J. Med. Chem2007,50, 3143-3147 3143

Synthesis and Biological Evaluation of 4(5)-(6-Alkylpyridin-2-yl)imidazoles as Transforming
Growth Factor-f# Type 1 Receptor Kinase Inhibitors

Dae-Kee Kim,*"* Yoojeung Jand,Ho Soon Leé€, Hyun-Ju Park and Jakyung Yod

College of Pharmacy, Ewha Womans bkmisity, 11-1 Daehyun-dong, Seodaemun-gu, Seoul 120-750, Korea, In2Gen Co., Ltd.,
608 Daerung Posttower Il Building, 182-13 Guro-dong, Guro-gu, Seoul 152-050, Korea, and College of Pharmacy, Sungkyunkevsity|Jni
Suwon 440-746, Korea

Receied February 2, 2007

A series of 4(5)-(6-alkylpyridin-2-yl)imidazoles3a—p, 17a and17b have been synthesized and evaluated

for ALK5 inhibitory activity in an enzyme assay and in cell-based luciferase reporter assays. The quinoxalinyl
analoguel 3einhibited ALK5 phosphorylation with an I&of 0.0124M and showed more than 90% inhibition

at 0.054M in a luciferase reporter assay using HaCaT cells transiently transfected with p3TP-luc reporter
construct. The binding mode dBegenerated by flexible docking studies shows th@efits well into the

active site cavity of ALK5 by forming several tight interactions.

Introduction autophosphorylation of ALK5 and TGF-induced transcription
of matrix genes in reporter assays at submolar concentrations.
Among them 3, 5, and SD-208 effectively retarded progressive
fibrosis in kidney, liver, and lung, respectively, and SD-208
glso strongly inhibited growth and invasiveness of cancer cells
mn animal models.

The transforming growth factgs-(TGF32) family has a
pivotal role in the regulation of a variety of physiological
processes. Three TGFisoforms (TGFS1, TGF{32, and TGF-

[3) are expressed in mammals, and each is encoded by a uniqu
gene and expressed in a tissue-specific manner. FGis-the
prototypic member of this family of cytokines that signals

through two highly conserved single transmembrane serine/ <§ ¢ I:N
threonine kinases, the type | and type Il TGFeceptors (BR-I | ”\>_®_/<° ° , ”\>_é N | ”\>_é
and TBR-II, respectively). Upon ligand-induced oligomerization, Y N Nre B N Y N

TAR-1l hyperphosphorylates serine/threonine residues in the GS
region of the PBR-I or activin receptor-like kinase 5 (ALK5), 1(88-431542) 2(58-505124) 3 (5B-525334)
which leads to activation of AR-I by creating a binding site

for Smad2/Smad3 proteins. The activated ALK5 in turn phos-
phorylates Smad2/Smad3 proteins at the C-terminal SSXS-motif,
thereby causing dissociation from the receptor and heteromeric
complex formation with Smad4. These Smad complexes trans-
locate into the nucleus and assemble with specific DNA-binding
cofactors and co-modulators to finally regulate the transcription 4(A83.01) 5 (GWB804) & (LY580276)
of specific genes involved in cell growth, differentiation,
development, and the immune respohBeregulation of TGFB

has been implicated in the pathogenesis of various disea:~7e§1
including fibrosis, atherosclerosis, and canérNumerous
studies have consistently indicated the role of T&&s a potent
fibrogenic cytokine evoking pathological fibrosis in various

To develop a more potent and selective ALKS5 inhibitor, we
ave synthesized a series of 4(5)-(6-alkylpyridin-2-yl)imidazoles
13a—p that have a carbonitrile- or carboxamide-substituted
phenylaminomethyl or phenylmethylamino moiety at the 2-posi-
tion of the imidazole ring. It was of particular interest to us

;)rgbalmsksttﬁlch ?fs k;dnefy_i_(lgver, Iu?gt; i:egr':, atlﬁd jkk‘(tlempts i whether incorporation of a nitrogen atom between an imidazole
0 block the effects of TG contributed to the development ;024 4 phenyl in this series of compounds may serve as an

of mol_ecules that inhibit '_FGlﬁbinding to its receptor inclyding additional binding site to the ATP binding site of ALKS5.
decorin? soluble chimeric TGF receptof? and neutralizing

antibodies The extensiv_e kn_owledge regarding _T_(B:l—?r_]edi- _ Chemistry

ated ALK5-dependent signaling pathway as an initiating point ] o o

at the receptor level has highlighted the therapeutic potential A Series of 4(5)-(6-alkylpyridin-2-yl)imidazoles3a—p was
of TGF signaling antagonist. Recent studies have shown that Prepared as shown in Scheme 1. Treatment of 2,6-lutidiae (
several small molecule ATP-competitive ALKS5 inhibitors such @nd 6-ethyl-2-methylpyridine7p) with lithium bis(trimethyl-
asl (SB-431542Y,2 (SB-505124) 3 (SB-525334) 4 (A-83— S|!yl)am|de in an_hydrous THF at60°C followed by reaction
01)105 (GW6604)! 6 (LY580276)12 and SD-208 inhibited with benzo[1,3]dioxole-5-carboxylic acid methyl est@a) gave
the 2-(6-alkylpyridin-2-yl)-1-(benzo[1,3]dioxol-5-yl)ethanones
9a*and9b in 76% and 36% yields, respectively. Alternatively,

* To whom correspondence should be addressed. Phone: (82) 2-3277-

3025. Fax: (82) 2-3277-2467. E-mail: dkkim@ewha.ac.kr. the 2-(6-alkylpyridin-2-yl)-1-(quinoxalin-6-yl)ethanon@e™ and
leha Womans University. 9d were prepared by treatment @& and 7b with n-BuLi and
§g‘3r%igu%°k;v;;dumversity EAICI in anhydrous THF at-60 °C, followed by reaction
a Abbreviations: TGRS, transforming growth facto; ALK5, activin with quinoxaline-6-carbonyl chloride8b) in 65% and 29%

receptor-like kinase 5. yields, respectively.
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Scheme %
7a-b 9a-d 10a-d 11a-d
7a:Ry=Me 9a:R; = ”[B] R2 Me (76%) 10a: Ry = [E] Ry = Me (92%) 11a: R‘ [B], R, = Me (92%)
7b: Ry = Et 9b: R, = [B], R, = Et (36%) 10b: R, = [B], R, = Et (86%) 11b: Ry = [B], R, = Et (99%)
9c:R, =0, Rp=Me (65%)  10c:R;=[Q] R, =Me (66%)  11c:R;=[Q], R, =Me (83%)
9d: Ry = [Q), Ry= E1 (29%) 10d: R; = [Q], R, = E (60%) 11d: R, = [Q], R, = Et (79%)
N =\ R, 132Ri=[8]Ry=Me, Ry=mON (92%)
233 43b: Ry = [B], R, = Me, Ry = p-CN (73%)
| H—cHo R N, HN_<\:\// 13c: R, = [B], Ry = Et, Ry = m-CN (96%)
e A N f [ 13d: Ry = [B], R; = Et, Ry = p-CN (86%)
—] H — N 13e:R; = [Q], R, = Me, Ry = m-CN (48%)
_N | H 13f. R, = [Q), R, = Me, Ry = p-CN (53%)
N 13g: R = [Q], R, = Et, Ry = m-CN (28%)
Ry 12a-d 13a-p 13h R1 [Q], R, = Et, R3 = p-CN (52%)

=[B]. R, = Me, Ry = m-CONH, (98%)
=[B], R, = Me, Ry = p-CONH, (69%)
13k: R1 [B], R, = Et, Ry = m-CONH; (72%)
131 R, = [B], R, = Et, Ry = p-CONH;, (73%)
13m: Ry = [Q], R, = Me, Ry = m-CONH, (81%)
13n: R, =[Q], R, = Me, R; = p-CONH, (36%)
130: Ry =[Q], R, = Et, Ry = m-CONH, (88%)
Et, Ry = p-CONH, (21%)

12a:R;=[B], R, = Rz
12b: R =[B], R, =
12¢:Ry=[Q), R, =
=[QL Ry =

Me (95%)

12d: Ry Et (96%)

13p: Ry =[Q], R, =

aReagents and conditions: (a) lithium bis(trimethylsilyl)amide,
benzo[1,3]dioxole-5-carboxylic acid methyl est@a), anhydrous THF-60
°C, Ar atmosphere; (bi-BuLi, Et;AICI, quinoxaline-6-carbonyl chloride
(8b), anhydrous THF;-60 °C, Ar atmosphere; (c) HBr, DMSO, 6&/0
°C, 2 h; (d) glyoxal dimethyl acetal, GJEO,NH4, t-BuOMe/MeOH, rt, 3
h; () 1 N HCI, 70°C, 3 h; (f) 3- or 4-aminobenzonitrile or 3- or
4-aminobenzamide, AcOH, 1,2-dichloroethane, rt, 1 h, then sodium triac-
etoxyborohydride, rt, overnighiB] represents benzo[1,3]dioxol-5-¥{Q]
represents quinoxalin-6-yl.

Scheme 2
\>—NHAc_.
_N _N
4 (92%) 15 (79%)
\>—NH \>—NH
N
16 (89%)

17a: m-CN (44%)
17b: p-CN (43%)

aReagents and conditions: (8)bromosuccinimide, CkCly, rt, 30 min;
(b) 1-acetylguanidine, anhydrous DMF, rt, 96 h; (¢S4, MeOH, HO,
reflux, 24 h; (d) 3- or 4-cyanobenzaldehydeQOs, anhydrous MeOH, rt,
3 h, Ar atmosphere, then NaBHanhydrous THF, reflux, 15 h, Ar
atmosphere.

Oxidation of the monoketone8a—d with HBr in DMSO
afforded the diketone0a—d in 50—92% yields. Condensation
of the diketoned 0a—d with glyoxal dimethyl acetal and G
CO;NH,4 in t-BuOMe/MeOH produced 4(5)-(6-alkylpyridin-2-
yl)-2-(dimethoxymethyl)imidazole$la—d in 79—99% yields.
The acetal protecting group of tHda—d was removed in an
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Table 1. Inhibitory Activity of 4(5)-(6-Alkylpyridin-2-yl)imidazoles
13a—p, 17a and17b on ALK5

R4 HN \
\>—/ \>~NH
7 A
~.N _N
Ro 13a-p 17a: m-CN; 17b: p-CN
luciferase activity©
(% control)
|C50a

compd R R R3 (uM) p3TP-luc  SBE-luc ARE-luc
mock 5+1 18+ 3 2
TGFf 100+ 23 100+ 11 100+ 8
13a [B]Y Me mCN 0.046 14+6 36+4 62+ 6
13b [B] Me p-CN 0.174 433 35+5 123+ 26

3c [B] Et mCN 0.073 2144 33+ 6 75+ 6
13d [B] Et p-CN 0.360 67+ 12 99+ 12 1364+ 17
13e [Ql® Me mCN 0.012 7+1 25+ 9 13+1
13f [Q] Me pCN 0.042 16£3 23+7 556
13y [Q] Et mCN 0.119 33t7 62424 7948
13h [Q] Et pCN 0.047 32+9  40+7  61+4
13i [B] Me mCONH, 0.021 28+10 54+ 18 79+ 11
13j [B] Me pCONH, 0262 55£28 67+2  119+12
13k [B] Et mCONH, 0.046 30+2 59+ 9 64+ 3
13l [B] Et p-CONH, 0.385 125 96 13311
13m [Q] Me mCONH, 0.010 63+14 95+33 99+5
13n [Q] Me pCONH, 0075 84+8  101+40 127+12
130 [Q] Et mCONH, 0.015 67+13 95+ 23 96+ 10
13p [Q] Et p-CONH, 0.092 104:7 112+23 98+8
17a 0.024 33t8 52+18 95+ 10
17b 0.153 61+ 13 66+ 9 129+ 15
1 1.542 69+9 68+ 20 128+ 20

a ALK5 was expressed in Sf9 insect cells as human recombinant GST-
fusion protein by means of the baculovirus expression system. A proprietary
radioisotopic protein kinase assay (33PanQinase Activity Assay) was
performed at ProQinase GmbH (Freiburg, Germany) using casein as a
substrate? Activity is given as the meant SD of three independent
experiments run in triplicate relative to control incubations with DMSO
vehicle.¢ Luciferase activity was determined at a concentration ofdA1
of inhibitor. 4[B] represents benzo[1,3]dioxol-5-W[Q] represents qui-
noxalin-6-yl.

by reduction of the resulting imines with NaBlh anhydrous
THF afforded17aor 17bin 44 or 43% yield, respectively.

Results and Discussion

To investigate whether these potential inhibitb8s—p, 173,
and 17b could inhibit ALK5, a kinase assay was performed
using the purified human ALKS5 kinase domain produced in Sf9
insect cells (Table 1). Among them, the quinoxalinyl analogue
13eand its carboxamide derivatie8m showed the most potent
ALK5 inhibition with ICs of 0.012 uM and 0.010 uM,

acidic condition to generate the imidazole-2-carbaldehydes respectively, whilel inhibited ALK5 with 1Cso of 1.542uM.

12a—d in high yields. Coupling of thel2a—d with an

All of the quinoxalinyl analogues exhibited approximatety42

appropriate aminobenzonitrile or aminobenzaldehyde in the fold more potent ALK5 inhibitory activity than the correspond-

presence of AcOH in C}Cl, followed by reduction of the
resulting unstable imines with sodium triacetoxyborohydride
afforded the 4(5)-(6-alkylpyridin-2-yl)imidazold8a—p in 21—
98% vyields.

The 3- and 4[4-(benzo[1,3]dioxol-5-yl)-5-(6-methylpyridin-
2-yl)-1H-imidazol-2- ylamino]lmethylbenzonitrile 17aand17b,
were prepared as shown in Scheme 2. Brominatio®eaokith
N-bromosuccinimide in CkCl, gave 1-(benzo[1,3]dioxol-5-yl)-
2-bromo-2-(6-methylpyridin-2-yl)ethanon&4)¢ in 92% yield.
Cyclization of 14 with 1-acetylguanidine in anhydrous DMF
for 96 h yieldedN-[4-(benzo[1,3]dioxol-5-yl)-5-(6-methylpy-
ridin-2-yl)-1H-imidazol-2-yllacetamidel®) in 79% yield, which
was subsequently hydrolyzed in an acidic condition to give the
aminel6in 89% yield. Coupling ofL6 with 3- or 4-aminoben-
zonitrile in the presence of 03 in anhydrous MeOH followed

ing benzo[1,3]dioxolyl analogues. The alkyl substituent at the
6-position of the pyriding ring also seemed to affect ALK5
inhibition, thus, 6-methylpyridyl analogues were equipotent or
slightly more potent than the corresponding 6-ethylpyridyl
analogues, except that the 6-methylpyridyl compoliBdwas
even 10-fold more potent in ALK5 inhibition than the corre-
sponding 6-ethylpyridyl compountl3g (ICso = 0.119 uM).
Although it was previously demonstrated that introduction of a
methyl group at the 6-position of the pyriding ring in the pyridyl-
substituted imidazoles, thiazoles, and pyrazoles significantly
increased ALKS5 inhibitory activity;®17a bulkier group than a
methyl group seems to reduce binding of those inhibitors in
the ATP binding site of ALK5. Compounds with either a
carbonitrile or a caboxamide substituent in tinetaposition
displayed 3-5-fold or 6—12-fold more potent ALKS5 inhibitory
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activity than the corresponding compounds, which have sub-
stituents in thegara-position. The position of a nitrogen atom
in the linker moiety also influenced ALKS5 inhibition, thus, the
benzo[1,3]dioxolyl analogue$7a (ICso = 0.024 uM) having
NHCH; as a linker showed approximately 2-fold more potent
ALKS5 inhibition than the correspondint3a(ICso = 0.046uM)
having CHNH as a linker. To evaluate TGp-induced
downstream transcriptional activation to ALKS5 signaling, cell-
based luciferase activity df3a—p, 17a and17bwas measured
using HaCaT cells transiently transfected with three different
luciferase receptor genes, p3TP-luciferase rep&tte&SBE-
luciferase reportel? and ARE-luciferase reportrat a con-
centration of 0.uM (Table 1). The quinoxalinyl analoguéSe
(p3TP-luciferase, 93%; SBE-luciferase, 75%; ARE-luciferase,
87%) and13f (p3TP-luciferase, 84%; SBE-luciferase, 77%;
ARE-luciferase, 45%), with a carbonitrile functionality in the
phenyl ring, displayed the most significant ALK5 inhibition at
0.1 «uM compared to that of control, which is higher than that
of 1 (p3TP-luciferase, 31%; SBE-luciferase, 32%; ARE-
luciferase, 0%). Although the quinoxalinyl analogL@m with

a carboxamide functionality in the phenyl ring was one of the
most potent ALK5 inhibitors in this series of compounds in
the kinase assay; it exhibited only marginal inhibition in the
cell-based luciferase assay (p3TP-luciferase, 37%; SBE-lu-
ciferase, 5%; ARE-luciferase, 1%). It was also observed that
introduction of a carbonitrile functionality in the phenyl ring
rather than a carboxamide functionality increased the ALK5
inhibitory activity in all the cases. These findings suggest that
the carbonitrile-containing analogues have better cellular perme-
ability than the carboxamide-containing analogues. The benzo-
[1,3]dioxolyl analogues with a carbonitrile functionality3a

13b, and13d) showed lower ALKS inhibition compared to the
quinoxalinyl analogues with a carbonitrile functionaliti3g

13f, and13h), however, the benzo[1,3]dioxolyl analogues with
a carboxamide functionalityl @i, 13, and13k) showed higher
ALKS5 inhibition compared to the quinoxalinyl analogues with
a carboxamide functionalityl@m, 13n, and130). As observed

in the kinase assay, the 6-methylpyridyl analoguk3a(13b,

13e 13f, and 13)) displayed higher ALKS inhibitory activity
than the corresponding 6-ethylpyridyl analoguk3q 13d, 13g,

13h, and 13l). Compounds with either a carbonitrile or a
caboxamide substituent in theetaposition, excep13g showed
higher ALKS5 inhibition compared to the corresponding com-
pounds that have either of those substituents ipéna-position.
Although the ALKS5 inhibitory activity of13a and 13b was
lower than that ofLl7aand17bin a kinase assay, in cell-based
luciferase reporter assay$3a (p3TP-luciferase, 86%; SBE-
luciferase, 64%; ARE-luciferase, 38%) ari8b (p3TP-lu-
ciferase, 57%; SBE-luciferase, 65%; ARE-luciferase, 0%)
exhibited higher ALK5 inhibition than the correspondih@a
(p3TP-luciferase, 67%); SBE-luciferase, 48%; ARE-luciferase ,
5%) and 17b (p3TP-luciferase, 39%; SBE-luciferase, 34%;
ARE-luciferase, 0%).

The most potent compounds3e and 13f in cell-based
luciferase reporter assays were chosen, and their ALK5 inhibi-
tory activity was compared with, 2, and3 at four different
concentrations (0.01, 0.05, 0.1, and M) using HaCaT cells
transiently transfected with p3TP-luc reporter construct.

As shown in Figure 113eand13finhibited ALK5 in a dose-
dependent manner, and both compounds were more potent tha
1, 2, and3 in all the four different concentrations. Compound
13eshowed more than 90% inhibition at 0.0%, whereasl
showed no inhibition, an@ and 3 showed only 23% and 9%
inhibition, respectively.
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Figure 1. Effect of 13e and 13f on the activity of TGF5-induced
ALKS5. HaCaT cells were transiently transfected with p3TP-luc reporter
construct. Luciferase activity was determined in the presence of different
concentrations of each compound and is given as the nte8D of
three independent experiments run in triplicate relative to control.

0.5 (uM)

Serl80

His283

Figure 2. Binding pose ofl3e in the active site of ALKS5, in
comparison with the X-ray pose of 1,5-naphthyrine inhibitor (orange
stick). A trapped water molecule in the X-ray structure is shown in the
green sphere. Key amino acid residues within the binding site are
represented in line form, and the dock&8eis rendered in capped
stick. Yellow dotted lines are hydrogen-bonding interaction2.6 A).

The selectivity of13e for ALK5 versus other kinases was
evaluated using a panel of 38 kinases (ProQinase GmbH
(Germany) and MDS Pharma Services (Taiwan)). Compound
13einhibited ALK5 phosphorylation with an I3 of 0.012uM
and inhibited INK&2 by 79% at 1uM. Except INK22, p38x
(ICs0 = 1.03 uM), and PKQ: (ICso = 1.0 uM), 13ewas at
least 100-fold more selective for ALK5 than the rest of 35
kinases (ABL1, AKT1, Ca2/Calmodulin-Dep. Il, Cdk1/Cyclin
B, Cdk2/Cyclin A, Cdk5/p35, CHK1, CK&l, CSK, EGF
receptor, ERBB2, ERK1, GSKA IKK-2(/3), insulin receptor,
JNK1a1, JNK3, Lck, LynA, MAPKAPKS5, MEK1, p38, p38y,
p38), PDK1, PKA (nonselective), PK& PKG31, PKG52,
PKCS, PKCy, PP6GSRC RPS6KB1(S6K), RPS6KB2, and
SGK1).

To account for strong and selective ALKS5 inhibitory activity
of 13e we built a docking model of the ALK&8e complex
based on the X-ray crystal structure of ALK5 complexed with
1,5-naphthyrine inhibitdf (PDB id: 1VJY). As demonstrated
in Figure 2,13eis well superimposed over the X-ray pose of
1,5-naphthyrine compound (orange color) lying both in the
cavity for ATP and the backside of the ATP binding pocket
containing Ser2887-21.22The substituents attached to the central
imidazole ring ofl3eform several hydrogen bonds (H-bonds)
with amino acid residues in the binding pocket, acting as
anchors, and helping the ligand bind deeper into active site
pockets. The cavity for quinoxaline ring includes the hinge
region (residues 281 to 283) of the kinase, normally occupied
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by the adenine ring of ATP, and the main interaction observed and the filtrate was concentrated under reduced pressure. The
in this region is a H-bond of quinoxaline ring nitrogen with ~ residue was purified by MPLC on silica gel to afford the title
backbone NH of His283. The 6-methylpyridine moiety is Ccompoundda or 9b. .

positioned in what is called the “selectivity pocket” of ALK5 ~_ General Procedure for the Preparation of the 2-(6-Alkylpy-
containing Ser280, which is critical for the selectivity t3e ridin-2-yl)-1-(quinoxalin-6-yl}ethanones 9c¢ and 9d.A stirred

for ALK5 over p38 MAP kinasé’2122|n case of p38 MAP solution of pyridine7a or 7b (13mmol) in anhydrous THF (100

. . Lo . o mL) at —60 °C under an Ar atmosphere was treated dropwise with
kinase, Thr106 residue lies in the equivalent position to Ser280 4 goiution ofn-BuLi in hexanes (2.0 M, 13 mmol). After 30 min,

of ALKS. Therefore, a close contact between 6-methylpyridine 5 gojution of EfAICI in hexanes (1.0 M, 14 mmol) was added
ring and Thr106 would not be formed in the binding pocket of gropwise to the reaction mixture, and the reaction mixture was
p38 MAP kinase due to the steric clash. In addition, the H-bond allowed to warm to room temperature. The reaction mixture was
between the pyridine nitrogen and the water molecule is also cooled to—60 °C and transferred via cannula to a stirred solution
maintained in this model, which is commonly observed in of quinoxaline-6-carbonyl chloride8b; 10.3 mmol) in anhydrous
inhibitors containing pyridyl moiety in this positiori:2! The THF (100 mL) at—60 °C. Stirring was continued for 20 min, and
secondary amino group of the linker forms a bidentate H-bond the reaction mixture was quenched with saturated aqueou€NH

with residues, Asp351 and Asn338. If the secondary amino Selution. The mixture was filtered through a pad of Celite, and the

. : . . ) ., filtered residue was washed with EtOAc (100 mL). The combined
group is protonated in t_he biological ;ystem, th_e H bonq W'” filtrate was concentrated under reduced pressure, and the residue
be stronger and contribute to the increase in the binding

L o : : was purified by MPLC on silica gel to afford the title compound
selectivity toward this site. The H-bond with Asp351 is observed g orp9d as a golid. g P

in the X-ray structures of ALK5 complexed with other inhibitors. General Procedure for the Preparation of the 1-Aryl-2-(6-
The reported data suggest that the loop containing Asp351 isalkylpyridin-2-yl)ethane-1,2-diones 10a-d. A stirred suspension
quite flexible, and usually Asp351 is located close to bound of 9a—d (13 mmol) in DMSO was treated dropwise with HBr (48
inhibitors in the inactivated conformation of ALKS:21.22 wt % in water, 6 mL), and the mixture was heated to-60 °C.
Therefore, the amino linker group df3e may contribute the After 2 h, the reaction mixture was cooled to°G, poured onto
drug to stabilize inactive conformation of ALK5 by pinning icé water, and brought to pH 10 with,€0s. The mixture was
the loop containing Asp351 and Asn338. Conclusively, the €Xtrated with EtOAc (30 mbx 3), and the EtOAc solution was
binding mode of13e generated by flexible docking studies féﬁfcecavz:egggédr.?ﬁz rgggijefw:sregdri?i‘gg beyvl?/lrl)DoLrgt%?] suilri]((:jaergel
shows that the structure of the ligand fits well into the binding :

. L . X to afford the title compoundOa—d as a solid.
cavity of ALK5 by forming tight interactions and well elucidates General Procedure for the Preparation of the 4-Aryl-5-(6-

potent and selective activity df3efor ALKS. alkylpyridin-2-yl)-2-(dimethoxymethyl)-1 H-imidazoles 11a-d.

In this report, a series of 4(5)-(6-alkylpyridin-2-yl)imidazoles CompoundlOa—d (1.8 mmol) was dissolved irRBuOMe (10 mL)
has been synthesized and evaluated for ALK5 inhibitory activity and treated with glyoxal dimethyl acetal (60 wt. % solution in water,
in an enzyme assay and in cell-based luciferase reporter assays}-6 mmol). CHCO,NH, (4.5 mmol) in MeOH (5 mL) was added
The structure-activity relationships in this series of compounds ~ € it, and the mixture was stirred at room temperature for 3 h. The
have been established and discussed. Compa@edhowed ~ PH of the reaction was adjusted to pH 8 with saturated aqueous
the most significant ALK5 inhibitory activity in the series of NaHCG; solution. The reaction mixture was partitioned between

A . CH.Cl, (50 mL) and water (50 mL). The G@l, layer was
compounds that is much higher than thoselp?, and3. A separated, dried over anhydrous MgSfiltered, and evaporated

docking model of ALK513ecomplex shows that3efits well to dryness under reduced pressure. The residue was purified by

into the active site cavity of ALK5. The highly potent and  MPLC on silica gel to afford the title compounddaand11b as
selective ALKS5 inhibitor13e might represent a valuable lead an oil or11cand11d as a solid.

for developing effective drugs to treat fibrosis and cancer. General Procedure for the Preparation of the 4-Aryl-5-(6-
alkylpyridin-2-yl)-1 H-imidazole-2-carbaldehydes 12ad. Com-
Experimental Section poundlla—d (0.59 mmol) was dissolvedil N HCI solution (4

mL), and the mixture was heated at 70 for 3 h. The cooled

'H NMR spectra were recorded on a Varian Unity 400 spectro- reaction mixture was neutralized with saturated aqueous NaHCO
photometer. The chemical shifts are reported in parts per million solution and extracted with Gi&l, (50 mL x 3). The CHCI,
(ppm) relative to internal tetramethylsilane in CRQCD;0OD, or solution was dried over anhydrous Mg$@itered, and evaporated
DMSO-ds. Infrared spectra were recorded on a FT-infrared to dryness under reduced pressure. The residue was purified by
spectrometer (Bio-Rad). Electrospray ionization mass spectra (ESI-MPLC on silica gel to afford the title compouri®@a—d as a solid.
MS) were obtained on a Q-Tof2 mass spectrometer (Micromass).  General Procedure for the Preparation of the 3- or 4{[5-
All melting points were taken in Pyrex capillaries using an (6-Alkylpyridin-2-yl)-4-aryl-1 H-imidazol-2-ylmethylJamino}-
electrothermal digital melting point apparatus (Buchi) and are not penzonitriles 13a—h and the 3- or 4{[5-(6-Alkylpyridin-2-yl)-
corrected. Analytical thin-layer chromatography (TLC) was per- 4-aryl-1H-imidazol-2-ylmethyllamino}benzamides 13tp. A
formed on Merck silica gel 60F-254 glass plates. Medium-pressure mixture of the imidazole-2-carbaldehyd2a—d (0.56 mmol),
liquid chromatography (MPLC) was performed using Merck silica AcOH (0.56 mmol), and 3-aminobenzonitrile, 4-aminobenzonitrile,
gel 60 (236-400 mesh) with a YFLC-540 ceramic pump (Yama- 3-aminobenzamide, or 4-aminobenzamide (0.84 mmol) in 1,2-
gen). Elemental analyses were performed on a Carlo Erba 1106dichloroethane (10 mL) was stirred at room temperature for 1 h.

elemental analyzer. Sodium triacetoxyborohydride (0.84 mmol) was added to it, and
General Procedure for the Preparation of the 2-(6-Alkylpy- the mixture was stirred at room temperature overnight. The reaction
ridin-2-yl)-1-(benzo[1,3]dioxol-5-yl)ethanones 9a and 9b.A mixture was neutralized with 10%,K0; aqueous solution to pH

stirred solution of pyridin&aor 7b (13 mmol) in anhydrous THF 8 at 0°C. The mixture was extracted with 20% MeOH in CHCI
(100 mL) at—60°C under an Ar atmosphere was treated dropwise (50 mL x 5). The organic phase was dried over anhydrous Na
with a solution of lithium bis(trimethylsilyl)amide in THF (1.0 M, SO, filtered, and evaporated to dryness under reduced pressure.
39 mmol), and then the solution was transferred via cannula to a The residue was purified by MPLC on silica gel using a mixture
stirred solution of benzo[1,3]dioxole-5-carboxylic acid methyl ester of MeOH and CHCI, as eluent to afford the titled compound
(8a; 10.3 mmol) in anhydrous THF (100 mL) at60 °C. Stirring 13a—p as a solid.

was continued for 20 min, and the reaction mixture was quenched Cellular Assays to Measure Anti-TGF{ Activity of ALK5

with saturated aqueous NEI solution. The mixture was filtered,  Inhibitors . Biological activity of the test compounds was deter-
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mined by measuring their ability to inhibit TGFt-induced p3TP-
luciferase reporter activity, SBE-luciferase reporter activity, and
ARE-luciferase reporter activity in HaCaT cells. HaCaT cells were
seeded at concentrations ok510% in 24-well plates. And the next

day, when they reach approximately 90% confluence, cells were

transfected with 0.Lkg of p3TP-Luc reporter construct, SBE-Luc
reporter construct, or ARE-Luc reporter construct and ggylof

p-galactosidase, using lipofectamine 2000 (Invitrogen). At 24 h after

transfection, various concentrations of ALK5 inhibitors were added
to the cells. After 2 h, cells were treated with 5 ng/mL of TBF-
for 18-24 h. Cell lysates were harvested according to the

manufacturer’s instruction, and luminescence was measured by a

luminometer VICTOR (Perkin-Elmer Life).
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