla) translated to a similar increase in
and the cellular potency of this chemical series. Moreover, para cellular potency. N-Methylation of the 4-aminotetrahydropyran
substitution might also block metabolism and give an improved group (L3¢ led to a drop of the binding affinity (approximately
pharmacokinetic profile. Using the observation that the 4-meth- 10-fold versus13d). The same effect was observed for the
oxy analoguej) presented 4 times higher binding affinity than inverse amidel4a The decrease in binding affinity resulting
compoundlawith comparable cellular activity, we decided first  from these two structural modifications might be rationalized
to investigate different side chains (neutral, polar, and basic) on the basis of our ALK5 model. Docking studies suggested
joined to the aryl ring via an ether link (Table 2). Encouragingly, that the amide N-H of 13d might be involved in a hydrogen
the 2-cyclohexylethyl derivativélashowed a similar in vitro bond to the backbone=€0 of both Glu284 and His285 or
profile to 1a. While the p-alkoxy derivativesl1b—g showed Glu284 alone (Figure 4). In contrast, tikemethyl analogue
similar binding potencies, only the compounds bearing basic 13ecannot H-bond via its amide nitrogen and the methyl group
side-chains presented significantly higher cellular potency. In forces the amide further out of plane with the phenyl, thereby
particular, the dimethylamingld and the pyrrolidind1egave lowering binding affinity.
a 37-fold and 10-fold increase, respectively, compared to Thus, a significant improvement in both the binding affinity
compoundla In contrast, the morpholino and imidazolyl and cellular potency was achievable by varying the nature of
derivatives 11f and 11g while presenting binding affinity = the para side chain of the aryl ring. Furthermore, the nature of
comparable td1dandl1e exhibited significantly lower cellular ~ the para side chains also had a significant impact on the



GW788388: A TG Type | Receptor Inhibitor

Table 3. Rat Pharmacokinetics Profiles & and13d

Journal of Medicinal Chemistry, 2006, Vol. 49, No2Z15

intrinsic clearance oral CLpP
compd [mL-min~1(g of liver) ] bioavailability? (F, %) (mL min~1 kg™1) Vdss (L kg™1) eliminationTy¢ (h)
la 3 13 (21-5) 51 (moderate) 0.7 0.4
13d 1 17 20 (low) 1.4 1.3

a Bioavailability was calculated from the ratio of dose-normalized area under the curve values (AUC), usipg.AtC animals dosed iv and AUg-)
for animals dosed po (whetds the last time point with measurable test compound concentrati@s)p = systemic plasma clearance/dss= steady-

state volume of distributiorf! Ty, = plasma half-life.

I'YS232

Figure 4. Binding mode hypothesis from docking study I8d.

pharmacokinetic profile of the compounds. Among the different
compounds presenting cellular potency witgd& 100nM,13d
exhibited an adequate pharmacokinetic profile in rats (plasma
clearance less than 40 mL mihkg~! and half-life more than

2 h) to warrant further evaluation in viv@3d was more stable

in rat liver microsomes than the unsubstituted phenyl derivative
la(intrinsic clearance= 1 mL-min~*-g~1 versus 3 mkmin=1-g*

for 1a). Following iv and po administration to rats at doses of
2 and 4 mg/kg, respectively, a plasma clearance of 20
mL-min~—1-kg~! was observed, equivalent to approximately 24%
rat liver blood flow (cf.1a, 51 mL-min~*-kg™1). The lower
plasma clearance af3d coupled with an increase in the volume
of distribution resulted in a longer elimination half-life (1.3 h)
compared withla (0.4 h).

In Vivo Models and Results

To evaluate the in vivo efficacy of the phenylpyrazole
derivativesla and 13d, the two compounds were tested in an
acute model of dimethylnitrosamine- (DMN-) induced liver
disease? During fibrogenesis, increase in collagen IA1 synthesis
is mainly triggered by TG acting on hepatic stellate cells.

< 12
Q Z
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SE 8
O «— *
£ 6
53 4 . i
[K¥)
LT 2] %%% l
-0
DMN - + + + +
Cmpd 1a - - 25 50 80
(mg/kg)

Figure 5. Dose-effect of compoundla administered orally (b.i.d.)
in the acute rat DMN model ¢ < 0.05 relative to DMN only; *p <
0.01;, ***p < 0.001, ANOVA).

Table 4. In Vivo Daté? in the Acute DMN-Induced Liver Disease for
Compoundsla and 13d

compd dose (Mg po, b.i.d.) collagen IA1 mRNA(% inhibition)

la 25 50.6+ 9.6
13d 1 79.96+ 1.4
13d 5 80.05+ 2.7
13d 10 77.85£ 1.05

aExperiments were performed with—8 animals/group? Data are
expressed as mean valdeSEM.

5). In this model, the two compounds produced qualitatively
similar effects by inhibiting the DMN-induced collagen 1A1
MmRNA overexpression (Table 4). However their potencies
differed as expected from their biological in vitro profile,
compoundla being 6-fold less potent than compouh8d in

the cellular assay. Moreover, the greater activityL8d in vivo

can also be attributed to a better pharmacokinetic profile than
la(Table 3).

Effect of Compound 13d in an Acute Model of Renal
Disease.To explore whether blocking ALK5 signaling would
prevent TGF5-induced expression of collagen IAl in a renal
model as well as in the liver model, compoud®d was
evaluated in a rat model of chemically induced renal fibrésis
at doses of 3 and 10 mg/kg u.i.d. Ten days after intraperitoneal
injection of puromycin aminonucleoside (PAN), mRNA levels
of collagen 1Al were increased (Figure 6). Relative collagen
IA1 mRNA was significantly increased in total kidney by PAN
from 1.0+ 0.1 to 3.6+ 0.2 (arbitrary units corrected by the
rpL32 housekeeping gene, me&rSEM of control and PAN-
treated, respectively), and compout®d significantly decreased
relative collagen IA1 mRNA levels at 3 and 10 mg/kg u.i.d.
(2.4 4+ 0.3 and 2.2+ 0.3, respectively).

Selectivity Profile. CompoundlL3d was tested against a panel
of more than 10 kinasé% (Table 5). Although excellent
selectivity was obtained against most of these kinases, significant
inhibition of p38&x was observed at 10M. Compound binding
to p3&t was tested on purified recombinant GST-p3&nd

DMN given for three consecutive days to rats increased collagenthe mean 16 was 7.28.M with 95% CL of 5.73-9.25uM.

IA1 mRNA expression in the liver by about 10-fold at day 8.
Compoundla (25—80 mg/kg b.i.d.) given on days 6, 7, and 8
by oral gavage to rats pretreated with DMN gave a dose-
dependent inhibition of collagen 1Al overexpression (Figure

Conclusion

The aim of this work was to demonstrate that ALK5 inhibitors
could inhibit, in vivo, the expression of collagen IA1, one key
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Figure 6. Effect of compound.3d administered orally (u.i.d.) in acute
rat PAN model for 10 days (§ < 0.01 relative to PAN only; **p <
0.001, ANOVA).

10mg/kg 10d

Table 5. Selectivity of Compound.3d against a Panel of Kinases

kinase % inhibitioA kinase % inhibitioA
AMPK 15 P70S6K -2
Chk1 5 PDK1 -10
CSK 19 Phosk —-27
JNK1 -1 PKA -5
LCK 53 PKC A 6
MKK1 -3 SGK 5
MSK1 4 P3&x 73
MAPK2 2 P3g 26

aValues are percent inhibition at L0 with 100 4M ATP. For kinases
used and assay details, see ref 12.

component of the extracellular matrix, by blocking the TGF-
signaling pathway. Optimization of the phenylpyridine pyrazole
series led to the identification of a potent and selective ALK5
inhibitor 13d (GW788388). Indeed, substitution at the para
position of the phenyl ring with a polar side chain not only
improved the cellular potency (ca. 6-fold versle but also
decreased the in vivo plasma clearance in rats. Compb8dd
showed oral activity in models of liver and renal fibrosis.
Compared to the unsubstituted compodagtheN-(tetrahydro-
2H-pyran-4-yl)carboxamidel3d exhibited a significant im-
provement in oral activity with approximately 80% inhibition
of collagen IA1 mRNA when tested at 1 mg/kg b.i.d. in the
model of DMN-induced liver disease. Compoui@d also
presented activity in a PAN-induced model of kidney fibrosis
by inhibiting collagen IA1 mRNA at doses of 3 and 10 mg/kg
u.i.d. Although the overall impact of long-term blockade of
ALKS5 signaling is currently unknown and should be cautiously
explored, the observation that potent ALKS5 inhibitors can act
both in vitro and in vivo to prevent overexpression of collagen
IA1, a major extracellular matrix component in fibrotic diseases,
suggests that ALK5 inhibition may represent a novel therapeutic
approach to the treatment of fibrosis.

Experimental Section

All starting materials were commercially available and used
without further purification. All reactions were carried out with
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was performed on silica gel, Merck grade 60 (23@0 mesh).
Melting points were determined on a hot-stage Kofler apparatus
and are uncorrected. Proton NMRI(NMR) spectra were recorded

at ambient temperature on Bruker Avance 300 DPX spectrometers
with tetramethylsilane as internal standard, and proton chemical
shifts are expressed in parts per million (ppm) in the indicated
solvent. The following abbreviations are used for multiplicity of
NMR signals: s= singlet, d= doublet, t= triplet, g= quadruplet,

dd = double doublet, n= multiplet, ddd= doublet of doublet of
doublet, br s= broad singlet. Analytical HPLC (method A) was
conducted on an X-Terra MS C18 column (&, 30 x 3 mm

i.d.) eluted with 0.01 M ammonium acetate in water (solvent A)
and 100% acetonitrile (solvent B), according to the following elution
gradient: 6-4 min, 0-100% B; 4-5 min, 100% B at a flow rate

of 1.1 mL/min. Mass spectra (MS) were recorded on a micromass
Platform-LC mass spectrometer in atmospheric pressure chemical
positive ionization [AP+ ve to give MH" molecular ions] or
atmospheric pressure chemical negative ionization{AR to give

(M — H)~ molecular ions] modes. Analytical HPLC (method B)
was conducted on a Uptisphere-hsc colummnu@3, 33 x 3 mm

i.d.) eluted with 0.01 M ammonium acetate in water (solvent A)
and 100% acetonitrile (solvent B), according to the following elution
gradient: 0-0.5 min, 5% B; 0.5-3.75 min, 5-100% B; 3.75-4.5

min, 100% B; 4.5-5 min, 100-5% B; 5-5.5 min, 5% B at a flow
rate of 1.3 mL/min. Mass spectra (MS) were recorded on a
micromass LCT mass spectrometer in electrospray positive ioniza-
tion [ES+ ve to give MH™ molecular ions] or electrospray negative
ionization [ES— ve to give (M— H)~ molecular ions] modes.

The purity of the compounds was determined on two analytic
high-performance liquid chromatography (HPLC) systems by UV
detection (100% purity in both methods was obtained for the
examples described below).

The intermediates 2-(2-fluorophenyl)-4-methylpyridingb),
2-(2-methylphenyl)-4-methylpyridine2¢), 2-(2-trifluorophenyl)-
4-methylpyridine 2d), 2-(3-methylphenyl)-4-methylpyridine§),
and 2-(3-methoxyphenyl)-4-methylpyridin@g) were purchased
from Avocado; 2-(3-trifluoromethylphenyl)-4-methylpyridin2f)
and 2-(4-methoxyphenyl)-4-methylpyridin@jY were purchased
from HFR.

General Procedure A: 2-Phenyl-4-(3-pyridin-2-yl-H-pyra-
zol-4-yl)pyridine (1a). To a solution of intermediatea (1 g, 3.64
mmol) in DMF (6 mL) at room temperature undeg Was added
dimethylformamide dimethylacetal (3 equiv, 1.5 mL). The mixture
was stirred fo 7 h atroom temperature. Hydrazine monohydrate
(excess, 6.9 mL) was added over 10 min, and then the mixture
was warmed to 50C for 3 h and allowed to stand at room
temperature overnight. The reaction mixture was quenched by
addition of water (20 mL) and was extracted with {Hb. The
organic phases were combined, washed with brine, dried, and
evaporated to dryness. The crude product was purified by column
chromatography on silica gel eluted with @, and then with
CH.Cl,/MeOH (98:2). Crystallization from a Ci€l./pentane
mixture gave the title compound as an off-white powder (300 mg,
28%): mp 147C;H NMR (300 MHz, CDC}) 6 8.64 (d,J=5.1
Hz, 1H), 8.63 (br dJ = 4.9 Hz, 1H), 7.90 (ddJ = 7.9 and 1.3
Hz, 2H), 7.75 (s, 1H), 7.72 (s, 1H), 7.57 (dddl= 7.7, 7.5, and
1.3 Hz, 1H), 7.45-7.30 (m, 4H), 7.2%7.20 (m, 2H), NH (pyrazole
not observed); MS (API) MH 299; HR-MS calcd for GH14N4
(M + H) 299.1297, found 299.1252; analytical HPIt&= 2.56
min (A), tr = 2.29 min (B).

2-[2-Fluorophenyl]-4-(3-pyridin-2-yl-1H-pyrazol-4-yl)pyri-
dine (1b). Compoundlb was prepared in 7% yield fro@b: H
NMR (300 MHz, CDC}) 6 8.65 (d,J = 5.1 Hz, 1H), 8.63 (dJ =
4.9 Hz, 1H), 7.89 (ddd) = 7.9, 7.7, and 1.9 Hz, 1H), 7.76 (s,

the use of standard techniques under an inert atmosphere (Ar orlH), 7.71 (s, 1H), 7.58 (dddl = 7.9, 7.5, and 1.7 Hz, 1H), 7.49

N_). Organic extracts were routinely dried over anhydrous sodium

(d,J = 7.9 Hz, 1H), 7.35-7.12 (m, 4H), 7.05 (ddd) = 8.1, 8.1,

sulfate. Solvent removal refers to rotary evaporation under reducedand 1.1 Hz, 1H), NH (pyrazole) not observed; MS (API) 317

pressure at 3040 °C. Analytical thin-layer chromatography (TLC)
was carried out on E. Merck 607 precoated silica gel plates
and components were usually visualized with UV light, iodine
vapor, or Dragendorff preparation. Flash column chromatography

(MH™); HR-MS calcd for GoH13FN; (M + H) 317.1202, found
317.1187; analytical HPLG = 2.49 min (A),tg = 2.28 min (B).
2-(2-Methylphenyl)-4-[3-(pyridin-2-yl)-1H-pyrazol-4-yl]pyri-
dine (1c). Compoundlc was prepared fror2c following method
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A in 6.8% yield , after recrystallization from EtOAc: mp 149
151°C; *H NMR (300 MHz, CDC}) 6 8.63 (d,J = 5.1 Hz, 1H),
8.59 (d,J=4.5Hz, 1H), 7.67 (s, 1H), 7.59 (ddd= 7.9, 7.7, and
1.7 Hz, 1H), 7.46 (dJ = 7.9 Hz, 1H), 7.39 (br s, 1H), 7.357.30
(m, 1H), 7.26 (ddJ = 5.1 and 1.7 Hz, 1H), 7.247.17 (m, 4H),
2.30 (s, 3H), NH (pyrazole) not observed; MS (ARjz 313 (M
+ H)*; HR-MS calcd for GoHigN4 (M + H) 313.1453, found
313.1479; analytical HPLGz =2.56 min, 100% pure (A)ir =
2.35 min, 100% pure (B).
2-[2-(Trifluoromethyl)phenyl]-4-(3-pyridin-2-yl-1 H-pyrazol-
4-yl)pyridine (1d). Compoundld was prepared in 12.4% yield,
after recrystallization from EtOAc, frordd according to general
method A: mp 173-175°C, *H NMR (300 MHz, CDC}) ¢ 8.70
(d,J = 5.1 Hz, 1H), 8.67 (br dJ = 4 Hz, 1H), 7.79-7.73 (m,
2H), 7.70-7.58 (m, 2H), 7.56-7.44 (m, 4H), 7.40 (ddJ = 5.1
and 1.7 Hz, 1H), 7.327.26 (m, 1H), NH (pyrazole) not observed;
MS (API) 367(M+ H)*; HR-MS calcd for GoH13FsN4 (M + H)
367.1170, found 367.1152; analytical HPIC= 2.66 min (A),tr
= 2.42 min (B).
2-[3-Methylphenyl]-4-(3-pyridin-2-yl-1 H-pyrazol-4-yl)pyri-
dine (1e). Compound 1le was prepared in 11% yield, after
recrystallization from EtOAc, fror@eaccording to general method
A: mp 133-135°C; *H NMR (300 MHz, CDC}) 6 8.57 (d,J =
4.7 Hz, 1H), 8.46 (dJ = 4.9 Hz, 1H), 7.92 (dJ = 7.9 Hz, 1H),
7.70 (dddJ= 7.7, 7.5, and 1.7 Hz, 1H), 7.65 (br s, 1H), 7.57 (br
d,J = 7.9 Hz, 1H), 7.54 (br s, 1H), 7.35 (ddd,= 7.5, 7.5, and
1.1 Hz, 1H), 7.18 (ddJ = 7.7 and 7.8 Hz, 1H), 7.097.03 (m,
3H), 2.26 (s, 3H), NH (pyrazole) not observed; MS (API) 313 (M
+ H)™; HR-MS calcd for GoHieN4 313.1453 (M+ H), found
313.1448; analytical HPL& = 2.73 min (A),tr = 2.50 min (B).
2-[3-(Trifluoromethyl)phenyl]-4-(3-pyridin-2-yl-1 H-pyrazol-
4-yl)pyridine (1f). CompoundLf was prepared in 14% yield from
2f according to general method AH NMR (300 MHz, CDC}) ¢
8.36 (d,J = 5 Hz, 2H), 8.12 (dJ = 8.9 Hz, 2H), 7.95 (s, 1H),
7.71(dddJ = 7.7, 7.7, and 1.9 Hz, 1H), 7.677.52 (m, 3H), 7.22
(br d, J = 5.1 Hz, 2H), NH (pyrazole) not observed; MS (API)
367 (M + H)*; HR-MS calcd for GoH13F3sN4 367.1170 (M+ H),
found 367.1128; analytical HPLG = 3.01 min, (A),tr = 2.73
min (B).
2-[3-Methoxyphenyl]-4-(3-pyridin-2-yl-1H-pyrazol-4-yl)pyri-
dine (1g). Compound 1g was prepared in 12% yield, after
recrystallization from EtOAc, fron2g according to general method
A: mp 143-145°C; *H NMR (300 MHz, CDC}) 6 8.87-8.83
(m, 2H), 7.96 (br s, 1H), 7.95 (s, 1H), 7.80 (ddd= 7.9, 7.7, and
1.7 Hz, 1H), 7.72 (br s, 1H), 7.66 (br d,= 7.4 Hz, 2H), 7.56-
7.39 (m, 3H), 7.13 (ddJ = 8 and 2.6 Hz, 1H), 4.40 (s, 3H), NH
(pyrazole) not observed; MS (API) 329(M H)*; HR-MS : calcd
for CyH16N4O 329.1402 (M+ H), found 329.1395; analytical
HPLC tg = 2.58 min (A),tr = 2.36 min (B).
2-[4-Methylphenyl]-4-(3-pyridin-2-yl-1 H-pyrazol-4-yl pyri-
dine (1h). Compoundlh was prepared in 40% vyield frorih
according to general method A"H NMR (300 MHz, CDC}) 6
8.62 (br d,J = 4.9 Hz, 2H), 7.80 (br dJ = 8.3 Hz, 2H), 7.72 (br
s, 2H), 7.57 (dddJ = 7.9, 7.9, and 1.7 Hz, 1H), 7.43 (br d=
7.9 Hz, 1H), 7.25-7.20 (m, 4H), 2.34 (s, 3H), NH (pyrazole) not
observed; NH (pyrazole) not observed; MS (ES) 313-{M)*;
HR-MS calcd for GoH16N4 313.1453 (M+ H), found 313.1404;
analytical HPLCtg = 2.43 min (A),tr = 2.48 min (B).
2-[4-(Trifluoromethyl)phenyl]-4-(3-pyridin-2-yl-1 H-pyrazol-
4-yl)pyridine (1i). Compoundli was prepared in 27% yield, after
recrystallization fromPr20JPrOH, from 2i according to general
method A: mp 155C; IH NMR (300 MHz, CDC}) 6 8.68 (d,J
=5 Hz, 1H), 8.63 (br dJ = 4.9 Hz, 1H), 8.02 (dJ = 8 Hz, 2H),
7.79 (br s, 1H), 7.74 (s, 1H), 7.67 (d= 8 Hz, 2H), 7.60 (ddd)
=7.7,7.7,and 1.7 Hz, 1H), 7.43 (d= 8 Hz, 1H), 7.31 (ddJ =
5.1 and 1.5 Hz, 1H), 7.24 (ddd,= 4.9, 4.9, and 1.7 Hz, 1H), NH
(pyrazole) not observed; MS (API) 367(M H)"; HR-MS calcd
for CyoHisF3sNs (M + H) 367.1170, found 367.1183; analytical
HPLC tg = 3.03 min (A),tg = 2.76 min (B).
2-[4-Methoxyphenyl]-4-(3-pyridin-2-yl-1H-pyrazol-4-yl)pyri-
dine (1j). Compoundlj was prepared in 25% yield fronj
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according to general method A"H NMR (300 MHz, CDC}) ¢
8.84 (d,J = 5 Hz, 2H), 8.10 (dJ = 8.9 Hz, 2H), 7.94 (s, 1H),
7.92 (s, 1H), 7.80 (ddd] = 7.7, 7.7, and 1.9 Hz, 1H), 7.66 (br d,
J = 7.9 Hz, 1H), 7.4%7.40 (m, 2H), 7.17 (dJ = 8.9 Hz, 2H),
4.04 (s, 3H), NH (pyrazole) not observed; MS (API) 329 (M
H)*; HR-MS calcd for GoH1gN4O 329.1402 (M+ H), found
329.1392; analytical HPLG = 2.57 min (A),tg = 2.35 min (B).

2-[4-Fluorophenyl]-4-(3-pyridin-2-yl-1H-pyrazol-4-yl)pyri-
dine (1k). Compound 1k was prepared in 17% yield, after
recrystallization fromPrOH, from2k according to general method
A: mp 117°C; *H NMR (300 MHz, CDC}) 6 8.62 (brd,J = 4.9
Hz, 1H), 8.59 (dJ = 5.5 Hz, 1H), 7.9%7.82 (m, 2H), 7.71 (s,
1H), 7.68 (br s, 1H), 7.57 (ddd,= 7.8, 7.8, and 1.7 Hz, 1H), 7.42
(d,J = 7.5 Hz, 1H), 7.257.16 (m, 2H), 7.06 (dd) = 8.6 Hz,
2H), NH (pyrazole) not observed; MS (API) 317 (M H)*; HR-
MS calcd for GeHi13FN, (M + H) 317.1202, found 317.1210;
analytical HPLCtgr = 2.66 min (A),tr = 2.44 min (B).

2-[4-1sopropylphenyl]-4-[3-(pyridin-2-yl)-1 H-pyrazol-4-yl]py-
ridine (11). Compoundll was prepared in 16.5% yield frorl
according to general method A"H NMR (300 MHz, CDC}) ¢
8.63 (br dJ= 4.9 Hz, 2H), 7.84 (dJ = 8.3 Hz, 2H), 7.74 (s, 1H),
7.72 (s, 1H), 7.58 (ddd] = 7.7, 7.7, and 1.5 Hz, 1H), 7.43 (d,
=7.9Hz, 1H), 7.27 (d) = 8.3 Hz, 2H), 7.22 (dd) =5.3and 1.5
Hz, 1H), 7.19 (s, 1H), 2.992.81 (m, 1H), 1.21 (dJ = 6.7 Hz,
6H), NH (pyrazole) not observed; MS (ES) 341 (MH)*; HR-
MS calcd for GoHooNg (M + H) 341.1766, found 341.1790;
analytical HPLCtg = 3.09 min (A),tr = 2.84 min (B).

2-[4-Chlorophenyl]-4-(3-pyridin-2-yl-1H-pyrazol-4-yl)pyri-
dine (1m). Compoundlm was prepared in 5% fror2m according
to general method AH NMR (300 MHz, CDC}) 6 8.54-8.46
(m, 2H), 7.70 (dJ = 8.5 Hz, 2H), 7.58 (br s, 1H), 7.56 (br s, 1H),
7.44 (dd,J = 7.4 and 7.4 Hz, 1H), 7.28 (d,= 7.5 Hz, 1H), 7.22
(d, 3 = 8.5 Hz, 2H), 7.147.04 (m, 2H), NH (pyrazole) not
observed; MS (API) 333 (M- H)*; HR-MS calcd for GoH13CIN,
333.0907 (M+ H), found 333.0906; analytical HPL& = 2.87
min (A), tr = 2.65 min (B).

General Method B: 2-(4-Hydroxyphenyl)-4-(3-pyridin-2-yl-
1-trityl-1 H-pyrazol-4-yl)pyridine (7). A solution of6 (4.6 g, 8.47
mmol) in toluene (100 mL) was treated with tetrakis(triphenylphos-
phine)palladium (0.83 g) and stirred at room temperature for 30
min. An aqueous solution of N&O; (2 M, 22.58 mL) was added
to the reaction mixture, followed by 4-hydroxyphenylboronic acid,
pinacol ester (2.67equiv, 4.9 g, 22.31 mmol) in EtOH (30 mL).
The resulting mixture was heated under reflux for 2 h. The cooled
mixture was poured into ice and extracted with toluene. The organic
layer was washed with water, dried over JS&y, and filtered.
Evaporation of the solvent in vacuo gave a crude oil, which was
purified by chromatography on silica gel (gEl,/MeOH 98:2) to
give 7 as a white solid (4.3 g, 91%), which contains the 2-trityl
isomer as a minor component: mp 2Z%'H NMR (300 MHz,
CDCly) 0 8.38 (d,J = 4.7 Hz, 1H), 8.31 (dJ = 5.5 Hz, 1H),
7.61-7.43 (m, 5H), 7.23-7.15 (m, 7H), 7.147.08 (m, 8H); 7.05
7.00 (m, 3H), 6.94 (ddJ = 5.3 and 1.5 Hz,1H), 6.59 (br d,=
8.3 Hz, 2H); MS (API) 557 (M+ H)*.

4-[4-(3-Pyridin-2-yl-1-trityl-1 H-pyrazol-4-yl)pyridin-2-yl]ben-
zaldehyde (8).Compound8 was prepared in 85% yield fror&
and 4-formylphenylboronic acid as described in general method
B: 'H NMR (300 MHz, CDC}) 6 10.08 (s, 1H), 8.61 (dJ = 5
Hz, 1H), 8.56 (dJ = 4 Hz, 1H), 8.18 (dJ = 8 Hz, 2H), 7.97 (d,
J = 8 Hz, 2H), 7.95 (br s, 1H), 7.82 (d, = 7.6 Hz, 1H), 7.74
(ddd,J = 7.6, 7.6, and 1.5 Hz, 1H), 7.66 (s, 1H), 74234 (m,
8H), 7.33-7.23 (m, 10H); MS (API) 569 (Mt H)*.

4-[4-(3-Pyridin-2-yl-1-trityl- 1H-pyrazol-4-yl)pyridin-2-yl]ben-
zoic Acid Methyl Ester (9). Compound was prepared in 83.6%
yield from 6 and 4-(methoxycarbonylphenyl)boronic acid as
described in general method BH NMR (300 MHz, CDC}) ¢
8.50 (d,J = 5.1 Hz, 1H), 8.46 (dJ = 4.9 Hz, 1H), 8.02 (dJ =
8.5 Hz, 2H), 7.89 (dJ = 8.5 Hz, 2H), 7.80 (br s, 1H), 7.70 (d,
= 7.7 Hz, 1H), 7.63 (ddd) = 7.9, 7.4, and 1.7 Hz, 1H), 7.56 (s,
1H), 7.32-7.25 (m, 7H), 7.057.00 (m, 10H), 3.86 (s, 3H); MS
(API) 599 (M + H)*.
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4-[4-(3-Pyridin-2-yl- 1H-pyrazol-4-yl)pyridin-2-yl]benzoic Acid
Methyl Ester (1n). Compoundd (0.1 g, 0.167 mmol) was treated
with trifluoroacetic acid/CHCI, (20/80, 10 mL) at room temperature
overnight. The reaction mixture was neutralizedhait N NaOH
and extracted with CyCl,. The organic phase was dried over,Na
SO, and the solvent was evaporated in vacuo to give a crude oil,
which was filtered on silica gel and precipitated with £H/hexane
to afford 1n as a white solid (0.05 g, 84%):H NMR (300 MHz,
CDCl) 6 8.67 (d,J =5.1 Hz, 1H), 8.61 (dJ = 4.3 Hz, 1H), 8.08
(d,J=8.5Hz, 2H), 7.98 (dJ = 8.5 Hz, 2H), 7.80 (br s, 1H), 7.73
(br s, 1H), 7.58 (ddd) = 7.9, 7.7, and 1.5 Hz, 1H), 7.42 (d,=
7.7 Hz, 1H), 7.32 (dJ = 4.9 and 1.3 Hz, 1H), 7.267.21 (m, 1H),
4.00 (s, 3H), NH (pyrazole) not observed; MS (API) 357¢\VH)™;
HR-MS calcd for GiH1eN4O2 (M + H) 357.1351, found 357.1377;
analytical HPLCtr = 2.64 min (A),tr = 2.42 min (B).

2-[4-Cyanophenyl]-4-(3-pyridin-2-yl-1H-pyrazol-4-yl)pyri-
dine (10). Compoundlo was prepared in 93% yield fro and
4-cyanophenylboronic acid as described in general methotB:
NMR (300 MHz, CDC}) ¢ 8.53 (br d,J = 5.1 Hz, 2H), 7.90 (d,
J = 8.5 Hz, 2H), 7.65 (s, 1H), 7.61 (s, 1H), 7.56 (U= 8.5 Hz,
2H), 7.47 (ddJ = 7.7 and 7.5 Hz, 1H), 7.30 (d,= 6.8 Hz, 1H),
7.18 (d,J = 4.5 Hz, 1H), 7.11 (br s, 1H), NH (pyrazole) not
observed; MS (API) 324 (M- H)*; HR-MS calcd for GoH13Ns
324.1249 (M+ H), found 324.1279; analytical HPL&G = 2.51
min (A), tr = 2.34 min (B).

O-Alkylation General Procedure: 2-{4-[(2-Cyclohexylethyl)-
oxylphenyl}-4-[3-(pyridin-2-yl)-1 H-pyrazol-4-yl]pyridine (11a).
To a solution of7 (0.091 g, 0.17 mmol) in DMF (2 mL) were
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Dimethyl-{2-[(4-{ 4-[3-(pyridin-2-yl)-1 H-pyrazol-4-yl]-2-
pyridinyl } phenyl)oxy]ethyl} amine (11d). Compound11d was
prepared in 39% yield frori and 2-chloroN,N-dimethylethylamine
as described folla 'H NMR (300 MHz, CDC}) ¢ 8.83-8.77
(m, 2H), 8.04 (dJ = 9 Hz, 2H), 7.90 (s, 1H), 7.88 (s, 1H), 7.76
(ddd,J = 7.9, 7.7, and 1.7 Hz, 1H), 7.61 (br d= 7.9 Hz, 1H),
7.44-7.34 (m, 2H), 7.14 (dJ = 9 Hz, 2H), 4.27 (tJ = 5.7 Hz,
2H), 2.92 (t,J = 5.7 Hz, 2H), 2.51 (s, 6H), NH (pyrazole) not
observed; MS (API) 386 (M- H)™; HR-MS calcd for G3H23NsO
386.1981 (M+ H), found 386.1978; analytical HPLG = 2.11
min (A), tr = 2.09 min (B).

2-[4-(2{ 1H-Imidazol-1-yl}-ethoxy)phenyl]-4-(3-pyridin-2-yI-
1H-pyrazol-4-yl)pyridine (11g). Compoundllgwas prepared in
16% yield from7 and N-(2-chloroethyl)imidazole hydrochloride
as described for compouridia *H NMR (300 MHz, CDC}) 6
8.63-8.55 (m, 2H), 7.86 (dJ = 8.9 Hz, 2H), 7.70 (s, 1H), 7.67
(s, 1H), 7.65 (s, 1H), 7.55 (ddd,= 7.9, 7.7, and 1.7 Hz, 1H),
7.42 (d,J = 8.1 Hz, 1H), 7.247.15 (m, 2H), 7.02 (dJ = 9 Hz,
2H), 6.88 (dJ = 8.9 Hz, 2H), 4.354.27 (m, 2H), 4.254.17 (m,
2H), NH (pyrazole) not observed; MS (API) 409 (M H)*; HR-
MS calcd for G4H20NeO 409.1777 (M+ H), found 409.1779;
analytical HPLCtg = 2.34 min (A),tr = 2.09 min (B).

2-[4-(2-Pyrrolidin-1-ylethoxy)phenyl]-4-(3-pyridin-2-yl-1 H-
pyrazol-4-yl)pyridine (11e). Compoundlle was prepared as a
white solid in 23% yield from7 andN-(2-chloroethyl)pyrrolidine
hydrochloride as described fdla mp 135°C; 'H NMR (300
MHz, CDCk) 6 8.63-8.53 (m, 2H), 7.85 (dJ = 8.9 Hz, 2H),
7.70 (s, 1H), 7.68 (s, 1H), 7.56 (dd~= 7.9 and 7.5 Hz, 1H), 7.42

added potassium carbonate (4 equiv, 0.09 g, 0.65 mmol) and (2-(d,J= 7.9 Hz, 1H), 7.247.15 (m, 2H), 6.93 (dJ = 8.9 Hz, 2H),
bromoethyl)cyclohexane (1.3 equiv, 0.04 g, 0.21 mmol). The 4.17 (t,J= 5.5 Hz, 2H), 2.97 (tJ = 5.3 Hz, 2H), 2.72 (br s, 4H),
reaction mixture was then heated to 830 overnight and the 1.82 (br s, 4H), NH (pyrazole) not observed; MS (API) 412 {M
resulting suspension was filtered after cooling. The filtrate was H)*; HR-MS calcd for GsHysNsO 412.2137 (M+ H), found
concentrated, dissolved in ethyl acetate, and washed with brine.412.2137; analytical HPL@G = 2.17 min (A),tr = 2.26 min (B).
The organic layer was dried over p&O,, filtered, and evaporated 4 2-[(44{ 4-[3-(Pyridin-2-yl)-1H-pyrazol-4-yl]-pyridin-2-yl } -
to give the trityl compound as an oil. This compound was phenyl)oxylethyl} morpholine (11f). Compoundl1fwas prepared
deprotected without purification. The crude material was dissolved in 29.2% vyield from7 and N-(2-chloroethyl)morpholine hydro-
in methanol (10 mL)/HC1 N (3 mL). The solution was heated  chloride as described fdtla mp 138°C; 'H NMR (300 MHz,
under reflux overnight. The reaction mixture was concentrated in CDCl) 6 8.58 (d,J = 4.9 Hz, 2H), 7.83 (dJ = 8.9 Hz, 2H), 7.69
vacuo, and the residue was dissolved in water and washed with(s, 1H), 7.65 (br s, 1H), 7.54 (ddd,= 7.9, 7.7, and 1.7 Hz, 1H),

CH.Cl,. The aqueous layer was basified with NaQ N and
extracted with EtOAc. The organic extract was washed with water
and dried over NSO, filtered, and evaporated to give a solid,
which was purified by chromatography on silica gel (C/MeOH
9:1) to givellaas a white solid (0.035 g, 48%)H NMR (300
MHz, CDCk) 6 8.60 (d,J = 5.1 Hz, 2H), 7.86 (dJ = 8.9 Hz,
2H), 7.72 (s, 1H), 7.627.56 (m, 1H), 7.46 (br s, 1H), 7.27.19
(m, 3H), 6.91 (dJ = 8.9 Hz, 2H), 3.98 (i) = 6.6 Hz, 2H), 1.72
1.60 (m, 6H), 1.5%1.39 (m, 1H), 1.26:1.08 (m, 4H), 0.96:0.85
(m, 2H), NH (pyrazole) not observed; MS (API) 425 (¥ H)*;
HR-MS calcd for G/HpgN4O 425.2341 (M H), found 425.2336;
analytical HPLCtg = 3.82 min (A),tr = 3.04 min (B).

2-{4-[(2-Chloroethyl)oxy]phenyl} -4-[3-(pyridin-2-yl)-1 H-pyra-
zol-4-yl]pyridine (11b). Compoundl1bwas prepared in 28% yield
from 7 and 1,2-dichoroethane as described for compdiiral H
NMR (300 MHz, CDC}) 6 8.61 (m, 2H), 7.89 (dJ = 8.7 Hz,
2H), 7.74 (br s, 2H), 7.50 (1 = 7.7 Hz, 1H), 7.45 (dJ = 7.5 Hz,
1H), 7.24 (d,J = 4.9 Hz, 2H), 6.95 (dJ = 8.7 Hz, 2H), 4.23 (t,
J=6Hz, 2H), 3.78 (tJ = 6 Hz, 2H), NH (pyrazole) not observed;
MS (API) 377 (M+ H)*; HR-MS calcd for G;H;7CIN,O 377.1169
(M + H), found 377.1141; analytical HPL&& = 2.78 min (A),tr
= 2.52 min (B).

1-[(4H{ 4-[3-(Pyridin-2-yl)-1H-pyrazol-4-yl]-pyridin-2-yl } phenyl)-
oxy]-2-propanone (11c)Compoundl1lcwas prepared frori and
1,2-dichoroethane as described fbta 'H NMR (300 MHz,
CDCl) 6 8.63 (d,J = 4.5 Hz, 1H), 8.59 (dJ = 5.1 Hz, 1H), 7.87
(d,J=8.9 Hz, 2H), 7.72 (s, 1H), 7.68 (s, 1H), 7.58 (ddds 7.9,
7.5, and 1.7 Hz, 1H), 7.43 (d,= 8 Hz, 1H), 7.25-7.16 (m, 2H),
6.90 (d,J = 9 Hz, 2H),4.53 (s, 2H), 2.23 (s, 3H), NH (pyrazole)
not observed; MS (API) 371 (M+ H)*; HR-MS calcd for
CooH1gN4O, 371.1508 (M H), found 371.1520; analytical HPLC
tr = 2.39 min (A),tr = 2.17 min (B).

7.39 (d,J= 7.9 Hz, 1H), 7.18-7.11 (m, 2H), 6.9 (dJ = 8.9 Hz,
2H), 4.11 (t,J = 5.6 Hz, 2H), 3.69 (t) = 4.7 Hz, 4H), 2.80 (tJ
= 5.7 Hz, 2H), 2.62 (tJ = 4.5 Hz, 4H), NH (pyrazole) not
observed; MS (API) 429 (M- H)™; HR-MS calcd for GsH2sNsO»
428.2086 (M+ H), found 428.2069; analytical HPLG = 2.42
min (A), tr = 2.13 min (B).

4-Aminotetrahydropyran. To a solution of tetrahydropyran-4-
one (13.12 mL, 0.142mol) in ethanol were added hydroxylamine
hydrochloride (41.5 g, 0.597mol) and sodium acetate (40.82 g,
0.497mol). The mixture was heated at reflux for 20 h. The
precipitate was filtered and the filtrate was evaporated. The product
was crystallized from tBuOMe (26 g, 100%). This product (16.33
g, 0.142 mol) was dissolved in anhydrous THF under nitrogen
atmosphere, and LiAllH(640 mL, 0.639 mol) was added dropwise
at 0°C. The reaction mixture was stirred at room temperature for
2 days and heated to reflux for 6 h. The reaction mixture was then
treated with an aqueous solution of NaOH (10%, 260 mL) 4.0
The precipitate was filtered and the filtrate was evaporated to give
a yellow oil (11.9 g, 83%):'H NMR (300 MHz, CDC}) ¢ 3.69
(d,J=12.1 Hz, 2H), 3.12 (td) = 11.6 and 2 Hz, 2H), 2.632.55
(m, 1H), 1.50 (ddJ = 12.6 and 2 Hz, 2H), 1.13 (td = 3 and
11.6 Hz, 2H).

[(4-{ 4-[3-(Pyridin-2-yl)-1H-pyrazol-4-yl]-pyridin-2-yl } phenyl)-
methyl]tetrahydro-2 H-pyran-4-ylamine (12c).To a solution of
8 (64.69 g, 0.114mol) and 4-aminotetrahydropyran (11.5 g,
0.114mol) in CHCI, (750 mL) were added, at room temperature
under nitrogen, AcOH (0.1 equiv, 6.5 mL) and NaHB(OA
equiv, 48.22 g, 0.227 mol). The mixture was stirred at room
temperature overnight. The reaction mixture was neutralized with
a saturated aqueous solution of NaHJOL) at 20°C and stirred
for 15 min. The mixture was extracted with @€, (2 x 500 mL).
The organic phase was washed with water (500 mL), dried over
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NaSQ,, filtered, and evaporated in vacuo. The crude material was HR-MS calcd for GsH2:NsO 396.1824 (M+ H), found 396.1816;

dissolved in MeOH/HCI (3:2, 1.3 L). The solution was heated to
reflux for 2.5 h. The reaction mixture was concentrated in vacuo.
The residue was dissolved in water (250 mL) and washed with
CH.Cl, (2 x 250 mL). The aqueous layer was basified with NaOH
1 N (530 mL) and extracted with GBI, (3 x 250 mL). The
organic phase was washed with water (250 mL), dried over Na
SO, filtered, and evaporated to give a crude product, which was
purified by chromatography on silica gel and eluted with,CH/
MeOH (95:5 and 80:20) to giv&2c as a white solid (13.67 g,
29%): mp 79°C; *H NMR (300 MHz, CDC}) 6 8.61 (d,J=5.1
Hz, 2H), 7.86 (dJ = 8.1 Hz, 2H), 7.72 (s, 1H), 7.70 (s, 1H), 7.56
(ddd,J = 7.6, 8, and 1.5 Hz, 1H), 7.42 (d,= 8.1 Hz, 1H), 7.36
(d,J=8.1Hz, 2H), 7.21 (dJ = 5 Hz, 2H), 3.91 (brdJ = 11.1
Hz, 2H), 3.83 (s, 2H), 3.31 (ddd,= 11.6, 11.7, and 1.5 Hz, 2H),
2.73-2.66 (m, 1H), 1.81 (br dJ = 14.1, 2H), 1.42 (gJ = 12.2
Hz, 2H), NH (pyrazole) not observed; MS (API) 412 (M H)*;
HR-MS calcd for GsH,sNsO 412.2137 (M H), found 412.2108;
analytical HPLCtg = 2.09 min (A),tr = 1.94 min (B).
4-[3-(Pyridin-2-yl)-1H-pyrazol-4-yl]-2-[4-(1-pyrrolidinylmeth-
yl)phenyl]pyridine (12a). Compoundl2a was prepared fron8
and pyrrolidine following the method described fi2cto give a
white solid (25%): *H NMR (300 MHz, CDC}) ¢ 8.71 (d,J =
5.1 Hz, 1H), 8.69 (br dJ = 4.9 Hz, 1H), 7.97 (dJ = 8.3 Hz, 2H),
7.82 (brs, 1H), 7.79 (s, 1H), 7.66 (ddii= 7.8, 7.8, and 1.7 Hz,
1H), 7.55 (d,J = 8.1 Hz, 2H), 7.50 (dJ = 7.9 Hz, 1H), 7.32
7.31 (m, 2H), 3.87 (s, 2H), 2.84.71 (m, 4H), 1.951.90 (m,
4H), NH (pyrazole) not observed; MS (API) 382 (M H)™; HR-
MS calcd for G4H23Ns 382.2032 (M+ H), found 382.2040;
analytical HPLCtg = 2.07 min (A),tr = 2.06 min (B).

4-[(4H 4-[3-(Pyridin-2-yl)-1H-pyrazol-4-yl]-2-pyridinyl } phenyl)-
methyllmorpholine Hydrochloride (12b). Compound12b was
prepared from® and morpholine following the method described
for 12cto give white crystals (14.4%): mp 248; 'H NMR (300
MHz, DMSO-ds) 6 8.78-8.63 (m, 3H), 8.48 (s, 1H), 8. 8.25
8.08 (m, 3H), 8.0%+7.83 (m, 4H), 7.64 (m, 1H), 4.46 (br s, 2H),
4.03-3.80 (m, 4H), 3.36-3.03 (m, 4H), NH (pyrazole) not
observed; MS (API) 398 (M- H)™; HR-MS calcd for GsH23NsO-
HCI 398.1981 (M+ H), found 398.1967; analytical HPLG =
2.39 min (A),tr = 2.18 min (B).

N-[2-(Methoxy)ethyl]-4-{ 4-[3-(pyridin-2-yl)-1 H-pyrazol-4-yl]-
pyridin-2-yl }benzamide (13a).To a solution of 2-methoxyeth-
ylamine (0.053 g, 0.7 mmol), HOAt (0.095 g, 0.7 mmol), and DCC
(110uL, 0.7 mmol) in DMF (15 mL) was adde@ (1 equiv, 0.4 g,

1 mmol). The reaction mixture was stirred overnight at room

analytical HPLCtg = 2.34 min (A),tr = 2.13 min (B).
2-Morpholin-1-yl- N-{ 4-[4-(3-pyridin-2-yl-1H-pyrazol-4-yl)-
pyridin-2-yl]phenyl } acetamide (13c).Compoundl13c was pre-
pared in 73% vyield from9 and morpholine as described for
compoundl3a mp 155°C; *H NMR (300 MHz, CDC}) 6 13.2
(brs, 1H), 8.74-8.46 (m, 2H), 8.30 (br s, 1H), 8.167.98 (m, 3H),
7.94-7.77 (m, 2H), 7.52 (dJ = 8.1 Hz, 2H), 7.45-7.29 (m, 2H),
3.71-3.60 (m, 4H), 3.58-3.40 (m, 4H); MS (API) 412 (M+ H)*;
HR-MS calcd for G4H21Ns0, 412.1773 (M+ H), found 412.1777;
analytical HPLCtgr = 2.20 min (A),tr = 1.98 min (B).
4-{4-[3-(Pyridin-2-yl)-1H-pyrazol-4-yl]-pyridin-2-yl }-N-
(tetrahydro-2H-pyran-4-yl)benzamide (13d).Compoundl3dwas
prepared in 36% yield fror@ and 4-aminotetrahydropyran following
the method described fdr3a mp 254°C; *H NMR (300 MHz,
CDCls) 6 8.58 (m, 2H), 8.40 (dJ = 7.6 Hz, 2H), 8.09 (m, 3H),
7.95 (d,J = 8.1 Hz, 2H), 7.89 (dJ = 7.2 Hz, 1H), 7.4+7.37 (m,
2H), 4.04-4.02 (m, 1H), 3.89 (dJ = 9.4 Hz, 2H), 3.37 (dJ =
11.1 Hz, 2H), 1.77 (dJ = 11.1 Hz, 2H), 1.651.58 (m, 2H), NH
(pyrazole) not observed; MS (API) 426 (M H)"; HR-MS calcd
for CusH2aNs0;, 426.1930 (M+ H), found 426.1921; analytical
HPLC tg = 2.22 min (A),tg = 2 min (B).
N-Methyl-4-{4-[3-(pyridin-2-yl)-1 H-pyrazol-4-yl]-pyridin-2-
yl}-N-(tetrahydro-2H-pyran-4-yl)benzamide (13e).Compound
13ewas prepared from in 41% yield fro® and N-methyltetra-
hydro-2H-pyran-4-aminé? as described fot3a mp 104°C; H
NMR (300 MHz, CDC}) ¢ 8.47 (br s, 1H), 8.42 (dJ = 4.9 Hz,
1H), 7.93-7.91 (m, 3H), 7.73 (ddd] = 7.7, 7.9, and 1.5 Hz, 1H),
7.31 (d,J=8.3 Hz, 2H), 7.26-:7.24 (m, 3H), 4.08-4.01 (m, 2H),
3.51-3.40 (m, 2H), 2.68-2.58 (m, 1H), 2.50 (s, 3H), 1.951.85
(m, 2H), 1.56-1.37 (m, 2H), NH (pyrazole) not observed; MS (API)
440 (M+ H)*; HR-MS calcd for GgH2sNsO, 440.2086 (M+ H),
found 440.2081; analytical HPLG: = 2.29 min (A),tr = 2.04
min (B).
N-(4< 4-[3-(Pyridin-2-yl)-1H-pyrazol-4-yl]-pyridin-2-yl } phenyl)-
tetrahydro-2H-pyran-4-carboxamide (14a).Compounds (0.844
g, 1.5 mmol) was coupled with 4-aminophenylboronic acid, pinacol
ester (0.396 g, 1.8 mmol) as described in general method B to afford
(44 4-[3-(2-pyridinyl)-1-trityl-1H-pyrazol-4-yl]-2-pyridiny} phenyl)-
amine @0) as a white solid (0.45 g).This material was used in the
next step without further purification. MS(ES) 556 (M H)™*.
Compoundl4awas prepared in 12% yield froh0 and tetrahy-
dropyran-4-ylcarboxylic acid following the method described for
13a 'H NMR (300 MHz, CDC}) ¢ 8.60 (d,J = 5 Hz, 2H), 7.87
(d,J = 8.6 Hz, 2H), 7.71 (s, 1H), 7.597.54 (m, 3H), 7.42 (dJ
= 8 Hz, 1H), 7.32 (s, 1H), 7.237.19 (m, 2H), 4.043.96 (m,

temperature. The mixture was evaporated to dryness, treated wichH), 3.44-3.35 (m, 2H), 2.5+2.40 (m, 1H), 1.96-1.77 (m, 4H),

a mixture of MeOH/HC 1 N (3:2, 10 mL), and then heated to
reflux overnight. The reaction mixture was concentrated in vacuo,
and the residue was dissolved in water and washed witsOGH
The aqueous phase was basified with #a® N and extracted
with CH,Cl,. The organic extract was washed with water, dried
over NaSQ,, filtered, and evaporated to give a product, which was
purified by chromatography on silica gel and eluted with,CH/
CH30H (95:5) to give a colorless oil3a(0.104 g, 37%): mp 95
°C; 'H NMR (300 MHz, CDC}) ¢ 8.63 (d,J = 5.1 Hz, 1H), 8.57
(d,J=4.7 Hz, 1H), 7.95 (dJ = 8.3 Hz, 2H), 7.79 (dJ = 8.3 Hz,
2H), 7.75 (s, 1H), 7.69 (s, 1H), 7.54 (dddi= 7.5, 7.5, and 1.5
Hz, 1H), 7.38 (dJ = 7.9 Hz, 1H), 7.25 (ddJ = 5.1 and 1.6 Hz,
1H), 6.85-6.75 (m, 1H), 3.623.45 (m, 4H), 3.31 (s, 3H), NH
(pyrazole) not observed; MS (API) 400 (M H)*; HR-MS calcd
for Cy3H21Ns0O, 400.1773 (M+ H), found 400.1777; analytical
HPLC tg = 2.19 min (A),tg = 1.98 min (B).

2-Pyrrolidin-1-yl- N-{ 4-[4-(3-pyridin-2-yl-1H-pyrazol-4-yl)-py-
ridin-2-ylJphenyl } acetamide (13b)Compoundl3bwas prepared
in 71% yield from9 and pyrrolidine following the method described
for 13a mp 118°C; IH NMR (300 MHz, CDC}) 6 8.66 (d,J =
5.1 Hz, 1H), 8.58 (m, 1H), 7.95 (d, = 8.3 Hz, 2H), 7.76 (br s,
1H), 7.57 (dJ = 8.3 Hz, 2H), 7.38-7.35 (m, 2H), 7.257.18 (m,
2H), 3.59 (t,J = 6.9 Hz, 2H), 3.38 (tJ = 6.6 Hz, 2H), 1.93-1.80
(m, 4H), NH (pyrazole) not observed; MS (API) 396 (¥ H)*;

NH (pyrazole) not observed; MS (API) 426 (M H)*; HR-MS
calcd for GsH23NsO, 426.1930 (M + H), found 426.1914;
analytical HPLCtg = 2.28 min (A),tr = 2.07 min (B).

Molecular Modeling. The docking experiments were performed
with GOLD V1.1 * in TGF#—FKBP12 complex. A single
hydrogen-bond constraint was added during calculations, guiding
the 4-pyridine N1 to interact with the protein backbone NH of His-
283. Parameters were maintained as standard default GOLD V1.1
settings with the following exceptions. The floodfill radius, defining
the active-site search center, was increased to 12 A. This radius
was measured from a dummy atom located at the centroid generated
from the heavy atom positions of five key residues: Lys-232, Leu-
260, Ser-280, His-283, and Asp-351. Ten poses per ligand docking
were saved, and the top-scoring pose was taken to be the favored
pose in the majority of cases. Only in the event of an obvious failure
was the top pose discarded and an alternative, lower-scoring pose
selected. To ensure that a range of solutions was available for
scrutiny, early termination was disabled. Visualization was per-
formed with Sybyl 6.x (Tripos) and Insight Il (Accelrys).

ALKS5 Fluorescence Polarization Binding Assay.Compound
binding to ALK5 was tested on purified recombinant GSALKS
(residues 198503). Displacement of rhodamine green fluorescently
labeled ATP competitive inhibitdt by different concentrations of
test compounds was used to calculate a bindingpl&ST—ALK5
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was added to a buffer containing 62.5 mNA(2-hydroxyethyl)- (COL IA1) are as follows: ATGTTCAGCTTTGTGGACCT (for-

piperazineN'-2-ethanesulfonic acid (Hepes), pH 7.5, 1 mM dithio- ward) and CAGCTGACTTCAGGGATGT (reverse).

threitol (DTT), 12.5 mM MgC}, 1.25 mM 3-[(3-cholamidopropyl)- After collection, livers were kept at20 °C in RNAlater. RNAs

dimethylammonio]-1-propanesulfonic acid (CHAPS) (all reagents were then extracted by use of the RNAble kit (Eurobio, France).

obtained from Sigma), and 1 nM rhodamine green-labeled ligand Reverse transcription of g of total RNA was carried out with

so that the final ALK5 concentration is 10 nM based on active-site the Tagman reverse transcription reagent (Applied Biosystem). PCR

titration of the enzyme. The enzymel/ligand reagent 44 was was performed with the sybr-green technology in a final volume

added to 384-well assay plates containingull of different of 25uL. Briefly, 5 uL of cDNA was mixed with 12.5:L of sybr-

concentrations of test compound. The plates are read immediatelygreen master mix and 0L of each primer (50 pmallL); after a

on a LJL Acquest fluorescence reader (Molecular Devices) with 10 min incubation at 95C, amplification was achieved by 40 cycles

excitation, emission, and dichroic filters of 485, 530, and 505 nm, of 15 s at 95°C followed by 1 min at 65C. On each amplification

respectively. The fluorescence polarization for each well is curve, the threshold cycle was determined and used for quantifica-

calculated by the Acquest and is then imported into curve-fitting tion of MRNA by use of the ABI prism 7700 software.

software for construction of concentratieresponse curves. Acute PAN Model. Sprague-Dawley (SD) rats (25@08 g)
Cellular Assays To Measure Anti-TGF{3 Activity of ALK5 were used in this study. Animals where housed individually in

Inhibitors. Activity of compounds was tested in a transcriptional metabolism cages. Compouti@d and vehicle were given by oral

assay in HepG2 cells. Cells were stably transfected with a PAI-1 gavage once a day (u.i.d.). To induce renal disease, SD rats were

promoter driving a luciferase (firefly) reporter get¥eThe stably ~  injected intraperitonally with 15 mg/100 g puromycin aminonucleo-
transfected cells responded to T@Btimulation by a 16-20-fold side (PAN) (Sigma, St. Louis, MO) in 0.9% saline.
increase in luciferase activity compared to control conditions. SD rats were pretreated by oral gavage with vehicle (20 rats), 3

To test anti-TGF3 activity of compounds, cells were seeded in mg/kg (10 rats), or 10 mg/kg (10 rats) of compout®t u.i.d.. To
96-well microplates at a concentration of 35 000 cells/well in 200 determine the effect of compouri®d on renal disease, PAN was
uL of serum-containing medium. Microplates were then placed for injected at 15 mg/100 g to 10 vehicle-treated animals and all rats
24 h in a cell incubator at 37C in a 5% CQ atmosphere. receiving 13d on the next day. Saline (0.9%) was injected
Compound dissolved in dimethyl sulfoxide (DMSO) was then added intraperitoneally in the remaining 10 vehicle (control) rats. At day
at concentrations of 50 nM10xM (final concentration of DMSO 10, after the PAN injection, the animals were terminated by carbon
19%) for 30 min prior to addition of recombinant TGF(L ng/mL) dioxide asphyxiation. Kidneys were collected for analysis. At
(R&D Systems). After an overnight incubation, cells were washed termination, kidneys were harvested and immediately snap-frozen
with phosphate-buffered saline (PBS) and lysed by addition of 10 IN liquid nitrogen. Guanidinium thiocyanate (GTC; 4 M, 5 mL)
uL of passive lysis buffer (Promega). Inhibition of luciferase activity Was added to 300 mg of kidney tissue. The kidneys were
relative to control groups was used as a measure of compoundiomogenized in the GTC with a motorized homogenizer. The
activity. A concentratiorresponse curve was constructed, from homogenate was layered over 4.5 mL of 5.7 M cesium chloride in
which an IG, value was determined graphically. ultracentrifuge tubes. The .tubes were centrlfuged at 50 000. rpm
for 24 h at 20°C. The cesium gradient was withdrawn, leaving
behind the RNA in a pellet. The pellet was cleaned in ethanol and
resuspended in diethyl pyrocarbonate-treated water. RNA quantity
was determined by optical density at 260 nm. RNA (&) was
treated with DNase for 15 min at 3€. The DNase was deactivated
at 70°C for 10 min.

cDNA was synthesized from 2g of the DNase-treated RNA
with reverse transcriptase and buffer provided by Applied Biosys-
tems. Synthesis was performed in 96-well plates in the 6700 Nucleic
Acid Workstation (Applied Biosystems, Foster City, CA) according
to the manufacturer’s instructions. mRNA levels were detected by
quantitative reverse transcriptase polymerase chain reaction (RT-
PCR) by use of the Tagman system by Applied Biosystems. The
robotic workstation was also used to set up quantitative RT-PCR
plates, adding the probes and primers to the cDNA, along with
Tagman universal PCR master mix (Applied Biosystems). To each
well was added 2@L of master mix containing 100 nM target

Animal Mod_els. All exp(_arimental protc_)co_ls were performed in B:ﬁﬁg}_288ar;:l/ilfizc;rt\%ar:doftaggﬁ;gpéhmﬂi ?;lgNZXOWr;\éI ;i;?;ssiégrgit
6‘;?@3‘;‘;?“‘?2? fﬁirﬂgllgl\?vse :’g }23 '\;‘ﬁﬂ“g'g?ﬁ (g:ldmg‘ile?:;\ed ahn;j q arbitrary units corrected by the rpL32 housekeeping gene. For rat

: collagen 1A1, the target probe was 6FAM-TTGCATAGCTCGC-
free access to water. CATCGCACA-TAMRA, the forward primer was TATGCT-

Acute DMN Model. Male Sprague-Dawley rats weighing 2600 TGATCTGTATCTGCCACAAT, and the reverse primer was
225 g were treated for three consecutive days (dayd) With 12.5 TCGCCCTCCCGTTTTTG. For rat RPL-32, the target probe was
mg/kg ip DMN (dimethylnitrosamine, Sigma) or saline. Animals 6FAM-CGCAAAGCCATCGTGGAAAGAGCT-TAMRA, the for-
were then treated orally (po) b.i.d. with compound or its vehicle ward primer was CGCTCACAATGTTTCCTCCA, and the reverse
[20% HCI 1 N, 80% HPMC (0.5%), and Tween 80 (5%), adjusted primer was TGACTCTGATGGCCAGTTGG.
to pH 4] in a volume of 4 mL/kg on days 6, 7, and 8. Animals  Statistical analysis was performed on the data with GraphPad
were sacrificed on day,8 h after the fifth administration of  PRISM software (San Diego, CA). Statistical significance was deter-
compound or vehicle. Livers were collected for collagen IA1 mRNA  mined by one-way analysis of variation (ANOVA) followed by
quantification by RT-PCR. Results are reported as percent inhibition Bonferroni post hoc test. Group data are reported as me8BM.

p38a Fluorescence Polarization assayCompoundl3d binding
to p38&x was tested on purified recombinant GST-p38isplace-
ment of a rhodamine green fluorescently labeled ATP competitive
inhibitor by different concentrations of test compounds was used
to calculate a binding 16. GST-p38: was added to a buffer
containing 62.5 mM Hepes, pH 7.4, 1 mM DTT, 12.5 mM MgClI
1.25 mM CHAPS (all reagents obtained from Sigma), and-125
nM rhodamine green-labeled ligand, so that the final 38
concentration was-550 nM. The enzyme/ligand reagent (30)
was added to 384-well assay plates containingllof different
concentrations of test compound. The plates were incubated for 45
min and then read on a LJL Acquest fluorescence reader (Molecular
Devices) with excitation, emission, and dichroic filters of 485, 530,
and 505 nm, respectively. The fluorescence polarization for each
well was calculated by the Acquest and was then imported into
curve-fitting software for construction of concentratienesponse
curves.

of DMN-induced increase in collagen IA1 compared to control.  Metabolic Incubations. Incubation mixtures consisted of liver
Collagen IA1 mRNA was quantified relative to ribosomal 18S. Four microsomes (0.5 mg of microsomal protein/mL), substrates (3.0
to six rats were used in each group. uM), MgCl, (5 mM), and nicotinamide adenine dinucleotide

Messenger RNAs were quantified by RT-PCR on an ABI prism phosphate, reduced form (NADPH; 0.48 mM) in a total volume of
7700 sequence detection system (Applied Biosystem). All genes 1.5 mL Tris buffer (0.1 M, pH 7.4). Incubations were open to the
were quantified relative to 18S (Tagman ribosomal RNA control air at 37°C. At T = 0 and at three time points ranging up to 30
reagent, Applied Biosystems). Primer sequences for Collagen IA1 min, aliquots (20Q:L) were removed and precipitated with the same
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volume of acetonitrile. The whole sample was vortexed and
centrifuged. For the analysis, 50 of supernatant was injected
into the chromatographic system. The compound was analyzed by
an HPLC method with a spectrophotometric detection. Separation
was made on a C18 column (50 4.6 mm, 4um; Phenomenex
Luna). The flow rate was 2 mL/min and the mobile phase
composition was 50 mM CHCOONHy/acetonitrile (gradient, 5 min).

Determination of the in Vitro Ty, The analyte peak area was
converted to percentage drug remaining, withThe 0 peak area
value taken as 100%. The slope of the linear regression from log
percentage remaining versus incubation time relationshigswas
used in the conversion to in vitro &l (in units of milliliters per
minute per gram) according to il= (0.693/in vitroT,/,)(45/0.5),
where 45 mg g! was the value used for the concentration of liver
microsomal proteins.

Rat Pharmacokinetic Study. Compounds were administered
singly as solutions, either intravenously (iv) as a bolus or orally
(po) via gavage to male Sprague-Dawley rats (Charles River, U.K.)
weighing between 220 and 260 g, at nominal doses of 2 mg/kg iv
and 4 mg/kg po. Two rats were dosed per route. Animals were
housed in standard holding cages with water and food available ad
libitum. All doses were prepared in vehicle containing 12.5%
DMSO, 2.86 1 M HCI, 20% PEG200, and 65% sodium acetate
(0.09 M) (final pH> 3.5) excepting the oral dose f&Bd, which
was formulated in 4% DMSO and 96% [0.5% HPMC/5% Tween/
20%HCI (1 M) in NaBPO, (0.1 M)], andla, which was prepared
in 10% DMSO and 90% water adjusted to pH 4 with acetic acid.
Serial blood samples (0.35 mL) were collected from each animal
via a lateral tail vein into heparin microtainers at various time points
for 6 h post-ose.

The final time points from each animal were terminal, obtained

after anaesthesia with isofluorane and exsanguination. Plasma was (8)

prepared from blood samples by centrifugation and stored frozen
prior to analysis. Compounds were extracted from plasma by
precipitation with three parts acetonitrile to one part plasma.

Extracted samples were centrifuged and the supernatant was dried

under nitrogen gas at 4C and then reconstituted in the LC mobile

phase. Plasma concentrations of test compounds were determined gy

by liquid chromatographytandem mass spectrometry (LC-MS/
MS) with multiple reaction monitoring in positive turbo ion spray
ionization mode on a Perkin-Elmer Sciex API365 mass spectrom-

eter. Compounds were separated on a C18 Phenomenex Luna

column (5 cmx 2 mm, 5um) by reverse-phase chromatography.

Pharmacokinetic parameters were calculated by noncompart-
mental analysis with an in-house Excel-based macro. The iv half-
lives were determined by log linear regression analysis. Oral
bioavailability was calculated from the ratio of dose normalized
area under the curve values (AUC), with AYGC;, for animals
dosed iv and AUg ) for animals dosed po.
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